WO 01/ 34587 PCTI US00130457 T PROCESS FOR PREPARI NG N- ( 4- HYDROXY

PHENYL) - N - (4' - AM NOPHENYL) - PI PERAZI NE The present invention: prqvides a
process for preparing N-(4- 5

hydr oxyph&apii34s8? - (4' - am nophenyl ) - pi perazi ne. BACKGROUNk-fasodstast NVENTI ON
N- (4- hydr oxyphenyl )-N - (4' - am nophenyl ) -pi perazine is an internedi ate 10
useful for preparing triazolones having activity as antifungals. U S

Pat ent No. 5,625,064, for exanple, discloses the use of this conmpound to
prepare the triazolones described therein. Published European Patent
Application No. 0 331 232 discloses a process for N-arylating a piperazine
of formula (11l) to produce a di-aryl pi perazine of formula (1): R R3 R4
R RBR4 HO/ N! H+ W\ f' HON~%R-£UII 15 wherein R
are each i ndependent| 3

lo; R3 and R4
ANK B, \ ak quororrethyI; Y

I s hydrogen, nitro, am no, nono- or d| (C - 06 aI kyI) am no, C, Co6

al kyl car bony! ani noThepresenCgventiopiproxides-a pacess foy pematiRgHH4- hydr oxy, hal o,

TONO- OF 5 hydroxyphenyl)-N’-(4’-aminophenyl)-piperazine.

BACKGROUND OF THE INVENTION

N—(4—hydroxyphenyl)—N’-(4’-arninophenyl)-piperazine is an intermediate
10  useful for preparing triazolones having activity as antifungals. U.S. Patent No.
5,625,064, for example, discloses the use of this compound to prepare the
triazolones described therein. Published European Patent Application :
No. 0331 232 discloses a procéss for N-arylating a piperazine of formula (I'II) to
produce a di-aryl piperazine of formula (I): '

@m :__..,m@ 3

(In (V)

]

15
wherein R! and R? are each independently hydrogen, C, - C, alkyl, or halo; R®
and R* are each independently hydrogen, halo, amino, nitro or trifluoromethyl; Y
is hydrogen, nitro, amino, mono- or di{C, - C alkyl) amino, C, - C;
alkylcarbonylamino, C, - C,alkyl, C, - C, alkylcarbonyl, hydroxy, halo, mono- or

20  di(C, - C4 alkyl) aminosulfonyl, or a heterocyclic radical; and W is halo,
preferably fluoro or chloro. It also discloses that the compounds of formula (I)
having a nitro substituent can be converted into the corresponding amines by
catalytic hydrogenation.' It further discloses that the N-arylation may be carried
out at an elevated temperature in an appropriate solvent in the presence of an

25  appropriate base such as, for example, an alkali metal hydride or carbonate.

However, the reported yield for the N-arylation step is poor (see Example 17)
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20 di (Cl - C6 alkyl) am nosul fonyl, or a heterocyclic radical; and Wis
hal o, preferably fluoro or chloro. It also discloses that the conpounds of
formula (1) having a nitro substituent can be converted into the
correspondi W9 M3#582s by catal ytic hydrogenation. It furt h&frsHopsdseses that
the N-arylation may be carried out at an elevated tenperature in an
appropriate solvent in the presence of an 25 appropriate base such as, for
exanple, an alkali netal hydride or carbonate. However, the reported yield
for the NNarylation step is poor (see Exar?pl e 17) WD 01134587

PCT/ US00130457 -2 and the product produced in this step has to be purified
by extraction and salt formation, making this process unsuitable for |arge
scal e producti oﬁndW@fﬁlﬁéEﬁﬁuqeﬁ%ﬁhﬁW @QFQI‘&‘PWG@ by estsactian Byd #altovi di ng an

efficient, hig i ni ¢ base which
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process is provided flbg p}:nsm!mentg)r@ob@ﬁﬁmmablhm\hyrmowﬁ@gfaoreﬁﬁmqrt, 10 HO \ /
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5  large scale production.
SUMMARY OF THE INVENTION

A process is provided for producing a compound having the formula:

10
HO—< >——N N—< >—NH2
n__/
(1.0)
comprising:
(a) reacting a compound having the formula
HO N NH
C \_/
15 (2.0

with a compound having the formula

NO,
(3.0)
20



wi th a conmpound having the formula x NO2 (3.0) 20 WO 01/ 34587

PCT/ USOQ' 30457 -3 in the presence of an organic base selected fromthe
group consisting of triethylam ne; N, N-diisopropylethylam ne;

1, 8- di azabwoyal3e§s?. 4. 0] undec-7- ene (1, 5-5); PCT/US00/30457

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene; or 1, 4-diazabicyclo[2.2.2]octane to form:
a conpound having the formula 5 HO\ / \-/N\ / Noe (4.0) ; and (b)

‘reduci ng the conmpound of formula (4.0) to formthe conpound of formula
(1.0), wherein Xis O, Br, | or F. 10 DETAI LED DESCRI PTI ON OF THE
INVENTION X is preferably O or F, nost preferably C. The organic base is
preferably triethylamne or 15 N N-diisopropylethylamne (HUnig' s base).
Certain sol venisthgpeesereg$éan grgameb?sgﬁ@lp?te&gﬁt)@ theegreimcRsistingof o| | owi ng

abbrevi ati ons: yhf\iethind ORMNBYdoBlopYle@iaRfing gl RhAbRy B8, 0urded:7-
ene (1,5-5); 1,5-diazabicyclo[4.3.0]lnon-5-ene; or 1,4-diazabicyclo[2.2.2]Joctane

to form a compound having the formula

5
HO—< >—N N—< >—No2
\—/
4.0 - and
(b)  reducing the compound of formula (4.0) to form the
compound of formula (1.0), wherein X is Cl, Br, I or F.
10

DETAILED DESCRIPTION OF THE INVENTION

X is preferably Cl or F, most preferably Cl.
The organic base is preferably triethylamine or
15  N,N-diisopropylethylamine (Hiinig’s base).

Certain solvents and reagents are referred to herein by the folIowing
abbreviations: N,N-diisopropylethylamine (Hiinig’s base); 1,8-
diazabicyclo[5.4.0Jundec-7-ene (1,5-5) (DBU); ; 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN); 1,4-diazabicyclo[2.2.2]Joctane (DABCO); dimethyl sulfoxide

20 (DMSO); N,N-dimethylformamide (DMF); N-methylpyrrolidone (NMP); and
dimethyltetrahydropyrimidinone (DMPU).

Compounds (2.0) and (3.0) are commercially available, or may be
prepared by methods known to those skilled in the art.

Step (a) is preferably carried out at a temperature of 50° C to 140° C,

25  more preferably 100° C to 130° C, most preferably 120° C to 125° C. Step (a) is
preferably carried out in an organic solvent, more preferably an aprotic organic
solvent. Examples of solvents that may be used include, but are not limited to
alcohols, nitrobenzene, DMSO, DMF, NMP, and DMPU. DMSQ, NMP and




di azabi cycl o[ 5. 4. O] undec- 7-ene (1,5-5) (DBU); ;

1, 5- di azabi cycl o[ 4. 3. 0] non-5- ene (DBN); 1, 4-diazabicyclo[2.2.2]octane
(DABCO); dinethyl sulfoxide 20 (DMSO; N, N-dinethyl formam de (DW);

_N- et hyl pwiornlzusgeone (NVP); and di net hyl t et rahydr opyri m¥immosesésBVPU) .
Compounds (2.0) and (3.0) are comercially available, or may be prepared
by nethods known to those skilled in the art. Step (a) is preferably
carried out at a tenperature of 50 Cto 140 C, 25 nore preferably 100 Cto
130 C, nost preferably 120 Cto 125 C S‘IEp (a) is'is preferably carried
out in an organic solvent, nore preferably an aprotic organic solvent.
Exanpl es of solvents that may be used include, but are not |imted to

gl ;:ohol s, nit rbwﬁumeartlm prefaed NBreferably, tha/amountofhe peiaald i wo
1/ 34587 PCT1U t fi
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t he amount of e pars e conpoun fornmula (3.0) used in
step (a) is 1 moreaarefqnablyalltedtSSQqul\mﬂn@ moetfmfa@bvmw 4 equgdentval ents, nost

preferably 1. 3%5e?elr§blyl tl%e \{1?1 gﬂ;r ng@fu%dqgl %pé ?1 %@Hﬂflvé?énté)hgﬁ‘@ c base

used in step ( eq UIV erably
equi val ent s5 *npefergdlyef &raéduyva]an?s msﬂpr&ea‘qul Mateh$ sqm‘mi@lt%orrpound of

B T g )
| sopropanol i Srepaferddyyl predipitaton;peefermtly inducad by thetadgition of sepiopangdotr yst al s
water. Isopropanol is particularly preferred, because it produces large crystals
and excess para-halo-nitrobenzene stays in solution.

10 In step (b), the nitro-substituted compound of formula (4.0) is reduced to
form the corresponding amine of formula (1.0). The reduction is preferably
carried out by means of a catalytic hydrogenation or a catalytic hydrogen transfer
reduction. Examples of catalysts that may be used for the catalytic
hydrogenation include, but are not limited to, Pd, Ni and Pt. An example of a

15  hydrogen transfer agent that can be used in the catalytic hydrogen transfer
reduction includes, but is not limited to sodium phosphinite monohydrate with
palladium on carbon (NaH,PO,* H,O/Pd/C).

The catalytic hydrogenation is preferably carried out at a pressure of 1-5
atm and at a temperature of 20° C to 50° C, more preferably 20° C to 30° C.

20  Preferably, the catalytic hydrogenation is carried out in an organic solvent, more
preferably, a protic organic solvent. Examples of solvents that may be used for
the catalytic hydrogenation include, but are not limited to alcohols, such as
methanol or ethanol; ethers such as THF; DMF; and NMP.

The catalytic hydrogen transfer reduction is preferably carried out at a

25  temperature of 20° C to 110° C, more preferably 70° C to 75° C. The catalytic
hydrogen transfer reduction is preferably carried out in an organic solvent, more
preferably a protic organic solvent. Examples of solvents that may be used for
the catalytic hydrogen transfer reduction include, but are not limited to

methoxyethanol, n-butanol, DMF, and NMP.



and excess para-hal o-nitrobenzene stays in solution. 10 In step (b), the
nitro-substituted conmpound of fornula (4.0) is reduced to formthe
correspondi ng amine of forrmula (1.0). The reduction is preferably carried
out by nmeandv@#/M58at al yti ¢ hydrogenation or a catal ytic hayeinaeesugts ansf er
reducti on. Exanples of catalysts that nmay be used for the catalytic

hydr ogenation include, but are not limted to, Pd, NIl and Pt. An exanple of
a 15 hydrogen transfer agent that can be used in the catal ytic hydrogen
transfer reduction includes, but is not dTrited to sodi um phosphinite
nonohydrate with palladi umon carbon (NaH2PO, H, O Pd/ C). The catal ytic
hydr ogenation is preferably carried out at a pressure of 1-5 atmand at a

tenperature of 20 C thhosgskdl edrfeﬂleeaﬁ%wlépa@wezbatenle& %@e@thmmr deerabl vy,
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Alternative reagents and analagous processes within the scope of the invention

10  will be apparent to those skilled in the art.



Those skilled in the art will appreciate that unless stated otherw se, the
conpounds ‘produced in the various process steps can, if desired, be
separated fromtheir reaction m xtures, and isolated and purified by
-techni quewvasyMss®gnown in the art. For exanpl e, separ atiPCTUS00/30157
acconpl i shed by precipitation, 5 chromatography, (e.g., columm), phase
separation (extraction) and distillation. The desired product can then be
dried and purified by recrystallization. The followi ng exanples illustrate
t he foregoing invention, although such ~*xanpl es shoul d not be construed as
limting the scope of the invention. Alternative reagents and anal agous
processes within the scope of the inventiog ég w |l be apparent to those
skilled in the art. WD 01/34587 PCT/ U 1 .6 EXAVPLE 1 Part A 5

N- (4- Hydr oxyphenyl )-N -(4' -ni trophenyl ) - pi perazine Under nitrogen, 420 g
(2.36 nol) N-(4-Hydroxyphenyl)-piperazine, 520.6 g (3.30 nol)

1-chl or o- 4- ni t roberBarhd:and 457.5 g (3.54 nmol) 10 N, N-Dii sopropyl et hyl anmi ne
(Hinig s Base) are suspended in 1260 m N Methyl pyrrolidone and heated to
120 - 125C. The clear solution is stirred at 120 - 125C and the reaction
is foll owed by HPLC. Aft eN-@eipdrexyphemsd)eNi-(Ai-nigephenyl)-pipgiasinet he sol ution is
cooled to 75 - 80 Cand 6.3 liters of isopropanol are added over a period
of about 30 minutes to the reaction m xture while keeping 15 the
tenperature at 75 - 80 C (slight heating is necessary). Towards the end of

Under nitrogen, 420g (2.36 mol) N-(4-Hydroxyphenyl)-piperazine,

5206g (3.30mol) 1-chloro-4-nitrobenzene and 457.5g (3.54 mol)

10  N,N-Diisopropylethylamine (Hiinig’s Base) are suspended in 1260 ml
N-Methylpyrrolidone and heated to 120° - 125°C. The clear solution is stirred at

120° - 125°C and the reaction is followed by HPLC. After complete reaction

(5 - 7 hours) the solution is cooled to 75° - 80° C and 6.3 liters of isopropanol are
added over a period of about 30 minutes to the reaction mixture while keeping

15  the temperature at 75° - 80° C (slight heating is necessary). Towards the end of
the addition the product starts to precipitate (yellow crystals). The suspension is
cooled to 20° - 25° C and stirred overnight at this temperature. Afterwards the
suspension is cooled to -10° to -5° C and stirred for 30 minutes. The product is
filtered off, washed with 1.7 liters isopropanol, followed by 5 x 840 ml warm

20  (35° - 40° C) water. The product is dried under vacuum at 50° C (slight stream

of nitrogen) to constant weight.

Yield: 96%

Assay (HPLC): 93% pure vs. standard
25

Part B:

N-(4-Hydroxyphenyl)-N’-(4’-aminophenyl)-piperazine



the addition the product starts to precipitate (yellow crystals). The
suspension is cooled to 20 - 25 C and stirred overnight at this
tenperature. Afterwards the suspension is cooled to -10to -5 C and
stirred for VEDOW#Fdt es. The product is filtered off, washeeaydobSpads 7
liters isopropanol, followed by 5 x 840 mM warm 20 (35 - 40 C) water. The
product is dried under vacuumat 50 C (slight stream of nitrogen) to
constant weight. Yield: 96% Assay (HPLC):_93% pure vs. standard 25 Part
B: N-(4-Hydroxyphenyl)-N -(4'-am nophenyl‘)z‘pi perazi ne WD 01/ 34587

PCT/ USOQ 30457 -7 Under nitrogen, 430 g (1.34 nol)

N- (4- Hydr oxyphenyl )-N -(4'- nitrophenyl)-pi perazine are suspended in 2.8
liters methoxyethanolUgder mgragems 430 gaf (’ef4 t FoDadir{#itbrdrenypienyl-Naf4-adi um
((5% on char coal '351%’ I t) Dﬁgm T 0 [ S
degassed (3 ti m&*‘é1 andy)ﬁgg{eléaé”?o aéé 70 - 7gd C@Aggoﬁﬁ%r% oy}g}ﬁg‘ggﬁg%%i um
hypophosphi t e ShyPar &t eAfter the adaitian; of 2 palladium €5%| angharceald 68%ovater 2 - 2. 5

hours at 70 - 7 r—{;g,dg ' t t A& L1 §
hydr ogenat i on s?‘g% gégérll%% tiedr‘r%@p gé?ax}sg gisﬁ 1ts 0 %de&ed}((ggt"ﬁ%? #%h- %&8{00;
towards the eénd YF -{7At Cad4i solwsion {1497 gadodiven hipaphosphite axbodhydratefin r12

I ddi ti . \ ) ' ' d_38ko A0 .and the 10
Cenctfon | 1ol Iy i PEMERBL B F 2 S e Do €0 pafradggfion T

about 10 m! the evolution of hydrogenation starts and the temperature has to be

kept at 75° - 80° C; towards the end of the addition external heating is needed).
After complete addition, the reaction mixture is stirred at 70° - 75° C and the
10 reaction is followed by TLC (silicagel, n-hexane/ethylacetate 1/2). After
complete conversion (30 - 45 minutes, color turns from brown-yeliow to grey)
the suspension is cooled to 25° - 30° C and diluted with 2.4 liters water. The pH
is adjusted to <2 by the addition of about 400 ml concentrated HCl (about
10 minutes) at 25° to 30° C and stirred at this temperature for about 15 minutes.

15  The catalyst is filtered off and washed with 600 ml water.

The combined filtrates are warmed to 35° to 40° C and the pH is adjusted
to 7.1 £ 1 at 35° to 40° C by the addition of about 760 ml concentrated sodium
hydroxide (slightly exothermic). The resulting suspension is cooled to

20  20°-25° C and stirred at that temperature for 30 minutes. The product is ﬁlfered
off under nitrogen (about 40 minutes) and washed twice with 1.6 liters water,
followed by 400 ml water/methanol (1:1) and 800 ml methanol. The product is
dried under vacuum at 50° C (slight stream of nitrogen) to constant weight.

Yield: 317 g (88%)

25 Assay (HPLC): 99.7% pure by area



conmpl ete conversion (30 - 45 mnutes, color turns frombrown-yellowto
grey) the suspension is cooled ta 25 - 30 C.and diluted wwth 2.4 liters
water. The pH is adjusted to :52 by the addition of about 400 m
_concent r atwed otifds87 about 10 m nutes) at 25 to 30 C and sipchfigebsisyt hi s
tenperature for about 15 mnutes. 15 The catalyst is filtered off and
washed with 600 ml water. The conmbined filtrates are warnmed to 35 to 40 C
and the pHis adjusted to 7.1 | at 35 to 40 C by -the addition of about
760 m concentrated sodi um hydroxide (sI8i'ghtIy exothermc). The resulting
suspension is cooled to 20 20 - 25 C and stirred at that tenperature for 30
m nutes. The product is filtered off under nitrogen (about 40 m nutes) and
washed twice with 1.6 liters water, f{&XAMPLEZ 400 nl water/ et hanol
(1:1) and 800 m nethanol. The product is dried under vacuumat 50 C
(slight streamof nitrogen) to constant weight. Yield: 317 g (88% 25 Assay
(HPLC): 99. 7% pur e Bbgingsubstantaliy thg 4887 procuseoh Zgasple 1, subBPLE 2 Usi ng
substantially tk eedu s in Exanple 1, substitute triethylamne
for Hinig s btggeghﬁ%{{@ﬁ%% 3 Egerlsg'sent i nvention has been described in
conjunctionSwith the specific enbodinents set forth above, nany
alternatives, nodifications and variations thereof will be apparent to
those of ordinary skill in the art. Al such

While the present invention has been described in conjunction with the

specific embodiments set forth above, many alternatives, modifications and
variations thereof will be apparent to those of ordinary skill in the art. All such
10  alternatives, modifications and variations are intended to fall within the spirit and

scope of the present invention.



10 alternatives, nodifications and variations are intended to fall wthin
the spirit and scope of the present invention. W 01/ 34587 PCT/ US00/ 30457
-9- WE CLAIM 1. A process is provided for producing a conmpound having the
fornmul a: HOWOGoOM3MSSNH2 5 (1.0) conprising: (a) reacting a pqyjRessdds;havi ng
the formula HO\__../ H(2.0) 10 wth a conmpound having the formula x
N2 (3.0) 15 in the presence of an organic base selected fromthe group
consisting of. triethylanm ne; N, N-diisopropylethylam ne;

1, 8- di azabi cycl o[ 5. 4. 0] undec- 7- ene (1, 5-9);

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene; or 1, 4-diazabicyclo[2.2.2]octane to form
a conpound havi n‘%Ethe forrula | r IV 22212 1! 1222122 0 0 0 L0010
| CLAIM:

1. A process is provided for producing a compound having the
formula:
/N
HO N N NH,
\_/
5 (1.0)
comprising:
(a) reacting a compound having the formula
HO N NH
C —/
2.0)
10

with a compound having the formula

NO,
(3.0)

15  inthe presence of an organic base selected from the group consisting of:
triethylamine; N,N-diisopropylethylamine; 1,8-diazabicyclo[5.4.0Jundec-7-
ene (1,5-5); 1,5-diazabicyclo[4.3.0]non-5-ene; or 1,4-diazabicyclo[2.2.2]octane

to form a compound having the formula

Ry



CL RSt W 01/34587 PCT/USOQ 30457 -10 HO\ / N\--/ N\ / NOZ (4.0) ;

and (b) reducing the conpound of fornmula (4.0) to formthe

conpound of

formula (1.0), wherein Xis d, Br, I or F. 5 2. The process of claim1,

_Wwherein thgoQhQsmshC base is trlethylan1ne or N, N-diisopr AM ne.
The process of claim2, wherein the organic base is trlefﬁg%%ﬁpﬂ%é

4. The-

process of claim 3, V\/nerel n Xis d or F. 5. The process of claim 3,
wherein Xis F. 10 6. The process of claim3, wherein Xis C. 7. The
process of claim2, wherein the organic-ttase is N, N-diisopropylethyl am ne.
8. The process of claim7, wherein Xis O or F. 9. The process of claim
8, wherein Xis F. 15 10. The process of claim7, wherein Xis d.

1111111212123 100l 21131 10 rrrl M S v\
HO N N—@—Noz
—/

(4.0)

; and

(b) reducing the compound of formula (4.0) to form the

compound of formula (1.0), wherein X is Cl, Br, 1 or F.

5 2. The process of claim1, wherein the organic base is triethylamine

or N,N-diisopropylethylamine.

3. The process of claim 2, wherein the organic base is triethylamine.
4. The process of claim 3, wherein X is Cl or F.
5. The process of claim 3, wherein X is F.
10 6. The process of claim 3, wherein X is Cl.
7. The process of claim 2, wherein the organic base is

N,N-diisopropylethylamine.

8. The process of claim 7, wherein X is Cl or F.
9. The process of claim 8, wherein X is F.
15 10.  The process of claim 7, wherein X is Cl.
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