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:ct is an object of this invention to provide 
an efficient and effective met~od for the preparation 
of substitu~ed and unsubstituted-2 1 3-pyridinedicarbox­
ylates uti1izinq dialkyl dichlorosuccinate, a dehydro-

5 haloq~natinq agent, an ammonia so~rce and an appropri­
ately subst~tuted-a,p-unsaturated aldehyde or ketone. 

10 

15 

The invention herein described relates to a 
novel method for the preparation of subs~ituted and 
unsubstituted 2,3-pyridinedicarboxylates of formula I 

x yn· COOR 
-I 

:--.... 
Z N COOR 

I 

wherein R is c -c alkyl; x and z are independently ·. 1 6 
bydroqen, baloqen, c 1 -c4 alkyl, c1-c4 alkoxy or c 2-c5 
alkenyl ~nd Y is hydrogen,· halogen, c

1 
-c6 alkyl option­

ally substituted with one to three halogens, hydrox~ 
20 .qroups, c1-c4 alkoxy groups or cl-c4 'alkyltbio qroups, 

c
1
-c4 alkoxycarbonyl, a.minocarbonyl, phenyl, substitut­

ed phen~l i pbenoxy ~ substituted ~henoxy, phenyl thio or_ 
substituted phenylthio. Compoun~s of formula I are 
usefui· as intermediates in the preparation of herbi-

25 cidal 2-(2-:i.midazolin-2-yl)nicotinates •. Among the 
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methods of preparation of said herbicidal nicotinates 
is that described in u.s. Patent 4,758,667 and illus­
trated. b~low. 

x 
VXx.· COOR 
~ I + 
:'."'-... . 

Z COOR 

KOl-Bu 

solvent 

.· 

wherein a1 i~ hydroqen or c1-o4 alkylJ a2 is hydroqen, 
15 haloqen, o1-o4 alkyl, c3-c6 cyaloalkyl or a1 and R2 may 

be taken toqether to form.a c3-o6 ayaloalkyl optionally 
substituted with methyl and x, Y and z are as described 
for formula I. 

It has now been found that pyridine-2,3-
20 dicarboxylates of formula I aan be ef f iaiently and 

effectively prepared from dialkyl dichlorosuaainates of 
formula II by reaatinq said suacinate with at least one 
_molar equivalent of a dehydrohalogenatinq agent such as 
ammonium acet•te or trialkylamine in the presence of a 

25 solvent such as a lower alkylalcohol to form an inter­
mediate, reactinq said intermediate with a source of 
ammonia, optionally at elevated temperatures to form a 
second intermediate and reacting said second intermedi­
ate with at least one ·molar equivalent of an o:,,B-un-

30 saturated aldeby~e or ketone of formula III wherein x, 
Y and z are as described above for-formula I ~n the 
presence of an acid such as formic acid or acetic acid 
or the like. The pro<::ess is shown below. 
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1. _NH3 
NH40Rc 2 • H-t: /: 

Y-C:::CH>C ... . 

Z-Ci;:O 

--······--···-~----·-···- ---... 

Xx:X DOR 
~I .-
~ . 

· cpoR 

II HI I 

Dehydrohalogenating :•gents suitable for u·se 
in the p~ce~s of the inventioli;'. &r• those which· may 
also serve a11. an ammonia sour~~:'.:such as ammoniUm 

10 acetate, ammonium carbonates·;; :ammo~ium carbamates, 
~onium sUlf~ates· and the lik~:: .Also suitabl.e are 
reaqents such as .trialJtYlamine~',,. pyri4ines, picoiines, 
quaternary amine salts such 11.s' :t.etraalkylammo1'iua 
hali4es an4 the like. Of cotlr~~-~ in a44ition t~ the 

15 above-mentioneC! ammonia sources-,;. Ullilonia itself may be 
employed in th~ process of ~he.invention. 

Zn one embo4iment of the invention the 
solvent utiliz~4 may be a pol•r.solvent such as an 
alcohol, a nitrile such as acet<>nitrile, a carboxylic 

20 aci4 amide s~ch as· N,N-dimethyiformamide, N-methyi­
pyrrolidone, ·a sulfoxi4e such as dimethylsulfozide, a 
sulfone and ·the like. 

Among the Q,p-unsaturc;i.ted aldehyde~ or 
ketones of formula :[]::C which can: be use4 in the process 

25 of the invent;i.on are acroleiii,· ·~ethacrolein, ethacro­
lein, croton~i~~hyde, me~hyl ·~i~~l-ketone, Q-n-butyl-

• : -: ·. . ·; <>·> • acrole1n·, 4'-m.~thyl-2-hexanal, atl,'netho:xymethacrole1n, 
Q-chlorometllac:rolein, Q-triflu~~pmethacrole~n, cin­
namaldehyde, :Q~ethoxyacrolein,· ~-thyl Q-formylacrylate, 

30 Q-(2-cyanoethyl) acrolein and th~:; like·. 
:c.n a further embodim~~'t of the invention,· the 

reaction mixtul:'e comprising tb~:-'.:~bove-formed second 
·. • 1·.:·:.:;: . · .. · ,• . 

intermediate and the a,p-unsa:t;Ug~ted aldehyde or.ketone 
of formula· III may be treated :~{th a dehydrogenation 

35 catalyst such as that which is<b6nventional in th·e art 
'"'..>>; 
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includinq met•ls or compounds of platinum, palladium, 
ruthenium, il:'.i4imn, n.ickel, iron, copper, antimony, 
cobalt, rh04i°U1l.~4.the\lilte. ~he 4ehy~qenat~oh· 
catalyst is· (ioiuac)nly<:~~~d in.· the. form of the dehydro-

5 qenation metal· or".·c~m~d~4 thereof deposited on a . ·;· .. , ..... . 

suitable support suc:h· as alumina, carbon, ~lay, zeo-
lite, chromia, zi:tao~ia .. an4 the like. 

. . . . . . . . . 

Utilizinq: ·the process of the invention, 
: . ;'·:;..· ., .. · 

pyridine-2 j.3-4icarboXylates contain·inq suJ:>sti tuents in 
10 the 4,5 and: s'·posi~lo~;_,may.be c0nveniently prepared by 

~ '· . . : ; . . ' ~ 

admixinq a formula.J::i: dii.alJtyl dichlorosuccin~te with at 
least one molax.- _equiv~~;~nt. of a dehydrohaloqenating 
aqent in a ·•:4~table solvent, optionally filterinq off 

'·· ·.. . . . 

·insolubles, treatincj the filtrate or unfiltered reac-
15 tion mixture 'with anhydrous umonia, optionally heatinq 

said reaction mixture until the formation of the . . .. . . ·. ;_; -~ ' ; 

enamine in~e~•diate ls_ complete, optiotlally filtering 
off insolubles; addinq to the filtrate or to the 
unfiltered .reaQtion mixture an acid such as a mineral 

. . . 

20 acid, sulfuric acid, ·phQsphoric acid, an organic acid 
such as formic·acid, ac.tic acid or propionic acid and 
the like, and treatinq with at least one molar equiva-
lent of an a,p-unsaturate4 aldehyde or ketone of 
formula J:J:J: optionally addinq a dehydroqenation cata-

25 lyst, optionally heating the resulting reaction mixture 
until the formation of ~he. formula I pyridinedicarbo­
xylate is complete. 

30 

Af te:i- completion of the reaction, the desired 
pyridine-2, 3-d~c.arbolt)':l:8.te can be isolated and purified 
usinq conventional mettiQ°ds such as extraction, distil-. . ... ,· . 

lation, recrystallization, chromatoqraphy and th.e like. 
The rate of. 'formation. of the enamine second 

intermediate a~d the f~*'1nu1a I product is t~mp~rature 
dependent,: thus,· reac.tfc)n time can be effective1y 
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reduced by heatinq the reaction mixtures at tempera­
tures of about 4s0 c or greater. 

Zn order to facilitate a further under­
st~ding of the inventio.n, the following examples are 

5 presented prima~ily for:· the purpose of illustrating 
certain more specific.details thereof and the invention 
is not to be deem~4 limited the~eb~. ·The terms 11DIMR 
and J:R designate proton·lluclear magnetic resonance and 
infrared, respectively. unless otherwise noted, all 

10 parts are parts by weigh'C;.· _ 
.:.-; 

Bppt.B 1 

Preparation of: ·diethyl !i,;..ethyl-2 ,3-pyridine4icarboxy-
15 late fro• diethyl clichlorosuccinate usigg agonium 

acetate 
A stirred mixture of diethyl dichlorosuccin­

ate (12•2 g, o.os mole) and ammonium acetate (15.4 g, 
0.20 mole) in absolute ethanol is heated at 6o0 c for 6 

20 hours, cooled to 20°c, treated with excess anhydrous 
ammonia (S.o g, 0.29 moie), heated at 6o0 c for 4 1/2 
hours, partially distilled to remove excess ammonia, 
cooled to 3o0 c and filtered. The filter cake is washed 
with ethanol and the filtrates are ·combined and concen-

25 trated in vacuo. The thus-concentrated reaction 
solution is treated with acetic acid, treated dropwise 
with an ethanolic s.olution of 2-ethacrolein at 7o0 c 
over a 1 1/2 hour period; cont~nued he~ting at 10°c for 
4 hours (until react.ion is complete by qas chromato-

30 qraphic analysis) and concentrated in vacuo to give a 
crude oil residue. 'l'he oil residue is distilled to 
afford the title product as a tan oil, bp. 1s1-1s2°c at 
2nun Hg. 
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BDllPLB 2 

Preparation of ~iethyl s-etl!yl~2.3-j>yridinedioar~x­
yl~te froa'diei;.hvl Clicblorosucc,inate using trietbyl­
amine 

A.solution of ~iethyl dichlorosuccinate 
(24.6 g, 0.10 mole) in ethanol is treated with tri­
ethylamine (12.2 q, 0.12 mole) over a s minute period, 
allowed to stir at ambien~ temperatures for 12 hours, 

5 treated with anhydrous ammonia (7.3 q, o.43 mol) at 0 . . .· ; · .. · 
20 c, heated at 45-so0 c·for3 hours and filtered. The 
filter cake is was~ed with ethanol and the filtrates 
are combined and concentrated in vacuo to remove the 
solvent and excess ammonia. The resultant viscous oil 

10 is diluted with ethanol and acetic acid, t~eated with 
. . 0 2-ethacrolein (19.5 q, 0.232 mol), heated at 70 c for 6 
hours and vacuum distilled at Go0 c to remove solvent. 
The resultant.i>ot liquor is taken up in toluene, washed 
with water and ·concentrated in vacuo to afford a crude 

15 oil residue. vacuum distillation of the oil residue 
affords the title product as a tan oil, bp 1s1-1s2°c at 
2mm Bg. 

20 

BDHILB 3 

Preparation of .dialkyl s~stit~ted-2,3-pyridinedicarbo­
xylate from dialkyl dichlorosu~cinate 

Using essential~y the same procedure as that 
described in Example 2 and substituting the appropriate 

25 dialkyl 4ichlorosuccinate and suitable a,p-unsaturated 
aldehyde, affords the following pyridinedicarboxylates 
of formula I. 
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vn·· .COOR . ~ 

. I · . 
. :--.... 

Z . N· · · .COOR 

I 

i.. y J. R 

JI CH3 K C2BS 
H CH20CH3 JI CK3 
JI CH2Cl JI ... 

C2HS 
JI H H C2BS 

The above compounds aJ;e identified by 1HHMR 
and IR spectoqraphic analysis. 
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WHAT :IS CLAIMED :I·S: 

1. A process for thei 'preparation of a 

compoun.d characteri•ed by form~la. :c 

)( . VnCOOR ~ .. . I . 
:'.'-... 

Z N COOR 

I 

wherein R is c1-c6 alkyl: x and.Z are independently 
hydroqen, h~loqen, c1-c4 alky1,·c1-c4 alkoxy or c2-c5 
alkenyl and Y is hydroqen, hal9~en, c1-c6 'a1Jtyl option­
ally substituted with one to th~ee halogens, hydroxy 
groups, .c1-c4 alk~xy qrou~s or c1-c4 alkylt~io qroups, 
c1-c4 alkoxycarbonyl, am.inooarb~nyi, phenylthio, 
substituted phenylthio, phenoxy,,substituted phenoxy, 
phenyl or substit~ted phenyl which comprises reacting a 
dialkyl dichlorosuccinate of fo~ula zz 

Cl-CHCOOR 

I . 
Cl-CHCOOR 

I I 
wherein R is c1-c6 alkyl with a dehydrohalogeJiating 
agent in the presence of a sol~E:tpt to form a first 
intermediate, reacting.said fi~s~ intermediate with an 
ammonia source to form a second intermediate, reacting 
said second intermediate with a.~:a~,6-unsaturated 
aldehyde or ketone of formula l:t'.J: 

. : :};."'.: 
; ~. \ . 

.... ; 

Y-C~CHX I : 
z-c==o. ·------··~---··_.:.··-········ ---·- -------- ----···-····- ---·-

I I I 



I. 

-~ 

- 9 -

wherein x, Y ancl z are as clesc~ibecl above ancl an acid 
in the presence of t~e solv~t, to form the formula I 
pyridinedioarboxylate compoUJl~ .• 

2. 'l'he process aaoor.~inq to claim 1 for the 
preparation of• pyri4inedi«;:•r~xylate-compoun4 charac­
terized by formula :t wherein X and I are hydrogen and Y 
is hydroqen, haloge~ or °-1-c4 alkyl ~ptionally substi­
tuted with one to three J1aloqens., c1-c4 alltoxy groups 
or c1-c4 al~1thio ~oup •• 

3. !'he process . aocordinq to claim 1 wherein 
the 4ehy4rohalogenatinq aqent is an ammonium salt, the 

. . 

solvent is a polar solvent, the acid is acetic acid and 
the second inteJ:mediate is formed at a temperature of 
4S

0 c or greater. 

4. 'l'he process according. to claim 1 wherein 
the formula I pyriclinedicarboxylate compound is formed 
at a temperature of 45°c or qr~a~er. 

s. 'l'he process according to claim 1 wherein 
the a,p-unsaturated aldehyde or ketone of formula III 
is present in the amount of at least one molar equiva­
lent. 

6. 'l'he pro_cess according to claim 2 wherein 
the formula I compound prepared is selected from the 
qroup consisting of clialkyl ·pyridine-2,3-dicarboxylate, 
dialkyl s-methyl-2,3-pyridinedicarboxylate, dialkyl 
s-ethyl-2, 3-pyridin~dicarboxylat'3,, dialkyl s- (methoxy­
methyl) -2, 3-pyridinedicarboxylat~, and dialkyl s-
(ohloromethyl)-2,3-py~idinedioarl>oxylate. 

. . I . . . . 

. 111111111111111111111111111111 
* C L M S . * iiimmnr. 



-~" ,, . . . 

10 .-

7. The process accoJ;"dinq to claim 6 whe~ein 
the formula x compound prepa~ed is selected from the 
qroup consistinq of dJ·~~f';y~idine-2,3-dicarl>oxylate, 
diethyl s-m~thyi-2,3 .. py~!4i~~4i~a~boxylate, diethyl 
s-.ethyl-2, 3-pyri4inedia•r~J{y1a:te, diethyl s- (methosy-

• ·. :;:·· ·:···"c· .. 

methyl)-2,3'.""pyridine4ic8.rb0Ql•te, and diethyl s~ 
(chloromethyl)-2,3-py~~,~ne.~~c~l>oXylate. 

a. A pyr:ldin•dic~l:>03y1ate compound charac­
terized l>y_ formula I pr~p~8.4··'~J. .the process· accordinq 
to cl.aim 1. 

9. A pyridine~carbpxylate compound charac­
teriz•d l>y formula :t; di'~t~yi ·$;.ethyl-2,3-pyridinedi-

-_":.'; · . .":·. . -~.; 

ca~l>oxylate prepared_l>y ~he.process accordinq to claim 
1.· 

10. A pyridinedica..i:·l>oxylate compound charac­
terized by formula z, diethyl s-(methoxyll)etbyl)-2,3-
pyridinedicarboxylate prepared by the process accordinq 
to claim 1. 

___ .... ----
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