Office de la Propriete Canadian CA 2458505 A1 2003/03/06

Intellectuelle Intellectual Property
du Canada Office (21) 2 458 505
v organisime An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2002/08/23 (51) CLInt."/Int.CI." C07C 319/28, C07C 323/59

(87) Date publication PCT/PCT Publication Date: 2003/03/06 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2004/02/24 RANBAXY LABORATORIES LIMITED, IN

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: IB 2002/003399 KUMAR. YATENDRA IN

(87) N° publication PCT/PCT Publication No.: 2003/018544 TYAGI OM DUTT. IN:
(30) Priorite/Priority: 2001/08/24 (879/DEL/2001) IN SRWA_STAVA, TUSHAR KUMAR; IN;
PANDEY, ANAND, IN

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : PROCEDE DE PREPARATION DE CILASTATINE
(54) Title: PROCESS FOR THE PREPARATION OF CILASTATIN

(57) Abrége/Abstract:
The present invention relates to an efficient and industrially advantageous process for the preparation of pure cilastatin.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 03/018544 Al

CA 02458505 2004-02-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

6 March 2003 (06.03.2003)

C07C 319/28,

(51) International Patent Classification”:
323/59

(21) International Application Number: PCT/IB02/03399

(22) International Filing Date: 23 August 2002 (23.08.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

879/DEL/2001 24 August 2001 (24.08.2001) IN

(71) Applicant (for all designated States except US): RAN-
BAXY LABORATORIES LIMITED [IN/IN]; 19, Nehru
Place, 110 019 New Delhi (IN).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KUMAR, Yatendra
[IN/IN]; U-26/5, Phase - III, DLF Qutab Enclave, 122001
Gurgaon, Haryana (IN). TYAGI, Om, Dutt [IN/IN]; A-81,
Ground Floor, Executive Floors, South City - II, 122001
Gurgaon, Haryana (IN). SRIVASTAVA, Tushar, Kumar
[IN/IN]; c/o Dr. Narendra Kumar, 29-E, Ravindra Gar-
den, Sector-E, 226020 Aliganj, Lucknow (IN). PANDEY,
Anand [IN/IN]; Chhattupatti, Thingwas, 230128 Pratap
Garh, Uttar Pradesh (IN).

PCT

(10) International Publication Number

WO 03/018544 Al

(74) Common Representative: RANBAXY LABORATO-
RIES LIMITED; c/o DESHMUKH, Jayadeep, R., 600
College Road East, Suite 2100, Princeton, NJ 08540 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,

VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BE, BJ, CE, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PROCESS FOR THE PREPARATION OF CILASTATIN

(57) Abstract: The present invention relates to an efficient and industrially advantageous process for the preparation of pure cilas-

tatin.



CA 02458505 2004-02-24
WO 03/018544 PCT/1B02/03399

PROCESS FOR THE PREPARATION OF CILASTATIN

Field of the Invention

5
The present invention relates to an efficient and industrially advantageous
process for the preparation of pure cilastatin.
10 Background of the Invention

Cilastatin possesses the ability to prevent nephrotoxicity associated with
the use of B-lactam antibiotics such as imipenem. Chemically, cilastatin is [R-{R*,
S-(Z2)]]-7-[(2-amino-2-carboxyethyl)thio]-2-[[2,2-

15 dimethylcyclopropyl)carbonyllamino-2-heptenoic acid and has the structural
Formula I.

O
><fL " 3
HOOC/J\/\/\/ SN COOH
20

FORMULA 1

It 1Is a renal dehydropeptidase inhibitor and is co-administered as the
25 sodium salt with imipenem in order to prevent its renal metabolism.

Imipenem/cilastatin combination is used as a potent broad spectrum antibacterial
agent.

Cilastatin was first disclosed in U.S. Patent No. 5,147,868 and was

30 obtained in a multi-step synthesis involving condensing cysteine hydrochloride
with heptenoic acid of Formula |,

1
CONFIRMATION COPY
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FORMULA 11

wherein X is chloro or bromo, in the presence of sodium hydroxide in aqueous
medium. Cilastatin so obtained contains the corresponding undesired E-isomer In
amounts ranging from about 6 to 10% as determined by HPLC. A process for
isomerising the E-isomer to cilastatin by heating the mixture at pH 3 is also
disclosed. However, we have observed that the isomerization process results in
the formation of impurities in the range of 5-8% due to the degradation of cilastatin

which renders the product produced by this process unsuitable for human

consumption.

U.S. Patent No. 5,147,868 also teaches a method for isolating cilastatin
from the reaction mixture involving two purifications viz. chromatography using a
cation exchange resin followed by solvent purification using ethanol and diethyl
ether. The ion exchange chromatography removes inorganic salts such as
sodium chloride which is otherwise difficult to remove as cilastatin itself is also

water soluble.

However, our attempts to isolate pure cilastatin by following the process
exemplified in said patent were unsuccessful. We could obtain cilastatin in the
form of its ammonium salt on eluting the cation exchange resin with ammonia
solution and not as the free acid. Obtaining the free acid by using an acid such as
hydrochloric acid entailed formation of inorganic ammonium salts such as
ammonium chloride thus defeating the very purpose of using a cation exchange

resin.
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J. Med. Chem. 1987; 30: 1083 discloses a process for the preparation of
cilastatin involving the condensation of cysteine with the halo-heptenoic acid of
Formula Il in sodium metal/liquid ammonia and the resultant mixture is isomerized
to obtain cilastatin using methyl iodide in methanol. Cilastatin is isolated by using
a cation exchange resin followed by the treatment with an anion exchange resin to

remove the inorganic salts.

However, this process is not suitable on an industrial scale as it involves
the use of sodium metal/liquid ammonia which are very hazardous and also uses
methyl iodide for isomerization, which is expensive and requires special storage
conditions. More over, loading the ion exchange column requires repeated
circulation of cilastatin solution. Also, ion exchange column operates on the
principle of ionic bonding / acid base reaction. Such reaction being exothermic
causes considerable degradation of cilastatin. The use of two stage ion exchange
chromatography is cumbersome, tedious and not practicable on an industrial

scale.

In light of the above drawbacks in the prior art processes, there is a need

for the development of a simple, convenient and efficient process for the

preparation of pure cilastatin which is convenient to operate on an industrial scale.

Summary of the Invention

The present invention provides a process for the purification of cilastatin
using a non-ionic adsorbent resin. The process requires a single purification
using chromatographic technique to obtain the pure product. Loading of the non-
ionic adsorbent resin with crude cilastatin is achieved by passing the solution only
once through the resin. Since no acid base reaction takes place, no degradation
of the product is observed. The present invention thus fulfills the need for a

process which is convenient to operate on an industrial scale.

Accordingly, the present invention provides a process for the purification of
cilastatin which comprises contacting a solution of crude cilastatin with a non-ionic

adsorbent resin and recovering pure cilastatin from a solution thereof.
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In the meaning of the present invention, the term “crude cilastatin”
comprises cilastatin containing impurities which may be inorganic salts such as
sodium chloride, sodium bromide and the like, or organic impurities which may
have formed due to the degradation of cilastatin, or the side products formed
during the synthesis, or unreacted intermediates of the multi-step synthesis for the

preparation of cilastatin.

The solution of crude cilastatin may be obtained by dissolving the crude
cilastatin in a suitable solvent or may be obtained directly from the reaction
mixture for the preparation of cilastatin containing already dissolved crude
cilastatin. The term “suitable solvents™ as used herein includes water, organic
solvents, and mixtures thereof. The organic solvents include methanol, ethanaol,
acetonitrile, acetone, and the like. The crude cilastain may be prepared by any of

the methods reported in prior art.

Any of the non-ionic adsorbent resins which are commercially available and
on the surface of which cilastatin is adsorbed, may be used. |n particular, non-
ionic macroporous water insoluble polymers such as polyacrylates or copolymers
of styrene and polyvinyl benzene may be used. Preferred adsorbent resin is a

copolymer of styrene cross linked with divinylbenzene.

In the meaning of the present invention, the term “pure cilastatin” refers to

cilastatin having a purity of 98% or more by HPLC.

A typical process for the purification of cilastatin comprises loading a
solution of crude cilastatin on a column of non-ionic adsorbent resin, washing it
with deionized water till no halide ions can be detected. The resin is then eluted
with organic or aqueous organic solvent and pure cilastatin is isolated from the
eluate by common methods known in the art such as concentration, precipitation
and recrystallization as required. However, alternative method of purification such

as slurrying with the adsorbent resin may also be used.

According to another aspect of the present invention, it provides a process

for the isomerization of E-isomer to cilastatin. The process comprises heating a



10

15

20

235

30

CA 02458505 2004-02-24
WO 03/018544 PCT/1B02/03399

solution of cilastatin containing the corresponding undesired E-isomer at a pH of
about 0.5 to 1.5. We have observed that cilastatin obtained using this process

greatly reduces the formation of degradation products.

The solution of cilastatin containing the corresponding E-isomer s
preferably obtained directly from the reaction mixture for the preparation of
cilastatin. Cilastatin may be prepared by any of the multi-step processes

described in prior art.

The isomerization is preferably performed at 85-95°C. The pH is adjusted
to 0.5 to 1.5, more preferably to 0.5 to 1 and most preferably to about 0.5. Any
acid may be used for adjusting the pH of the solution. Preferably, hydrochloric

acid Is used.

In a preferred embodiment of the present invention, the two aspects of the
invention are combined i.e. the isomerization process Is followed by the

purification process to obtain pure cilastatin.

Detailed Description of the Invention

In the following section preferred embodiments are described by way of
examples to illustrate the process of the invention. However, these are not

intended in any way to limit the scope of the present invention.

EXAMPLE 1

Preparation of cilastatin

Cysteine hydrochloride monohydrate (166.3g) was dissolved in water (1.2L). To
this solution, aqueous sodium hydroxide (113.7 g in 400ml water) and sodium salt
of 7-chloro-2-[[(1S)-2,2-dimethylcyclopropane]carboxamido]-2-heptenoic  acid
(200g) were added. The reaction mixture was stirred at room temperature. The
corresponding E isomer (5% by HPLC) was isomerized to cilastatin by heating the
reaction mixture at 85-90°C for 30 minutes after adjusting the pH to 0.5 with

concentrated hydrochloric acid.
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Purification of cilastatin

The reaction mixture obtained above was loaded on a column packed with diaion
HP — 20 resin as the adsorbent. The column was washed with water to remove
sodium chloride and then the product was eluted with aqueous methanol. The

column fractions containing the pure product were pooled and concentrated to
obtain pure cilastatin (160g; Purity : 99 % by HPLC).

EXAMPLE 2

Ethyl-7-chloro-2-oxo-heptanoate (259), (S)-2,2-dimethylcyclopropane
carboxamide (13.68g) and p-toluene sulphonic acid (0.125g) were refluxed in
toluene using dean - stark trap for the azeotropic removal of water from the
reaction mixture. After the condensation was complete, the reaction mixture was
washed with dilute hydrochloric acid and aqueous sodium bisulfite to remove the
unreacted (S)-2,2-dimethylcyclopropane carboxamide and ethyl-7-chloro-2-oxo-
heptanoate, respectively. The organic solution was then concentrated to recover
toluene under reduced pressure. The resultant oily ethyl ester of 7-chloro-2-[[(1S)-
2,2-dimethylcyclopropane]carboxamide]-2-heptenoic acid was hydrolyzed with
aqueous sodium hydroxide Iin the presence of denatured spirit at room
temperature. After hydrolysis, the reaction mixture was concentrated to half of its
volume under reduced pressure and washed with toluene. Cysteine hydrochloride
monohydrate (29.7g) and aqueous sodium hydroxide solution were added to the
above aqueous layer. The reaction mixture was stirred at room temperature till
the complete conversion of 7-chloro-2-[[(1S)-2,2-
dimethylcyclopropane]carboxamido]-2-heptenoic acid to the product was
achieved. The corresponding E isomer was isomerized to cilastatin by heating the
reaction mixture at 85-90°C after adjusting the pH to 0.5 with concentrated
hydrochloric acid.

Purification of cilastatin

The reaction mixture obtained above was loaded on a column packed with diaion

HP 20 resin as the adsorbent. The column was washed with water to remove
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sodium chloride and then the product was eluted with aqueous acetonitrile. The
column fractions containing the pure product were pooled and concentrated to
obtain pure cilastatin (16.3g; Purity :99.2% by HPLC).

While the present invention has been described in terms of its specific
embodiments, certain modifications and equivalents will be apparent to those
skilled in the art and are intended to be included within the scope of the present

invention.
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WE CLAIM:

1. A process for the purification of cilastatin which comprises contacting a

solution of crude cilastatin with a non-ionic adsorbent resin and
5 recovering pure cilastatin from a solution thereof.

2. The process of claim 1 wherein the solution of crude cilastatin is
obtained directly from the reaction mixture.

10 3. The process of claim 1 wherein the solution of crude cilastatin is
obtained by dissolving crude cilastatin in a suitable solvent.

4. The process of claim 3 wherein the suitable solvent is selected from
water, an organic solvent, and mixture(s) thereof.

15

5. The process of claim 4 wherein the organic solvent is selected from the
group consisting of methanol, ethanol, acetonitrile and acetone.

6. The process of claim 1 wherein the non-ionic adsorbent resin comprises

20 a non-ionic macroporous water insoluble polymer.

/. The process of claim 6 wherein the polymer is selected from the group
consisting of polyacrylates or copolymers of styrene and polyvinyl
benzene.

25

8. The process of clam 7 wherein the polymer is a copolymer of styrene
cross linked with divinylbenzene.

9. A process for the preparation of cilastatin comprising heating a solution

30 of cilastatin containing the corresponding E-isomer at a pH of about 0.5
to 1.5.
10.  The process of claim 9 wherein the solution is heated to 85-95°C.
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11.  The process of claim 9 wherein the solution is heated to 85-95°C at a
pH of about 0.5.

12. A process for the preparation of pure cilastatin comprising:
(i) heating a solution of cilastatin containing the corresponding E-
isomer at a pH of about 0.5 to 1.5, and
(i) contacting the solution obtained with a non-ionic adsorbent resin

and recovering pure cilastatin from a solution thereof.
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