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PROCESS FOR THE PREPARATION OF CRYSTALLINE N-FORMIMIDOYL
THIENAMYCIN MONOHYDRATE (IMIPENEM MONOHYDRATE)

FIELD OF THE INVENTION

5 The present invention relates to a cost effective and commercially
viable process for the preparation of crystalline N-formimidoyl thienamycin

. monohydrate (Imipenem monohydrate) of Formula I
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BACKGROUND OF THE INVENTION

Imipenem monohydrate, the crystalline monohydrate of N-formimidoy!

15 derivative of thienamycin of Formula 1, is the first clinically available member
of a new class of B-lactam antibiotic 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 presence of B-lactamases.

20 Imipenem was initially obtained by Iyophilization technique as disclosed
in US Patent No. 4,194,047, An alternate process of freeze crystallization or
1
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Abstract: The present invention relates to a cost effective and commercially viable pr@z:égidr 2065
preparation of crystalline N-formimidoyl thienamycin monohydrate (Imipenem monohydrate) of
Formula |. 20 ApHEGEIH522 April 2 WO 02/36594 PCT/1B01/02069 PROCESSPEDIBIHRZ069
PREPARATION OF CRYSTALLINE N-FORMIMIDOYL THIENAMYCIN MONOHYDRATE
(IMIPENEM MONOHYDRATE) FIELD OF THE INVENTION 5 The present invention relates to a cost
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largely amorphous which is thermodynamically unstable. A crystalline
monohydrate form of imipenem is disclosed in US Patent No. 4,260,543,

5 which is obtained by crystallization of a lyophilized sample of imipenem and
was found to have unexpected stability in the solid state over the lyophilized
form (amorphous form). However, it is reported that the changes in
lyophilization conditions can change the degree of crystallinity of the final
product. Crystallinity is of interest in the study of lyophilized imipenem

10 because crystalline imipenem is more thermodynamically stable than
amorphous or disordered imipenem. Processes of obtaining crystalline
imipenem as described in the prior art requires specialized equipment such as
freeze dryer or a lyophilizer which renders it unattractive at a commercial
scale and also do not produce the product having consistent degree of

15 crystallinity.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a cost effective and
commercially viable process for producing highly pure thermally stable
crystalline imipenem monohydrate having uniform degree of crystallinity

20 directly from an aqueous solution obtained from the reaction mixture without

involving lyophilization at any stage.
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FORMULA 1

wherein p is hydrogen or a protecting group, in the presence of a
10 suitable secondary amine, in a suitable N-substituted lactam or N, N-
disubstituted amide as a solvent, optionally in combination with an inert

organic solvent to obtain an activated keto ester of Formula lll

15

FORMULA HI

wherein X is OP(O)(OR), or OS(0) 2R and R is Cy.5 alkyl, Cy alkaryl,
aryl or perfluoro Cq¢ alkyl. The term alkyl refers to a straight or
branched chain and when of sufficient size, may be cyclic. Preferred

20 straight or branched alkyl groups include methyl, ethyl, propyl,

3



SUMMARY OF THE INVENTION It is an object of the present invention to provide @2 dgpeff2gfe and
commercially viable process for producing highly pure thermally stable crystalline imipenem
monohydrai® Q&G Uniform degree of crystallinity 20 directly from an aqueou(SalBtibA28eRained from
the reaction mixture without involving lyophilization at any stage. 2 22 April2005 WO 02/36594
PCT/IBOI/02069 More particularly, the present invention relates to a process for the preparation of

crystalline N-formimidoyl thiengmycin mgn rate (imipenem monohydrate) of Formula | which
comprises (a) activatin rg%gtoa%'é){}ﬁlr @d}ﬁpg%y f Fog]ﬁ%%(rﬁr% § IL,QEPI_JLBSB Rerein pis
hydrogen or a protecti roup, in the presence of a suitable secondary amine, in-g suitable
N-substituted lactar %W@is gﬁf&@f@rﬁ}'&gogg )&'iagén%y%%%ﬂgﬁ/{/Wrﬁe({%%blﬁﬁo}?(mth an inert
organic solvent to 02}?,nrgperasct{gagergnlgg%erslﬁegrsoifnlé urg?rlmjéap;HeNyY, éubstituted phenyl and
naphthyl.  Aryl groups may be substituted with one to three
5 substitutents independently selected from a halogen, alkyl and

halogenated lower alkyi group, wherein alkyl has the same meaning as

defined above.

The protecting group p may be any of the readily removable
carboxyl protecting groups. Preferably, p can be selected from the

10 group consisting of benzyl, p-nitrobenzyl and methoxymethyl.

The suitable secondary amine is selected from the group
consisting  of  diisopropylamine,  dicyclohexylamine,  2,2,6,6-
tetramethylethyl piperidine (TMP) and 1,1,3,3-tetramethylguanide

(TMG).

15 The suitable N-substituted lactam is selected from the group
consisting of N-methyl-pyrrolidone (NMP), N-ethyl-pyrrolidone (NEP),
N-methyl piperidinone and 1,3-dimethyl 3,4,5,6-tetrahydro-2(H)
pyrimidinone (DMPH). The suitable N, N-disubstituted amide is
selected from the group consisting of dimethylformamide (DMF),
20 dimethylacetamide (DMAc) and optional inert organic solvent is
preferably tetrahydrofuran. The reaction is carried out at a temperature
ranging between -20 to -70°C. The compound of Formula Il may be

prepared using methods known in the art.



ODOP FORMULA Il wherein X is OP(0)(OR)2 or OS(0) 2R and R is Ci.s alkyl, C1.6 2%&mtila00r
perfluoro C1.6 alkyl. The term alkyl refers to a straight or branched chain and when of sufficient size,
may be cyc¥OPR&IeY?éd straight or branched alkyl groups include methyl, eth§&EBHN28622 April2005
5 10-WO 02/36594 PCT/IBOI/02069 isopropyl, butyl and t-butyl. Preferred cycloalkyl groups include
cyclopropyl, cyclopentyl, cyclohexyl and cyclopropyl methyl. The term aryl refers to aromatic rings
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(TMP) and 1,1,3,3-tet£?nrp eth}glgugn{g?néglr\éx@ré ranging from -80°C to -40°C to get

5 thienamycin ester of Formula IV
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10 wherein p, N-substituted lactam and N, N-disubstituted amine have

the same meanings as defined above.

(c) Reacting thienamycin ester of Formula IV, in situ with

benzyl formimidate hydrochloride (CeHsCH:OCH=NH,*"CI) in the

presence of a secondary amine in N-substituted lactam or N, N-

15 disubstituted amide to get amidine carboxylate ester (blocked N -

formimidoyl thienamycin) of Formula V
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15 20 The suitable N-substituted lactam is selected from the group consisting of N-me2@yRpyitrdiine
(NMP), N-ethyl-pyrrolidone (NEP), N-methyl piperidinone and 1,3-dimethyl 3,4,5,6-tetrahydro-2(H)
pyrimidinon® (MDNP494 The suitable N, N-disubstituted amide is selected fromRA& B¢ Ensisting of
dimethylformamide (DMF), dimethylacetamide (DMAc) and optional inert organic solvent is preferably
tetrahydrofuran. The reaction is carried out at a temperature ranging between -20 to -702C. The

compound of Formula |l may be prepared using methods k nip the art. 4 22 Apxi12005 5 WO
02/36594 PCT/IBOI/SSIES! Ré@iéiﬂ?ﬁ feR od A e@&b‘ﬁﬁ@%ﬁffg?ﬁf ARS DS
2-aminoethanethiol (gysteamine) or with its s Ifjint e presence of a secondary amine in N-substituted

lactam or N, N-disub e AR R BRPEVLRT S %Vﬁhg from -802C to -4052C to get
thienamycin ester of Formula IV O OJOp FORMULA IV 10 wherein p, N-substituted lactam and N,

N-disubstituted amine have {e saie. MEAIRGS 8F HRI"BHLRBEVR-formimidoy! thienamycin

of Formula V to get imipenem and the solution containing the reaction
5 mixture is subjected to dianion chromatography, followed by
crystallization in the presence of a suitable alcohol or a ketone as a
co-solvent to yield highly pure crystalline N-formimidoyl thienamycin
monohydrate (imipenem monohydrate). Suitable alcohol and ketone
may be selected from ethanol, isopropanol, acetone and methyl

10 isobutyl ketone.

DETAILED DESCRIPTION OF THE INVENTION

In the following section one preferred embodiment is described by way
of example to illustrate the process of this invention. However, these are not

15 intended in any way to limit the scope of the present invention.
EXAMPLE 1
PREPARATION OF CRYTALLINE IMIPENEM MONOHYDRATE

Step 1 - Preparation of (6R, 6S) p-Nitrobenzyl-3-(diphenylphosphono)-6-[(1R)-

1-hydroxyethyl]-1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylate.

20



15 20 (c) Reacting thienamycin ester of Formula IV, in situ with benzyl formimidate hy&#ddRIHr05
(C5H5CH20CH=NH2+Cf) in the presence of a secondary amine in N-substituted lactam or N, N-
disubstituteV@HH®IH*get amidine carboxylate ester (blocked N - formimidoy! BGEABMIPEIP of Formula
V FORMULA V 5 22 Apxi12005 WO 02/36594 PCT/IBOI/02069 wherein p, N-substituted lactam and
N, N-disubstituted amide have the same meanings as defined above. 5 10 (d) Hydrogenation of the
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(2H) pyrimidinone (160 ml; 1:1 v/v) was added diisopropylamine (7.0g,
5 69mmol) at -25 to -30°C followed by diphenylchlorophosphate (17.0g,

63mmol). The mixture was stirred for 40-45 min. at -10 to -15°C and used in

the next step without isolation of the enol phosphate intermediate.

Step Il - Preparation of (5R,6S) p-Nitrobenzyl-3-[(2-aminoethyl)thio]-6-[(1R)-1-

10 hydroxyethyl]-1-azabicyclo [3.2.0] hept-2-ene-7-one-2-carboxylate

The reaction mixture from Step | was cooled to -75°C. A solution of

cysteamine (2-aminoethanethiol) hydrochloride (7.2g, 63mmol) in 1,3-
dimethyl-3,4,5,6-tetrahydro (2H) pyrimidinone (70ml) and diisopropylamine

(7.0g, 69 mmol) was added at -75 to -50°C in 10 min. The reaction mixture

15 thus obtained was further stirred at -40°C to -45°C for about 1 hr and was

used as such without its isolation.

Step lll - Preparation of (5R,65) p-Nitrobenzyl-3-[2-
[(tminomethyl)amino]ethyl}thio]-6-[(1R)-1-hydroxyethyl]-1-

azabicyclo[3.2.0]hept-2-ene-7-one-2-carboxylate

20. The reaction mixture from Step Il was cooled to -45°C, and
diisopropylamine (8.7g, 86mmol) was .added followed by benzylformimidate

hydrochloride (12.8g, 74.6mmol). The resulting mixture was stirred at -45 to -



of example to illustrate the process of this invention. However, these are not 15 intéAdgarin2®pway
to limit the scope of the present invention. EXAMPLE 1 PREPARATION OF CRYTALLINE IMIPENEM
MONOHYDWRRPE IS 1 - Preparation of (5R, 6S) p-Nitrobenzyl-3-(diphenylpREIHRINEIBY (1 R)
1-hydroxyethyl]-1-azabicyclo[3.2.0] hept-2-ene-7-one-2-carboxylate. 20 6 22 April2005 WO 02/36594
PCT/IBOI/02069 To a solution of p-nitrobenzyl (5R, 6S)p-Nitrobenzyl-6[(1R)-1
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(21-1) pyrimidinone (70m1) and diisopropylamine (7.0g, 69 mmol) was added at -75 to -50C in 10
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[(iminomethyl)amino]ethyl]thio]-7-oxo-1-azabicylo[3.2.0]hept-2-ene-2-

carboxylic acid

The filtrate from Step lll containing PNB-N-formimidoy! thienamycin

was pdured into a mixture of water (400ml), N-methylmorpholine (18g),

10 isopropyl alcohol (200ml) at 0-5°C and at pH of about 7.0. The reaction
mixture was then hydrogenated over at 3-4 kg of hydrogen pressure at 5-

102C. The reaction mixture was filtered, extracted with methylene chloride (2

x 300ml) and the aqueous layer was separated. The aqueous layer was
concentrated to 200ml by distillation under reduced pressure. The

15 concentrated solution was purified by dianion chromatography using water as
an eluent. The fractions containing the desired product were combined and
concentrated either under reduced pressure or using plain membrane type

reverse osmosis techniques to a volume of 50ml. The concentrated solution

was then cooled to 0-52C and isopropyl alcohol (25ml) was added to it. It was

20 further stirred for 40-45 min at the same temperature. Another lot of isopropy!
alcohol (256ml) was added and stirring continued for about 1 hour at 0-5°C.

The crystalline precipitate obtained was filtered, washed with isopropyl alcohol

and acetone (2 x 10ml) and dried to yield 4.0g of crystalline N-formimidoyl

thienamycin.



Step IlI - Preparation of (5R,6S) p-Nitrobenzyl-3-[2- [(iminomethyl)amino]ethyl]thio]-@Z(April 2005
R)-1-hydroxyethyl]-1- azab icycl 0[3.2.0] hept-2-ene-7-one-2-carboxylate 20 The reaction mixture from
Step Il was BEdBBE94452C, and diisopropylamine (8.7g, 86mmol) was adde®€dlIB 2899
benzylformimidate hydrochloride (12.8g, 74.6mmol). The resulting mixture was stirred at -45to 7 22
Apxil2005 WO 02/36594 PCT/IBOI/02069 40C for about 30 minutes and then at -20 to -152C for about

1 hour 30 minutes. Jetrahydrofuran (200m1) was added at -20 to -15C and diisopropylamine salts
were filtered off frofy {R¥ réﬁhﬁ&ﬁ'%xﬁﬁg%e\?ﬁ@ﬂ@ égn%[ﬁ‘?&?tl‘%eﬁ%ﬁbnﬂ%%ﬂfégf'ﬁﬁﬁn r‘?'nycin PNB
ester. 5 Step IV - Preparation gf [5R- [5a, 6a (R*)]]-6-(1-hydroxyethyl)-3-[[2- [(iM] ometgﬁl am
ino]ethyl]thio‘f-ry%?(wﬂg-a&%{ﬁ?cﬂ%f&ﬂ? P1Bfe" géﬁ%cﬂ@l@éﬂ@%@ ﬁtr‘a&n GHeR: %‘II containing
PNB-N-formimidayl. thiepamycin oured intg a mixture of water (400m]), N-methylmorpholine
(18g), 10 iso %%@1’%‘?80&%@@%@‘35@%& pH of about 7.0. The reaction mixture was then
hydrogenated over at 3-4 kg of hydrogen pressure at 5- 102C. The reaction mixture was filtered,
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desired product were combine
skilled in the art and are intended to be included within the scope of the

present invention.



concentrated either under reduced pressure or using plain membrane type reverse @8rAgsig 2005
techniques to a volume of 50ml. The concentrated solution was then cooled to 0-59C and isopropyl
alcohol (25MPWS@AAHed to it. It was 20 further stirred for 40-45 min at the saPéd Bl ire.
Another lot of isopropyl alcohol (25m1) was added and stirring continued for about 1 hour at 0-52C.
The crystalline precipitate obtained was filtered, washed with isopropyl alcohol and acetone (2 x 10ml)
and dried to %Aggd§ J‘crystalline N-formimidoyl thienamycin. 8 22 Ap 12005 WO 02/36594
PCT/IBOI/02 ray diffraction pattern (Figure 1) shows peaks characteristic of crystalline form of
imipenem monohydrate as obtained per US Patent No. 4,260,543; Purity by HPLC = 99.23%. While

the present invention has bgen dq@ 188848 {8F115 ?ﬁﬂéﬁ)ﬁ?@ﬁdfﬁoﬁ &yg{gqilﬁéemoﬁq}ﬂadppdlflcatlons
infen

and equivalents will be apparent to hose skilled in the art and are ded to be included within the

scope of the presentiguaRi{Rin oAy HPARSIMPARASESHERRTIHEP!/02069 WE CLAIM: 1. A

process for the preparation of crystalline N- formlmldoyl thlenamycm monohydrate (imipenem) of
Formulal O COOH a o

S\/\NH NH

FORMULA 1

which comprises

(a)  activating a keto ester compound of Formula Il

0
0p
FORMULA 1l

wherein p is hydrogen or a protecting group, in the presence of
a suitable secondary amine, in a suitable N-substituted lactam
or N, N-disubstituted amide as a solvent, optionally in
combination with an inert organic solvent to obtain a compound

of Formula Il

FORMULA il
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FORMULA | which comprises (a) activating a keto ester compound of Formula Il FORREARr 2005
wherein p is hydrogen or a protecting group, in the presence of a suitable secondary amine, in a
suitable N-sWs#(#&d4actam or N, N-disubstituted amide as a solvent, optionBfi¥/iB0t@AbMation with
an inert organic solvent to obtain a compound of Formula Il FORMULA Il 1u 22 April2005 WO
02/36594 PCT/IBOI/02069 wherein x is OP(O)(OR)2 or OS (0)2 R and Ris C1_6 alkyl, C1_6 alkaryl,

aryl or perfluoro C1.6 alkyl; the term @I@H@Z@ﬁ?faog@@l@gzr Rr%'h?hﬁdi§ 1i_n agﬁhyy’l*@ql_ ©of sufficient
anche S

size, may be cyclic, preferred straight or b alkyl groups include methyl, ethyl, propyl,

isopropyl, butyl and t-butyl, pasfarred cyeialky| YRS Ingllde GHElORIAPYAIE)ICIRRERA cyclohexy

and cyclopropyl methyl; the term aryl refers to aromatic rings” including phenyl, substituted phenyl and

naphthyl, aryl groups. mabfeaupSfethuistoBRdf Uree aHB b ulERgiRPsRae i spiected from

halogen, alkyl and halogenated lower alkyl group, wherein alkyl has the same meaning as defined

above, (b) reacting the actiyaled keiorgsicd odiFAghtla 8 Branched alkyl groups include

methyl, ethyl, propyl, isopropyl, butyl and t-butyl, preferred
cycloalkyl groups include cyclopropyl, cyclopentyl, cyclohexyl
and cyclopropyl methyl; the term aryl refers to aromatic rings
including phenyl, substituted phenyl and naphthyl, aryl groups
may be substituted with one to three substituents independently
selected from halogen, alkyl and halogenated lower alkyl group,

wherein alkyl has the same meaning as defined above,

(b)  reacting the activated keto ester of Formula Il in
situ with 2-aminoethanethiol (cysteamine) or its salt in the
presence of a secondary amine in a N-substituted lactam or N,
N-disubstituted amide as a solvent to get thienamycin ester of

Formula IV

, S
o Qoo
FORMULA 1V

wherein p, n-substituted lactam and N,N-disubstituted amine,

have the same meaning as defined above,



situ with 2-aminoethanethiol (cysteamine) or its salt in the presence of a secondary &Rifefi 2005
N-substituted lactam or N, N-disubstituted amide as a solvent to get thienamycin ester of Formula IV
FORMULA WOME6SIH p, n-substituted lactam and N,N-disubstituted amine, h&¢d/#BE 148246 meaning
as defined above, 22 Ap il2005 WO 02/36594 PCT/IBOI1/02069 (c) reacting thienamycin ester of
Formula IV, in situ with benzyl formimidate hydrochloride (C6H5CH20CH=NH2+Cf) in the presence

of a secondary amine in a N-substituted lactam or.N, N-disubstituted amide to get amidine

carboxylate ester (blocked N-for ?midorﬁ%ﬁ%}%m%ﬁﬁ’BY‘EBrﬁﬂ%r\Pa r’(RH(—?Ia (iYOE’1 I’—SgﬁMULAV

wherein p, N-substituted lac and N,N-disubstituted amipe, .havet a(1ing-as defined

above, (d) hydrogenating tWé?bnll&%%}ﬁl h%fé?}m?ﬁ%kgyﬁ\{ﬁ%@ﬁmygﬁ cfP gﬁ?@ﬁ%&ﬁﬁ?@#ﬂﬁj -)formimidoyl

thienamycin (imipenem) in a solution and subjecting the solution containin e reactign mixture to
o REET R

dianion chromatography fdflo %c%%fe&{igtgli bR qﬁ@'&@@%dg 8r'an Retohe co-

or N, N-disubstituted amide to get amidine carboxylate ester

(blocked N-formimidoyl thienamycin) of Formula V

Pragaa
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FORMULA V

wherein p, N-substituted lactam and N,N-disubstituted amine,

have the same meaning as defined above,

(d)  hydrogenating the  blocked  N-formimidoyl
thienamycin of Formula V, to yield N-formimidoyl thienamycin
(imipenem) in a solution and subjecting the solution containing
the reaction mixture to dianion chromatography followed by
crystallization in the presence of an alcohol or a ketone co-
solvent tp yield highly pure crystalline N-formimidoyl

monohydrate (imipenem monohydrate) of Formula 1.

2. The process of claim 1 wherein protecting group p is
selected from the group consisting of benzyl, p-nitrobenzyl and

methoxymethyl.

12



solvent to yield highly pure crystalline N-formimidoyl monohydrate (imipenem monohydr&eyib2005
Formula I. 2. The process of claim 1 wherein protecting group p is selected from the group consisting
of benzyl, pW6H&$2¢1 and methoxymethyl. 12 22 Ap 12005 WO 02/36594 PRETTIBOIPP0%9 3. The
process of claim 1 wherein the suitable secondary amine is selected from the group consisting of
diisopropylamine, dicyclohexyl amine, 2,2,6,6-tetramethylethyl piperidine (TMP) and
1,1,3,3-tetramethylguanide (TMG,), 4. The process of claim 1 wherein N-sub tituted lactam or N,
N-disubstituted amide is uSed aloh®oPiR b?rfa‘ﬁﬁﬂ“wﬂh SR &\/ﬂﬂlﬁsg.erﬁﬁ% 885 in

accordance with claim 4 wherein N- substituted lactam is selected from thgef,bgro%gpcil?nsisting of

N-methyl pyrrolidoRERRIPS, RERAIREY TRBoMRSNEBYPN GREFR NG e AliSQREPPYIAMING,

1,3-dimethyl-3,4,5,6-tetrahydro(2H rimidinone. 6, The process. in accqrgance_with.claim,4 wherein
suitable N, N-disu&%@%ﬂfd@ﬁﬁg{ﬁec?e%’ﬁgfﬁ%@@&%ﬂ%ﬁéis'ﬁ‘rﬁ’&% ”a‘?mzmtf?ém?&\%ide (DMF)
and dimethylacetamide (DMAc). 7. f claim 4 wherein inert solvent is tetrahydrofuran. 8.

The process of clairhy h?}vﬁetf'aéﬁ‘)?’g% 5@8&? - thyl-

4. The process of claim 1 wherein N-substituted lactam or
N, N-disubstituted amide is used alone or in combination with an inert

solvent,

5. The process in accordance with claim 4 wherein N-
substituted lactam is selected from the group consisting of N-methyl
pyrrolidone (NMP), N-ethylpyrrolidone (NEP), N-methylpiperidone and

1,3-dimethyl-3,4,5,6-tetrahydro(2H) pyrimidinone.

6. The process in accordance with claim 4 wherein suitable
N, N-disubstituted amide is selected from the group consisting of

dimethylformamide (DMF) and dimethylacetamide (DMAc).

7. The process of claim 4 wherein inert solvent is
tetrahydrofuran.
8. The process of claim 4 wherein a mixture of 1,3-dimethyl-

3,4,,5,6-tetrahydro-2(H) pyrimidinone and tetrahydrofuran is used as a_

solvent.

9. The process according to claim 1 wherein alcohol is

selected from the group consisting of ethanol and isopropyl alcohol.

13



3,4,,5,6-tetrahydro-2(H) pyrimidinone and tetrahydrofuran is used as a solvent. 9. The2gr6gdids2005
according to claim 1 wherein alcohol is selected from the group consisting of ethanol and isopropy!
alcohol. 13 #O0AR/F6595 WO 02/36594 PCT/IBO1/02069 10. The process accBthiAGAERRM 1 wherein
ketone is selected from the group consisting of acetone and methyl isobutyl ketone. 14

10. The process according to claim 1 wherein ketone is
selected from the group consisting of acetone and methyl isobutyl

ketone.
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