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HIGH PURITY PALONOSETRON BASE AND ITS SOLID STATE
CHARACTERISTICS

FIELD OF INVENTION:

The present invention relates to an improved process for the preparation of high purity (>
99.8% chemical and >99.9% chiral by HPLC) crystalline palonosetron base. The present
invention also describes the solid-state characteristics of palonosetron base. Palonosetron
base is (3as)-2[(3s)-1-azabicyclo[2.2.2] oct-3-yl1]-2,3,3a, 4,5,6-hexahydro-1H-benz [de]

Qisoquinoline—l -one of formula-I,

BACKGROUND OF THE INVENTION:

Palonosetron hydrochloride, the active pharmaceutical ingredient is- introduced for the
first time by Syntex Inc. a U.S based company. Palonosetron Hydrochloride is useful as
anti-emetic agent during the chemotherapy of treatment of cancer patients. It is marketed
globally under the brand names ‘Aloxi’ and ‘Onicit’. Pure enantiomeric form of
Palonosetron hydrochloride is (3as)-2[(3s)-1-Azabicyclo [2.2.2] oct-3-y1]-2.3,3a, 4,5,6-

hexahydro-1H-benz [de] isoquinoline-1-one monohydrochloride of formula-It

HCI
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Palonosetron Hydrochloride is tricyclic 5-HT3 receptor antagonist containing a bridged

bicyclic amine substituent.

Serotonin, a neurotransmitter with mixed and complex pharmacological characteristics,
was first discovered in 1948 and subsequently has been the subject of the substantial
research. Serotonin also referred to as 5-hydroxy tryptamine (5-HT), acts both centrally

and peripherally on discrete 5-HT receptors.

5-HT receptors are presently delineated into three major subclasifications-5SHT;, 5-HT,
and 5-HT; each of which may also be heterogenous. Receptors of the 5-HT; subclass
pervade autonomic neurons and appear to regulate the release of a variety of

neurotransmitters in the gastrointestinal, cardiovascular and central nervous systems.

5-HTj receptors are located in high densities on neurons associated with the emetic reflex
and drugs which block the interactions of serotonin at the 5-HT; receptor level, i.e. 5-HT;
receptor antagonists posses potent anti-emetic properties. Such antagonists demonstrate

utility for counteracting the emetic effects of cancer chemotherapy and radiotherapy.

Neither the process for the preparation of palonosetron base nor its solid-state

characteristic properties have been reported till date in the literature.

The process for the preparation of palonosetron hydrochloride is disclosed in the patents
EP 0430190 A, (1991) and US 5202333 (1993). The process comprises of coupling
reaction of 5,6,7,8-tetrahydro-1-naphthoyl chloride of formula-III,

0

e

I
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with (S)-3-amino-1-azabicyclo[2.2.2]octane of formula-IV,
N

HZN},@

H

I\Y
to yield (S)-3-amino-1-azabicyclo[2.2.2]oct-3-yl)-5,6,7,8-tetrahydro-1-naphthalene

carboxamide of formula-‘V,

. O N .‘
H
v

Formylation of compound of formula-V with N,N-dimethyl formamide in the presence of
n-Buli (1.6M solution in n-Hexane) in inert solvents (like Tetrahydrofuran) followed by
dehydration afforded (S)—2[1—Azabicyclo[2.2.2]Oct-3-yl]-2,4,5,6-tetrahydro-lH-

benz[de]isoquinoline-1-one of formula-VI, and is isolated as monohydrochloride salt of

formula-VII,
O N ,
—%
= H
Vi

The compound of formula-V1 as free base is hydrogenated in the preseﬁce of acetic acid,

Vil

containing a few drops of 70% perchloric acid, 20% palladium hydroxide on carbon at
85°C for 24 hours. The catalyst is removed by filtration and the filtrate is concentrated
under reduced pressure. The residue is dissolved in water, basified with ammonium

hydroxide solution and extracted with ethyl acetate. The solvent is evaporated to yield a
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residue, which is recrystallized from'ethanolic hydrochloric acid, isopropyl alcohol and

ether to get Palonosetron HCI of formula-II.

The same process for catalytic hydrogenation of compound of formula-VI to get
palonosetron hydrochloride of compound of formula-II is published in J. Med. Chem.
1993, 36, 2645-2657.

The process disclosed in EP 0430190 and US 5202333 suffer from the following
disadvantages, particularly at the final catalytic hydrogenation stage.

1. Usage of corrosive chemicals likes acetic acid and perchloric acid.

2. Elevated temperéture requirement (85°C) for long hours (24 hours)

3. Usage of expensive catalyst, (20%) palladium hydroxide on carbon.
4

. Purity of the product is not mentioned.

The patent WO 96/01824 and the publicatfon synthesis, 1996,7,816-818 deal with
alternative procedure to carryout the same hydrogenation process. In this process
compouhd of formula-VI is dissolved in tetrahydrofuran (THF), and the reaction is
carried out in the presence of 10% palladium on charcoal catalyst for more than 5 days at '
room temperature. After hydrogenation has been completed, the catalyst is filtered off
and the solvent is evaporated under reduced pressure to yield a residue. The resulting
residue is treated with isopropyl alcohol and conc. hydrochloric acid to afford

palonosetron hydrochloride of formula-II in a purify of 97%.

This process also is beset with the disadvantages like very long reaction times of the

order of six days and use of expensive solvent like tetrahydrofuran.

'When the experimental procedures of US 5202333 (1993) and PCT application WO

96/01824 are repeated in our laboratory, difficulties are encountered in getting desired
product in reproducible yields and purity. The reaction is never complete and the

unreacted starting material (Formula-VY) is always present to the extent of 7-10%.
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The unreacted compound of formula-VI is difficult to remove by crystallization
techniques, as the solubility properties of this compound and Palonosetron HCI are very
close. Palonosetron. HCI produced by this method being only 90-93% pure, is unsuitable

for pharmaceutical applications.

A need is felt therefore, to investigate methods leading to the synthesis of palonosetron
base of formula-I of high purity to enable its conversion to pharmaceutical grade

Palonosetron.HCI of formula-II.

SUMMARY OF THE INVENTION:
Main objective of the present invention is to provide an improved process for the

preparation of high chemical and enantiomeric purity palonosetron base of formula-I.

Accordingly, main objective of the present invention is to provide an improved process
for the catalytic hydrogenation of compound of formula-VII, which is simple to adopt on

commercial scale.

Another objective of the present invention is to provide an improved process for the

catalytic hydrogenation of compound of formula-VII avoiding elevated temperatures.

Still another objective of the present invention is to provide an improved process for
catalytic hydrogenation of compound of formula-VII, which involves shorter reaction

time.

Yet another objective of the present invention is to provide an improved process for the
catalytic hydrogenation of compound of formula-VII avoiding the usage of hazardous

chemicals like perchloric acid.

Still another. aspect of the present invention there is provided a process to isolate pure

palonosetron base (I) in crystalline form by adapting simple crystallization techniques.
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Thus the process of the present invention is simple, reproducible, cost effective and non-

hazardous and hence can be well suited for large scale manufacturing operations.

According to yet another aspect of the present invention the crystalline form of pure

enantiomeric form of palonosetron base is characterized by:

(i) Powder x-ray diffraction pattern (XRD) having peaks expressed as 20 values at 10.54,
11.07, 11.88, 12.93, 13.77, 14.86, 15.48, 16.36, 16.91, 17.24,20.46, 20.99, 21.33, 21.77,
23.08, and 23.73 degrees.

(ii) Differential scanning calorimetric data (DSC): Peak 97.95°C

(iif) Absorption bands in the IR spectrum (KBr): 562, 694, 757, 976, 1054, 1190, 1322,
1425, 1589, 1639, 2868, 2938, and 3495 cm™. |

DESCRIPTION OF INVENTION:
Accordingly, present invention provides an improved process for the preparatioh of more

than 99.8% chemical and > 99.9% enantiomeric purity palonosetron base of formula-I,

Which comprises:
) dissolving (S)-2[1 -azabicyclo[2.2.2]oct-3-y1]?2,4,5,6-tetrahydro-lH-benz

[delisoquinolin-1-one acid addition salt of formula-VII (a),
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(i)

(iif)

(iv)

i\

(vi)
(vii)

(viii)

(ix)

(0] N
e
) H
HX

VIl (a)
Wherein X= Cl, Br, oxalate, tartrate, or p-toluene sulfonate
in lower aliphatic alcohol at room temperature;
hydrogenating this solution in the presence of palladium catalyst at 25-75°C
for 24 hours; )
filtering the catalyst and evaporating the solvent under reduced pressure to get

the residue of racemic mixture of palonosetron acid addition salt of formula-
II(a), |

I (a)
Wherein, X= Cl, Br, oxalate, tartrate, or p-toluene sulfonate

leaching the residue of racemic mixture of palonosetron acid addition salt
obtained from step (iii) with aqueous C,;-C4 aliphatic alcohol at ambient
temperature;

recrystallizing the palonosetron acid addition salt from step (iv) in a suitable
solvent or a solvent mixture; .

isolating the pure palonosetron acid addition salt by filtration;

treating the pure palonosetroﬁ acid addition salt with a base and extracting the
base into an orgariic solvent;

distilling of solvent under reduced pressure to get palonosetron base;

purifying palonosetron base from a solvent to get chemically and

enantiomerically pure palonosetron base.

PCT/IN2008/000285
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The starting material used in step (i) is (S)-2[1-azabicyclo[2.2.2]oct-3-y1]-2,4,5,6~
tetrahydro-1H-benz[de]isoquinolin-1-one hydrochloride salt, hydro bromide salt, oxalate
salt, tartarate salt, p-toluenesulphonate salt, preferably hydrochloride salt. The solvent
used as reaction medium in step (i) selected from lower aliphatic alcohols such as .

methanol, ethanol, isopropanol, n-butanol, preferably methanol.

The palladium catalyst used in step (ii) for hydrogenation is selected from 5% Pd/C, 10%
Pd/C, 20% Palladium hydroxide-on-carbon, preferably 10% Pd/C. The temperature of
reaction mass in step (i) is in the range of 25-75°C, more preferably 25-35°C. The
solvent used in step (iv) for leaching the palonosetron acid addition salt is selected from
aqueous lower aliphatic alcohols such as aqueous methanol, aqueous ethanol, aqueous

isopropanol, preferably aqueous isopropanol.

The solvent used in step (v) for the crystallization -of palonosetron acid addition salt is
selected from lower aliphatié alcohols such as methanol, ethanol, isopropanol, n-butanbl,
etc.; esters such as ethyl acetate, methyl acetate; ketones such as acetone; ethers such as .

diethyl ether, isopropyl ether, tert-butylmethyl ether and hydrocarbons such as hexane,

heptane, toluene, xylene or combination thereof, Preferred alcoholic solvent is methanol

and the ether solvent is tert-butyl methyl ether or a combination of methanol/tert-butyl
methyl ether.

The temperature of reaction mass in step (V) is 0-35°C preferably 10-35°C, more

- preferably 25-35°C. The base used for treating pure palonosetron acid addition salt in

step (vii) is selected from hydroxides and carbonates of alkali metals or alkali earth
metals. Preferable hydroxides of alkali metals, more preferably sodium hydroxide. The
organic solvent used for the extraction of liberated pure palonosetron base is selected
from esters such as ethyl acetate, methyl acetate, isopropyl acetate or chlorinated solvents
such as chloroform, dichloromethane, carbon tetra chloride, preferable ester solvent more

preferably ethyl acetate.

PCT/IN2008/000285
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Method selected for purification of palonosetron base is triturating with a solvent and/or
crystallization from a solvent. The solvent used for leaching is selected from lower
aliphatic ethers and saturated aliphatic hydrocarbons, preferably lower aliphatic ethers
such as diethyl ether, diethyl ether, diisopropy! ether, dipropyl ether, tert-butyl methyl
ether, more preferably tert-butyl methyl ether. |

The solvent used for crystallization is selected from lower aliphatic ethers and saturated
aliphatic hydrocarbons, preferably lower aliphatic ethers such as diethyl ether, diethyl
ether, diisopropyl ether, dipropyl ether, tert-butyl methyl ether, more preferably tert-butyl
methyl ether. The isolation temperature of palonosetron base in step (viii) is 0-35°C,
preferably 25-30°C.

The process of present invention provides enantiomerically pure palonosetron base

having a chiral purity of >99.9% and (o)®p of -133.27° (c=0.5 in chloroform).

BRIEF DESCRIPTION OF DRAWINGS:
Figure 1 is X-ray Powder Diffraction pattern (XRPD) of racemic (S, S: R, S in 54:46

ratio) mixture of palonosetron base prepared according to the present invention.

Figure 2 is a Differential Scanning Calorimetric thermogram (DSC) of racemic (S,S :
R,S in 54:46 ratio) mixture of palonosetron base prepared according to the present

invention.

Figure 3 is an Infrared absorption spectrum (IR) of racemic (S,S : R,S in 54:46 ratio)

mixture palonosetron base prepared according to the present inven‘tion.‘

Figure 4 is X-ray powder Diffraction Pattern (XRPD) of pure enantiomeric form of

Palonosetron base prepared according to the present invention,

Figure 5 is a Differential Scanning Calorimetric thermogram (DSC) of pure enantiomeric

form of palonosetron base prepared according to the present invention.

PCT/IN2008/000285
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Figure 6 is an infrared absorption spectrum (IR) of pure enantiomeric form of

palonosetron base prepared according to the present invention.

X-ray powdered diffraction pattern was measured on a Siemens D-5000 X-ray

diffractometer having a copper —K alpha radiation. (1.5406A).

Differential scanning calorimetric data was measured on. METTLER TOLEDO,
MODEL;: 823°

The absorption bands of IR spectrometry were measured on PERKIN ELMER, MODEL:
PARAGON 1000. |

The details of the invention are given in the Examples given below which are provided to
illustrate the invention only and therefore should not be construed to limit the scope of

the present invention.

Examplel .

Preparation of racemic mixture of palonosetron base of formula-I (a)
(S)-2[1-Azabicyclo [2.2.2] Oct-3-yl]-2,4,5,6-tetrahydro-1H-benz [de] isoquinoline-1-one
monohydrochloride (25.0 g) of formula-VII is dissolved in methanol (250 ml) and added
10% Pd/C (25 g) to the solution. The reaction mass is hydrogenated at 50 psi at room
temperature for 24 hours. Progress of the reaction is followed by TLC. The catalyst is
filtered of and the solvent is distilled of from the filtrate to get 25 g of palonosetron
hydrochloride.

The above salt is treated with 25 ml of 25% aq. sodium hydroxidé solution and extracted
with ethyl acetate (3x100ml). Organic layer is separated, dried over anhydrous sodium
sulphate and distilled of solvent under reduced pressure to yield 19 g of palonosetron
base. The residue is crystallized from a mixture of ethyl acetate/hexane to get off white
solid. The solid is dried at 50-55°C to afford pure palonosetron base (7.60 g).

Purity by HPLC = 99.61%. Chiral purity (by HPLC): 54: 46

10
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(OL)D25 = -42.72° (¢= 0.5% in chloroform)

Crystalline form of pure racemic mixture of palonosetron base is characterized by

(i) Powder x-ray diffraction pattern (XRD) having peaks expressed as 20 values at 6.92,
10.67, 11.22, 12.86, 13.50, 14.85, 15.39, 16.11, 16.64, 16.99, 17.43, 17.77, 20.34, 21.54,
22.05, and 22.39 degrees.

(ii) Differential scanning calorimetric data (DSC): Peak at 84.55°C

(iii) Absorption bands in the IR spectrum (KBr): 553, 762, 980, 1056, 1154, 1328, 1428,
1588, 1637, 2872, 2939, 3313, and 3458cm™

Powder XRD: Showed in figure 1.

DSC thermogram: Showed in figure 2.

IR absorption bands: Showed in figure 3.

EXAMPLE 2

Preparation of pure enantiomeric form of palonosetron base of formula-I
(S)-2[1-Azabicyclo [2.2.2] Oct-3-yl]—2,4,5?6-tetrahydro-1H—benz [de] isoquinoline-1-one
monohydrochloride (25.0 g) of formula-VI is dissolved in methanol (250 ml) and 10%
Pd/C (25.0 g) is added to the above solution. The reaction mass is hydrogenated at 50 psi
at room temperature for 24 hours. TLC is checked for completion of reaction and the

catalyst is filtered of. The filtrate is evaporated in vacuum to get crude Palonosetron HCI.

IPA (180 ml) is added to the above crude palonosetron hydrochloride and stirred for 20
min at room temperature. Water (6 ml) is added to the reaction mass. ‘The resulting
suspension is stirred at room temperature for 2 hours. The reaction mass is filtered of and
dried for 2 hours at 65-70‘;C. The Resulting white coloured solid is dissolved in
methanol (64 ml) at 60-65°C and charcoal (2.0 g) is added to the above solution. The
reaction mass is stirred at 60-65°C for 45 minutes and filtered on hyflo bed and the bed
washed with methanol (10 ml). The filtrate is cooled to room temperature, stirred for 30
minutes, and 74 ml of tert-butyl methyl ether (TBME) is added. The reaction mass is

stired for 2 hours. The reaction mass containing white crystalline palonosetron

11
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monohydrochloride is filtered off under suction and the product is dried at 65-70°C for 4
hours to yield pure palonosetron hydrochloride (6.7 g)

Above residue is treated with 6.7 ml of 25% aq. sodium hydroxide solution and extracted
with ethyl acetate (3x15ml). Organic layer is separated, dried over anhydrous sodium
sulphate and solvent is evaporated under reduced pressure to yield 6.0 g of palonosetron
base. The résulting base is crystallized from tert-butyl methyl ether at room temperature.
The .white colored solid is filtered of and dried at 50-55°C under high vacuum (25mm) to

afford pure enantiomeric form of palonosetron base (3.2g).

HPLC purity (chemical) > 99.80%, Chiral purity: 100%, (o)p®> = -133.27 (C=0.5 in

chloroform).

Crystalline form of pure enantiomeric form of palonosetron base is characterized by

(i) Powder x-ray diffraction pattern (XRD) having peaks expressed as 20 values at 10.54,
11.07, 11.88, 12.93, 13.77, 14.86, 15.48, 16.36, 16.91, 17.24,20.46, 20.99, 21.33, 21.77,
23.08, and 23.73 degrees.

(ii) Differential scanning calorimetric data (DSC): Peak 97.95°C

(iii) Absorption bands in the IR spectrum (KBr): 562, 694, 757, 976, 1054, 1190, 1322,
1425, 1589, 1639, 2868, 2938, and 3495 cm™

Powder XRD: Showed in figure 4.

DSC thermogram: Showed in figure 5.

IR absorption bands: Showed in figure 6.

ADVANTAGES OF PRESENT INVENTION:

1. Present process provides simple, improved catalytic hydrogenation process.
Avoids the usage of corrosive and hazardous chemicals like perchloric acid.
Avoids high temperature reactions.

Avoids longer reaction time.

AN

Present process produces crystalline racemic mixture and also pure enantiomeric

form of palonosetron base in > 99.8 % purity by HPLC

12
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6. The present invention provides the solid-state characteristics of racemic mixture and

enantiomerically pure palonosetron base.

13
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WE CLAIM:

1. Improved process for' the preparation of high purity (chemically > 99.8 % and
enantiomerically > 99.9%) palonosetron base ((3as)-2[(3s)-1-azabicyclo[2.2.2] oct-3-
yl]-2,3,3a,4,5,6-hexahydro-1H-benz [de] isoquinoline-1-one) of formula-I,

Which comprises:
) dissolving (8)-2[1-azabicyclo[2.2.2]oct-3-yl] -2,4,5,6-tetrahydro-lH—benz

[de]isoquinolin-1-one acid addition salt of formula-VII (a),

0 N
e
—~ H
| HX

Vi (a)

10

Wherein X= Cl, Br, oxalate, tartrate, or p-toluene sulfonate
in lower aliphatic alcohol at room temperature;
(ii) hydrogenating this solution in the presence of palladium catalyst at 25-75°C
15 for 24 hours;
| (i)  filtering the catalyst and evaporating the solvent under reduced pressure to get

the racemic mixture of palonosetron acid addition salt of formula-II (a),

0 N
b
H
H
HX

11 (a)
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Wherein, X= Cl, Br, oxalate, tartrate, or p-toluene sulfonate

(iv)  leaching the residue of racemic mixture of palonosetron acid addition salt
obtained from step (iii) with aqueous C;-Cs4 aliphatic alcohol at ambient
temperature;

(v)  recrystallizing the palonosetron acid addition salt from step (iv) in a suitable
solvent or a solvent mixture;

(vi)  isolating the pure palonosetron acid addition salt by filtration;

(vii) treating the pure palonosetron acid addition salt with a base and extracting the
base into an organic solvent;

(viii) distilling of solvent under reduced pressure to get palonosetron base;

(ix) purifying paloﬁosetron base from a solvent to get chemically and

enantiomerically pure palonosetron base.

. The process according to claim 1, wherein the starting material used in step (i) is (S)-

2[1-azabicyclo[2.2.2]oct-3-yl]-2,4,5,6-tetrahydro-1H—benz[de]isoquinolin—1-one
hydrochloride salt, hydro bromide salt, oxalate salt, tartarate salt, p-toluenesulphonate
salt, preferably hydrochloride salt. -

. The process according to claims 1 and 2, wherein the solvent used as reaction

medium in step (i) selected from lower aliphatic alcohols such as methanol, ethanol,

isopropanol, n-butanol, preferably methanol.

. The process according to claims 1-3, wherein the palladium catalyst used in step (ii)

for hydrogenation is selected from 5% Pd/C, 10% Pd/C, 20% Palladium hydroxide-

on-carbon, preferably 10% Pd/C.

. The process according to claims 1-4, wherein the temperature of reaction mass in step

(ii) is in the range of 25-75°C, more preferably 25-35°C.

PCT/IN2008/000285
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6. The process according to claims 1-5, wherein the solvent used in step (iv) for
leaching the palonosetron acid addition salt is selected from aqueous lower aliphatic
alcohols such as aqueous methanol, aqueous ethanol, aqueous isopropanol,

preferably aqueous isopropanol.

7. The process according to claims 1-6, wherein the solvent used in step (v) for the
crystallization of palonosetron acid addition salt is selected from lower aliphatic
alcohols such as methanol, ethanol, isopropanol, n-butanol, etc.; esters such as ethyl '
acetate, methyl acetate; ketones such as acetone; ethers such as diethyl ether,

. isopropyl ether, tert-butylmethyl ether and hydrocarbons such as hexane, heptane,
toluene, xylene or combination thereof, More preferably methanol or methanol/tert

butyl methyl ether.

8. The process according to claims 1-7, wherein the temperature of reaction mass in step

(v) is 0-35°C preferably 10-35°C, more preferably 25-35°C.

9. The process according to claims 1-8, wherein the base used for treating pure
palonosetron acid addition salt in step (vii) is selected from hydroxides and
carbonates of alkali metals or alkali earth metals. Preferable hydroxides of alkali

metals, more preferably sodium 'hydroxide.

10. The process according to claims 1-9, wherein the organic solvent used in step (vii)

for the extraction of liberated pure palonosetron base is selected from esters such as
ethyl acetate, methyl acetate, isopropyl acetate or chlorinated solvents such as
chloroform, dichloromethane, carbon tetra chloride, preferable ester solvent more

preferably ethyl acetate.

11. The process accofding to claims 1-10, wherein the purification method selected in
step (ix) for purification of palonosetron base is triturating with a solvent and/or

crystallization from a solvent.
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12. The process according to claim 11, wherein the solvent used for triturating is selected
from lower aliphatic ethers and saturated aliphatic hydrocarbons, preferably lower
aliphatic ethers such as diethyl ether, diethyl ether, diisopropyl ether, dipropyl ether,

5 tert-butyl methyl ether, more preferably tert-butyl methyl ether.

13. The process according to claims 11 and 12 wherein the solvent used for
crystallization is selected from lower aliphatic ethers and saturated aliphatic
hydrocarbons, preferably lower aliphatic ethers such as diethyl ether, diethyl ether,

10 diisopropyl ether, dipropyl ether, tert-butyl methyl ether, more preferably tert-butyl
methyl ether. |

14. The process as claimed in claims 1-13 for the preparation of enantiomerically pure
palonosetron base having a chiral purity of > 99.9% and (a)®’p of -133.27° (c=0.5 in

15 chloroform).
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