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MONOHYDRATE (IMIPENEM MONOIIYDRATE) Abstract: The present invention relates to a

cost effectivet@Bedshmercially viable process for the preparation of crystalliRETHBOHMfSHOYI

thienamycin monohydrate (Imipenem monohydrate) of Formula I. 22 April 200522 April 2 WO

02/36594 PCT/1B01/02069 PROCESS FOR THE PREPARATION OF CRYSTALLINE

N- FORMIMIDOYL THIENAMYCIN MONOHYDRATE (IMIPENEM MONOHYDRATE FIELD OF THE

INVENTION B EE\% @ﬁxﬂﬂﬁoﬂﬁé%@&?&%& @&X%Ta’ﬂdldblﬁrh‘e cﬁ%‘)" Q‘ﬁ!-ocess for
the preparation of QNAMNQWMQHGWM% Trﬁ)bnohydrate) of

Formula I: S_-~NH"NI3 10 OJOH Hz0

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

10

FORMULA |

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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FORMULA | BACKGROUND OF THE INVENTION Imipenem monohydrate, the crysta@npril 2005
monohydrate of N-formimidoyl 15 derivative of thienamycin of Formula 1, is the first clinically available
member of QR #48%E of (3-lactam antibiotic that possess the carbapenem riR§TBIERGMipenem
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 (3-lactamases. 20 Imipenem

lly ob h I 04
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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.



10 because crystalline imipenem is more thermodynamically stable than amorphous or @2oiqeie2005
imipenem. Processes of obtaining crystalline imipenem as described in the prior art requires
specialized BQUBFHESAt such as freeze dryer or a lyophilizer which renders it uRGEARIARME 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 iny
monohydrate having 0 of crystathinit e rom an aqueous solution obtained from
ycrats havin PR VRS0 of O SRR TGl SR R ot ot Sained 1
the reaction mixture without involving lypphilization at any stage. 2 22 April2005 /36594
PCT/IBOI/02 ore particufarly, the present invehtion refates to a process for the 'preparation o
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crystalline N-formimidoyl thiepamycin_monohvdrate (imipenem monohydrate) of Formula | which
comprises (a')'”é’&?vhéﬁjr?ggkae 8@8&@‘#‘3&%@‘6%8%&“9%?%%|a Il 50 FORMULA Il 10

(a) activating a keto ester compound of Formula Il

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



15 20 wherein p is hydrogen or a protecting group, in the presence of a suitable se2amarif 26fhe, in
a suitable N-substituted lactam or N, N- disubstituted amide as a solvent, optionally in combination
with an inerWerB##8%olvent to obtain an activated keto ester of Formula Il 'NP¢TXIBIDIPF-ORMULA
[l wherein X is OP(O)(OR)2 or OS(O) 2R and R is Ci.s alkyl, C1.6 alkaryl, aryl or perfluoro C1.6 alkyl.
The term alkyl refers to a straight or branched chain and when of sufficient size, may be cyclic.

e ) LRV P ARBR S ™
iclucing phonyl, SR REPUh A SH L R R G508 R R L o e
aryl refers to aromatic rings including phenyl, substituted 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.



substitutents independently selected from a halogen, alkyl and halogenated lower alkyd2ydapl 2005
wherein alkyl has the same meaning as defined above. The protecting group p may be any of the
readily remdVaIR3e#oxyl protecting groups. Preferably, p can be selected fRS/IBE1/6T0
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 plperldlne

(TMP) and 1,1,3,3-tetramethylgu |deté‘TM ). 15,20 The suitabl titute tam |s selected
from the group consisting o aﬁﬁ@? ﬂréﬁ&oﬁg L*%tﬁﬁ? gﬂ; ! URI ), NE hethyl
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may be prepared usm% méatha(%ds known in he art. 4 22. Apxi 2005

tempera ure rangin -80°C to -40°C to get
5 thienamycin ester of Formula IV
l S\/\NHZ
ol Q00p
FORMULA IV
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

S\/\NH/%NH

20 FORMULA V



5 WO 02/36594 PCT/IBOI/02069 (b) Reacting the activated keto ester of Formula IIl, i@ 3ty wit005
2-aminoethanethiol (cysteamine) or with its salt in the presence of a secondary amine in N-substituted
lactam or NW@Q@di58fituted amide at a temperature ranging from -802C to -406PABM/RA6O
thienamycin ester of Formula IV O OJOp FORMULA IV 10 wherein p, N-substituted lactam and N,
N-disubstituted amine have the same meanings as defined above. 15 20 (c) Reacting thienamycin

ester of Formula 1V, in situ with benzyl formimidate hydrochlpride (CSHSCH20OCH=NH2+Cf) in the
presence of a secon&‘ﬁ??rgl'ﬂirpe .ﬁﬁ”ﬁ&&i‘ﬂ%@é@é@fﬁ%ﬁﬁ\%ﬂﬁiﬂ%ﬁﬁi&%"aﬁ%gﬁg‘&é’? amidine
carboxylate ester (blocked N - formimidoyl trgepama/ci&)) of Formula V FORMULA V 5 22 Apxi12005
WO 02/36594 PCT/IBYIREBHEJNeanings as aetined above.

(d) Hydrogenation of the blocked N-formimidoyl 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



wherein p, N-substituted lactam and N, N-disubstituted amide have the same meaning3RIgfP
above. 5 10 (d) Hydrogenation of the blocked N-formimidoyl thienamycin of Formula V to get

imipenem aMPtRE368Mtion containing the reaction mixture is subjected to diafioR/ B EPALEDgraphy,
followed by crystallization in the presence of a suitable alcohol or a ketone as a co-solvent to yield
highly pure crystalline N-formimidoy! thienamycin monohydrate (imipenem monohydrate) Suitable

alcohol and ketone ay be selected fram ethanol, iso and me b tyl ket
DETAILED DESCR I9TI>éN 6‘?—}“1'“9@ ||\?C\*/ER1’I@5R%|%"6}5 gg§§ Hr8 Srﬂ%&fig[l rﬁbyodlmzrr]lfls
described by w Ie to |IJusti roc tlo ver, th re not 15
intended i iﬁ%ﬁl REARISHE gﬁ#] 8&5% fﬂ’] %? ‘E"SHGE%? %REPA?’?E‘Q%N OF
CRYTALII_rI]N MIPENEM MQ OHY R 1-Pre
o-Nittobenzy .%nzm o B R T SR YR ety T %%?g%}e"ahydm
hept-2- ene7£iq$e Zﬁ?rrnt?axr}/cl)%tg 8968 Zr%l';Ap{:HZO\(/)/?/) 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 -



WO 02/36594 PCT/IBOI/02069 To a solution of p-nitrobenzyl (5R, 6S)p-Nitrobenzyl8 £yl 2005
hydroxyethyl]-1-azabicyclo[3.2.0]-heptan-3,7-dione-2-carboxylate (20.08, 57mmol) in a mixture of
tetrahydrofld B¢ B-dimethyl-3,4,5,6-tetrahydro (2H) pyrimidinone (160 ntCI/IBIA2ReES added
diisopropylamine (7.0g, 5 69mmol) at -25 to -302C followed by diphenylchlorophosphate (17.0g,
63mmol). The mixture was stirred for 40-45 min. at -10 to -15C and used in the next step without

o NitrobenzyReik g %%%ﬁﬁ;%é”te‘m?d'meq?tﬁ% Ao e (5r %3@5 by hour 30
cyetoamine (FRReal SHADH HAHERR oD g BB AP 155, ,5,%??21" yaro
min. The reaclBAN Om”é‘%”mi SERRISE S S RS ad u%%""f el h and was
{(minomethy BRTTAT AP T AR B L S Ayl 03201
hept-2-ene-7-one-2- carboxylate 20 The reactlon mixture from Step Il was cooled to -452C, and

duso%ropyl pep(ﬁl7q3r8€6rgp193nwgfs g%véﬁqci?ﬁ%/ bﬁnﬁ%%w@[‘%ﬂ &3 Ir[s,édrochlorlde (12.8q,

74.6mmol). The fesulting mixture Wa Lhirredt”

[(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.



22 Apxil2005 WO 02/36594 PCT/IBOI/02069 40C for about 30 minutes and then at 22041 20050r
about 1 hour 30 minutes. Tetrahydrofuran (200m1) was added at -20 to -15C and diisopropylamine
salts were fiWQEFEFHom the reaction mixture. The filtrate contained the N-fAtaRBHIAMienamycin
PNB ester. 5 Step IV - Preparation of [5R- [5a, 6a (R*)]]-6-(1-hydroxyethyl)-3-[[2- [(iminomethyl)am
ino]ethyl]thio]-7-oxo-I -azabicylo[3.2.0]hept-2-ene-2- carboxylic acid The filtrate from Step Il containing

PNB-N-formimidoyl shienamycin _was poured into a mixture of water (400m]), N-methylmorpholine
(189), 10 isopropyl gr&%ﬁoa%mﬂrbt‘gagj@rﬁn@{ étqlﬂlq o{gﬁé\ﬁ“ﬁo_ ?eggﬁéﬂcﬁ'fﬁﬁ e%as then,
hydrogenated over at 3-4 kg of hydrogen pressure at 5- 102C. The reaction mixture was filtered,
extracted wiffl ¥ﬁ@H’§A8nfé>f&%&idlﬁvﬁe%@a&%m?mﬁ&%[r?é%&ﬁe88%§?&f LS Er;%a%f&at %’1% agueous
layer was concentrated to 200m is_tilé tign under reduced pressure. The 15 concentrated solution
was purified &%%ﬁ?@%\ E;Wd)%%%]g\%gﬂy‘u %‘lg%\%iter as an eluent. The fractions containing the
desired product were combined and concentrated either under reduced pressure or using plain

e cooled 6 0-5008 MRen RTom oARa G aet e e SR R e 2o

then cooled to 0-59C and isopropyl a further stirred for 40-45

min gt thg foaé};rﬁog;c{ﬂﬁ%ﬁ%“@e@ﬁ&}%&ﬂc‘&ﬁi@ﬂ?r&ﬁé{ 'BlioaR R Mok RtterAa REEdNg

continue our at
skilled in the art and are intended to be included within the scope of the

present invention.



The crystalline precipitate obtained was filtered, washed with isopropyl alcohol and 2&efgwid Z0RT 0ml)
and dried to yield 4.0g of crystalline N-formimidoy! thienamycin. 8 22 Ap 12005 WO 02/36594
PCT/IBOI/0P(0892R6% diffraction pattern (Figure 1) shows peaks characteristiB(K/ 1B 2MAe form of
imipenem monohydrate as obtained per US Patent No. 4,260,543; Purity by HPLC = 99.23%. While
the present invention has been described in terms of its specific 5 embodiments, certain modifications
and equwaleWsEv@ parent to those skilled in the art and are intended to be included within the
scope of the présent invention. 9 22 Ap 12005 WO 02/36594 PCT/IBO1/02069 WE CLAIM: 1. A
process for the preparation of crystalline N-formimidoyl thienamycin monohydrate (imipenem) of

Formula | O COOH a o FORMULA LysieB<CRiP RS §514phARbRIBI G A LRIk RS IR MPRIIRS of Formula
I

thienamycin monohydrate (imipenem) of Formula |

S\/\NH NH

FORMULA 1

which comprises
(a)  activating a keto ester compound of Formula Il

0
0 Qoop
FORMULA II

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
X
ol Q0op
FORMULA il

10



FORMULA 11 wherein p is hydrogen or a protecting group, in the presence of a suitaBRABERZELE
amine, in a suitable N-substituted lactam or N, N-disubstituted amide as a solvent, optionally in
combinatior@t#2&@aSHert organic solvent to obtain a compound of Formula I IPEORBALN2A6A] 1u 22
April2005 WO 02/36594 PCT/IBOI/02069 wherein x is OP(O)(OR)2 or OS (0)2 R and R is C1_6 alkyl,
C1_6 alkaryl, aryl or perfluoro C1.6 alkyl; the term alkyl refers to a straight or branched chain and

when of sufficient size, m%%eﬁ%%y?%@fgﬁgﬁa&%gr ?znﬁgg@ﬁ%g@gepsamgy@q_amethyl,

ethyl, propyl, isopropyl, butyl and t-but cycloalkyl'groups include cyclopropyl, cyclopentyl,
O Cone 2nd cyeiobroPURIAVE 1P RANIBEiedo haeriant B IGEoR/a s bsiuted
S S

phenyl and naphthyl, aryl groups’ may be substituted with oné to three substituents independently

selected from halogen, alkyl anahalogRnURdJURI A KHIRYEN YheiriBighyhas thepame meaning
as defined above, (b) reacting the activated keto ester of Formula Il in situ with 2-aminoethanethiol
(cysteamine) or its salt in tGjic  preferred straight or 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,



presence of a secondary amine in a N-substituted lactam or N, N-disubstituted amid@A$&\RBbRRGT to
get thienamycin ester of Formula IV FORMULA IV wherein p, n-substituted lactam and
N,N-disubstW8d/2dihe, have the same meaning as defined above, 22 Ap il 230503936594
PCT/IBOI/02069 (c) reacting thienamycin ester of Formula 1V, 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 ami& to get amiding carboxylate ester k‘bll_ocked N- rmimic%oyl
thienamycin) of Formula V ~\N[ CIBFHER '8‘1?\%%&3 rp,0 s%QH!Eté 'labtamand

N,N-disubstituted amine, haye the sgme meani S?ﬁﬁﬁ d abov ﬁ% d nating.-the blocked

N-formimidoyl thienamyciWa'l(BYF @&rﬂ%&(ﬁ?fﬂ%’@ﬁ%%\h #ﬁ% ?h@ﬁ %ﬁ@?ﬁmﬂe}r‘g@m{g@asolution

and subjecting the soluion, cqnuaiying e feackon MiKe- 19 M5 o8 RREBaIRSISPNcglgved bY
or N, N-disubstituted amide to get amidine carboxylate ester

(blocked N-formimidoyl thienamycin) of Formula V

Pragaa
o a00p

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.
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crystallization in the presence of an alcohol or a ketone co- solvent to yield highly pure2ér4iliaa05
N-formimidoyl monohydrate (imipenem monohydrate) of Formula I. 2. The process of claim 1 wherein
protecting gfBI$94elected from the group consisting of benzyl, p-nitroben A4 1 bxymethy!.
12 22 Ap 112005 WO 02/36594 PCT/IBOI/02069 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 piperiding (TMP) and 1.1,3,3-tetramethylgu nide,LT G). 4. The process of

claim 1 wherein N-substitu%ed lactd}f BF R@?@-(ﬂgﬁi%mht d@lﬁféﬁiﬁ%é&” ?(M% 8?ngeﬁf¥ination with

an inert solvent. 5. The pracess in acgoiflance with claim 4 wherein N- supstituted lactam is selected
p

from the group con@8IRE JENSHEHTA BTG BURNB), FRRRISIIRGSfidGHERIRyamine,
N-methylpiperidone and 1,3-dimethyl-3,4,5,6-tetfrahydro(2H) pyrimidijnone, 6. T cess,in
accordance with cléill'ﬁyﬁ;k%%@ln QU%QBIe %u?ééi&%%@ﬂ?é%@ﬁ@g;%o&é@%d m Gfdup
consisting of d|metQ’y1If’(L)%r,%n_?ggrlgr(?1 (gt vlgbgg%glmﬁla/)lgcetamlde (DMAC).

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.
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7. The process of claim 4 wherein inert solvent is tetrahydrofuran. 8. The process of cl&#f¥PWhe?eR a
mixture of 1,3-dimethyl- 3,4,,5,6-tetrahydro-2(H) pyrimidinone and tetrahydrofuran is used as a
solvent. 9. ™ME RE6&%k according to claim 1 wherein alcohol is selected fromRA& HdlRedhsisting of
ethanol and isopropyl alcohol. 13 22 Ap 12005 WO 02/36594 PCT/IBO1/02069 10. The process
according to claim 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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