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Imipenem monohydrate is the N-formimidoy! derivative of thienamycin,

and has the structural Formula I.

OH
/I\ §
0 _q N~ N NH
7 O,H H,0

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,

CONFIRMATION COPY
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operate on a commercial scale. 25
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 purity.

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
A ;
\/\NH/\NH
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whi ch contains an organic, aqueous solvent or a m xture thereof, wthout

using lyophilization, freeze drying or chronmatographic techniques. 5 The
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dilution so as to be ‘

Examples of such water-miscible organic solvents include lower

10  alcohols such as methanol, ethanol, propanol and isopropanol; ketones such
as acetone; glycol ethers such as monoethylene glycol; amides such as N, N-
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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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.
15
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

-4 -



Exanmple 1 Step (a) - Preparation of enol phosphate interrredi-ﬁt eyé@
p- Ni trobenzyl (3R, 5R, 6S)-20x0-6-[(1 R)-1 -hydroxyethyl)] c r1b nm

3- car boxYQPA0HBBg) was di ssolved in a nmixture of N, N dipetr/iBoacasan de
(300mL.) and dichl oronet hane (150ml). The sol ution was cooled to -559C and
di met hyl am nopyridine (0.17g) was added' followed by diisopropylethylam ne
(26.7g). The mxture was stirred for 5 mnutes at about -552C and then a
25 sol ut i teadlibndnptureywas istirreptfos @inather (6U6mim)tes o dirotilics aritrobegzyl 30mL)
was added fjr oPﬁggse at -55 to -454C. The reaction was stirred further for
30 i nut ES& QT HIERATHYERe enol phosphate ester. Step (b) - Preparation of
t hi enanycin ester 30 The reaction mxture fromstep (a) was further cool ed
to -70 to -752C and a solution of 2-am noethanethiol hydrochloride (129)
in N N Step(¢)yRreparatidn ofgenityobenzyléstet ofimipenemut es at - 75 to - 604C,

The 4 I NOV 05, WD 02/ 094773 .PCT/ 1 BQ2/ 01718 ti 1 xt
st?rre for anighgtp%oa V&Lt EAGHEN,  BiiWE piram ;gg:@nlz&?r}' mé’éqseeiggggg
t hi enany cdiisoproFletylaminBr(8 B @n@rbé?fzypfoginirﬁ@ggé‘g%%rggﬁfdﬁde%oldﬂ) Rgnem 5

To the above reaction m xture Tromstep (b),
di i sopr ops@&ithyiS8ki nEhe 1eaipn waa alewed tofoontinue der aboyldone Andra Half ( 20. 0g)

t -50 tQ.- ' I t ' . f d
hal ¢ houfouratifre selife fiisraille) the elipdatui el than teisoflie 204 agi®, O™
-20C and tHehesdctiont mixturd xway etived Rii20-80 mfHutdd-at0thie nefPerdtlrd b S
tenperature to 10 obtain a clear solution of impenemester. Step (d) -

Pr epatQit i Bhtad aicipasseluHonRf imipRReraestar. sol uti on obtained from step (c)
was poured into a

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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The sol uNQPR/W4F3hydr ogenat ed at 3-4 kg pressure for 2.5 POLIBI2@17180- 259C
over palladiumcharcoal. The m xture was filtered and assayed for

i mpenem (80% as determ ned by HPLC). 20 | SOLATI ON OF CRYSTALLI NE

| M PENEM MONOHYDRATE Exanpl e 2 The reaction m xture containing i mpenem
obtained at step (d ) 25 Exanpl e Examples8irred with dichl oronet hane

(900mL) nmai nt alpin Hb en. 7.0 to 8.0 and the aqueous | ayer
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cryst al | i feOg)rwas obtairedin29%quuritp by HPLE).ed, 30 washed with
isopr%oropanol fol |l owed by acetone and dried at 35-409C for 1 hour to
obtain crystalline i mpenem nonohydrate (9.0g, purity 99% by HPLC). 5 1 1
NOV 2005 WD 02/ 094773 PCT/IBOZ/Ol?g,ga,ﬁFWI e 3 The process of Exanple 2

st ead

was repeated using acetone (400nl) in : of isopropanol during
crystal | i zat i ohhe eayieeus | pasiampbiainad as i ixample 2 p&sogdncsmbratad & ned in

99% puri t LO) . TIh us partiaon obtained as jp Exanpl e
2 was con%%élrwatﬁ,e%d%%e&%g%.ﬂoéhseo §BMW§8IQ]Y?%ﬁa§%O%EP§'HQBPﬁLg“ gi ven
carbon trt@ROmand tie fillered &Glutivh whe stiirbtl eiitasstbré i(200MPSatH-1 09 forvd t h
acetqgne (,400nt), .at, 5-10C for, 3 10 hours to obtain crl¥stalllne I m penem

monoH¥dr Jurs e Qbtain erysialline ignigenem mgnohydrate  after fiftration and drying
(12.0g, purity 98 - 99% by HPLC).

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.



(12.0g, purity 98 - 99% by HPLC). Wiile the present invention has been
described in terns of its specific enbodinents, certain nodi |1CN@VOZﬂg5and
equi valents will be apparent to those 15 ski lled in the art and are

i ntended to be included within the scope of the present invention. 6 | 1
NOV 2005 WE CLAIM 1. A process for the isolation of pure crystalline

i m penem nonohydrate of Fornula |, which conprises contacting crude

i mpenemwith a water mscible organic solvent, either alone or in

adm xt ure WyHCYARE: and recovering pure crystalline i mpenem
nmonohydrate. OH H3C COOH . H20 Fornula | 2. The process of cl ai m 1 V\,herei n

3 Th
cl'ai m 1, wher ein 1| ﬁ"“’%iﬁ’?ﬁ%”m‘;ﬁfb r e éi*f“ﬁ' R
e

havi ng 1-4 carbon esc S DenenrlI lélf?;l?ﬁ ycI iC

et her, X or a mxtur %nicﬁ? 8r§Pm°ﬁ&v$ﬁ F’b%gléesord? a@f“é‘?‘}‘f‘? with yypler sai d

wat er - ni sci bl e or g&fPETISIRFEHTYS ngimipenegmenohydiaee gr oup conS| sting of
nmet hanol , et hanol, propang Y i sopropanol, acetone, nonoethyl ene glycol,

N, N- di rret hyl f or marri de, N, di et hyl acet arri de, N-nethyl pyrrolidone,
tetrahydrof uran, dioxane agnd m xture(s) thereof. 5. The process of claim
1 wherein the isolatH ure crystalline impenem

e H

COOH

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
sol ution contai njfged Mtﬂﬁfi'&:;@a%l%fsolm % eﬁlﬂn UElAG s ﬁ hY?go 3 gg\élsrs]gof

limted m scibillty. il ore |za|on
claim9 wherein the organlc sol vent haV| ng Ilmted m sci b|||ty in water

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.





