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is first isolated as a crude product by coupling the two components epoxiline (B) (5-(2,3-
epoxypropoxy)-quinoline) and diphenepiperazide (C) (N-(2,2-diphenylacetyl)piperazine). This
reaction contains two partial stages. First, the epoxylate is reacted with hydroxyquinoline (A). In
the second step, the epoxiline (B) (5-(2,3-epoxypropoxy)-quinoline) is opened by diphenepiperazide
(C) (N-(2,2-diphenylacetyl)piperazine); it produces the secondary alcohol (D). This reaction takes

place in ethanol; water catalyzes the reaction. The working-up/isolation is then carried out by
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The total reaction is produced from the diagram below: ”mlmml"l l ' " Imlllmm
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precipitation from acetone/water and drying in a vacuum at 60°C.
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[Key:]

Hydroxyquinolin = hydroxyquinoline
Epoxilin = epoxiline
Diphenpiperazid = diphenepiperazide
VE-Wasser = VE water

-quinolin = -quinoline

In the next step, a very expensive purification process follows the isolation of the free base,
which still contains many contaminants (purity of the crude product typically about 80%). After the
free basé is treated with activated carbon and after the fumarate is formed in methanol, the free base
is produced again for purification by treatment with dilute sodium hydroxide solution. Then, as a
last step, repeated fumarate formation is carried out. The two fumarate formations are identical as
far as processing is concerned and are distinguished only by the batch size (T. Suzuki et al., J. Med.
Chem. (1997) 40, 2047) (JP 2000281653). Starting from the free base crude product, the typical
laboratory yield for this purification sequence is 45% of theory.

In this case, not only the low yield (over 50% loss in the final stage) but also the expensive
technical execution, which binds many operational capacities and thus produces elevated costs, is
disadvantageous in this process. Especially disadvantageous in this case is the extremely poor

ﬁltefability of the free base, which must be partially filter-dried over several weeks.
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freie Base des = free base of
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It has now been found that with the process according to the invention, the.se known
drawbacks can be overcome. In the process according to the invention, the epoxiline (B) and
diphenepiperazide (C) are first also coupled by opening the epoxide. Then, however, not the free
base (D), but rather, after the solid fumaric acid is added directly, fumarate salt (E) is isolated as a
crude product. |

The subjéct of the application is thus a process for the prdduction of high-purity rac-1-{4-[2-
| hydroxy—3-(5-quinolyloxy)propyl]-piperazin—1-yl}-2,2-diﬁhenylethan-1-one fumarate, which is
characterized in that first |

a) an epoxytosylate of structure I
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can be reacted with b) 5-hydroxyquinoline (I1) 1,0 eq.
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Suitable solvents are, e.g., ketones, such as acetone, methyl-isobutylketone, etc., alcohols,
such as methanol, ethanol, isopropanol etc., amides, such as dimethylformamide,
dimethylacetamide, N-methyl-pyrrolidone, etc.

In comparison to the known process, the crude rac-1-{4-[2-hydroxy-3-(5-
quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-one of process stage c) that is isolated via
the process according to the invention already exhibits a dramatically increased purity of 90-96%.

The purification step that is included in process stage d) is preferably performed in a solvent
mixture that consists of MeOH/MeCl; at a ratio of 3:7, viv.

Norit SX Plus is preferably used as activated carbon.

The amount of silica gei is preferably 3x the amount relative to the starting material.

The temperature in the crystallization in process stage (d) is preferably 0°C.

The typical laboratory yield for purification step (d) is 84% of theory.
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(d) is 84% of theory. 7 Production Exanple Production

of At an internal temgerature of 50°C, 73.0 %of 5-(2,3- epoxypropoxy) qumohne dissolved in
rac-1-f4-[2-Hydroxy-3-(5- qU|no yl oxy) pr opyl | - pi’per azi n
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o g tenperature of 60'C. At an interna
50 Cta e% ? e iN-(33~ iphenyl @ce@yl}glperazme is added, and it is concentrated by

5-(2, 3- e%oxypropoxy) qui nol i ne, dissolved in
evaporatlon at a bath temperature of 40°C in a vacuum to 374 g of final weight. Then, 374 g of

VE-water is added, and it is stirred for 2 hours at 40°C. Then, 255 g of acetone and 201 g of VE-
water are added. The batch is cooled to room temperature, and 89.1 g of fumaric acid in solid form
is added. It is stirred for 60 minutes at a bath temperature of 60°C and then stirred fo? 2 hours at
0°C. Then, the solid is suctioned off and rewashed with 150 ml of ice-cold methanol. The filter
residue is dried at 60°C in a vacuum.

Yield: 65-85% of theory

B) 56.0 g of the thus produced rac-1-{4-[2-hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-
y1}-2,2-diphenylethan-1-one fumarate was mixed under nitrogen and at room temperature with
5.6 g of activated carbon, Norit SX plus, 672 ml of methanol and 1008 ml of dichloromethane.
The suspension that is produced is heated at a bath temperature of 75°C to reflux temperature and is

kept at reflux for 30 minutes. At an internal temperature of 40°C, rac-1 -{4-[2-hydroxy-3-(5-



153.3. g of dichloronmethane, is added.. Stirring is
conti nued for two hours at 50 The batch is
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gﬂ and it is _concentrated by evaporation at a
qum@ FWRRPE iRFTezinfl -¥h+22-Riphenyletharrans fBMmarate gresfinta ablunon Then,
ight. Then, 374 g of VE-water is added, and it is
the lat¢hi5 édt-ﬁbcred througls 320% 4ﬂic€.gef[hmdlthegﬂﬁ:agebfs rawedhedevith 560 ml of a
and 201 g of VE- water are added. The batch is cool ed

mixfuge thaOBrsBERATIBE Wileof nfeikandPardd I00Mm! HEHBRIOESmARA dt Boom temperature
solid form is added. It is stirred for 60 m nutes at

RT.a[ }Q%hltfoﬁqp%r.%iﬁrﬁe@g ggapGrflﬂ)g at Q%chsttefn rb ?f 4° % and an initial

hour s at he SO IS SUCtI

Q, nl,. of . _Th
vw{uéé”?%{@%@ﬁw e APl a7 gﬁvi@”‘i‘wf‘wwa 3 880 g, o disiled
t heor 56.0 g, of the thus produc
Voluma?ccorly esppnds awgraﬁmels 19 thegiolyres QMf%wl)caKWr 1.7d). p#i4am] of methanol is
-1 - % ﬁﬂ 2, 2-di phenyl ethan- | -one fumarate was m xed
addegdngish t ttarfU@é KO 921 ealris teanipeak. afherselwtions Boddedytodi°C, whereby the
activated carbon, Norit SX plus, 672 m of nethano
prodacichrd@ipidated. The siispéﬂsﬁfn(lhatlh ﬁmﬂuce'ﬁhe sBP RN rd AAPCiafd then filtered
produced is heated at a bath tenperature of 75" Cto

throti@f d pepet BIBC I Brlelkilfer 380dueSs WaSIId With Sﬁplnlﬂxof é&r “c018 methanol. The filter

mnutés. At an internal tenperature o

residu@ s dri Jdl4 t[68 @XH& gf%d ﬁ] 4§ac§1um at IPO mqar for 10 hours.

qU|no oxy) propyl - pi perazin-

henyl e n- e funarate es into
sop(zbellﬁgg co ﬁ 49% @4 6§O‘Eé’lﬁt}?esexl1?8’flm{eg‘i?ter ed through
300963|I|ca/g and the silica gel is rewashed with
seBuy: 3P-63% (HRLGr O0Phmethoghsi sts of 168 m of
met hanol and 392 m of dichl oronet hane at room
tenperature RT. The solution is concentrated by
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initial vacuum of 400 nbar to a final volunme of 517
m . The final vacuumis 350 nbar. The distilled
vol une corresponds approxi mately to the vol une
difference (about 1.7 1). 404 m of nethanol is
added, such that a final volune of 921 m is reached.
The solution is cooled to OC, whereby the



product precipitates. The suspension that is produced
is stirred for 2 hours at OC and then filtered
through a paper filter. The fi |fer residue i s washed
with 56.0 m of ice.-cold nethanol. The filter
residue is dried at 60C and dried in a vacuum at 100
nmbar for 10 hours. Yield (uncorr.): 47.29 g ( 84.45%
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From the results, it can be seen that the total yield of rac-1-{4-[2-hydroxy-3-(5-
quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-one fumarate (V) can be increased by
more than 50%. | |

From the results, it can also be seen that with the process according to the invention, the
necessary extremely high purities can be reached, by which the technical expense could be greatly
reduced at the same time. It can also be noted that contaminants (VU) 1-4, which are formed during
the reaction, can be completely avoided.

A comparison of feedstocks, which had been produced according to the known process and

according to the process of the invention, is indicated in the table below.



Fromthe results, it can also be seen that with the
process according to the invenHion, the necessary
extrenely high purities can be Peached, by whi ch the
techni cal expense could be greatly reduced at the
same tinme. It can also be noted that contam nants (VU
1-4, which are fornmed during the reaction, can be
conpl etely avoi ded. A conparison of feedstocks, which
had been produced according to the known process and

accaCehtagihontt(VI)pr ocess| of Kinlo&n Pnoredsi 0N, Brdcess According to

indicated in the table below 10 Contam nant (VU) Known
ProcessProcess According/ to the Invention Vmﬂ@h%ﬂ%@ngon
HOOC COOMe VU20.44%.d. HO\ \ rN--NO I\ D

VU 1 0.80 % n.d.
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VU 2 | 0.44 % n. d.

VU 3 0.08 % n. d.

VU 4 0.11 % n. d.
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_.Q
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‘n. d. = not detectable, since under the detection limit
*) Dependent on the purity of the commercially available products (educts): if contained in the

educt at < 0.2%.

Additional contaminants, which are formed during synthesis and also are removed

effectively by the process according to the invention:
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The subject of this invention is thus also rac-1-{4-[2-hydroxy-3-(5-quinolyloxy)propyl]-
piperazin-1-yl}-2,2-diphenylethan-1-one fumarate at a purity of more than 98.54%.

In addition, a subject of this invention is also rac-l-{4-[2-hydroxy-3-(5 -quinolyloxy)propyl]-
piperazin-1-yl}-2,2-diphenylethan-1-one fumarate at a purity of at least 98.55%, especially at a
purity of at least 99.55%, especially at a purity of at least 99.65% as well as at a purity of at least
99.84%. |

The process according to the invention is suitable in particular for the production of rac-1-
{4-[2-hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-one fumarate on a
process-technology scale. Thus, with this process, rac-1-{ 4-[2-hydroxy-3-(S;quinolyloxy)propyl]-
piperazin-1-yl}-2,2-diphenylethan-1-one fumarate can be producéd for the first time in amounts of
more than 1000 g in the purity described.

A subject of this invention is also rac-1-{4-[2-hydroxy-3-(5-quinolyloxy)-propyl]-piperazin-
1-y1}-2,2-diphenylethan- 1-one fumarate, which as a contaminant comprises less than 0.1%,
preferably less than 0.01%, of at least one of the individual contaminants (VU1-VUI1D.

With conventional purification processes, such as chromatography, high-pressure liquid

chromatography (HPLC), ion exchangers, etc., rac-1-{4-[2-hydroxy-3-(5-quinolyloxy)-propyl]-



N VU 9VU 10 12 OH VWU 11 The subject of this invention
is thus al so
rac-1-{4-[2-hydroxy- 3-(5- qU|noIVony)propyI]
pi perazin- | -yl } -2,2-diphenylethan- 1 -one funarate
at a purity of nore than 98.54% In addition, a
subject of this invention is also

plpe,ragén L }{lh2[22dﬁ>§lalp tharsl (e JwnABIa4aaRYY hsr spgeged in the purity according to the
pi perazin- |-yl}-2,2-di phenyl et han-1-one funmarate at a —

inveptionty of at |east 98.55% especially at a purity of
at least 99.55% especially at a purity of at | east
99.65% as well as at a purity of at least 99.84% The
process according to the invention is suitable in
particul ar for the production of rac-1-
{4-[ 2- hydr oxy- 3- (5- qui nol yl oxy) propyl ] - pi perazin-1-yl}
-2, 2-di phenyl et han-1-one funarate on a
process-technol ogy scale. Thus, with this process,
rac- 1- {4-[ 2- hydr oxy- 3- (5- qui nol yl oxy) propyl ] -
pi perazin-1-yl}-2,2-di phenyl et han-1-one funmarate can
be produced for the first tine in anbunts of nore
than 1000 g in the purity described. A subject of this
invention is also
rac-1-{4-[ 2- hydr oxy- 3- ( 5- qui nol yl oxy) - propyl ] - pi per azi
n- 1-yl }-2,2-di phenylethan- | -one fumarate, which as
a contam nant conprises less than 0.1 % preferably
| ess than 0.01 % of at |east one of the individua
contamnants (VU1 - VU 11). Wth conventiona
purification processes, such as chromatography,
hi gh-pressure liquid chromatography (HPLC), ion
exchangers, etc.,
rac- 1-{4-[ 2- hydr oxy- 3- ( 5- qui nol yl oxy) - propyl] 13
pi perazin-1-yl}-2, 2-di phenyl et han-1-one funarate
cannot be produced in the purity according to the



invention. 14 Cains 1. Process for the production of

hi gh-purity

rac-1-{4-[2-hydroxy- 3-(5- qU|nonony)propyI]

pi perazin- | -yl } -2,2-diphenylethan- | -one

fumar at e, characterized in that first a) an

epoxytosyl ate of structure | can be reacted with b)
Cla-B“’nydroxyqumollne (11) 1,0 eq. (I1) and cesium

carbonate in a suitable solvent and at a suitable

tenperature to formthe 5-(2, 3-

epoxypropoxy)-qui noline of formula 11l (Il11) 15 and

l hen Poeeds 0 2thd pegruc o Of’hhgh)puﬁw foti-ne [ phydrekisla- cidlﬁolyloxy)propyl]
is reacted with N-(2,2 |phenylacetyl)p|pera2|ne of

f or ”Ull_t)) ?eﬂa)’in(f W2 Qrﬂlﬁle?xk)leﬂ?aﬂl leox'ﬁﬁfu‘{r?a%te A, C@Eerﬁed in tfhat first

sui table tenperature w th the subsequent addition
SO|Id f ric form crude
rac- 12 %qﬁﬁxﬂ§ §ﬁ§8?%uﬁ i nol yl oxy) propyl] - plpera2|n
-1-yl}-2,2- dlphenylethan | - one fumarate of fornmula V
HOCC ,.-~COOH 1,5 (V) o
L\/OTS
@

can be reacted with

b) 5-hydroxyquinoline (II)

1,0eq.

\

(1)
and cesium carbonate in a suitable solvent and at a suitable temperature to form the 5-(2,3-

epoxypropoxy)-quinoline of formula III



and then d) the thus formed crude rac-
1-{4-[2-hydroxy-3-(5-quinonI0ﬁ§)propyl]-piperazin-IJy
| }-2;2- diphenyl ethan-|-one funarate (V) is isolated
and is dissolved in a solvent mxture that consists of
met hanol and nethyl ene chloride, is treated with
activated carbon, and then is filtered through a
and fhep 4laq 3-€2,8 iepperpropaxy)-gminotiae geformyladllcol urm nateri al ,
and the thus obtained pure rac-1-{4-[2-hydroxy- —
3- (5-qui nol yl oxy) propyl ] - pi perazin-I-yl}-2,2-di phenyle
than-1-one fumarate (V) is crystallized froma
sui} BhtRtcdl wRhN-(2,2dipBe SASSSy ISR A8 fopmGlaaivm 1,
wherein acetone Is used as a solvent. 16 3. Process
according to claim1l1, wherein the reaction is
performed in a tenperature range of ~85 to 60C. 4
Process according to claim1,
silica gel is 3x the ampunt r
material. 5. Process agcordN'ng aim 1, wherein the
tenperature in the cry LfLUization in process stage
(d) is 0C. 6. rac-1-
{4-[ 2- Hydr oxy- 3- (5- qui nol yl ox byl | - pi perazi n- |
-yl '} -2,2-di phenyl ethan- 1 -0he umarate at a purity
of nore than 98.54% 7.
rac-l-{4-[2-FNdroxy-S-(S-quﬂﬂ%lyIoxy)propyl]-piperazin
-1-yl}-2,2-di phenyl et han-1-one fumarate at a purity .
in a gifitahle Jobigot axggatse@tujtalgc temperature with the subsequent addition of solid fumaric acid
. rac-1-{4-[2- Hydroxy- 3-(5-qui nol yl oxy) propyl ] - pi perazin
to fort-cytde-rdc-2 - {di- [Phleyirbet- B B-quimaivdox ) prowl Bigpehzia- 1Pl 12, 3 diphenylethan-1-
of at least 99.55% 9.
one fuardte b fdrAndty 91 0xy- 3- (5- qui nol yl oxy) pr opy! ] - pi per azi n
-1 -yl }-2,2-di phenyl ethan-1-one funarate. at a purity
of at |east 99.65%

and then

d) the thus formed crude rac-1-{4-[2-hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-yl}-2,2-
diphenylethan-1-one fumarate (V) is isolated and is dissolved in a solvent mixture that consists of
methanol and methylene chloride, is treated with activated carbon, and then is filtered through a
pressure filter with silica gel as a column material, and the thus obtained pure rac-1-{4-[2-hydroxy-
3-(5-quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-one fumarate (V) is crystallized
from a suitable alcohol.

2. Process according to claim 1, wherein acetone is used as a solvent.



10.

rac-1-{4- [2 Hydr oxy- 3- ( 5- qU|nolgloxy)propyl]-pipeyazin

-1-yt}-2,2-di phenyl et han- 1- oné’funarate at a purity

of at |east 99.84% 11.

rac- 1- {4-[ 2- Hydr oxy- 3- ( 5- qU|nonony)propyI] pi perazin

-1 -yl }-2, 2-di phenyl et han-1- one fumarate according to

cl di I%O@S& ¥egplingtoarlaigmbumherein thaoreactidraln peomal inBaemperature range of

rac- 1-{4-[ 2- Hydr oxy- 3- (5- qui nol yl oxy) - propyl ] - pi per azi -
35tm60°Cyl } - 2, 2- di phenyl ethan-1- one funmarate according to

clains 6 to 10, which as a contam nant conprises | ess

t hap P@Gcksé)/adéf)rcﬁlﬁ& td cﬁﬁﬁi 1 Qﬂ%rélfn tl‘iehﬁnd)ﬁiﬁl oy itiakel is 3x the amount relative
contam nants (V 11).

toﬂk%ﬁﬁﬁ@%é&&éafwdroxy 3- (5 qU|nonony) propyl ] - pi per azi

di phenyl et han-1- one funmarate according to
cant.am nant conprises | ess

t h nli%oc(sis 8@1%% cﬁggasf v%}?émg eltﬁeplpgqa&ggpn the crystalhzatlon in process "

ontan1nants (WWw1- VU 11).
stage (d) is 0°C

6. rac-1-{4-[2-Hydroxy-3-(5-quinolyloxy)propy!]-piperazin-1-yl}-2 ,2-diphenyleth§n- 1-one
fumarate at a purity of more than 98.54%.

7. rac-1- {4-[2-Hydroxy-3-(5-quinolylox$/)propyl]-piperazin— 1-y1}-2,2-diphenylethan-1-one
fumarate at a purity of at least 98.55%. |

8. rac-1-{4-[2-Hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-one
fumarate at a purity of at least 99.55%. |

9. réc- 1-{4-[2-Hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-one
fumarate at a purity of at least 99.6.5%. |

10. rac-1-{4-[2-Hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-yl}-2,2-diphenylethan-1-
one fumarate at a purity of at least 99.84%.

11. rac-1-{4-[2-Hydroxy-3-(5-quinolyloxy)propyl]-piperazin-1-yl} -2,2-diphenylethan-1-
one fumarate according to claims 6 to 10 in an amount of more than 1000 g.

12. rac-1-{4-[2-Hydroxy-3-(5-quinolyloxy)-propy!]-piperazin-1-yl}-2,2-diphenylethan-1-
one fumarate according to claims 6 to 10, which as a contaminant comprisés less than 0.1% of at
least one of the individual contaminants (VU 1 - VU 11).

13. rac-1- {4-[2.-Hydroxy-3-(5-quinolyloxy)-p_ropyl]-piperazin—1 -yl}-2,2-diphenylethan-1-
one fumarate according to claims 6 to 10, which as a contaminant comprises less than 0.01% of at

least one of individual contaminants (VU 1 - VU 11).



