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FIELD OF THE INVENTION

The present invention relates to a cost effective and industrially

advantageous process for the preparation of amorphous cilastatin sodium.

BACKGROUND OF THE INVENTION

Cilastatin sodium is the sodium salt of a derivatized heptenoic acid.
Chemically, it is [R-[R*, S*-(2)]]-7-[(2-amino-2-carboxyethyl)thio]-2-[[(2,2-
5 dimethylcyclopropyl)carbonyl] amino-2-heptenoic acid monosodium salt and

has the structural formula .
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has a very broad spectrum of anti-bacterial activity. It is co-adm nistered
wi th a rewalo2zdetrydr opepti dase inhibitor, cilastatin, in ordemBoxipyevent
its renal netabolismin clinical use. Impenem/ cilastatin sodium
conbination is a potent broad spectrum anti bacterial agent for

I ntramuscul ar admnistration. It 5 is an effective nonotherapy for
septicaem a, neutropenic fever and intra abdom nal, |ower respiratory
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to be used on an industrial scale. This requires |arge volunes of sol vent
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| yophi lization which makes this process highly unattractive from
econoni cal wlomingl layyesvesni@tory ek ggnileusinRE, iynagapieical, skin and soft

tissue, and bone and joint infections. In these indications, imipenem/cilastatin
generally exhibits similar efficacy to broad spectrum cephalosporins and other
carbapenems.
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Ciltastatin sodium is disclosed in U.S. Patent No. 5,147,868, which

describes a lyophilization technique to obtain amorphous cilastatin sodium.
There is no other prior art reference which describes a method other than
lyophilization to manufacture amorphous cilastatin sodium. Lyophilization

15  technique is not a satisfactory technique/process to be used on an industrial
scale. This requires large volumes of solvent and capital investments for
creating technical infrastructure for lyophilization which makes this process
highly unattractive from economical point of view and is not suitable for large
scale production.

20

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a commercially viable
process for the production of amorphous cilastatin sodium which process is
very convenient to operate on a commercial scale and does not use capital

25 intensive technique of lyophilization.



scal e production. 20 SUMVARY OF THE INVENTION It is an object of the
present invention to provide a commercially viable process for the

pr oduct i owoab/ogutTez phous cil astatin sodi um whi ch process i CTUBIYO1I6BNVEN] ent
to operate on a commercial scale and does not use capital 25 intensive
techni que of lyophilization. 2 WO 02/094742 PCT/1B02/ 01696 Accordingly,
the present invention provides a process for the preparation of anorphous
cilastatin sodiumin pure formwhich conprises recovering cilastatin
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sodi um dissolved in a sol vent |nto anti-solvent, by solvent precipitation,
isolating and 15 drying the product.

The solution from which the cilastatin sodium is recovered is obtained
either by dissolving crude cilastatin sodium in a solvent, or obtained from the
reaction mixture containing already dissolved crude cilastatin sodium. The

10 term “solvent” as used herein includes organic solvent, homogeneous mixture
of organic solvents, or homogeneous mixture of organic solvents and water.
The cilastatin sodium in amorphous form is recovered by adding a suitable
anti-solvent to the sodium or by adding a solution of crude cilastatin sodium
dissolved in a solvent into anti-solvent, by solvent precipitation, isolating and

15  drying the product.

Generally, the product can be isolated by any standard method known
in the art such as by filtration, centrifugation or decantation. Typically, the
product is isolated by filtration when any of the solvents within the scope of

20 the process are used.

In turn, cilastatin sodium is obtained by suspending cilastatin free acid
in a solvent particularly in water or methanol and adding a solution of sodium
hydroxide in a solvent, preferably in water or methanol to get a clear solution.

25 The clear solution so obtained is concentrated, in case water is used as a



General ly, the product can be isolated by any standard nethod known in the
art such as by filtration, centrifugation or decantation. Typically, the
product iwoigod4srd by filtrati on when any of the sol vent ®ChiIBé/(1696he scope
of 20 the process are used. In turn, cilastatin sodiumis obtained by
suspending cilastatin free acid in a solvent particularly in water or

nmet hanol and adding a solution of sodium hydroxide in a solvent,
preferably in water or nethanol to get a clear solution. 25 The clear
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insoluble and is mscible wth the solvent in which cilastatin sodiumis
di ssol ve'fbl In the preferred 10 enbodi nent of this invention, the solvent is
nmet hanol and anti-solvent is acetone. Mre particul arl ¥1 the crude
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sol ution so obtained, or by adding the solution so ) )
property to dissolve cilastatin sodium and includes methanol. Suitable anti-

solvent is any solvent in which cilastatin sodium is insoluble and is miscible
with the solvent in which cilastatin sodium is dissolved. In the preferred
10 embodiment of this invention, the solvent is methanol and anti-solvent is

acetone,

‘More particularly, the crude cilastatin sodium is dissolved in methanol
and acetone is added to the solution so obtained, or by adding the solution so
15 obtained into acetone, at a temperature ranging from 0°C to 50°C, preferably
at 25-30°C to get a slurry. The slurry is subjected to vacuum distillation to
recover some amount of solvent under reduced pressure and the product is
recovered by filtration at ambient temperature after addition of fresh anti-
solvent acetone.
20
Filtration is fast and smooth, which is carried out using nutsche filtration
or centrifuge filtration. Preferably, nutsche filtration is used on large scale
preparation. Filtered material, a semi dry powder which is further dried to
remove surface solvents in a vacuum tray drier, tray dryer, fluid bed drier or a

25 rotary vacuum drier to afford amorphous material. Preferably, material is



15 obtained into acetone, at a tenperature ranging fromOC to 502C,
preferably at 25-302C to get a slurry. The slurry is subjected to vacuum
di stil | atwomiet742 ecover sone anmount of sol vent under redecadBar@Es®sure and
the product is recovered by filtration at anbient tenperature after
addition of fresh anti- solvent acetone. 20 Filtration is fast and snoot h,
which is carried out using nutsche filtration or centrifuge filtration.
Preferably, nutsche filtration is used on large scale preparation.

Fill tered Mbfgd bl o vAoRfHral dfePSYH R MIAGLE lhg Nﬁ&ﬁrzod@tgqg b8 sqperove

surface solvents 1n a vacuumtray ier, tray f1ui ler or a
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More pref er}fg Y, tg'gy(?’ g |s%i§hrolﬁéd out at 35C to about 40C for about 8
hours, 5 Generally, cilastatin sodiumis dissolved in a solvent e.g.

met hanol at the concentration rangi ng from about 20% w v to about 80% w' v,
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a concentration of about 30% w/v to about 60 % w/v at an ambient

temperature.

10 The volume of anti-solvent varies from about 5 times to 100 times the
weight input of cilastatin. Preferably, the volume of anti-solvent used is about

20 times to about 60 times the weight input of cilastatin.

Amorphous cilastatin sodium prepared according to the process of the

15 invention, has been characterized by its X-ray diffraction pattern (Figure 1),

which shows the amorphous nature of the product.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is illustrated by the following examples which are

20 not intended to limit the effective scope of the claims.

EXAMPLE 1
(A) Preparation of crude cilastatin sodium
To a suspension of cilastatin free acid (15gm) in water (80 ml) was

25 added 2N aqueous sodium hydroxide at about 25-30°C to set the pH of about



Anor phous cilastatin sodi um prepared according to the process of the 15

i nvention, has been characterized by its X-ray diffraction pattern (Figure
1), whi choghons41 he anor phous nature of the product. DETACTCHBVDESEGRI PTI ON
OF THE | NVENTI ON The present invention is illustrated by the foll ow ng
exanpl es which are 20 not intended to Iimt the effective scope of the
claims. EXAMPLE 1 (A) Preparation of crude cilastatin sodium To a
suspension of cilastatin free acid (15gm in water (80 m) was 25 added 2N
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(B) Prepar aijSCHV ‘?'%Pﬂ? lljgf@nplg &t i%"'g%ﬂ?{ﬂ#ﬂﬂ @5‘8[@%@ ?ﬁ%g@%&ggt ai ned
crude cil astﬁéi n sodi L*m i n_net hanol .430n1) and added this solution to

acet one (305RY5" V@GHUM Qde! AVIRFOUSFRSIFEsul ting slurry is concentrated under
vacuumtg recover about 100m of solvent. Added 10 fresh acetone (100m) to
the slurry and stirred it for about 30 mnutes at 20- 259C. Filtered the

separated solid, washed it with acetope (75nl) and dried
Preparation of amorphous cilastatin sodium

Dissolved the so obtained crude cilastatin sodium in methanol (30mi)
and added this solution to acetone (300ml) under stirring. The resulting slurry
is concentrated under vacuum to recover about 100ml of solvent. Added

10  fresh acetone (100ml) to the slurry and stirred it for about 30 minutes at 20-
25°C. Filtered the separated solid, washed it with acetone (75ml) and dried
the product under vacuum at 35-40°C to yield dry amorphous cilastatin

sodium (15.5gm, chromatographic purity; 98.96%,; pH : 6.94).

15 EXAMPLE 2
(A) Preparation of crude cilastatin sodium
Suspended cilastatin (5gm) in methanol (15ml) and to it was added
methanolic solution of sodium hydroxide (prepared by dissolving 0.558gm of
sodium hydroxide in 15ml of methanol) slowly under stirring to get a clear

20 solution.

(B) Preparation of amorphous cilastatin sodium
Added the resulting solution into acetone (300ml) under stirring to get a
slurry which was stirred for about 30 minutes at 25-30°C. Filtered the

25 separated solid and washed it with acetone (100ml). Dried under vacuum at



t he product under vacuum at 35-402C to yield dry anorphous cilastatin
sodi um (15. 5gm chromat ographic purity; 98.96% pH: 6.94). 15 EXAMPLE 2
(A) Prepawetnzom7ef crude cil astatin sodi um Suspended ci | agcatiBoe/{(16gn) in
met hanol (15m ) and to it was added nethanolic solution of sodium

hydr oxi de (prepared by dissol ving 0.558gm of sodi um hydroxide in 15nl of
nmet hanol ) slowly under stirring to get a clear 20 solution. (B)
Preparati on of anorphous cilastatin sodi um Added the resulting sol ution
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present invention.



1. A process for the preparation of pure cilastatin sodiumin an anorphous
formwhich conprises recovering cilastatin sodiumfroma solution thereof
whi ch corweim®9&m or gani ¢ sol vent, honobgeneous m xture ofPCEMBEN1696

sol vents, or honpbgeneous mi xture of organic solvents and water, by sol vent
precipitation. 2. The process of claim 1 which conprises recovering pure
cilastatin sodiumin anorphous formby adding an anti-solvent to the
solution of cilastatin sodiumin a solvent. 3. The process of claiml

whi ch correrEqﬁEAlWFoveri ng pure cilastatin sodiumin anorphous form by
addi ng the solufion of cilastatin sodium to an anti-solvent. 4. The

f olai - . . L N . bt ai ned
by i ssol vitg cPuddSEREdPn i BRAHARR. L Gpl S SHUMLY afrectiy
f th ti 1 Xt 5. T f [ wh ' I t
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wherein the solve g i s, nmet a‘&%J 7. T.hezé)rocess of c%gi m 2 wherein the
anti - sol vent |338'2l pPBneere CH2PYBARA APCOFITEE 7Y (FBe6 NOBIOUPAROY ocess of
claiml1l wherein the cilastatin s?di umis obtained by reacting cilastatin

free acid with SYGHIRN Ny ArERiGSOMENISTHY HPBIOgEEeRfS (MiXfUR sOREFaY S t he

cilastatin sodiumis obtained by L
solvents and water, by solvent precipitation.

2. The process of claim 1 which comprises recovering pure cilastatin
sodium in amorphous form by adding an anti-solvent to the solution of

cilastatin sodium in a solvent.

3. The process of claim 1 which comprises recovering pure cilastatin
sodium in amorphous form by adding the solution of cilastatin sodium
to an anti-solvent.

4. The process of claim 1 wherein the solution of cilastatin sodium is
obtained by dissolving crude cilastatin sodium in a solvent or obtained

directly from the reaction mixture.

5. The process of claim 1 wherein the solvent has the property to dissolve

cilastatin sodium.
6. The process of claim 5 wherein the solvent is methanol.

7. The process of claim 2 wherein the anti-solvent is acetone.



reacting cilastatin free acid suspended in water wi th aqueous sodi um

hydr oxi de. 10. The process of claim9 wherein the aqueous sodi um hydroxi de
is of 2N womwmetsz ati on. 11. The process of clai m8 whereiPaTiIR@/@bd6ast ati n
sodiumis obtained by reacting cilastatin free acid suspended in nethanol
wi th nethanolic sodium hydroxide. 12. The process of claim5 wherein the
cilastatin sodiumis dissolved in a solvent present at a concentration of
about 20% w v to about 80% w v. 13. The process of claim 12 wherein the

cilastatin gsodi %6@50%%%&;%@# Q“ﬁiereﬁﬁ"f”é?'&i'a@%@?%aigﬁ%}@g&\%ﬂﬁ%aw ation of

about 30% w'v t he process o erei’n the

vol unme of anti - t. fr . . i to 100 tinmes the weight
i nput of cil ast 3%%&813&5&%&@%8?0&8@&' o?olbﬁ:lfrgihw%?d\ﬁherei n the vol une of
anti-solvent ranges fromabout 20 tinmes to 60 tinmes the weight input of

cilastatin. 9
9. The process of claim 8 wherein the cilastatin sodium is obtained by

reacting cilastatin free acid suspended in water with aqueous sodium

hydroxide.

10.  The process of claim 9 wherein the aqueous sodium hydroxide is of 2N

concentration.

11.  The process of claim 8 wherein the cilastatin sodium is obtained by
reacting cilastatin free acid suspended in methanol with methanolic

sodium hydroxide.

12. The process of claim 5 wherein the cilastatin sodium is dissolved in a

solvent present at a concentration of about 20% w/v to about 80% w/v.

13.  The process of claim 12 wherein the cilastatin sodium is dissolved in a

solvent present at a concentration of about 30% w/v to 60% w/v.

14.  The process of claims 2 or 3 wherein the volume of anti-solvent ranges

from about 5 times to 100 times the weight input of cilastatin.

15. The process of claim 14 wherein the volume of anti-solvent ranges

from about 20 times to 60 times the weight input of cilastatin.



