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45 50 55°2 EP0309 711 B1 FLOWDIAGRAM | 5 [err] 45
[err] wherein [err] is [err] or CO R' is [err] alkyl; and R'"" is
[err] or [err] alkyl. Wen R" is Cﬁ%ﬁd?%gﬂ@ﬂgkid i s obtained by concurrent
oxi dation and hydrol ysis of the product under so aqueous basic conditions
in the presence of nickel pero;%@gv $§p§ﬁ§érkb6d in United States Patent
4,459,409 (incorporated herein e )+ Unfortunately, the
avai lability of ketoesters and dial kyl acetyl ene di carboxyl ates, such as
di et hyl ox- al acetate and diethyl acetylenedicarboxylate, is limted, thus
restrictd ng the quantities of anilinofunmarate and
qui notf ne- 2, 3-di carboxylic acid, the intermedi ates reguired for.preparing
her bi ci dal 2-(4-jLsgQpropyl -4-nethyl - 55 + R CO-CHoCORR
5- oxo0- 2-i m daz -yI ) qui nol i ne- 3.carboxylic acid, estefs and salts
thereof. Pendirlg Apglication for United States Letters Patent of D.
Maul di nd® US- A- 2 6 218, filed Augyst 29, 1986 deR¢Oples=t-gagfod for the
preparation of an|linofumarates by tlhe reaction of dichlorosuccinates with
speci fic anmines alNHzthe subsequent di spl acenent of the amine with aniline
in the presence of an organic 3
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wherein R' is CHz or CO R" and R" is C1-C; alkyl; and R"" is CHs or Cy-Cs alkyl.
When R" is CHs, the diacid is obtained by concurrent oxidation and hydrolysis of the product under
50 aqueous basic conditions in the presence of nickel peroxide, as described in United States Patent 4,459,409
{incorporated herein by reference).

Unfortunately, the availability of ketoesters and dialkyl acetylene dicarboxylates, such as diethylox-
alacetate and diethyl acetylenedicarboxylate, is limited, thus restricting the quantities of anilinofumarate and
quinoline-2,3-dicarboxylic acid, the intermediates required for preparing herbicidal 2-(4-isopropyl-4-methyi-

556 5-oxo-2-imidazolin-2-yl)quinoline-3-carboxylic acid, esters and salts thereof.

Pending Application for United States Leiters Patent of D. Maulding, US-A-4 776 218, filed August 29,
1986 describes a method for the preparation of anilinofumarates by the reaction of dichlorosuccinates with
specific amines and the subsequent displacement of the amine with aniline in the presence of an organic
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Nt 20
The present invention relates to an improved method for preparing anilinofumarates and quinoline-2, 3-
dicarboxylic acids and esters thereof. The method comprises reacting a dichlorosuccinate (formula |)
25 C1-CH-CO,R
C1-CH-CO,R
30
(I

85 with a molar equivalent of aniline and a minimum of two equivalents of aqueous base in the presence of a
tri- or tetra-alkylammonium phase transfer catalyst at a temperature in a range of about 85° C to 100° C for
about one to four hours in the absence of a solvent, and isolating the thus-formed anilinofumarate.

_ Quinoline-2,3-dicarboxylate acid is then prepared from the thus-formed anilinofumarate by reacting the
(Y anilinofumarate with an approximately equimolar amount of a Vilsmeler reagent (immonium salt) in the
40 presence of a hydrocarbon solvent such as foluene or a chiorinated hydrocarbon solvent such as methylene
chloride, dichlorosthane, ortho dischlorobenzene, chlorobenzene, or mixtures thereof, at a temperature of
" about 40°C and 130°C, for a period of time sufficient to essentially complete the reaction and yield a
dialky! quinoline-2,3-dicarboxylate. This quinoline-2,3-dicarboxylate is hydrolyzed, under either acid or basic
conditions, to give quinoline-2,3-dicarboxylic acid. This procedure is described in copending Application for
45 United States Letters Patent of R. Doshner, US-A- 485 6283 filed February 4, 1985.
The above reactions are graphically illustrated in Flow Diagrams lIA-B.
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LOW DI AGRAM | I B RO2CC-H 10
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FLOW DIAGRAM IIB

RO,CC-H

@—NH-C-COER anilinofumarate

Vilsmeier reagent

C0R

CO,R

Hydrolysis (acid or base)

CO,H
CO,H
quinoline-2,3-dicarboxylic acid

wherein R is described in formula I

Surprisingly, it has been found that the reaction of aniline with dialkyldichlorosuccinates by the method
of this invention without a solvent and preferably in the presence of a tri- or tetra-butylammonium salt phase
transfer catalyst results in reduced reaction times and improved productivity of the production of an-
flinofumarate.

The novel method of the present invention thus provides a simple and more efficient method for the
production of anilinofumarate. This method, in tumn, reduces handling, processing, effluent and solvents,
resulting in a process that is cleaner, safer, cheaper and more efficient than prior reported methods.

In accordance with the method of this invention, diethyl dichlorosuccinate (0.053 mol), which may be
prepared by the method described in Japanese Patent 71 21, 564, is reacted with aniline (c.053 mol) by
stirring the mixture in the presence of 0.08 molar equivalents of aqueous sodium carbonate (20% NazCOa
w/w) and a catalytic amount (5 mol %) of tetrabutylammonium bromide at 95°C for two hours and 30
minutes. The thus-formed anilinofumarate is readily isolated by separating off the organic phase from the
aqueous slat phase.

Aqusous bases suitable for the preparation of anilinofumarate by the present method include sodium
and potassium hydroxide, carbonate and bicarbonate at concentrations of 15% to 50%, by weight, in
amounts sufficient to provide about two equivalents. The carbonates being employed in from one fo three
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4 20
Chlorine gas is bubbled into an ethylene dichloride solution of diethyl maleate containing ethanol, (0.1

molar equivalents). After stirring the mixture at room temperature for eight hours, it is flushed with nitrogen

gas for five minutes and the solvent removed under reduced pressure to yield the dichlorosuccinate in 94%

yield.

25
EXAMPLE 2

Improvement obtained in preparation of diethyl anilinofumarate utllizlng the method of this
invention

30

C1-CH-CO,C,Hg NHz

C2Hg0,CCH

% | @-—Nn-c—coeceus

Tetra-n-butylammonium bromide (0.9 g, 0.002% mol) is added to a 25% aqueous solution of sodium
s5 carbonate (8.5 g, 0.08 mol). Diethyl dichlorosuccinate (12.9 g real, 0.053 mol) is added at 20°C-25°C
followed by aniline (4.5 g, 0.0483 moi). The reaction mixture is heated to 95° C over 30 minutes and held at
this temperature for 1.7 hours. The phases are separated at 50° C-75° C. A poriion of the sclvent required
for the next step can be added to increase the rate of this phase separation.



EP 0 309 711 B1 nol ar equival ents and the hydroxi des and bi carbonates being
enployed in fromtwo to three rmlgﬁogggi,ﬁ\a%?nts. The quat ernary ammoni um
phase transfer catalysts N-nethyl-tri-n-butylamoniumor tetra-n-butylam
nmoni um chl ori de, brom de and bisulfate, in anounts as little as 0.025 nol ar
‘equi val ent , THaayrganid ¥ tphade Al cSoledCto IZHEC akd @ashers Wwith 8-1619 Cbf Breehyaroehiaricr i thor

t he net hoand@é exchssanilingy Bt anilivofumilate predubtaalecis diidddy predBapit distiadant | on 1S
further il | Tetondb gieldifis.z d)@sdapd ds0afi1Pgantincindrais  Thialis £ T8%ayield ibhded 96 arlitne uethand
not | i m tlietiny wagentar 686% yEAlwtiden thekéal Hipthyl aichibrosuccingfe aiargédrl. or osucci nate [err]
20 Chl"®ri neltiljzing the dbatsbbrecedirpt aniling iscrepgiédenith dibthyl| dinhlovbeuccipate i the ridserteedf hy |
mal eat’e @@ﬂhnapmqigtee«fhamﬂ@ plage franpfer satalysigy iiny botie e syyesensp tas ebsenger ofjan praanie

m xture &evabebeud Ad&r PR The produchipisolptad, s anlyzed By g3s Fhamatogiprhy (Gfr i BsgREn
gas for f¢danonstigiadtiadmprqypmenicob@inpd, ainihe methed A dhe pragent inventionver RiprBaiipds t o
yield the dT"%gsB'f‘,sﬁ thesa W’@‘ 1§ wigh prg summparizesin f£50ig, Ijelew SompRsH R KiPRrOVENeTHi ned
In pr eBarBErEHPYHIANe MaDghog of PP Rlr ate utilizing the method of this

| nvention 30 [err]

15
\._J 20
25
30
35

40

50

56



40 {err]" Tetra-n-butyl ammoni um bromide (0.9 g, 0.002%nol) is added to a
25% aqueous sol uti 6n of sodi um 55 E?mnﬁq%(&S g, 0.08 nol). Diethyl

di chl orosuccinate (12.9 g real, 0.5 nol) 'I's added at 20[err]C25[err]C
followed by aniline (4.5 g. 0.0483 nol). The reaction mxture is heated to
95 * C over 30 mnutes and held at this tenperature for 1.7 hours. The

phases are separategdat8 3 [eir] C-75[err] C. A portion of the solvent
required for the negi§ H e Lah be added®t o i ncyease tthe ratee Dﬁ t hi s phase
separation. 7 EFZ G QY 711|B1 Fhe orBani c (§ oduct@phase @ s| ¢ooled to 25
C and*washed with & Bf 5% hydrochloric acid to renove exgpdss aniline.
The arfl | i nofumarate praduct layer is dried by azeotropic dist{lflation. The
crude yield (14.7 g oaﬁsﬁ/staa; 6% 1% ankl i nof wWrarates This 4 sfgd 73% yield
based on aniline as;tuh I‘J gt ng Teagent or 66'5%yield based|qn the real
di et hyl di chl or osuctci nat & cha gedw 5 Utilizing the above prjocedure,
aniline™s reacted with 'eg)h I djchl or Qsucci nat e in the preserjce of sodi um
carbonate with various plgee Tra sfer ceétal ysts, in Both the aresence or
absence of an organic solevent!at eabout 80 [err] Cto 95[err] Lf The product
is isolated and anal yzed byggfs chromatography, (GC) in order d denonstrate
the inprovenent obtained by§the rggthod of the $resent inventipn over prior
met hods.” The results of theke|exggkri mengs vvhicg are gummarigef|in Table |
bel ow denonstrate the irrpr(ﬂe*rentgio obgai ned &y uti i zi ng @ hp Inet hod of
this invention. 15 20
3
N\ 20 s
u g o ot
LA N n n 1) n
[ I o | [} . . . .
£8/.3 .3 .3 &3 &3
L o) o (X . 4 ™ 8 ”» 8 0}
|88 8& 88 '8 4%
25 N
\u “N ) “N ﬂN o =
] |2 = = '
S .5 .5 A% i3
. §-138 $9 34 E3 PR
Eg |88 868 B8 f§8 23
g g 2 03 2 -t a8 N T~ o) ‘8
55158 2% LA BE &4
g2 |kg Es 3 g8 &3
s $3(82 232 HE 32 §§
ﬁ 3 8 s U 8 @ O | -1 2 g
85§ g "8 “§ 5
» E L < E
. ' -} 5 [
o/ 38~
40 AR @
RIS B (=
0O 8 ~ .
4 {rd ol od & [l &l -t o
2286 S ) a a =
2le &
4 B
9
> 0
2 3
: E
s &
50 § .

66



1. An

EPO309 711 Bl [err]
nof unar at e wherein

09 711 Bl

o 0Bbpaf el

EP0309 711 B1 [err]
1

i nproved method for the preparati
di chl orosuccinate of fornula I

25 30 35 40 45 50 55 8 °

c°88 £°z G6 BUON 16°1/%02 L°S/9pTI0TYO uUnjuowmEe
€oo%en -tAanq-u-ya3-tAu3eu-N T/t
z°16 S°'1 56 SUON 16°1/%02 L*S/9PTIOTYD unyuoume 1/t UOTIUSAUY
nOUNmz. ~1L3nq-u-ex393
v°06 1 56 auoN 1S°1/%0¢ L°G/e3RITNSTq wWnyuoume /1 ayy 3o
noomuz -1Xang-u-exjey
L°26 6°Z 56 . BUON s 1/%02 g/epTuoxq unyuouwe /1 poyeu
noonuz -TA3ng-u-ex3ay
% say 9 sjuaAfos sjuaTeAainba/aseg % aot\umhamuao suyTIUR
eaae D9 uoyryIoTd duag IeTOR Jejsueay oaseyg /@3eutoons
gjeJelng ~wod 03 . -0 HOHﬁﬂ Ay3zetp
~OUTTTUR  SWTL oT3ex IPTOR
aonpoad

(penurtjuo)) Y AV

10
15

26
30
35
40
45
50

\ 20
Y

An improved method for the preparation of anilinofumarate wherein dichlorosuccinate of formula |
10

1.

s5 Claims



EPO309 711 1 [err] 10 wherein R is [err] alkyl
equi val ent of aniline and a ni "B BdPT11igp equi val ents of an aqueous base,
conducting the above reaction in the presence

sai d i nprovenent conpri sing:

is reacted with a nol ar

of atri- or tetraal kylammoni um salt phase transfer catalyst at a

tenperature of about 85[err] Cto 100[err] C for one 15

the absence of a solvept¢ . A nmethod according to Claim1, wherein said
aqueous base is 15%g R 5% on la wgight basis, of sodi umjhydroxide,
carbonate or blcaerhaxe“oF potlassgum hydg oxi de, ; car bopyatie| or bi car bonat e,
or mixtures thereof .8 3 Bet hqd aecordimy to Cleai m 2, wwhef ei n sai d phase
transfer catal yst |§‘ﬂbtra n- but yl - anmmoni um br om de, chlor de or bisulfate
or N-methyl-tri-n-butyl-&nfoni um bromnide, chloride or bidgulfate.
Pat ent anspr Uche 25 1. gmﬁbﬁsﬁertes“VErfah?en zum Her st el [juphg von
Ani | j nof umar at, V\obel"e'Dsh.ﬂoFSUCciﬁat derFormel~ | Cl-8H{Cf2 R 30 30
P R e (I) C1-CHCOR R 35 wpbei R fOr Cl
-4- Al kyl steht, ungesetzt wi td i tweli nemgol ar e, Aqui val gnl von Anilin und
ei nem M ni'num von 2 Aqui vab tgn ePner .weBsri gef Base, ®dddur ch
gekennzei chnet, daR man di 8 %bige
15 ' +
=1
g Q Q [ o
L) s [ = =
3 2 2 2 2
20 3
(=4
N Q
3% - - - .
£ 2 “ g a @
_ & N N -
25 o @ © o ©1 08 M O de
g } 83 88 83 s
5 g “N wN DN =
2 [ = = = '
3 o o <
%0 ~ g < L &y
g M ) i 0 1 & " ™0
Y o ~ T = 43 - T -]
w4 o o > u s 3
[ & 8 P & N Q. N
5 O 2 0O - a3 0 i O
o B o M Q = Q ~ =
BN\ i Q0 i @ i £ [ -1
& [~ 2 - £ 0 - 0
35 o A |8 &° © 8 Be
n o~ et “ B VI | 1 9
S3 (9§ 94 98 =T
£E% |38 g ¥ E ¥ 6. & ©
o _ 0 £ B E
a g E 9 E
8 o ® F“
40 o] -
N
$ 0 9 ¢
m—cgs
§ 83 |
%8 E < N S <
FEE| = 0% 5 3
- 5d
o
u .
]
Q
3 2 s
50 8 + ]
2 5 Z
]

s5 Claims

to four

1. An improved method for the preparation of anilinofumarate wherein dichlorosuccinate of formula |

10

) O R

hours in



Reakt i on

der sel -

ben,

in Anwesenheit” eines Tri- oder
Tet r aal kyl ammoni unsal z- Phasent r ans tors bei einer Tenperatur v
etwa 85 * %ﬁ %@§2*¥§?

L6sungsmttels durchfUnhrt. 40 2. Verfahren gemaO Anspruch 1, wobei die
wassrige Base 15 bis 50 Gew. % ig an Natriunmhydroxid, -carbonat oder

- bi carbonat oder Kal i unmhydroxi d, -caCheiGl-CdyR - bi carbonat oder M schun

C bis 100 * C wahrend 1

unden i n Abwesenheit eines

ist. 45 3. Verfahren gem W] Anspruch 2, wobei der

Phasent r ansf er kat al ysat or Tetra-n-butyl a ni umbrom d, -chlorid oder
-bi sulfat oder N-Methyl-tri-n- bUtylaEED ng %g%d -chlorid oder -bisulf

i st. MRevendl catl ons 50 1. Procede de

anbl i ord,

* C

L

d un anilinofumarate

selon lequel on fait rdagir un dichlorosuccinate de formule |I:

S EP D 309 711 Bi 1 '-CH COR 10 dans |l aquelle R

on

gen

at

55

represente un groupe alkyle en G -C4, aveddun equivalent nolaire d aniline

et, au

conprenant

presence du
u de tdtra

une a QHat

25

30

35

45

50

556

2.

W1n|nun1 deux 4qU|vaIents d' une base aquouse I'anﬁlloratlon
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to four hours in the absence of a solvent.

A method according to Claim 1, wherein said aqueous base is 15% 1o 50%, on a weight basis, of
sodium hydroxide, carbonate or bicarbonate or potassium hydroxide, carbonate or bicarbonate, or
mixtures thereof.

A method according to Claim 2, wherein said phase fransfer catalyst is tetra-n-butyl-ammonium
bromide, chloride or bisulfate or N-methyl-tri-n-butyl-ammonium bromide, chloride or bisulfate.

Patentanspriiche

1.

3.

Verbessertes Verfahren zur Herstellung von Anilinofumarat, wobei Dichlorsuccinat der Formel |

C1-CH-CO2R
(1)
C1-CH-CO2R

wobei R flir Ci—s-Alkyl steht, umgesetzt wird mit einem molaren Aquivalent von Anilin und einem
Minimum von 2 Aquivalenten einer wissrigen Base, dadurch gekennzeichnet, da8 man die obige
Reaktion in Anwesenheit sines Tri- oder Tetraalkylammoniumsalz-Phasentransferkatalysators bei einer
Temperatur von etwa 85 °C bis 100 ° C wihrend 1 bis 4 Stunden in Abwesenheit sines LEsungsmittels
durchfihrt.

Verfahren gem#&B Anspruch 1, wobei die wissrige Base 15 bis 50 Gew.%-ig an Natriumhydroxid,
-carbonat oder -bicarbonat oder Kaliumhydroxid, -carbonat oder -bicarbonat oder Mischungen dersel-
ben, ist.

Verfahren gemiB Anspruch 2, wobei der Phasentransforkatalysator Tetra-n-butylammoniumbromid,
-chlorid oder -bisulfat oder N-Methyl-tri-n-butylammoniumbromid, -chlorid oder -bisulfat ist.

Revendications

1.

Procédé de préparation d'un anilinofumarate amélioré, selon lequsl on fait réagir un dichlorosuccinate
de formule | :

A

11

tri
t



heures én |'absence d'un solvant. 2. Procedd selon |a revendication 1, dans
| oquel | a base aqueuse est de I'M@j@ﬂq,mdu carbonate ou du bicarbonate
de sodium ou de |I'hydroxyde, du carbonate ou du bicarbonate de potassium
ou des K>20 mel anges de ceux-ci, solon une concentration de 15 % A 50
% en poids. 3. Procedd selon |la revendication_2, dans |equel |e catal yseur
de transfet de phase est |le bronure-tTe*th+326re ou |l e bisulfate de

t 6t ra-n-butyl -ammoni um ou |l e bronure, $Ie chlorure ou |l e bisulfate de N

nﬁthy[itri-n-butylannnniun1 26 30 35 4@ 45 50 55 12 frrrani!
1399, 31111111 111D £1-CH-CO,R
(1)

10

dans laquelle R représente un groupe alkyle en Ci-Cs, avec un équivalent molaire d'aniline et, au
minimum, deux équivalents d'une base aqususe, I'amélioration comprenant la mise en osuvre de la
réaction mentionnée ci-dessus, en présence d'un catalyseur de fransfert de phase 3 base d'un sel de

15 tri ou de tétraalkylammonium, & une température d'environ 85°C & 100°C pendant une & quatre
heures en I'absence d'un solvant.

2. Procédé selon la revendication 1, dans leque! la base aqueuse est de I'hydroxyde, du carbonate ou du

o bicarbonate de sodium, ou de I'hydroxyde, du carbonate ou du bicarbonate de potassium, ou des
2 mélanges de ceux-ci, selon une concentration de 15 % & 50 % en poids.

8. Procédé selon ia revendication 2, dans lequel le catalyseur de iransfet de phase est le bromure, le

chlorure ou le bisulfate de tétra-_q-butyl-ammonium, ou le bromure, le chlorure ou le bisulfate de N-

méthyl-tri-n-butylammonium.
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