Title: PROCESS FOR THE | SOLATI ON OF CRYSTALLI NE | M PENEM Abstract: The
present invention relates to a cost effective and industrially 1 1 NOV 2005
advant ag8wQ92/p40t3ess for the preparation of impenem of begsRwirkY. WO
02/ 094773 5 1 1 NOV 2005

PROCESS FOR THE ISOLATION OF CRYSTALLINE IMIPENEM

FIELD OF THE INVENTION
The present invention relates to a cost effective and industrially

advantageous process for the preparation of imipenem of high purity.

5 BACKGROUND OF THE INVENTION
Imipenem monohydrate is the N-formimidoy! derivative of thienamycin,

and has the structural Formula I.

OH
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FORMULA I

It is the first clinically available member of a new class of B-lactam antibiotics
156 that possess the carbapenem ring system. Imipenem exhibits an extremely
| broad spectrum of activity against gram-positive and gram-negative aerobic
and anaerobic species, which is partly due to its high stability in the presence

of B-lactamases.

20 Imipenem was first disclosed in U.S. Patent No. 4,194,047 and was
obtained by lyophilization technique. The product obtained by lyophilization is
found to be largely amorphous and stated to be thermodynamically unstable.
The process also involves an initial purification through column
chromatography using hydrophobic resins.

25 '

A thermodynamically stable crystalline monohydrate form of imipenem
is disclosed in U.S. Patent No. 4,260,543 which is obtained by crystallization
of a lyophilized sample of imipenem. However, this process is not
satisfactory on a commercial scale as it requires isolation of the product by

30 column chromatography, lyophilization, followed by crystallization. Moreover,
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SUMMARY OF THE INVENTION
It is an object of the present invention to provide a simple, practical and
15  efficient method for the preparation of crystalline imipenem monohydrate
which is thermally stable, has a uniform degree of crystallinity and high pprity.

The present invention relates to a process for the isolation of pure

crystalline imipenem monohydrate from a solution containing imipenem. The

20 process does not use capital intensive techniques of lyophilization or freeze

crystallization as well as the time consuming purification process of column

chromatography using expensive hydrophobic resins. The present invention

thus fulfils the need for a process which is convenient to operate on a
commercial scale. '

25 .
Accordingly, the present invention provides a process for the isolation
of pure crystalline imipenem monohydrate of Formula |,
OH
S
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crystallization as wel|l as th i me consum ng purification process of
col um cEPWARAISogitahgloneiakdn admbdure withwatelohobi ¢ resins. The present
i nvention thus fulfills the need for a process which is convenient to
operate on a commercial scale. 25 Accordingly, the present invention

provi des a proEgamples dfhauchomaitéemiscibile PBfdanid YSéaéhtsn endlikid SloXSr
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dimethylformamide, N, N-dimethylacetamide; lactams such as N-
methylpyrrolidone and cyclic ethers such as tetrahydrofuran, dioxane, or
mixture(s) thereof.
15
The crystallization step will desirably be carried out at low
temperatures, for example at about 0°C to about 15°C, and the concentration
of imipenem in the solution from which crystallization will occur will generally
be adjusted e.g. by evaporation of the solvent or by dilution so as to be
20 neither too dilute nor too concentrated.

The crystallization may comprise the last stage or stages of a reaction
in which the imipenem is formed. The reaction in which the imipenem is
formed may be carried out by following any of the synthetic routes described

25 in the prior art viz. U.S. Patent Nos. 4,194,047; 4,292,436; 4,374,772; or
4,894,450 and are incorporated herein by reference, but will preferably be
carried out in the manner described in the patent application filed concurrently
herewith and exempilified as example 1 in this patent application.

30 Before carrying out the process of crystallization, the solution
containing imipenem may be washed with an organic solvent having limited
miscibility in water to remove organic impurities.
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PREPARATION OF IMIPENEM

Example 1
Step (a) - Preparation of enol phosphate intermediate
20 p-Nitrobenzyl (3R, 5R, 6S)-20x0-6-[(1R)-1-hydroxyethyl)] carbapenem-
3-carboxylate (30g) was dissolved in a mixture of N, N-dimethylacetamide
(800ml) and dichloromethane (150ml). The solution was cooled to -552C and
dimethylaminopyridine (0.17g) was added followed by diisopropylethylamine
(26.79). The mixture was stirred for 5 minutes at about -55°C and then a
25 solution of diphenyichlorophosphate (25.4g) in dichloromethane (30ml) was
added dropwise at -55 to -45°C. The reaction was stirred further for 30
minutes to obtain the enol phosphate ester.

Step (b) - Preparation of thienamycin ester

30 The reaction mixture from step (a) was further cooled to -70 to -75°C
and a solution of 2-aminoethanethiol hydrochloride (12g) in N, N-
dimethylacetamide (60ml) was added in 10 minutes at -75 to -60°C. The



5 shall also include water-inmmscible solvents. Exanpl es of EU'CN mgl o
sol vents include carboxylic acid esters such as ethyl acetat pgh

al kyl k&QPA4E3ch as net hyli sobutyl ketone, chlorinat edeé¢wymBoooarBons
such as dichl oronet hane, ethers such as diethyl ether, aromatic
hydrocarbons such as toluene, and mxture(s) thereof. 10 DETAI LED

DESCRI PTION OF THE | NVENTION In the foll ow ng section preferred
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The 41Q | oRjain asteansolwionoafiminenany estes2/ 01718 reaction mixture was

stirred for another 60 m nutes to produce p-nitrobenzyl ester of

t hi enanycin. Step (c) - Preparation of p-nitrobenzyl ester of |m penem
Step (d) - Preparation of imipenem

The above clear solution obtained from step (¢) was poured into a

mixture of water (300ml), isopropanol (150ml) and N-methylmorpholine (26g)

15  maintained at 5-102C and the pH of the solution adjusted to 7.0 to 7.5. The

solution was hydrogenated at 3-4 kg pressure for 2.5 hours at 10-25°C over

palladium-charcoal. The mixture was filtered and assayed for imipenem
(80%, as determined by HPLC).

20
ISOLATION OF CRYSTALLINE IMIPENEM MONOHYDRATE

Example 2

' The reaction mixture containing imipenem obtained at step (d )

25 Example 1 was stirred with dichloromethane (900ml) maintaining pH between
7.0 to 8.0 and the aqueous layer separated. The aqueous portion was
degassed to remove dichloromethane and given activated carbon treatment.

The filtered aqueous solution was mixed with isopropanol (400ml) and stirred

at 5-10°C for 3 hours . The crystalline product so obtained was filtered,

30 washed with isopropropanol followed by acetone and dried at 35-40°C for 1
hour to obtain crystalline imipenem monohydrate (9.0g, purity 99% by HPLC).
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m xture containing impenemobtained at step (d ) 25 Exanple 1 was
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and the aqueous | ayer separated. The aqueous portion was degassed to
renove di chl or b @REAUSNEOGIoNeablaingd,as dnl Example 2 mmtmﬁentraTédatdl | tered

o3 houP SOl Othe"Baudbds’ Solliibn <ok RN s vl chaloH rRebbaRf 268 washed
Wi t h i sopT@ﬁO) and i filtared sohdidrywas etinee vﬁtl'ﬂaét!tbﬁd (800rRP- éi@@‘o‘f@f ri3 hour

to ai stal |l ine i mpenem nonohydrate (9.0g, purity 99% by HPLC). 5 1
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99% purity (by HPLC) Exanpl e 4
While the present invention has been described in terms of its specific
embodiments, certain modifications and equivalents will be apparent to those
15  skilled in the art and are intended to be included within the scope of the
present invention.



The aqueous portion obtained as in Exanple 2 was concentrated to 200ni.
The aqueous sol ution so obtai ned was gi ven carbon treatnent at 15N0\1Cm}[]§1nd
the filtered solution was stirred with acetone (400ml), at 5-10C for 3 10
hours to obtain crystalline impenem nonohydrate after filtration and
drying (12.0g, purity 98 - 99% by HPLC). Wile the present invention has
been described in terms of its specific enbodinments, certain ,
nodi fications and equivalents will be apparent to those 15 skilled in the
art and arewpteadep to be included within the scope of the present
invention. 6 1 1 NOV 2005 WE CLAIM 1. A process for the isolation of pure
crystalline inRipen ch ele e ntactlng
orude i penem’ Wi t%%ﬁ@&?ﬂﬁfhﬁ{e%cﬁ of pﬁfergll#s?‘aﬂme mg n%k] ﬁ gel(%ne or
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nonohydrate. OH H3 ’i one H’éa %g’lt aé‘?%"i“%l wher ei n
the crude ini penenchgve&1n§§’8fe\/i§&“ nesimipenegiyp figfe. 3 The process of
claim1, wherein the water; '_r_il‘l sci bl e organi c solvent conprises al cohol
havi ng 1-4 carbon atons, %tone gl ycol ether, amde, |lactam cyclic
ether, or a mxture theregf. 4. The process of claim3, wherein said
wat er - m sci bl e or ganHgCsol ent sel ected fromthe group consisting of
met hanol , et hanol, propanol, panol , acetone, nonoethyl ene glycol,
N, N- di met hyl f or mam de, N, N- [di m de, N-methyl pyrrolidone,
t et rahydrof uran, di oxane a e(s) Yhereof. 5. The process of claim

1 wherein the isolation of” pure crystalline ixi penem
COOH NH—\\
NH  H,0
Formula I

2. The process of claim 1 wherein the crude imipenem is dissolved in said
solvent(s).

3 The process of claim 1, wherein the water-miscible organic solvent comprises
alcohol having 1-4 carbon atoms, ketone, glycol ether, amide, lactam, cyclic
ether, or a mixture thereof.

4. The process of claim 3, wherein said water-miscible organic solvent is
selected from the group consisting of methanol, ethanol, propanol,
isopropanol, acetone, monoethylene glycol, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone, tetrahydrofuran, dioxane and
mixture(s) thereof.

5. The process of claim 1 wherein the isolation of pure crystalline imipenem
monohydrate is accomplished by concentration, crystallization, precipitation,
cooling, filtration, centrifugation or a combination thereof.

6. The process of claim 1 or 5 wherein the crystallization is carried out at a lew
temperature from about 0°C to about 15 °C.

7. The process of claim 1 or 5 wherein the concentration of imipenem in the
solution from which crystallization will occur is adjusted by evaporation of
the solvent or by dilution.

8. The process of claim 1 or 2 wherein the solution containing imipenem is
obtained directly from a reaction mixture.



nonohydrate is acconplished by concentration, crystallization
precipitation, <cooling, filtration, centrifugation or a conb1ﬂaNﬂUnﬂm5
thereof. 6. The process of claiml1l or 5 wherein the crystallization is
carried out at a lew tenperature fromabout 0OC to about 15 C. 7. The
process of claim1l or 5 wherein the concentration of impenemin the
solution fromwhich crystallization will occur is adjusted by evaporation
of the solvent or by dilution. 8 The process of claiml or 2 wherein the
sol ution containing impenemis obtained directly froma reaction

mxture. 7 1 b NI 28Q% Skclalh@ #0 Qﬁe &) tﬁfomcantgirm i‘ég% §t he
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i ncl udes mater-l The, pr cess of claim9 wherein the
organi ¢ sol ven?- \Hr?l L*frﬁﬁ?@d&%%} t%‘F PFganic; sﬁ it havingdmpitadamiscifility
carboxylic acid B@@E? des VateEiamisc Hhﬁ’ﬁmﬁikyl group of 3-7 carbon
atons, chlorinated hydrocarbon et her, aromatic throcarbon or a mxture
thereof. 12. thel bﬁrP&C@éSsof@ian@|9awhﬁrq_m thereseasiinsodgng horieglimisedsmiseibflity | s
sel ect ed from t HB Walgr efpprisss 8 catbpridicafidenstey | allait ketaneehavires: dikyl igsmiputfy |
ket one, di chl or Gnéedibereatomsljchidmphted hipdnocarbai, ether asmmahticihydrocaber, ok her eof .
13. The process miktue¢ thereo® wherein the pH of the solution is adjusted to 7
to 8 before carrying out the washing. 8
12. The process of claim 11 wherein said organic solvent is selected from the
group consisting of ethyl acetate, methylisobutyl ketone, dichloromethane,
diethyl ether, toluene and mixture(s) thereof.

13. The process of claim 9 wherein the pH of the solution is adjusted to 7 to 8
before carrying out the washing.





