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PROCESS FOR THE PREPARATION OF 2—(5 ,5-DISUBSTITUTED 4.0X0-2IMIDAZOLIN—
2-YL)-NICOTINIC, QUINOLINE-3-CARBOXYLIC AND BENZOIC ACIDS

" SUMMARY OF THE INVENTION
for the preparation

5 The invention is a method

of formula (I), 2—(5,S—disubstituted-u-oxo(or thiono)-

'Z—imidazolip-Z—yl)nicotinic acids,a3<qftncline-

ga;boxylic,acids or benzoic acids..having the structure:
10
15
(1)
by the pase-catalyzed cyclization of a formula (XVa)
2-carbamoyl nicotinic acid or 2-carbamoyl 3-quinoline-
20 carboxylic acid having the structure:
X
Y 7/ O00H Tl “
7\ ONH——ﬁ——C——NHZ
25 K¢ 5
2
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wherein Rg is N or CH; Ry is C1-C4 alkyl; Rp is C1-Cq4 alkyl
or C3-Cg cycloalkyl; and when Ry and Rp are taken to-
gether, along with the carbon to which they are attached,
they may represent C3-Cg cycloalkyl optionally substituted
with methyl, and when R] and Ry are not the same, the
optical isomers thereof; W is O or S; X is hydrogen, or
C1-C4 alkyl, Y is hydrogen, balogen, C1-C4 alkyl, Ci-C4
alkoxy, trifluoromethyl, trichloromethyl, difluoro-

‘methoxy, diloweralkylamino, C1-C4 alkylthio, phenyl,

phenoxy,'or phenyl or phenoxy substituted with one

Cl-Cé alkyl, C31-C4 alkoxy or halogen; Z represents
hydrogen, Cj-C4 alkyl, trifluoromethyl, trichloromethyl,
phenyl or phenyl substituted with one C1-C4 alkyl,

Ci-Cs4 alkoxy or halogen; and, when taken together, Y

and Z may form a ring in which YZ are represented by

the  structure: -(CH2)p-, where n is an integer selected

from 3 to 5, provided that X is hydrogen; or YZ is
L MQ Ry '

-ééé-c=c-, where L, M, Q and Ry each represent hydrogen,
halogen, Cq-Cy alkyl, Cq;-Cy alkoxy, C1-Cy haloalkyl,
difluoromethoxy, diloweralkylamino, C4¢-Cy alkylthio,
nitro, phenyl, phenoxy, or mono-substituted phenyl or
phenoxy where the substituent is one Cy-Cy alkyl, Cq-Cy
alkoxy or halogen; with the proviso that only one of L,
M, Q or Ry, may represent a substituent other than
hydrogen, halogen, Cq-Cy alkyl or Cq-Cy alkoxy.

The base-catalyzed cyclization of this process
involves reaction of a formula (XVa) carbamoyl nicotinic
acid or carbamoyl 3-quinolinecarboxylic acid having

the structure:

P OMPI
4/7., PG
RNATI

BSUREAT
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. :
Y /e 00H Tlﬁl
|
y ONH—-?———C-—NHZ
R2
(XVa)

where X, ¥, Z, W, Rq and Rp are as described above,

with from 2 to 20 moles and preferably 2 to 6 moles of
an aqueous Or aqueous alcoholic sodium or potassium
hydroxide‘preferably of greater than 10% concentration
on a weight basis, per mole of formula (XVa) acid, at a
temperature between 25° and 110°C, i.e., reflux tempera-
ture. Thereafter, the reaction mixture is acidified to
a pH between 2 and 4 to give, in high yield and purity,
the 2—(5,5-disubstituted—u-oxo(or thiono)-2-imidazolin-
2-yl)nicotinic acid or 3-quinolinecarboxylic acid having

the structure of formula (I):

(1)

wherein X, ¥, Z, W, Ry and Rp are as described above.
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Advantageously, the process of the invention
is also effective for preparing the formula (I) 2-(5,5- .
disubstituted-4-oxo(or thiono)-2-imidazolin-2-yl)-
nicotinic acids and 3-quinolinecarboxylic acids from
isomer mixtures of the formula (XVa) carbamoyl nicotinic
acid or carbamoyl 3-quinolinecarboxylic acid and the
formula (XVb). carbamoyl picolinic acid or carbamoyl
quinaldie acid. In accordance with the process of the
invention, the isomeric mixture containing the formula
(XVa) carbamoyl nicotinic acid or quinoliniec acid and
the formula (XVb) carbamoyl picolinic or quinaldic acid
is heated to a temperature between 25 and 110°C (i.e.,
reflux temperature) with about 2 to 20 molar equivalents
of aqueous or aqueous alcoholiec (Ci-Cy-alcohol) sodium
or potassium hydroxide, and preferably 2 to 6 molar
equivalents of said base of greater than 10% concentra-
tion on a weight basis under a blanket of inert gas
such as nitrogen or argon. The mixture is then cooled
to about 259C and acidified to a pH between 2 and 4
with a strong mineral acid such as hydrochloric acid or
sulfuric acid to give the herbicidally effective formula
(I) product in greater than 95% yields. If the formula
(XVa) product is insoluble in water, it will be preci-
pitated and can be recovered by filtration. If the
product is soluble in water, the mixture can be extracted
with an organic solvent such as ether or methylene
chloride and the extract concentrated to provide the
herbicidally effective 2-(5,5-disubstituted-4-oxo(or
thiono)-2-imidazolin-2-yl)nicotinic or 3-quinoline- s
carboxylic acid encompassed by formula (I). A reaction
reported by A. Kjaer, Acta. Chemica. Scand 7, 889,

(1953) utilizing dilute 1.0N (4%) aqueous sodium hydroxide
gives significantly lower yields (10 to 15% lower).
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The process of the invention also relates to
a method for the preparation of the herbicidally effec-

tive formula (I) 2-(5,5-disubstituted-4-oxo(or thiono)-
o.imidazolin-2-yl)nicotinic acids, 3-quinolinecarboxylic
acids, and benzoic acids by reaction of an appropriately
substituted formula (XVI) anhydride with an amino-
carbokxamide or aminothiocarboxamide depicted by formula
(XIIIa) to yield an isomeric mixture of the formula
(XVa) and formula (XVb) carbamoyl nicotinic, quinoline-
carboxylic, or benzoic acid and the carbamoyl picolinic
or quinaldic acid. This reaction is carried out,
preferably using equivalent amounts of the formula

(XV1) anhydride and the formula (XIIIa) carboxamide or
thiocarboxamide, in the presence of an inert organic
solvent such as low-boiling ether (diethyl ether,
tetrahydrofuran or dimethoxyethane), acetonitrile,

ethyl acetéte or a halogenated hydrocarbon such as
methylene chloride. The reaction is generally conducted
at a temperature between 20° and 80°C and preferably at
300 to 60°C under a blanket of inert gas such as
nitrogen or argon. This reaction yields the isomeric
mixture of the formula (XVa) carbamoyl nicotinic,
3-quinolinecarboxylic, or benzoic acids and the formula
(XVb) carbamoyl picolinic or quinaldic acids. The
isomeric mixture may then be treated as described above
to recover the herbicidally effective formula (I4)
2-(5,5-disubstituted-4-oxo(or thiono)=-2-imidazolin-2-yl)-
nicotinic acids, 3-quinolinecarboxylie, or benzoic

acids.
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The above described reactions are graphically
illustrated in Flow Diagram I.
The herbicidal 2-(5,5-disubstituted-4-oxo-2-
imidazolin-2-yl)nicotinic acids and quinoline-3-carboxylic
5 acids prepared according to the process of this invention
are described and exemplified in the European Patent
Application Publication number 0041623 published
December 16, 1981 Bulletin 81/50, Application number
81103638.3 of Marinus Los. The herbicidal benzoic acids
10 zre described and exemplified in U.S. Patent 4,188,487
(1980) of Marinus Los.
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FLOW DIAGRAM I

(X1IIa)

B | X Ry W

N7 __chH——fé—CNHZ
]

| | g I\ J—cood R2

—NH
z—\\. ONH—-?——C NH2 kg
R9 Ry :
' vb)
(XVa) (%
KOH
or
NzCH
X
Y 00H
| Rl
Z N
ke Y R2
HNe—— =W
(IA)

wherein X, Y, Z, W, R1 and R2 are as described above
and Rg is N or.CH.
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_ Conveniently, the method of the present
invention is also suitable for the preparation of the
imidazolinyl-quinoliniec, nicotinic, and benzoic acid
herbicides directly from nitriles by hydrolysis of the
nitrile in situ with a strong base and hydrogen
peroxide in a single operation as graphically illustrabted

below:

o
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Y—" 00H R; . Y—7 ONH—-?——CN
Z—\ CONH—C—CN y 00H K2~
. Rg Rg
R2
KOH
H202 or
- NaOH
X

o
9; 0 R2
| ;
l !
X |
Y 7 02e Alkcli metal cation
- { N Rl .
\Rg 7 "N—R,
NH—f—-=ﬂ
|
X
Y 4 Q0H
|
R
Z 1
\Rg /M\.___R2
NH—~—=0
(IB)
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wherein Rg, X, I, Z, R4 and Ry are as described above.

The reacticns may be carried out at 0-100°C
in water, a mixture of water and water miscible solvents
such as C1-Cy alcohol or a mixture of water and water
immiscible solvents such as dichloromethane, ],2-
dichloroethane, chlorobenzene, toluene, xylenes and
ethyl ether. The reactions may also be carried out in
C1-Cy alcohols without the addition of water. Reactions
in water at 60-100°C are preferred as cyclization to
the desired imidazolinyl products is more rapid at
elevated temperatures, and disposal or recovery of
organic solvents is not necessary.

The use of aqueous 30-90% hydrogen peroxide
with alkali metal hydroxides serves to speed the
conversion of the acid amidonitriles to the alkalil
metal cation salts of the acid diamides and results in
less by-product formation. The peroxide may be employed
in a molar ratio of 0 to 10 moles, preferably 2 to 5
moles, per mole of acid amidonitrile.

Both aqueous and aqueous alcoholic alkali
metal hydroxides such as KOH, NaOH, or CA(OH)p may be
employed in molar ratios of 1 to 10 moles, preferably 2
to 6 moles of 10% or greater concentration on a weight
basis, per mole of acid amidonitrile.

The product imidazolinyl-acids are amphoteric
and are capable of acting either as acids or bases.
Thus, they may be isolated as the alkali metal cation
salts, as the free acids, and when treated with strong
acids such as hydrochlorie, sulfuric and hydrobromic
acids, as acid addition salts.
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The acid amidonitriles suitable for use as
starting materials are conveniently prepared by first
reacting methyl isopropyl ketone with hydrogen c¢yanide
in aqueous ammonium hydroxide to obtain 2-amino-2,3-
dimethylbutyronitrile as described in the application
for United States Letters Patent of Walter Stepek and
Matthew Nigro, Serial No. 381,812, filed May 25, 1982,
and incorporated herein by reference thereto. This
compound is then reacted with the appropriate anhydride
to give the acid amidonitriles. This preparation is
deseribed in United States Patent 4,017,510.

The formula (IA) 2-(5,5-disubstituted-4-oxo-
(or thiono)-2-imidazclin-2-yl)nicotinic acids, 3-quino-
linecarboxylic acids, and benzoic acids, prepared by
the process of the present invention, are highly effec-
tive herbicidal agents useful for the control of a wide
variéty of monocotyledonous and dicotyledonous plants.

They are also useful as aquatic herbicides
and are unique in their effectiveness in controlling
plants when applied to the foliage thereof, or to the
soil, or water containing seeds, or other propagating
organs of the plants such as tubers, rhizomes or stolons,
at rates of from about 0.025 to 8.0 kg/ha, and preferably

at rates from about 0.032 to 4.0 kg/ha.
In order to ﬁacilitate a further understanding

of the invention, the following examples are presented
primarily for the purpose of illustrating certain more
specific details thereof. The invention is not to be

deemed limited thereby except as defined in the claims.
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EXAMPLE 1
Preparation cof 2-(5-isopropyl-5-methyl-4-oxo-2-

imidazolin-2-yl)nicotinic acid : e

i3
+ HoN—C—CONHy  —
CH(CH3)2
00H fH3
ONE—C—CONH2 .
CH(CH3)2
<
[ '
ONH—C—CONH;
’ l )
Q0H _CH(CH3)2
- Na0 =
Hs0 TH3
H(CH3)2
|
N 0
H(CH3)2 7 | H
0OCH

To a stirred suspension of 2,3-pyridine-
carboxylic anhydride (30 g) in 150 mL of acetonitrile
is added a solution of 2-zmino-2,3-dimethylbutyramide
(28 g) in 140 mL of acetonitrile at 259 to 30°C. The
mixture is stirred for 2 hours. The solvent is removed
at 50°C and reduced pressure. The residual gum is
dissolved in 230 mL of 2.6 N sodium hydroxide and
heated to 80°C for 1.5 hours.

QT
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The mixture is cooled to 259C and acidified
to a pH of 3 with 65 mL of 372 hydreochloric acid. The
resulting solution is extracted with two 200 mL

‘portions of methylene chloride. The extracts are

concentrated to a residue of 33 g of the desired

product, mp 160-165°C.
After standing overnight, the aqueous layer

deposits 3.8 g of the picolinic acid isomer, mp 155-157°C
(dec.).

EXAMPLE 2
Preparation of 2-(u-oxo—1,j-diazaspirotu,S]dec-z-en-

2-yl)nicotinic acid

0
74
O + HpN__ CONH2
N
/‘ Co0E | + (¢ \—conH CONH2
s/ —CONE____-CONHp . c00H <
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To a stirred solution of 7.1 g of 1-amino-
cyclohexanecarboxamide in 60 mL of methylene chloride
is added 7.5 g of 2,3-pyridinedicarboxylic anhydride.
The mixture becomes warm and forms a solution. Stirring
is continued for two hours as.a colorless solid
precipitates. The mixture of monoacids is collected,
12.0 g, mp 168-178°C (dec).

' This material is dissolved in 45 mL of 2.7 N
sodium hydroxide and heated for one hour at 80-859C. It
is then cooled, acidified with 10.3 mL of 37% hydro-
chloric acid, and extracted with two 25 mL portions of
methylene chloride. The extracts are concentrated to
give 7.5 g of the desired product which is recrystal-
lized from aqueous methanol to give 2-(4-oxo-1,3-diaza-
spiro[4.5]dec-2-en-2-yl)nicotinic acid, mp 186-189°C.

PCT/US83/00724
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EXAMPLE 3
Preparation of 6-isopropyl-2-(5¥isooropyl-§:methyl-

Y-0x0-2-imidazolin-2-yl)nicotiniec acid

5 cH
% |3
0 + NHZ—C-CONHZ
CHz) oHC |
(CH3)2HC v CH(CH3)2
10

15 ﬁ COOH ?H3
| (CH3)2HC —\yy/= CONE— € —CONE,
CH(CH3)
+
20
[
‘(]: CONH— cl:—-comag
(CH3)2HC—\y /~CO0H  CH(CE3)?
25
S ]
NaQH
v

7 — COOH
30 _[i\T

35
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To a stirred solution of the anhydride (15.1 g)
in 125 mL THF under nitrogen {s added 11.4 g of 2-

' amino-z,3-dimethylbutyramide. The mixture is stirred

overnight. The solvent is removed in vacuo, and the
resulting oil (consisting of a mixture of the iscmeric
pyridine monoacid products) dissolved in 66 mL of 6N
NaOH. This solution is heated at 70°C under nitrogen for
three and one-half hours, then cooled and the pH of the
solution adjusted to § with 6N H2S0y. The mixture is
extracted with ether twice, and the organic extracts
discarded. The pH of the aqueous phase is ad justed

to 3 with 6N HZSOL;. The resulting precipitate is removed
by filtration, washed with water and dried to give
13.25 g of desired product. A sample is recrystallized

_from methylene chloride-hexane followed by ether-hexane

to give an-analytically pure sample of §-isopropyl-

2-(5-isopropyl-S—methyl-ﬂ-oxo-Z—imidazolin-Z-yl)nicotinic

acid, mp 131-133.5°C.

By us=ing essentially the same procedure, but
substituting the appropriate susbstituted pyridine-
2,3-dicarboxylic acid anhydride and also substituting,

if necessary, the optically active 2-amino-2,3-dimethyl-

butyramide or the 2-amino-2,3—dimethylthiobutyramide
for 2-amino-2,3-dimethylbutyramide, the following
nicotinic acids were prepared.

PCT/US83/00724
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ZTN /;]:j:ca(c33)2
HN —
X 1 z | aplC
H B CH3 145 -146.5
H H CF3 133 -142
H H B 128 -131
[a]%f = +18.379
(¢=0.0902g/ml THF)
H i n-C3Hy 148.5-150.5
H H cL<{)- | 247 -249
H H cH3<C - 215.5-218.5
B H — | 252 =254
H H CoHs 118 -122
H CH3 CH3 172 -180
H (CHp)3 | 160 -164
H H H 170 -172.5
H (CHp) y—— 162 -165
H (CH3) g ——— 141 -148
- AN\ coos
NN A~F CH3
CH(CH3)2
HN

-~ mp 182-1840




WO 83/0425 )
/04253 PCT/US83/00724

- 18 -

, . EXAMPLE 4
Prepaéation of 2-(5-isoproDyl-5-methyl-H-oxo-2-
imidazolin-z-yl):ijquinolinecarboxylic acid

5
0
CH
7 0 Step 1
+ HoN—C—CONH
N ,
10 CH(CH3)2
g ClHB
Ny~ C00H  cgg . N—CONE—C —CONH;
!
15 \y7— CONH—C—CONH2 y7—COQH CH(CH3)2{<
CH(CH3)2
Step 2
20
CHg
CH(CH3),
25

To a stirred solution of 2-amino=-2,3-di-
methylbutyramide (40 g) in 500 mL of acetonitrile is
30 added 60 g of 2,3-quinolinedicarboxylie acid anhydride
in portions during about 45 minutes. The mixture is
heated to 50-60°9C for two hours, cooled to room temper-
ature and filtered to give 73.7 g of the mixture of

carbamoyl quinolinecarboxylic acids.
35
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This solid is dissolved in 435 ml of 1.5 N
sodium hydroxide and heated for two hours at 80-859¢C.
The solution is cooled and acidified with 57 mlL of
379 hydrochloric acid. The desired product is re-
moved by filtration and dried. The solid is re-
erystallized from methanol to give 49 g of 2-(5-
isopropyl-S-methyl-ﬂ—oxo-Z—imidazolin-Z-yl)-3-
quinélinecarboxylic acid mp 240-242°C.

Following step 1 of the above procedure
yields the following 2-carbamoyl-3-quinoclinecarboxylic

acids having the structure:
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e

m

OCH3

o Jl+ I =

WO 83/04253

M

H
H

0C2Hsg
NO2

CF3
CN
CgHs

0CH3
CHj

CoHsg

CyHg
Br

SCH3
OC6H5
OCFoH

- 20 -

\— COO0H

CH3

)\ coNg—C—CONH2

N

R7

Q and Rp are

mom

o m mom iR

CH3

i CH3

mmmmmmm

0C3Hs

CH(CH3)2

as reported below.

R
H
H

0CH3

o i

PCT/US83/00724

mpOC

172.5-173.5

183 ~-185

[GD] = —90.50
in CHpCl2

225 =227

Foanm

222 =224

189.5-192

oug =250

198 =199

163 -16%

209 =209.5

189 =190

194 =196
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Following step 2 of the above procedure,

i.e., the base-catalyzed cyeclization of a carbamoyl

-3-

quinolinecarboxyliec acid yields the 2-(5-isopropyl-5-
methyl-u—oxo—Z-imidazolin-2-yl)-3-quinolinecarboxylic

acids having the structure:

N\ C00H

B

HN‘Q§
0

R2

wherein L, M, Q and. R7 are as reported below.

L M

H H

H H

H 0C2Hs
H NO2
H H

H CF3
H CN
H CgHs
H H

H 0CH3
H "CH3
H CoHs
H CuyHg
H Br
0CH3 H

H SCH3
H H

H 0CgHsg
H OCF H

comom

fo o« o S « o SR « v B« o SN @

CH3

CH3

omom om o

0C2Hs

i
H

mom om om

OCH3

m oW

mp°C
241 -244
228 -236
, [a]%?: +28.39 (
. 206 -208
241.5-242
258 =261
215 =218
209.5-212
280
203.5-205
238 -240
179 -180.
149 -150.
215 -225
249 -250
264 =265
223
208 -209

.5
¢=0.0105g/
mL CH2Clp)
5
5

SUREAT
OMPl
Z IO _ W
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EXAMPLE 5
Preparation of 2-(5-Isopropyl-5-methyl-4-oxo-2-imidazo-
lin-2-yl)benzoic acid

) + Ho —CONH2
0 S CH(CH3)2
|
0
' ' 0,H
CH
02 T CH
NH—C—CONH, ~ —— SR .
| 7/ N—CH(CH3)2
CH(CH3)2 ]
. NH—-——E:O )

To a stirred solution of 13.4 g of 2-amino-2,3=-
dimethylbutyramide in 200 mL of methylene chloride is
added 13.4 g of phthalic anhydride. The mixture is
warmed to reflux for a few minutes and then left to
cool and stir overnight. The clear solution is then
stirred with 160.mL of 0.8 N sodium hydroxide for 15
minutes. The aqueous layer is separated and treated

with another 12.1 g of 50% aqueous sodium hydroxide and

" the alkaline solution is heated to 75°C for 2.5 hours.

The solution is then cooled to 25°C and
neutralized with 23 mL of 37% aqueous hydrochloric
acid. Colorless product separates and is collected and
dried to give 13.8 g, mp 158-1629C. The filtrate is
concentrated to a volume of 50 mL at reduced pressure
to give another 10.0 g of product melting at 150-1700°C.
Total yield of crude product is 23.8 g or 91.5%.

PCT/US83/00724
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EXAMPLE 6
Preparation of 2-(5-isopropyl-5-methyl-4-oxo-2-imidazo-
lin-2-yl)-p-toluic acid and 6-(5~isopropyl-5-methyl-4-

oxo-imidazolin-2-yl)-m~-toluic acid

5
CH3
CH3 . HN—C—CONH2
0
10 , . CH(CH3)2
l ‘
0
15 [
. 557F—C02H ?H3 o, §73
N NH—C—CONH,, + NH——C—CONH,
0 CH(CH3)2 CH(CH3)2
20 - -
25
CH3 0,H 02H
CH3

CHs + N

N ¥ N—CH(CH
NH - NH —0

35
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To a solution of 14.4 g of 2-amino-2,3-
dimethylbutyramide in 75 mL of acetonitrile is added
16.2 g of 4-methylphathalic anhydride. The solution
is warmed to 60°C for two hours and then concentrated
at reduced pressure to a residue of 31.3 g. The
residue is dissolved in 80 mL of 3N sodium hydroxide
and warmed to 80-859C for three hours. It is then
cooled to 25°C and neutralized with 23.5 mL of 37%
aqueous hydrochloric acid. Near the end of the
neutralization, 100 mL of methylene chloride is added
to dissolve the gummy product which is separating.

The layers are separated and the aqueous layer is
extracted with an additional 65 mL of methylene chloride.
The combined methylene chloride layers are concentrated
to a residual gum weighing 28.8 g which is shown by
quantitative high performance liquid chromatography
assay to contain 23.9 g of the two desired products.
The yield is therefore 87%.

EXAMPLE 7
Preparation of 2-(5-isopropyl-5-methyl-4-oxo-2-imidazo-

linyl-2-yl)-p-toluic acid and 6-(5-isopropyl-5-methyl-
B-ox0-2-imidazolin-2-yl)-m-toluic acid :

CHy O2Na

7 N—CH(CH3)2
0  CH(CH3)2
S

CH3 y §H3

-3
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To 32.0 g (0.116 mol) of N-(1-cyano-1,2-
dlmethylpropyl) -4(and 5)-methyl phthalamic acid in
80 mL water is added 30.0 g (0.375 mol) of 50% sodium
hydroxide. External cooling is applied to hold the
temperature at 20-25°C; 56.0 g (0.494 moles) of 30%
aqueous hydrogen peroxide is added in 30 minutes while
maintaining the temperature at 20-30°C. The solution
is heated to 80°C and stirred at 80-90°C until the
reaction is complete as determined by thin layer
chromatography (approximately two hours). After the
reaction mixture is cooled to 20-30°C, 125 mL of
methylene chloride is added and then 19.2 g (0.188 mol)
of 96% sulfuric-acid is added to neutralize the mixture.
The organic layer is separated and the solvent is
distilled off to give 31.7 g of 76.7% pure (76.0% yield)
of solid 2-(S-is0propyl-S-methy1-4-oxo-2-imidazclin-
2-yl)-p-toluic acid and 6-(5-isopropyl-5-methyl-4-oxo-
2-imidazolin-2-yl)-m-toluic acid.

EXAMPLE 8

Preparation of 2-(5-isopropyl-5-methyl-4-o0x0-2-imidazo-
linyl-2-yl)-p-toluic acid and 6-(5-isopropyl-5-methyl=-
Y-oxo-2-imidazolin-2-yl)-m-toluic acid -

; -7 072Na

CH
N 3 ) ‘
. <021 NaOH -
3T —cNH —-—CEN ————— CH3 N\J3
__CH(CH3)2
] CH(CH3)2
: HN__-—i:_.—o
H2504
. ?02H
CH3 CH3
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dimethylpropyl)-4(and 5)-methyl phthalamic acid in 111
mlL of water is added 26.4 g (0.33 mol) of aqueous 50%

sodium hydroxide.

the temperature at 20-25°C.
one hour at 20-25°C then heated to 80-90°C and stirred
until the reaction is complete as determined by thin

External cooling is applied to hold

The mixture is stirred for

layer chromatography analysis of reaction mixture (appro-

ximately seven hours).

the mixture.

The reaction mixture is cooled
to 20-30°C and 125 mL of methylene chloride and 16.8 g
(0.165 mol) of 96% sulfuric acid are added to neutralize

The organic layer is separated and the

solvent removed 'in vacuo to give 26.3 g of 69.3% pure,
(61.5% yield) solid 2-(5-isopropyl-5-methyl-4-oxo-2-
imidazolin-2-yl)-p-toluic acid and 6-(5-isopropyl-5-

methyl-4-oxo-2-imidazolin-2-yl)-m-toluic acid.

EXAMPLE 9

Preparation of 2-(5-isopropyl-5-methyl-4-ox0-2-imidazo-

lin-2-yl)benzoic acid, hydrochloride salt

2 04H ?H3
| -
& NH —C=N
0 CH(CH3)2

30

NaOH

_ Nalf
H202

CO,H

HN

/N\

O2Na

HN——=0

HC1

,’N\

CHj3

__CH(CH3)2

SUREAD
OMTI
TR

. SRJ\'AT\()‘“
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To 5.22 g (0.020 mol) of N-(1-cyano-1,2-
dimethyipropyl)phthalamic acid in a mixture of 35 mL
isopropyl alcohol and 10 mL of water is added 6.41 g
(0.080 mol) of aqueous 50% sodium hydroxide. External
cooling is applied to hold the temperature at 20-30°C
and 4.80 g (0.042 mol) of aqueous 30% hydrogen peroxide
is added. The mixture is heated at 80°C for five hours
then cooled to 20-259C. Aqueous 36% hydrochloric acid
is added to adjust the pH to 1. The volatile solvent
is removed in vacuo to give 8.35 g of solid 2-(5-
isopropyl-s—methyl-u-oxo-a-imidazolin-2-yl)benzoic
acid, hydrochloride salt. ThHe solid is analyzed by
high performance liquid chromatography. The real yield
is 60.3%.

EXAMPLE 10
Preparation of 2-(5-isopropyl-5-methyl-4-oxo~-2-imidazo-

lin-2-yl)nicotinic acid

. ’ 0
7 o, §3 N 2Na
i | NaCH
< NH—C—CsN ~ —— » y §3 .
N H(CHz) 2 N 7 N—CH(CH3)2
HNe———0
HCl
;OZH
| CHj
7
N 7 \——CH(CH3)2
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To a stirred mixture of 20 mL of water and
8.40 g (0.105 mol) of 50% sodium hydroxide solution is
added 7.83 g (0.030 mol) of 2-[(1-cyano-1,2-dimethyl-
propyl)aminocarbonyllnicotinic acid. External heating
is applied to raise the temperature to 70-750C where it
is maintained for five hours. After cooling the reaction
mixture to 20-300C, 50 mL of methylene chloride is
added and the pH is adjusted to 3.0 by the addition of
37% hydrochloric acid. The organic layer is separated
and the solvent is removed by distillation to give
6.71 g of solid 2-(5-isopropyl-5-methyl-4-oxo-2-imidazo-
lin-2-yl)nicotinic acid which is 904 pure in 77% yields.

' ~ EXAMPLE 11 ‘

Preparation of 2-(5-isopropyl-5-methyl-4-ox0-2-imidazo-

lin-2-yl)nicotinic acid .

N ™G CH3
0  CH(CH3); 272 —CH(CH3 )2
HC1
;Dzﬁ
]

: CH

p/ /,N 3.

N N—CH(CH3),
HN—— L
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~ To a stirred mixture of 20 mL of water and
8.40 g (0.105 mol) of 50% sodium hydroxide solution is

added 7.83 g (0.030 mol) of 2-[(1-cyano-1,2-dimethyl-
propyl)aminocarbonyl]-3-pyridinecarboxylic acid. External
heating is applied to raise the temperature to 35-40°C.
To this solution 13.6 g (0.120 mol) of 30% hydrogen
peroxide is added over 30 minutes while maintaining the
temperature at 35-400C with external cooling. After one
and one-half hours at 35-40°C, the mixture is heated to
700C and is held at that temperature for two hours.

After cooling to 20-309C, 50 mL of methylene chloride

is added and the pH is adjusted to 3.0 by the addition

of 37% hydrochloric acid. The organic layer is separated
and the solvent distilled off to give 7.57 & (87% yield)
of solid 2—(5-isopropyl-5-methyl-4—0xo-2-imidazolin-2-

10

15
yl)nicotinic acid.

EXAMPLE 12
Preparation of 2-(5-isopropyl-S-methyl-u—oxo-z-imidazo-
lin-2-yl)=-3-quinolinecarboxylic acid

7ot CH3 NoOH
n NH =N H,02

0  CH(CH3)2

CHj
—-CH(CH3)2

25

HCl

30

C04H
" 2%cHy

N
7 N—CH(CH3)2

HN

—==0
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To a stirred solution of 1.69 g (0.042 mol)
of solid sodium hydroxide in 11 mL of water is added ?

4.00 g (0.013 mol) of 2-[(1-cyano-1,2-dimethylpropyl)-
aminocarbonyl]-3-quinolinecarboxylic acid. External
heating is applied to raise the temperature to 80-83°cC.
To this solution 4.37 g (0.039 mol) of 30% hydrogen
peroxide is added over 30 minutes while maintaining the
temperature at 80-83°9C. After the hydrogen peroxide
addition is complete, 1.04 g (0.026 mol) of solid
sodium hydroxide is added. An additional 1.0% g (0.026
mol) of solid sodium hydroxide is added after 1 hour.
Following a total reaction time of 2 hours, the
solution is cooled'inran ice-water bath and the pH is
ad justed to 2.0 by the addition of 37% hydrochloric
acid. The precipitate is filtered, washed, and dried
to give 3.90 g (85% yield of solid 2-(5-isopropyl-5-
methyl-u—oxo—z-imidazolin-2-yl)-3—quinolinecarboxylic
acid which is 87.5% pure.
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EXAMPLE 13
Effect of base stoichiometry and concentration on the

formation of 2—(5,5-disubstituted-h-oxo-Z—imidazolin-

2-y1)compounds

i o
2H
enieEs == = (\j—‘CNH‘ﬁ —CONH
: 2

OgH
7
N0 CH(CH3)2

Three samples of 2-(5-isopropyl-5-methyl-4-
oxo-2-imidazolin-2-yl)nicotinic acid (1.3 g, 0.005 mol)
are dissolved in three 30% aqueous basic solutions
containing, two, three and four molar equivalents of
sodium hydroxide. Each of these solutions is heated at
600C for three hours and the solution anaylzed by high
performance liquid chromatography for equilibrium
concentrations of 2-(5-isopropyl-5-methyl-l-oxo-2~
imidazolin-2~yl)nicotinic acid and 2-[(1-carbamoyl-
1,Z-dimethylpropyl)carbamoyl]nicotinic acid. Sufficient
water is then added to each soluticn to adjust the base
concentration to 15% and the equilibrium concentrations
determined as above. Finally the base concentration is
adjusted to 10% and the equilibrium concentrations
determined. The results of these experiments illustrated
graphically below demonstrate the importance of sufficient
base concentration and stoichiometry for the efficient
formation of the (2-imidazolin-2-yl) compounds.

WIrO

4V
«RNATX
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Effect of base concentration and
stoichiometry on the formation of

2-(5,5—disubstituted—4-oxo-2-imidczolin-Z-yl)compounds

I/\\—COZH
|

|

2 molar equivalents of NaOH

3 molar equivalents of NaOH

4 molar equivalents of NaOH

10 15 20

1 oA ' 1 . 7 « 1t o 0 « .\

H3
—CONH,
CH(CH3)2

H



WO 83/04253 ' PCT/US83/00724

10

15

20

25

30

- 33 -

EXAMPLE 14
Preparation of 2-(5-isopropyl—5—methyl-M-oxo-Z-imidazo-

1in-2-y11:g:§oluic acid and 6-(5-isopropyl-5-methyl-u-

oxo-2-imidazolin—2-yl)-m-toluic acid ’

Ci3 CH1

Z\—cogh |3 INCO2H |

4 ! |
N L—ﬁNH——?—-—CONH 2 + ~ '——ﬁNH—‘f—’CDNHz
0

0  CH(CH3)2 CH3 CH(CH3)2

DzH
CHj 02H
CH
N ¥ /N\-—Bcn(ca )
7 N\—CH(CH3)2 CHj 372
NH—————=0
NH———=0

A mixture of the [ (1-carbamoyl-1,2-dimethyl-
propyl)carbamoyl] meta and para toluic acids (5.83 g,
0.02 mol) is dissolved in 15% aqueous sodium hydroxide
(0.4 mol, 20 molar equivalents). The solution is
heated at 80°0C for two hours then cooled to room
temperature. Analysis of the reaction mixture by
high performance liquid chromatography shows 94% of

.the desired mixture of 2-(5-isopropyl-5-methyl-4-oxo

-2-imidazolin-2-yl)-p-toluic acid and 6-(5-isopropyl=
5-methyl-l4-oxo-imidazolin-2-yl)-m)-toluic acid.
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_ EXAMPLE 15
Effect of base concentration on the formation of
2-(5,S-disubstituted-h-oxo-z-imidazolin-2-yl) compounds

Samples of 2[ (1-carbamoyl-1,2-dimethylpropyl)-
carbamoyl]nicotinic acid, meta and para-toluic acids
are dissolved in 3.42 molar equivalents of aqueous
sodium hydroxide at varying concentrations of 4%, 10%,
and 20%. The resulting solutions are heated at 80 to
850C for two to three hours and the solutions assayed
for the desired cyclized (imidazolin-2-yl) products.
The results of these experiments are reported in Table
II1I below, which demonstrates a significant increase in
product formation'at base concentrations of 10% or
greater on weight basis.

PCT/US83/00724
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TABLE I_.

PCT/US83/00724

Effect of base concentration of the formation of
(imidazolin-2-yl) -compounds of the invention

2
L :
NaOH N—-—~R
R-CONH-C—CONH — R— 2
N—
R2 H
NaOH  Time g
R Concentration hrs yield
O2H
4 0.083 17.7
CH3z: '
" Y 3.0 81.8
CH3 09H ‘
10 3.0 94.0
7 0,H
4 3.0 87.4
\ rd
N
10 3.0 96.5
20 ' 3.0 98.1

g
Dy WO : W
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WHAT IS CLAIMED IS:

1. A process for the preparation of a 2~
(5,5-disubstituted-4-oxo(or thiono)-2-imidazolin-2-yl)-
nicotinic acid, 3-quinolinecarboxylic acid or benzoic

acid of the formula:

(14)

wherein Rg is N or CH; Rq is Cq-Cy alkyl; Rp is Cq-Cy

alkyl or C3-Cg cycloalkyl; and when Rq and Ry are taken -
together along with the carbon to which they are attached,

they may represent C3-Cg ecycloalkyl optionally substituted

with methyl, and when Rq and Ry are not the same, the

optical isomers thereof; W is O or S; X is hydrogen, or

Cq-Cy alkyl, Y is hydrogen, halogen, Cq-Cy alkyl, C{-Cy

alkoxy, trifluoromethyl, trichloromethyl, difluoro-

methoxy, diloweralkylamino, C1-Cy alkylthio, nitro,

phenyl or phenoxy optionally substituted with one C1-Cy

alkyl, C1-Cy alkoxy or halogen; Z is hydrogen, C{-Cy .
alkyl, trifluoromethyl, trichloromethyl, phenyl or
phenyl substitute& with one Cq-Cy alkyl, Cy-Cy alkoxy
or halogen; and when taken together, Y and Z may form a
ring in which YZ are represented by the structure:
-(CHp)p-, where n is an integer from 3 to 5, provided

.___,__-_
z wiPQ WY
N3 RNATXOS&
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L M R
that X is hydéogen; or IZ is -&:&-g=éz, where L, M, Q
and Rq are each of hydrogen, hélogen, Cq1-Cy haloalkyl,
difluoromethoxy, diloweralkylamino, Cq1~Cy alkylthio,
nitro, phenyl, phenoxy or mond-substituted phenyl or
phenoxy where the substituent is Cy-Cy alkoxy or
halogen; with the proviso that only one of L, M, Q or
R7, may represent a substituent other than hydrogen,
halogen, C1-Cy alkyl or C1~Cy alkoxy; comprising,
reacting a compound-of the structure:

X

Y—t" COH R

| l
— CONH—C—R3
B e

wherein Rg, X, ¥, Z, W, Ry and Rp are as described

above, and R3 is W

! :
C-NHp or CN, with from 2 to 20 molar

equivalents of an aqueous Or aqueous alcoholic sodium

or potassiuﬁ hydroxide and from 0 to 10 molar equivalents
of 30 to 90% aqueous hydrogen peroxidé at a temperature
of from 25 to 100°C and thereafter acidifying the thus-
formed reaction mixture to a pH between 2 and 4 with a
strong mineral acid to give the formula (I) acid.




WO 83/04253 ' PCT/US83/00724

- 38°'-

2. A method according to Claim 1 wherein the
concentration of the aqueous or aqueous alcoholic base

is 109 or greater.

3. A method according to Claim 1, wherein
the base concentration is from 10 to 40% of the total
reaction mixture on a weight basis, used in sufficient
quantities to provide from two to six molar equivalents
of base for each equivalent of formula (Ia) product.

4. A method for the preparation of a formula
(I4), 2-(5,5-disubstituted-4-oxo(or thiono)-2-imidazo-
lin-2-yl)nicotinic acid, 3-quinolinecarboxylic acid or
benzoic acid; comprising, reacting a mixture of com-

pounds having the structures:

X

X Ry W
Y—“ \—CCOH s‘zlﬁ Y—” ——CdNH—-(f—CNHz

| + |
- ONH—?——C——NHZ z—\\ J—coon R2

Ry Rg

- .R2 | ,

(XVa) - (XVb)

wherein Rg is N or CH, X is hydrogen, or C1-Cy alkyl, I
is hydrogen, halogen, C1-Cy alkyl, Cq-Cy alkoxy, tri-
fluoromethyl, trichloromethyl, difluoromethoxy, dilower-
alkylamino, C{-Cy alkylthio, nitro, phenyl or phenoxy
optionally substituted with one Cy-Cy alkoxy or halogen;
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Z is hydrogen, Cc1-Cy alkyl, tpifluoromethyl, trichloro-
methyl, phenyl or phenyl substituted with one Cq1-Cy
alkyl, Cq1-Cy alkoxy or halogen; and when taken together,
Y and Z may form a ring in which YZ are represented by
the structure: -(CHp)p-, where n is an integer from 3
to 5, provided thét X is hydrogen, or IZ is LMQRy
-é:é-é:é‘:
where L, M, Q and Ry are each of hydrogen, halogen,
C1~Cy haloalkyl, difluoromethoXxy, diloweralkylamino,
Cq1=Cy alkylthio, nitro, phenyl, phenoxy or mono-substi-
tuted phenyl or phenoxy where the substituent is Cq-Cy
alkoxy or halogen; with the proviso that only one of L,
M, Q or Rg, may represent a substituent other than
hydrogen, halogen, C1-Cy alkyl or C1-Cy alkoxy, W is O
or S; and Rq is Cq-Cy alkyl; with 2 to 20 moles of an
aqueous or aqueous C1-Cy alcoholic solution of sodium
or potassium hydroxide per mole of formula (XVa) and
(XVb) compound, at a temperature of 25 to 110°C,
acidifying the thus-formed reaction mixture to a pH
between 2 and 4 with hydrochloric acid or sulfuric
acid, extracting the acidified reaction mixture with an
organic solvent and separating the solvent from reaction
mixture to obtain the formula (IA) acid product.

5. A method according to Claim 1 for the
preparation of a compound having the structure:

f Col
47 VWiro | .
ERNATION
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\Rg 7 N—R2

HN—— =W

where Rg, X, ¥, Z, W, R1 and Ry are as described in
Claim 1, comprising, reacting a compound of the formula:

X
Y 7
| 0
Z—N\
Rg

wherein Rg, X, Y and Z are as described in Claim 1,
with an equivalent amount of a compound of the formula:
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wherein R1, Rp and W are as deseribed in said Claim 1,
in the presence of a solvent of diethyl ether, tetra=-
hydrofuran, dimethoxyethane, acetonitrile, or a halo-
genated hydrocarbon, at a temperature between 20 and
60°C under a blanket of nitrogen, to obtain an isomeric

mixture of the compounds of formula (XVa) having the

structure:

and formula (XVb) having the structure:

R1 W
Y 7 ONH i UNH
—
| T 2

—\ ocH R2
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wherein Rg, X, ¥, Z, W, Ry and Rp are as described in
Claim 1, treating the thus formed reaction product with
2 to 10 moles of aqueous or aqueous Cq1-Cy alcoholic
sodium or potassium hydroxide per mole of formula (Xva)
and (XVb) compound, at a temperature of 25 to 110°c,
acidifying the thus-formed reaction mixture to a pH
between 2 and 4 with hydrochloric acid or sulfuric
acid, extracting the acidified reaction mixture with an
organic solvent and'separating the solvent from the
formula (IA) acid product.

6. A method according to Claim 1 for the
preparation of a compound having the structure (IB):

wherein Rg, X, ¥, Z, Ry and Ry are as described in
Claim 1, comprising, reacting a compound of the formula:

X
Y 7
!
I—\ 0
R§
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Wwherein Rg, X, Y and Z are as described in Claim 1,
with an equ1valent amount of a compound of the formula:

*'?1
HzN——f——CN
R2

wherein R¢ and Rp are as described in said Claim 1, in
the presence of a solvent of diethyl ether, tetra-
hydrofuran, dimethoxyethane, acetonitrile or a low-
boiling halogenated hydrocarbon, at a temperature
between 20 and 60°C under a blanket of nitrogen, to
obtain an isomeric mixture of the compounds having the
structures (a) and (b):

X X R}
/7 —CO0H R} Y’ om‘-—?. ~—CN
Y | | and R
72—\ _L—CcOoNH—C—CN z— ooH Rz
Rg Rg
R2

(b)
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wherein A, X, Y, Z, Rq and Rp are as described in

Claim 1, treating the thus-formed reaction prodﬁct with
2 to 10 moles of agueous or aqueous C1-Cy alcoholic
sodium or potassium hydroxide and 2 to 5 moles of 30 to
90% aqueous hydrogen peroxide per mole of formula (a)
and (b) compound, at a temperature of 25 to 110°¢C,
acidifying the thus-formed reaction mixture to a pH
between 2 and 4 with hydrochloriec aeid or sulfuric

acid, extracting the acidified reaction mixture with an
organic solvent and separating the solvent from the

formula (IB) acid product.

7. A method according to Claim 1 wherein Ry
is methyl; Rp is isopropyl; W is 0; X is hydrogen; .1 is .
hydrogen, halogen, C1-Cy alkyl, C1—Cﬁ alkoxy, tri-
fluoromethyl, trichloromethyl, difluoromethoxy, dilower-
alkylamino, Cq-Cy alkylthio, nitro, phenyl, phenoxy, or
phenyl or phenoxy substituted with one C4-Cy alkyl,
Cq=Cy alkoxy or halogen and Z represents hydrogen,
C1-Cy alkyl, trifluoromethyl, trichloromethyl, phenyl
or phenyl substituted with one C¢-Cy alkyl, C1-Cy
alkoxy or halogen.

4]
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‘8. A method according to Claim 1 for the
preparation of (+)-2-(5-isopropyl-5-methyl-l4-oxo-2-
imidazolin-z-yl)-3-quinolinecarboxylic acid.

‘9. A method according to Claim 1 for the
preparation of (+)—2—(5-isopropyl—S-methyl-ﬂ-oxo-Z-
imidazolin-2-yl)nicotinic acid.

10. A method according to Claim 1 for the

e mixture of compounds 2-(5-isopropyl-

preparation of th
: acid and

5—methy1-ﬂ—oxo-2-imidazoliny1—2—yl)—E—toluic

6-(S;isopropyl-S-methyl—k-oxo—Z—imidazolin-2-yl)-g

~toluic acid.
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