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is obtained in pure formand high yield.
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J wherein said 1.3-disubstituted-4-oxocylic urea is nade wi thout isolation
of ihternediates and conprising the steps: (la) reacting a
1-substituted-4-oxocyclic urea with a carbon chain containing at |east two
| eaving groups in the presence of a mld base and a solvent to form an
adduct containing at |east one |eaving group, and (Ib) condensing the
adduct with an am ne to forma 1, 3-di substituted-4-oxocyclic ureg, and (I1)
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reagent containing two |leaving groups in a polar aprotic solvent, in the
presence of a ml|d base, reacting further with an am ne, precipitating
salts with a cosol vent, filtering, and f|naIIy addlng an aC|d and
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5 The first alkylation takes place at tenperatures from40 to |20C,
preferably at about 60 to 75C. The base which can be used is selected from
t hose which have easily filterable or otherw se renovable salts.
Specifically, preferred bases include N, N-diisopropylethylam ne,

triethyl anine, trinethylanine, 4dinethyl&m nopyridine) pyridine, sodium
hydride, potassium hydride, potassium carbonate, sodium carbonateg,
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(I'B) condensing the adduct with an amne to forma

1, 3-di substi t ut ed- 4- oxocycllc urea, and (l1) recovering said

1, 3-di substituted-4-oxocyclic urea. The followi ng non-limting exanples
illustrate the processes of the present invention: Exanple 1 Use of

di et hyl f or mani de(DVF) as reaction sol vefit for the, pregaration of
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3. The mxture is cooled to 10C and filtered to give 382.8 g of the
conpound. )
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more preferred bases are potassium carbonate, sodium carbonate, potassium
bicarbonate, and sodium bicarbonate. The most preferred base is potassium
carbonate, generally 0.8 to 4.0 equivalents, preferably 1.2 to 2 equivalents per mole
of imidazolidinedione. Preferred carbon chain reagents are selected from the group
containing halogen groups, including but not limited to 1-bromo-4-chlorobutane,
1,4-dichloro- or 1,4-dibromobutane; more preferred is 1-bromo-4-chlorobutane.
Those skilled in the art will recognize that butylalcohols, butylsulfonylates and
tetrahydrofurane are also used as carbon chain reagents. Generally 0.8 to 2.5
equivalents, preferably 1 to 1.2 equivalents are used per mole of imidazolidinedione.
The solvents which are used are DMF, DMAC, DMSO and NMP, preferably NMP.
Generally 2 to 20 volumes, preferably 2.5 to 5 volumes of NMP are used.

Preferred 1-substituted-4-oxocyclic ureas are selected from the group
consisting of: 1-[[[5-(4-chlorophenyl)-2-furanyljmethylene]amino]-2,4-
imidazolidinedione; 1-[[[5-(4-methanesulfonamidophenyl)-2-
furanyl]methylene]amino]-2,4-imidazolidinedione; 1-[[[5-(4-fluorophenyl)-2-
furanyljmethylene}amino]-2,4-imidazolidinedione; 1-[[[5-(4-nitrophenyl)-2-
oxazolidinyl])methylene]amino]-2,4-imidazolidinedione; 1-[[[5-(4-methylphenyl)-2-
furanyl]methylenejamino]2,4-imidazolidinedione; 1-[[[5-(3.4-dimethoxyphenyl)-2-
furanyljmethylene]amino]-2,4-imidazolidinedione. In making Azimilide, the 1-
substituted-4-oxocyclic urea which is wused is 1-[[[5-(4-chlorophenyl)-2-
furanyl)methyienejamino}-2,4-imidazolidinedione.

The second alkylation takes place at temperatures from 50° to 120°C,
preferably at about 75° to 95°C. Preferred amines for this step are selected from the
group consisting of dimethylamine; diethylamine; N,N-bis-(2-hydroxyethyl)amine;
isopropylamine; N-benzyl-N-methylamine; N-(2-hydroxyethyl)-N-methylamine; N-
methylpiperazine; morpholine; 4-hydroxypiperidine; N-methyl-N-phenylamine. The
amine used to make Azimilide is N-methylpiperazine. Generally 0.8 to 5
equivalents, preferably 1.2 to 3 equivalents of amine per mole of imidazolidinedione
are added.

Following the second alkylation the reaction mixture is cooled to generally -
10° to 50°C, preferably 5° to 35°C. The co-solvent used to precipitate the salts is



2. A process according to Claim1 wherein said carbon chain reagent is

sel ected fromthe group consisting of 1-bronp-4-chl orobutane,

1, 4-di chl orobutane, 1,4 di bronobutane, and m xtures thereof. 5 3. A process
according to Claim1l wherein said base is selected fromthe group

consi sting of N, N-diisopropylethylam ne,6triethylamne, trinethylamne, 4
di met hyl am no pyri di ne, pyri di ne, potassium carbonate, sodi um carbonate,

pot assi um bi rbonate bonate and,. m xt ur es reof. 10 4. A
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controlled in e ran
also recognize that various acids may be added in the final stages of the process to

form various salt forms which may facilitate isolation and handling. Other
pharmaceutically acceptable salts such as, for example, sulfate and hydrobromide
can be prepared according to the process of the present invention and are included in
the scope thereof.

This process is illustrated by the following general scheme:

o

)‘NH NR,Y
Ly oy ey A
R Ve S et

1 A, Base, Solvent
2 HQ

0
NR,A

R| \ / N\)I..O
\/\_l / \ I H'Q'
wherein

R}, Ry, and R; are independently selected from the group consisting of H, Cl, F, Br,
NH,, NO,, COOH, CH;SO,NH, SO;H, OH, alkoxy, alkyl, alkoxycarbonyl,
hydroxyalkyl, carboxyalkyl, and acyloxy;

R4 is selected from the group consisting of a substituted or unsubstituted alkyl,

(o]

alkenyl, alkynyl, alkylacyl, and heteroalkyl;
A is a substituted or unsubstituted, saturated or unsaturated, straight-chain or
branched alkyl or alkenyl amino group comprised of 1-7 carbon atoms; or A is a



for nucleation followed by further addition of acid to pHO to 3 , to
precipitate the
1-[[[5-(4-chl orophenyl)-2-furanyl ] met hyl ene] am no] - 3-[4-(4-nmethyl -1
pi peri zinyl)butyl]-2,4-imdazolidinedione. is 13. A process according to
?4ai m 1 fuLt helr)cgrr})ri Si nlg]th;ahsltep ]of i%oi agi Fg (1;1[[[t5h 1
-chl orophenyl) - 2- f ur anyl ] net hyl ene] am no] - 3- [ 4- (4- net hyl - .

[ i zinyl)butyl]-2,4-imd i dj nedi , id st i Si ddi
ol vent sel SEBBIE Gin SOt COREFSEr AIsBRt, HAHBr T IRARBE: SnEblone,
?nd 20 m xt unanibér?edgﬁsizinga:lumbasmdeaﬁtrbg@, fanéaL is(htwblhdﬁhlofth)iﬁmi&rqgkﬂ; é process

or prepari : = (44- chl or -2-fur , el.am noj. -
[ 4- (4- met hy{}?i@‘bf{p%? l”%‘F%"gﬂ%f%‘t‘Pfg F'ﬁea-q’l }Zq,g)éﬂgﬁ?’d’é%g{a:bbﬁnﬁbg%&ﬁBfak%’igﬁ Fhe
forml a: Yehef2i® Qid\ 1,3-disubsGritedehtaNocyltHyds is n@HS @ithaitd iprlattms of
conpri sing t. : .
1-[[] 5-(4-ch€‘§?’§%ﬁ§§§/ d-cf?%pdisg’%\&’fﬁg’tpﬁ'yl ene] am no] - 2, 4 i mi dazol i di nedi one
wi th a car bdk)chaeasting agbaubstiswtedtieaxorydin vice wittoasatonsihein eantajfiing at
br omo- 4-chl Or0bUtl%?tw&}eﬂviﬂg?&rﬁsgﬁlﬂﬁ@ﬂ%sen%eéfg'ﬁﬁ@%@%h?@%ol RttoNbth Ur €S

bing ¥
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t hereof and an pd¥f aprotic solvent, said polar aprotic solvent is

sel ected fromthandroup consisting of DM, DVMAC, DMSO, NWP, and m xtures

t hereof , at I(ﬁzi}[ e %rv%tiﬁ'é &ié?flf%éig';‘%Sfing%E'?p“?’é}gﬁlg k& forma 3-N-al kyl at ed

2,4-imdazo nedionée;” and ng crude 3-N al kyl at ed
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The following non-limiting examples illustrate the processes of the present
invention:
) Example 1
Use of dimethylformamide (DMF) as reaction solvent for the preparation of
Azimilide.

A three-neck 12-L flask fitted with a thermometer, mechanical stirrer,
heating mantle, reflux condenser and addition funnel is charged with DMF (4.77 L)
and heated to 50°C. 1-[[[5-(4-Chlorophenyl)-2-furanyl}methylene]jamino]-2,4-
imidazolidinedione (597g) is added and heating is continued. When dissolution is
complete, potassium carbonate (276 g) is charged to the flask and heating is
continued to 85°C. After 10 minutes, 1-bromo-4-chlorobutane (370 g) is added, and
heating is continued to approximately 100°C. After 35 minutes, N-methylpiperazine
(465 g) is added, and the mixture is allowed to stir for 1 hour at 100°C. The reaction
mixture is cooled to approximately 10°C and filtered to remove insolubles. The
DMF is removed under reduced pressure at 65-68°C and replaced with absolute
ethanol (3.6 L). The mixture is heated to dissolve the free base and filtered to
remove insolubles. The product is precipitated from ethanol (6.0 L total) with the
addition of 418 g of concentrated hydrochloric acid and then filtered to give 680 g of
the compound.



met'hyl pi perizine to form 1-[[[5-(4-chl orophenyl)-2

f ur ariyl ] met hyl ene] am no) - 3- [ 4- (4- net hyl - 1- pi peri zi nyl )butyl ]-2, 4

i m dazol i di nedi one. 14 15. A process for preparing

1-[[(5-(4-chl orophenyl)-2-furanyl ] nmet hyl ene] am no] -3

[ 4- (4- et hyl - 1- pi peri zi nyl ) butyl ]2, 4-i mi dhzol i di nedi one, said process .,
conprising the steps of: a) reacting B
1-[[[5-(4-chl orophenyl)-2-furanyl ] met hyl en(i,g am no] -2, 4 imdazolidinedione
having the fornula: 0O0d \ / \ | CH PEXNHOW th

1- br ono- 4- chl or oUsd afiveethy insul foride (B30 pasaicagmnaebientfor aidprepiratiamdf a pol ar
aprotic solvent at a tenperature of fr%ﬁ@dec to 120 Cto 10 forma
3-N-al kyl ated 2, 4-i m dazol i di nedi one havrng the formula: OOd \ /| ~ ~ CH

N~ N N (CH2) 4- A Aotlspe-neckc 60hinls dlagk ditigdewidh M- Berpbmetes, mechanical stirrer,
2, 4-i m dazol idi i ' |_pi b7 f -
2,4-imdazol ihgét%#jgﬂge’ ﬁ%@/@ng)ﬁg%oa?%@gstmfgﬁ % 1&Cbrh\g}g?d~w:£h 8@%2(’0
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Con P IR G SRRy poh e (195 o 1
1-[[ [ 5-( 4 chPEBptebiarsowane (13,6, 4k pgice e thei ReTurs it heater 101056 aver 30
pi peri zi nyl ) pnfhivted. - Rrethyliptheraziriedil 08dd)dsn &dded to the mixture over 15 minutes while
heating to 90°C. After a total of 2 hours and 15 minutes, the reaction mixture is
cooled to approximately 30°C and, methano! (200 mL) is added. The mixture is
cooled to room temperature and filtered to remove insolubles. The filtrate is
acidified with concentrated hydrochloric acid to pH 1-2. The mixture is cooled to 15

°C and filtered to give 30.4 g of the compound.

Example 3
Use of N.N-dimethylacetamide (DMAC) as reaction solvent for the preparation of
Azimilide,

A three-neck 2-L flask fitted with a thermometer, mechanical stirrer, heating
mantle, reflux condenser and addition funnel is charged with DMAC (200 mL), 1-
[[[5-(4-chlorophenyl)-2-furanyl]methylene]amino]-2,4-imidazolidinedione(100  g),
1-bromo-4-chlorobutane (59 g), and potassium carbonate (73 g). The mixture is
stirred for approximately 100 minutes while heating to 70°C. N-methylpiperazine
(59.5 g) is added, and the mixture is stirred for an additional 3 hours with heating to
86°C. The reaction mixture is cooled to 20°C, and acetone (900 mL) is added. The
mixture is filtered to remove insolubles. The filtrate is acidified with concentrated
hydrochloric acid to pH 1-2, cooled to 15°C, and filtered to give 122.7 g of the

compound.
Example 4
Use of N-methylpyrrolidone (NMP) as reaction solvent for the preparation of
Azimilide.

A three-neck 5-L flask fitted with a thermometer, mechanical stirrer, heating
mantle, reflux condenser and addition funnel is charged with NMP (1.2 L), 1-[[[5-(4-
chlorophenyl)-2-furanyl)methylene]amino]-2,4-imidazolidinedione (300 g), 1-
bromo-4-chlorobutane (187 g), and potassium carbonate (219 g). The mixture is
stirred for approximately 1 hour while heating to 70°C. N-methylpiperazine (149 g)
is added, and the mixture is stirred for approximately 150 minutes while heating to



17. A process according to Claim15 further conprising the step of
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said process comprising the steps of:

N A
N//<N (CHy);—N N—CH
- 4 - 3
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o)

a) reacting 1-[[[5-(4-chlorophenyl)-2-furanyljmethylene]amino]-2,4-

imidazolidinedione having the formula:

10

Ci

0

with a carbon chain reagent comprising two leaving groups in the

presence of a mild base and a polar aprotic solvent to form a 3-N-

alkylated 2,4-imidazolidinedione; and

15 b) reacting said crude 3-N-alkylated 2,4-imidazolidinedione with N-

methylpiperizine to form 1-[[[5-(4-chlorophenyl)-2-

furanyl]methylene]amino]-3-[4-(4-methyl-1-piperizinyl)butyl]-2,4-

imidazolidinedione.
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from the group consisting of 1-bromo-4-chlorobutane, 1,4-dichlorobutane, 1,4-

dibromobutane, and mixtures thereof.

5 3. A process according to Claim 1 wherein said base is selected from the group
consisting of N,N-diisopropylethylamine, triethylamine, trimethylamine, 4-
dimethylamino pyridine, pyridine, potassium carbonate, sodium carbonate,

potassium bicarbonate, sodium bicarbonate, and mixtures thereof.

10 4. A process according to Claim 3 wherein said base is potassium carbonate.

5. A process according to Claim 1 wherein said polar aprotic solvent is selected

from the group consisting of DMF, DMAC, DMSO, NMP, and mixtures thereof.

15 6. A process according to Claim 1 wherein said base comprises from 0.8 to 4

equivalents of potassium carbonate.

7. A process according to Claim 6 wherein said base comprises from 1.2 to 2
equivalents of potassium carbonate.
20
8. A process according to Claim 1 wherein step (a) comprises from 0.8 to 2.5
equivalents of 1-bromo-4-chlorobutane per mole of 1-[[[5-(4-chlorophenyl)-2-

furanyl]methylene]amino]-2,4-imidazolidinedione.
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5 10. A process according to Claim 1 wherein step (a) is conducted at a temperature of

from 40 °C to 120 °C.

11. A process according to Claim 10 wherein step (a) is conducted at a temperature
of from 60 °C to 75 °C.
10
12. A process according to Claim 1 wherein pH is controlled in the range 4.5 to 5
for nucleation followed by further addition of acid to pH 0 to 3 , to precipitate
the 1-[[[5-(4-chlorophenyl)-2-furanyl]methylene]amino]-3-[4-(4-methyl-1-
piperizinyl)butyl]-2,4-imidazolidinedione.
15
13. A process according to Claim 1 further comprising the step of isolating 1-[[[5-
(4-chlorophenyl)-2-furanyljmethylene]aminoj-3-[4-(4-methyl-1-
piperizinyl)butyl}-2,4-imidazolidinedione, said step comprising adding a co-
solvent selected from the group consisting of methanol, ethanol, acetone, and

20 mixtures thereof, and collecting a solid which forms.

14. A process for preparing 1-[[[5-(4-chlorophenyl)-2-furanylJmethylene]amino]-3-

[4-(4-methyl-1-piperizinyl)butyl]-2,4-imidazolidinedione having the formula:
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said process comprising the steps of:

a) reacting 1-[[[5-(4-chlorophenyl)-2-furanylJmethylene]amino]-2,4-
imidazolidinedione
with a carbon chain reagent selected from the group consisting of 1-
bromo-4-chlorobutane, 1,4-dichlorobutane, 1,4-dibromobutane, and
mixtures thereof, in the presence of a mild base, said base is selected
from the group consisting of N,N-diisopropylethylamine, triethylamine,
trimethylamine, 4-dimethylamino pyridine, pyridine, potassium
carbonate, sodium carbonate, potassium bicarbonate, sodium
bicarbonate, and mixtures thereof and an polar aprotic solvent, said polar
aprotic solvent is selected from the group consisting of DMF, DMAC,
DMSO, NMP, and mixtures thereof, at a temperature of from 40 °C to
120 °C to form a 3-N-alkylated 2,4-imidazolidinedione; and

b) reacting said crude 3-N-alkylated 2,4-imidazolidinedione with N-
methylpiperizine to form 1-[[[5-(4-chlorophenyl)-2-
furanyllmethylene]amino]-3-[4-(4-methyl-1-piperizinyl)butyl]-2,4-

imidazolidinedione.
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15. A process for preparing 1-[[[5-(4-chlorophenyl)-2-furanyl]methylene]anr;ino]-3-
[4-(4-methyl-1-piperizinyl)butyl]2,4-imidazolidinedione, said process
.- comprising the steps of:

a) reacting 1-[[[5-(4-chlorophenyl)-2-furanyl)methylene]amino]-2,4-

5 imidazolidinedione having the formula:

N-—H

O
with 1-bromo-4-chlorobutane, in the presence of potassium carbonate
and a polar aprotic solvent at a temperature of from 40 °C to 120 °C to

10 form a 3-N-alkylated 2,4-imidazolidinedione having the formula:

b) reacting said crude 3-N-alkylated 2,4-imidazolidinedione with N-

N—(CHy)s—

O

H

methylpiperizine to form a 2,4-imidazolidinedione having the formula:

CH=N
—@—g (CHy) /___\N CH
- 4 Ui
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15
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for nucleation followed by further addition of acid to pH 0 to 3 , to precipitate
the 1-[[[5-(4-chlorophenyl)-2-furanyl|methylene]amino]-3-[4-(4-methyl-1-

5 piperizinyl)butyl]-2,4-imidazolidinedione.

17. A process according to Claim 15 further comprising the step of isolating 1-[[[5-
(4-chlorophenyl)-2-furanyl]methylene]amino]-3-[4-(4-methyl-1-
piperizinyl)butyl]-2,4-imidazolidinedione, said step comprising adding a co-

10 solvent selected from the group consisting of methanol, ethanol, acetone, and

mixtures thereof, and collecting a solid which forms.



