(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

WO 2004/071456 A2

(51) International Patent Classification’: A61K (74) Agent: BRAINARD, Charles, R.; Kenyon & Kenyon,
One Broadway, New York, NY 10004-1050 (US).

(43) International Publication Date

26 August 2004 (26.08.2004)

(21) International Application Number:

PCT/US2004/004304  (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: 11 February 2004 (11.02.2004) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, H],
(25) Filing Language: English GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
(26) Publication Language: English MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,

PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,

(30) Priority Data: TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,

60/446,764 11 February 2003 (11.02.2003)  US ZW.
60/463,065 15 April 2003 (15.04.2003)  US
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except BB, US): PLUS kind of regional protection available): ARIPO (BW, GH,
CHEMICALS, B.V. [NL/NL]; Industrieweg 23, NL-3841 GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, 7ZM, ZW),
RK Miidrecht (NL). Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-

pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

(71) Applicant (for BB only): TEVA PHARMACEUTICALS
USA, INC. [US/US]; 1090 Horsham Road, P.O. Box 1090,
North Wales, PA 19454-1090 (US).

(72) Inventors; and PubliShed: . . .
(75) Inventors/Applicants (for US only): KORODI, Ferenc without international search report and to be republished
[HU/HU]; Hadhazi ut 147, H-4028 Debrecen (HU). SZ- upon receipt of that report

ABO, Csaba [HU/HU]J; Tozser u. 1, H-4031 Debrecen

(HU). SALYI, Szabolcs [HU/HU]; Derek u. 151. fsz.1, Fortwo-letter codes and other abbreviations, refer to the "Guid-
H-4031 Debrecen (HU). BODI, Istvan [HU/HU]; Dozsa ance Notes on Codes and Abbreviations” appearing at the begin-
Gyorgy ut. 22/A, H-4060 Balmazujvaros (HU). ning of each regular issue of the PCT Gagzette.

(54) Title: PROCESS FOR PREPARING SIMVASTATIN HAVING CONTROLLED RANGES OF SIMVASTATIN DIMER CON-
TENT

04/071456 A2 IR 0 OO O OO

& (57) Abstract: The present invention relates to a process for preparing simvastatin, wherein the simvastatin dimer content is con-
trolled. More particularly, the present invention relates to a process for preparing simvastatin having a simvastatin dimer content
of about 0.2 to about 0.4% wt. The present invention also relates to a process for preparing simvastatin having a simvastatin dimer
content of less than about 0.2% wt. The present invention also discloses a commercial scale process of preparing simvastatin having

g a specified simvastatin dimer content which is reproducible.



10

15

20

25

30

WO 2004/071456 PCT/US2004/004304

PROCESS FOR PREPARING SIMVASTATIN HAVING CONTROLLED
RANGES OF SIMVASTATIN DIMER CONTENT

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of the U.S. Provisional Application Serial Nos.
60/446,764 filed February 11, 2003 and 60/463,065 filed April 15, 2003, the disclosures

of which are incorporated by reference in their entirety herein.

FIELD OF THE INVENTION

The present invention relates to a process for preparing simvastatin, wherein the

simvastatin dimer content is controlled. More particularly, the present invention relates to
a process for preparing simvastatin having a simvastatin dimer content of about 0.2 to
about 0.4 % wt. The present invention also relates to a process for preparing simvastatin
having a simvastatin dimer content of less than about 0.2 % wt. The present invention

further relates to a commercial scale process for preparing the same.

BACKGROUND OF THE INVENTION

Simvastatin, a cholesterol-lowering agent, is chemically designated as butanoic
acid, 2,2-dimethyl-1,2,3,7,8,8a-hexahydro-3,7-dimethyl-8-[2-(tetrahydro-4-hydroxy--6-
ox0-2H-pyran-2-yl)ethyl}-1-napthalenyl ester, [1S-[10,30,7B,8B(25*, 45*),-8a B.
Simvastatin dihydroxy acid is a competitive inhibitor of 3-hydroxy-3-methyl-glutaryl-

coenzyme (HMG-CoA) reductase, which catalyzes the rate-limiting step conversion of
HMG-CoA to mevalonate in cholesterol synthesis. Simvastatin is sold under the
tradename ZOCOR® and is marketed by Merck & Co., Inc. There is a need for a high

yield and efficient commercial scale processes for preparing simvastatin.

U.S. Pat. No. 4,444,784 describes heating the dihydroxy acid in neutral sotvent
with continuous removal of the water by-product in order to drive the equilibrium reaction
toward lactone formation. However, heating promotes an undesirable esterification
reaction between the 3-hydroxy group of the 3-hydroxylactone with the precursor free

acid to increase the amount of dimer.
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PCT/EP 98/00519 describes preparing simvastatin with a low level of dimer
impurity. The lactonization process uses the ammonium salt of simvastatin as the starting
material and involves refluxing in toluene followed by crystallizations to obtain pure

5 simvastatin. The simvastatin prepared in accordance with this procedure is found to have

a low dimer content of about 0.1 to about 0.12 % wt.

Lactonization reaction of stimvastatin ammonium salt to simvastatin is an

equilibrium reaction which is illustrated as follows:

10
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simvastatin dimer S
Lactonization as an intramolecular esterification can be accompanied by the
esterification of the reaction product with starting material present in the reaction
mixture. This intermolecular esterification leads to the formation of simvastatin dimer
byproduct having the structure shown in the scheme above.
15

The European and U.S. pharmaceutical industry standards for certain simvastatin
products requires that simvastatin cannot contain more than 0.4 % wt dimer. This
relatively high amount of impurity accepted by pharmaceutical authorities may be due to

the understanding that not only simvastatin but also the simvastatin dimer are precursors
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of the pharmacologically active dihydroxy open acid form of the compound (PCT/US
01/27466). '

Efforts to produce simvastatin containing less than 0.2 % of the simvastatin dimer
have been made. EP 351 918 discloses a method for acid catalyzed lactonization leading
to a simvastatin crude product containing less than 0.2 % wt of simvastatin dimer. This
reference discloses that attempts to produce simvastatin of this quality by purification had

failed.

For other applications, it is desirable that purified simvastatin active ingredient
contain about 0.2 to about 0.4 % wt simvastatin dimer; more preferably, about 0.25 to
about 0.34 % wt. Accordingly, a reproducible process for preparing simvastatin active
ingredient having a controllable dimer content in the specified ranges, as well as

acceptable impurity profile, is desirable.

SUMMARY OF THE INVENTION

The present invention provides a process for preparing simvastatin, wherein the

simvastatin dimer content is controlled.

In one embodiment, the present invention provides a process for preparing

simvastatin with a specified simvastatin dimer content, comprising the steps of:

a) lactonizing an ammonium salt of simvastatin in aromatic hydrocarbon at a
concentration from about 25 to about 40 g/1 to form a simvastatin;

b) dissolving the simvastatin in at least one solvent selected from the group
consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and
precipitating the dissolved simvastatin with an anti-solvent selected from the
group consisting of pentane, hexane, heptane, cyclohexane and petroleum
ether; and

¢) isolating the crystallized simvastatin,

wherein the crystallized simvastatin contains a simvastatin dimer content of about 0.2

to about 0.4% wt.
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Preferably, the concentration of the ammonium salt of simvastatin is from about
30 to about 35 g/l. More preferably, the concentration of the ammonium salt of

simvastatin is about 35 g/I1.

Preferably, the lactonizing step is performed by refluxing the ammonium salt of
simvastatin in the aromatic hydrocarbon. Preferably, the aromatic hydrocarbon is selected
from the group consisting of benzene, ethylbenzene, xylene and toluene. More prefeyably,

the aromatic hydrocarbon is toluene.

Preferably, the lactonizing step 1s performed for about 3 to about 5 hours. More

preferably, the lactonizing step is performed for 4 hours.

Preferably, the lactonizing step is performed in the presence of butyl

hydroxytoluene.

Preferably, the crude simvastatin is dried. Preferably, the drying step is performed

by evaporation. Preferably, the simvastatin is dried to residue.

Preferably, the crude simvastatin is dissolved in a solvent followed by
precipitation. Preferably, the dissolving step is performed at about 60°C. Preferably, the
precipitation is induced by adding an anti-solvent to the solution containing the dissolved

simvastatin.

Preferably, the anti-solvent is at lease one solvent selected from the group of

pentane, hexane, heptane, cyclohexane and petroleum ether.

Preferably, the process further comprises the steps of:

d) dissolving the simvastatin obtained in step c) in a water miscible organic
solvent selected from the group consisting of methanol, ethanol, acetone,
acetonitrile and tetrahydrofuran; and

e) adding an anti-solvent to induce precipitation to obtain recrystallized

simvastatin.
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Preferably, the recrystallization steps of d-€) are repeated. Preferably, the anti-

solvent is water.

Preferably, the crystallized simvastatin contains a simvastatin dimer content of

about 0.25 to about 0.34% wt.

In another embodiment, the present invention provides a process for preparing

simvastatin with a specified simvastatin dimer content, comprising the steps of:

2)

b)

d)

€)

lactonizing an ammonium salt of simvastatin in aromatic hydrocarbon at a
concentration of less than about 60 g/1to form a simvastatin;

dissolving the simvastatin in at least one solvent selected from the group
consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and
precipitating the dissolved simvastatin with an anti-solvent selected from the
group consisting of pentane, hexane, heptane, cyclohexane and petroleum
ether;

isolating the crystallized simvastatin;

dissolving the crystallized simvastatin in at least one solvent selected from the
group consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and
precipitating the dissolved simvastatin with an anti-solvent selected from the
group consisting of pentane, hexane, heptane, cyclohexane and petroleum
ether; and

isolating the recrystallized simvastatin,

wherein the recrystallized simvastatin contains a simvastatin dimer content of less

than 0.2 % wt.

Preferably, the concentration of the ammonium salt of simvastatin is less than

about 40 g/l. More preferably, the concentration of the ammonium salt of simvastatin is

about 35 g/1.

Preferably, the lactonizing step is performed by refluxing the ammonium salt of

simvastatin in the aromatic hydrocarbon. Preferably, the aromatic hydrocarbon is selected
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from the group consisting of benzene, ethylbenzene, xylene and toluene. More preferably,

the aromatic hydrocarbon is toluene.

Preferably, the lactonizing step is performed for about 3 to about 5 hours. More

preferably, the lactonizing step is performed for 4 hours.

Preferably, the lactonizing step is performed in the presence of butyl

hydroxytoluene.

Preferably, the crude simvastatin is dried. Preferably, the drying step is performed

by evaporation. Preferably, the simvastatin is dried to residue.

Preferably, the dissolving step is performed at about 60°C. Preferably, the
crystallizing step is performed by adding an anti-solvent to the solvent after simvastatin is
dissolved. Preferably, the anti-solvent is at lease one solvent selected from the group

pentane, hexane, heptane, cyclohexane and petroleum ether.

Preferably, the process further comprises the steps of:

f) dissolving the simvastatin obtained in step €) in a water miscible organic
solvent selected from the group consisting of methanol, ethanol, acetone,
acetonitrile and tetrahydrofuran; and

g) adding an anti-solvent to induce precipitation to obtain recrystallized

simvastatin.

Preferably, the recrystallization steps of f-g) are repeated. Preferably, the anti-

solvent is water.

Preferably, recrystallized simvastatin contains a simvastatin dimer content of less

than about 0.19% wt.
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In yet another embodiment, the present invention provides a commercial scale
process for preparing simvastatin with a specified simvastatin dimer content, comprising
the steps of:

a) lactonizing an ammonium salt of simvastatin in aromatic hydrocarbon at a

concentration from about 25 to about 40 g/1 to form a simvastatin;

b) dissolving the simvastatin in at least one solvent selected from the group
consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and
precipitating the dissolved simvastatin with an anti-solvent selected from the
group consisting of pentane, hexane, heptane, cyclohexane and petroleum
ether; and

c) isolating the crystallized simvastatin,

wherein the crystallized simvastatin contains a simvastatin dimer content of about

0.2 to about 0.4% wt.

Preferably, the commercial scale process further comprises the steps of:

d) dissolving the simvastatin obtained in step €) in a water miscible organic
solvent selected from the group consisting of methanol, ethanol, acetone,
acetonitrile and tetrahydrofuran; and

¢) adding an anti-solvent to induce precipitation to obtain recrystallized

simvastatin.

Preferably, the recrystallization steps of f-g) are repeated. Preferably, the anti-

solvent is water.

In yet another embodiment, the present invention provides a commercial scale
process for preparing simvastatin with a specified simvastatin dimer content, comprising
the steps of:

a) lactonizing an ammonium salt of simvastatin in aromatic hydrocarbon at a

concentration of less than about 60 g/1 to form a simvastatin;

b) dissolving the simvastatin in at least one solvent selected from the group

consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and

precipitating the dissolved simvastatin with an anti-solvent selected from the
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group consisting of pentane, hexane, heptane, cyclohexane and petroleum
ether;

c) isolating the crystallized simvastatin;

d) dissolving the crystallized simvastatin in at least one solvent selected from the
group consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and
precipitating the dissolved simvastatin with an anti-solvent selected from the
group consisting of pentane, hexane, heptane, cyclohexane and petroleum
ether; and ‘

e) isolating the recrystaltized simvastatin,

wherein the recrystallized simvastatin contains a simvastatin dimer content of less

than 0.2 % wt.

Preferably, the commercial scale process further comprises the steps of:

f) dissolving the simvastatin obtained in step €) in a water miscible organic
solvent selected from the group consisting of methanol, ethanol, acetone,
acetonitrile and tetrahydrofuran; and

g) adding an anti-solvent to induce precipitation to obtain recrystallized

simvastatin,

Preferably, the recrystallization steps of f-g) are repeated. Preferably, the anti-

solvent is water.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS:
As used herein: “HMG-CoA reductase” refers to 3-hydroxy-3-methyl-

glutarylcoenzyme A reductase; “an inhibitor of HMG-CoA reductase” refers to statins
which can exists either as a 3-hydroxyl lactone ring or as the corresponding ring
dihydroxy open acid; “RRT” refers to relative retention time (relative to that of
simvastatin) of an impurity in HPLC; “RRT 0.68” refers to an impurity of simvastatin
having a relative retention time of 0.68; “RRT 1.87” refers to the impurfty of simvastatin
dimer; “Lov” refers to lovastatin; “E-Lov” refers to epi-lovastatin; “Sim-OH-Ac” refers

to dihydroxy open acid simvastatin; “Simv” refers to simvastatin; “Anhyd” refers to
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anhydrosimvastatin; “BHT” refers to butylhydroxytoluene; “DMBA” refers to

dimethybutyric acid; “ammonium salt of simvastatin” includes the ammonium salt of 3,5-
dihyroxy acid simvastatin; and, “commercial scale” refers to a simvastatin manufacturing
process starting with at least about 100 gram (can be as high as hundreds of kilograms) of

ammonium salt of simvastatin in the lactonization process.

“Anti-solvent” is generally known to the art to be a solvent, when added to a
solution containing a dissolved solute, will induce the precipitation of the solute from the
solution. “Water miscible organic solvent” refers to an organic solvent that is miscible

with water.

Unless otherwise specified, “%” refers to % wt and “A%” refers to % area under
HPLC. For the purposes of this application, “dimer” refers to simvastatin dimer, e.g., the

ester of the 3-hydroxyl simvastatin lactone and free acid lactone precursor.

Without being bound by any theory or mechanism of the invention, it is believed
that simvastatin formation is an intramolecular reaction and is independent of the
concentration of the simvastatin ammonium salt in the reaction mixture. Simvastatin
dimer formation, however, is an intermolecular reaction and can be accelerated by

increasing the concentration of simvastatin salt in the reaction mixture.

The present invention provides a process for controlling simvastatin dimer content
by lactonizing an ammonium salt of simvastatin at a specified concentration range. The
concentration of ammonium simvastatin salt is less than about 60 g/l. Preferably, the
concentration of ammonium simvastatin salt is about 25 to about 40 g/l. More preferably,
the concentration of ammonium simvastatin salt is about 30 to about 35 g/l. Most

preferably, the concentration of ammonium simvastatin salt is about 35 g/l.

Lactonization may be brought about by any means known in the art including
thermal induction. Lactonization of ammonium salt of simvastatin at a concentration of
about 20 g/l yields simvastatin which, after drying, results in a simvastatin containing

about 0.50 % to about 0.55 % wt simvastatin dimer. Lactonization of ammonium salt of
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simvastatin at a concentration of about 30 to about 60 g/l yields increasing amount of

simvastatin dimers in evaporated residues (0.7 % to 1.2%; see Table 1).

The lactonizing step is preferably performed by refluxing the ammonium salt of
simvastatin in aromatic hydrocarbon. Aromatic hydrocarbon includes, but not limited to,
benzene, ethylbenzene, xylene, toluene and the like. Preferably, the aromatic hydrocarbon
is toluene. Preferably, the lactonizing step is performed for about 3 to about 5 hours.
More preferably, the lactonizing step is performed for 4 hours. Preferably, the lactonizing
step is performed in the presence of butyl hydroxytoluene. Preferably, the crude
simvastatin is dried. Preferably, the drying step is performed by evaporation. Preferably,

the simvastatin is dried to residue.

The crude simvastatin is preferably dissolved in a solvent followed by
precipitation. Preferably, the dissolving step is performed at about 60°C. Preferably, the
precipitation is induced by adding an anti-solvent to the solution containing the dissolved
simvastatin. Preferébly, the anti-solvent is at lease one solvent selected from the group of

pentane, hexane, heptane, cyclohexane and petroleum ether.

In addition to regulating the concentration of ammonium salt of simvastatin during
the lactonization process, the present invention further provides another means for
controlling simvastatin dimer content. The means involves purification of simvastatin

using the steps of crystallization. According to the present invention, the process of

controlling simvastatin dimer content may involve using a combination of the reaction

conditions and crystallization strategy from different solvent systems.

One embodiment of the present invention involves crystallizing an evaporated
solid residue of simvastatin derived from the lactonization reaction mixture. Preferably,
the crystallization comprises the initial step of dissolving crude simvastatin in a
crystallization solvent. Preferably, the solvent is at least one solvent selected from the
group consisting of toluene, ethylacetate, tetrahydrofuran, and benzene. Precipitation may

be induced by adding an anti-solvent to the solution. Preferably, an anti-solvent is
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exemplified, but not limited to, pentane, hexane, heptane, cyclohexane and petroleum

ether.

Solution of crude simvastatin in toluene, ethylacetate, tetrahydrofuran and/or
benzene followed by precipitation by addition of an anti-solvent (e.g., hexane) greatly
reduce simvastatin dimer content. Such crystallization system is desirable for controlling
simvastatin dimer at a specified range of less than about 0.2% wt. For example, a first
crystallization of the evaporated simvastatin residue (obtained using simvastatin
ammonium salt of about 30 g/1 to about 60 g/1) from toluene-hexane mixture leads to

crude simvastatin with a dimer content of about 0.3 % to about 0.5 % wt. (see Table 1).

A second crystallization of crude simvastatin from toluene-hexane mixture leads
to purified simvastatin containing less than about 0.2 %wt of simvastatin dimer (see Table

2).

Preferably, the apolar solvent-anti-solvent system uses toluene as an apolar solvent
and hexane as an anti-solvent. More preferably, the ratio of toluene and hexane is 1:4

(v/v).

The recrystallization of crystallized simvastatin (e.g., crude simvastatin after
crystallized with toluene-hexane) with a water miscible organic solvent does not change
significantly the amount of simvastatin dimer. For example, a methanol solvent/water
anti-solvent crystallization of either the crude simvastatin (obtained after the first toluene-
hexane crystallization) or crystallized simvastatin (obtained after the second toluene-
hexane crystallozation) has limited effect on dimer content; but, effectively removes other
impurities. Therefore, final crystallization from methanol-water does not effect the

amount of dimer.

Preferably, the water miscible organic solvent includes, but not limited to,
methanol, ethanol, acetone, acetonitrile and tetrahydrafuran. Preferably, the
crystallization solvent is ethanol or acetone. Most preferably, the crystallization solvent

is methanol. Preferably, the anti-solvent used is water. Preferably, the polar solvent-anti-
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solvent system uses methanol as a polar solvent and water as an anti-solvent. More

preferably, the ratio of methanol and water is 1:1 (v/v).

In accordance with the present invention, the lactonization using an ammonium
salt of simvastatin of about 25 to 40 g/l followed by purification steps of toluene-hexane
crystallization results in simvastatin containing a simvastatin dimer content of about 0.2

to about 0.4% wt.

In accordance with the present invention, the lactonization using an ammonium
salt of simvastatin of less than 60 g/l followed by purification steps of repeated
toluene/hexane crystallization results in simvastatin containing a simvastatin dimer

content of less than 0.2 % wt.

According to another embodiment, the present invention provides a commercial

scale process by using ammonium salt of simvastatin of at least about 100 grams.

The simvastatin prepared according to the process of the invention contains a very

low level of other impurities, typically less than about 0.1%.

The present invention will be more fully understood from the following examples.
These examples are intended for illustration purposes, but do not in any way limit the

scope of the invention.

EXAMPLES
EXAMPLE 1 Effect of Varving Ammonium Simvastatin Concentrations on

Simvastatin Impurity Profile

a) Lactonization: Simvastatin ammonium salt (9.0 grams) was refluxed in toluene
(300 ml) for 2 hours under nitrogen in the presence of butylhydroxytoluene (BHT) (0.08
gram) using an oil bath for heating in a Dean — Stark condenser for removing water
formed in the reaction. After reflux the reaction mixture was stirred at 85 — 90°C for 3
hours. The reaction mixture was then evaporated to dryness to form a solid residue. The

dimer in the simvastatin solid residue was 0.70% (see Table 1, exp. 3).
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b) First Crystallization With Toluene-Hexane Solvent: Solid simvastatin residue

was dissolved in toluene (20 ml) at about 60°C. The solution was treated with charcoal
(0.3 gram), which was removed by filtration and was washed with toluene (4 ml). The
solution was charged into a four-necked round bottom flask fitted with nitrogen inlet,
thermometer, dropping funnel and reflux condenser. The solution was then heated to 58 —
62°C and n-hexane (55 ml) was added dropwise at this temperature for 1 hour while
stirring. The reaction mixture was then cooled to 0—5°C in 1.5 hours and new portion of
hexane (41 ml) was added to the slurry after 1 hour. The mixture was then stirred at this
temperature for 1 additional hour. Product was collected, washed with the mixture of
toluene (4 ml) and hexane (16 ml) containing BHT (0.007 gram) and dried at 48°C in a
vacuum oven to yield crude simvastatin. The dimer in the crude simvastatin was 0.32%

(see Table 1, exp. 3).

Using the above lactonization conditions, we examined how varying
concentrations of ammonium simvastatin salt affected the simvastatin impurity profile.
Varying concentrations, 2% (exp. nos. 1-2), 3% (exp. no. 3), 4% (exp. no. 4), 6% (exp.
no. 5) of ammonium simvastatin salt were tested. Lactonization was performed at reflux
temperature of 3 hours (exp. no. 1) or 5 hours (exp. no. 2). The oil bath temperature was
set at 125°C (exp. no. 1) or 150°C (exp. no. 6). Dimethybutyric acid (DMBA) (5% wt/wt) .
was added with ammonium simvastatin salt (exp. no. 7) to evaluate the effect of acid on

simvastatin purity.

Table 1 summarizes the results of 20 to 60 g/l ammonium simvastatin salt
concentration on the simvastatin impurity profile. As is evident in Table 1, increasing the
concentration of the ammonium simvastatin salt from 20 to 60 g/l increases the amount of
dimer, without significantly changing the amount of other impurities. Increasing
lactonization temperature from 125°C to 150°C does not change the dimer content (exp.
nos. 1 and 6), but addition of dimethyl butyric acid increases the dimer content (exp. nos.

1 and 7).
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EXAMPLE 2 (comparative)

a) Second Crystallization With Toluene—Hexane:

Crude simvastatin, from exp. 5, in Table 1, was dissolved in toluene (20 ml) at
about 60°C and the solution was charged into a four-necked round bottomed flask fitted
with nitrogen inlet, thermometer, dropping funnel and reflux condenser. The solution was
then heated to 58-62°C and n-hexane (46 ml) was added dropwise at this temperature for
1 hour while stirring. The reaction mixture was then cooled to 0—5°C in 1.5 hours and
new portion of hexane (34 ml) was added to the slurry in 1 hour. The mixture was then
stirred at this temperature for 1 additional hour. Product was collected, washed with the
mixture of toluene (3 ml) and hexane (12 ml) containing BHT (0.007 gram) and dried at

48°C in a vacuum oven to yield a purified simvastatin (exp. 5a).

b) Third Crystallization With Methanol-Water:

Purified simvastatin from the second toluene-hexane crystallization was dissolved
in methanol (49 ml), treated with charcoal (0.25 gram) which was filtered. The purified
simvastatin was washed with methanol (15 m1). BHT (0.004 gram) and water (23 ml)
were added to the solution, which was then heated to 35-40°C while stirring. The
solution was cooled to 13—17°C gradually in 2 hours. Precipitation began at about 30°C.
The suspension was then heated to 35-40°C again to dissolve most of the crystals. New
portion of water (46 ml) was then added dropwise at 35-40°C in 45-50 min and the slurry
was stirred for 1 hour at this temperature, then cooled to 5~10°C in 2 hours and stirred at
this temperature for 1 hour. The resulting crystalline material was collected, washed with
the mixture of water (7 ml) and methanol (6 ml) and dried at 48°C for a ni ght in a vacuum
oven to provide the simvastatin final product (exp. 5b).

Table 2 summarizes the results of the second toluene/hexane crystallization (exp.
5a) followed by a methanol/water crystallization (exp. 5b) steps on the simvastatin
impurity profile. As is evident in Table 2, a second toluene-hexane crystallization step
significantly decreases dimer from 0.48% to 0.19% and a third methanol/water
crystallization step does not further significantly reduce dimer (0.18%) (see Table 2). The

methanol-water crystallization does not significantly affect the dimer content but
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efficiently removes polar impurities, (e.g., RRT=0.58 and RRT=0.76 (simvastatin

hydroxy acid).

EXAMPLE 3 Different Simvastatin Ammonium Salt Starting Material

The experiments described above (Examples 1 to 7) used recrystallized

simvastatin ammonium salt as starting material. Since impurities of the starting
ammonium salt can also influence the impurity profile of the simvastatin product, this

effect was also studied.

Recrystallized simvastatin ammonium salt starting material from a laboratory
batch and crude simvastatin ammonium salt from commercial production were used and

the lactonization and crystallization steps were performed as in Example 1.

The impurity profile of crude simvastatin obtained from different quality
simvastatin ammonium salt (i.e., (1) laboratory ammonium simvastatin salt described
above, and (2) production plant ammonium simvastatin salt) are summarized in Table 3.
Table 3 summarizes the impurity profile of the crude simvastatin (i.e., obtained after first
toluene/hexane crystallization) prepared from the simvas:catin ammonium salt from
laboratory batch or commercial production. As evident in Table 3, the quality of the
ammonium salt does not effect the amount of the dimer in the crude simvastatin. As also
evident in Table 3 that the amount of other impurities can depend on the purity of the

ammonium salt.

EXAMPLE 4 Effect of Repeated Methanol-Water Crystallization on Impurity

Profile
The crude simvastatin products described in Table 3 were subjected to repeated
methanol-water crystallizations, after the toluene/hexane crystallization of Example 3, to
yield the final product. The yield, assay and impurity profile of the products are

summarized in Table 4.

Changing the crystallization steps affects the impurity profile of the final product.

The second toluene-hexane crystallization (see example 2) effectively removed both polar
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(RRT=0.68, simvastatin hydroxy acid) and apolar (RRT=1.40) impurities (see Table 2)
and dimer. The data in Table 4 shows that methanol—water crystallization does not
significantly affect the dimer content but efficiently removes the polar impurities (e.g.,

RRT=0.68 and RRT=0.76 (simvastatin hydroxyl acid).

EXAMPLE 5 Scaled-up Process for Preparing Simvastatin

The procedure elaborated in the foregoing examples; i.e., 10 gram scale was
scaled-up in the laboratory to 100 gram scale using a 4 L jacketed reactor instead of round
bottomed flasks. A process for preparing simvastatin starting from 105.0 grams

ammonium salt of commercial production plant origin is set forth below:

Step a) Lactonization Process

Simvastatin ammonium salt (105.0 grams) was stirred at reflux temperature (109 -
111°C) in toluene (3,000 ml) for 2 hours under nitrogen in the presence of -
butylhydroxytoluene (BHT) (0.8 gram) in a 4L jacketed reactor fitted with nitrogen inlet,
thermometer in a Dean—Stark condenser for removing of water formed in the reaction.
After reflux, the reaction mixture was stirred at 85-90°C for 3 hours. The reaction

mixture was then evaporated to dryness to form a solid residue (exp. no. 15, Table 5).

Step b) Preparation of Crude Simvastatin

Evaporation residue (112.0 grams) was dissolved in toluene (370 ml) at about
60°C. The solution was treated with charcoal (5.0 grams) which was removed by filtration
and washed with toluene (50 ml). The solution was charged into a four-necked round
bottom flask fitted with nitrogen inlet, thermometer, dropping funnel and reflux
condenser. The solution was then heated to 58 — 62°C and n-hexane (968 ml) was added
dropwise at this temperature for 1 hour while stirring. The reaction mixture was then
cooled to 0 — 5°C in 1.5 hours and new portion of n-hexane (712 ml) was added to the
slurry in 1 hour. The mixture was then stirred at this temperature for an additional 1 hour.
The product was collected, washed with the mixture of toluene (60 ml) and hexane (240
ml) containing BHT (0.13 gram) and dried at 48°C in a vacuum oven to yield 89.0 grams

of crude simvastatin (exp. no. 16, Table 5).
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Separation of Crude Simvastatin: Crude simvastatin was divided into two equal

parts. One part was subjected to one toluene — hexane recrystallization followed bya
methanol — water final crystallization according to one purification strategy, the other
part was subjected to a methanol — water recrystallization followed by a methanol — water

final crystallization according to an alternative purification strategy.

Purification strategy of applying toluene — hexane recrystallization followed by
methanol — water final crystallization

Step c) Purification by Toluene - Hexane Recrystallization

Crude simvastatin ((43.75 grams) from step b) was dissolved in toluene (150 ml)
at about 60°C, treated with charcoal (2.25 grams) which was washed with toluene (24
ml). The filtrate was charged into a four-necked round-bottom flask fitted with nitrogen
inlet, thermometer, dropping funnel and reflux condenser. The solution was then heated
to 58-62°C and n-hexane (400 ml) was added dropwise at this temperature for 1 hour
while stirring. The reaction mixture was then cooled to 0—~5°C in 1.5 hour and a new
pénion of hexane (296 ml) was added to the slurry in 1 hour. The mixture was then
stirred at this temperature for an additional 1 hour. The product was collected, washed
with a mixture of tolilcne (29 ml) and hexane (116 ml) containing BHT (0.067 gram), and
dried at 48°C in a vacuum oven to yield 42.5 gram of purified simvastatin (exp. no. 17,
Table 5).

Step d)_Methanol-Water Final Crystallization

Purified simvastatin (41.0 grams) from step c) was dissolved in methanol (438
ml), treated with charcoal (2.25 grams) which was filtered and washed with methanol
(137 ml). BHT (0.033 gram) and water (203 ml) were added to the solution, which was
heated to 35-40°C while stirring. The solution was cooled to 13—17°C gradually in 2
hours. Precipitation began at about 30°C. The suspension was then heated to 35-40°C.
again to dissolve most of the crystals and an additional portion of water (415 ml) was then
added dropwise at 35-40°C in 4550 min. The slurry was stirred for 1 hour at this
temperature, then was cooled to 5—10°C in 2 hours and stirred at this temperature for 1

hour. Crystalline material was collected, washed with the mixture of water (61 ml) and
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methanol (54 ml) and dried at 48°C for a night in a vacuum oven to afford 39.16 grams of

simvastatin final product (exp. no. 18, Table 5).

Purification strategy of applying methanol - water recrystallization followed by
methanol — water final crystallization

Step e) Purification by First Methanol-Water Crystallization

Another portion of the crude from step b) crude simvastatin (43.75 grams) was
dissolved in was dissolved in methanol (438 ml), treated with charcoal (2.25 grams)
which was filtered and washed with methanol (137 ml). BHT (0.033 gram) and water
(203 .ml) were added to the solution and then it was heated to 35-40°C while stirring. The
solution was cooled to 13—17°C gradually in 2 hours. Precipitation begins at about 30°C.
The suspension was then heated to 35-40°C again to dissolve most of the crystals and
new portion of water (415 ml) was then added dropwise at 35-40°C in 45-50 min. The
slurry was stirred for 1 hour at this temperature then was cooled to 5~10°C in 2 hours and
stirred at this temperature for 1 hour. Crystalline material was collected, washed with the
mixture of water (61 ml) and methanol (54 ml) and dried at 48°C for a night in a vacuum
oven to yield 42.5 grams of simvastatin final product (exp. no. 19, Table 5).

Toluene (150 ml) at about 60°C, treated with charcoal (2.25 grams) which was
washed with toluene (24 ml). The filtrate was charged into a four-necked round bottomed
flask fitted with nitrogen inlet, thermometer, dropping funnel and reflux condenser. The

solution was then

The data in Table 6 show that scaling-up the process (e.g., commercial process),
when using about 3.5% ammonium salt simvastatin followed by crystallization of the -
crude simvastatin with a first methanol/water solvent results in simvastatin with the

specified range of dimer content (see, exp. 19, Table 5).

Step f) Purification by Second Methanol-Water Crystallization

Purified simvastatin (41.0 grams) from step e) was dissolved in methanol (438

ml), treated with charcoal (2.25 grams) which was filtered and washed with methanol
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(137 ml). BHT (0.033 grams) and water (203 ml) were added to the solution then it was
heated to 35-40°C while stirring. The solution was cooled to 13-17°C gradually in 2
hours. Precipitation begins at about 30°C. The suspension was then heated to 35-40°C
again to dissolve most of the crystals and new portion of water (415 ml) was then added
dropwise at 35-40°C in 45-50 min. The slurry was stirred for 1 hour at this temperature
then was cooled to 5—10°C in 2 hours and stirred at this temperature for 1 hour.
Crystalline material was collected, washed with the mixture of water (61 ml) and
methanol (54 ml) and dried at 48°C for a night in a vacuum oven to afford 39.55 grams of

simvastatin final product.

The data in Table 5 also show that a second methanol/water crystallization results
in simvastatin with the specified range of dimer content (see, exp. 20, Table 5).

The present invention is not to be limited in scope by the specific embodiments
described herein. It will be understood that various modifications may be made without
departing from the spirit and scope of the invention. Various publications and patents are

cited herein, the disclosures of which are incorporated by reference in their entireties.
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WHAT IS CLAIMED IS:
1. A process for preparing simvastatin with a specified simvastatin dimer content,
comprising the steps of:

a) lactonizing an ammonium salt of simvastatin in aromatic hydrocarbon at a
concentration from about 25 to about 40 g/l to form a simvastatin;

b) dissolving the simvastatin in at least one solvent selected from the group consisting
of toluene, ethylacetate, tetrahydrofuran, and benzene and precipitating the
dissolved simvastatin with an anti-solvent selected from the group consisting of
pentane, hexane, heptane, cyclohexane and petroleum ether; and

¢) isolating the crystallized simvastatin,

wherein the crystallized simvastatin contains a simvastatin dimer content of about 0.2 to

about 0.4% wt.

1

2. The process of claim 1, wherein the concentration of the ammonium salt of simvastatin is
from about 30 to about 35 g/I.
3. The process of claim 2, wherein the concentration of the ammonium salt of simvastatin is
about 35 g/L.
4, The process of claim 1, wherein the lactonizing step is performed by refluxing the
ammonium salt of simvastatin in the aromatic hydrocarbon.
5. The process of claim 4, wherein the aromatic hydrocarbon is selected from the group
consisting of berizene, ethylbenzene, xylene and toluene.
6. The process of claim 4, wherein the aromatic hydrocarbon is toluene.
7. The process of claim 4, wherein the lactonizing step is performed for about 3 to about 5
hours.
8. The process of claim 7, wherein the lactonizing step is performed for 4 hours.
9. The process of claim 1, wherein the lactonizing step is performed in the presence of butyl
hydroxytoluene.
10. The process of claim 1, after step a) and before step b), further comprising the step of
drying the simvastatin obtained in step a).
11. The process of claim 10, wherein the drying step is performed by evaporation.
12. The process of claim 10, wherein the simvastatin obtained in step a) is dried to residue by
drying.
13. The process of claim 1, wherein the dissolving step is performed at about 60°C.

14. The process of claim 1, after step c), further comprises the steps of:
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a) dissolving the simvastatin obtained in step c) in a water miscible organic solvent
selected from the group consisting of methanol, ethanol, acetone, acetonitrile and
tetrahydrofuran; and

b) adding an anti-solvent to induce precipitation to obtain recrystallized simvastatin.

15. The process of claim 14, wherein the water miscible organic solvent is methanol.

16. The process of claim 14, wherein the anti-solvent is water.

17. The process of claim 14, wherein the steps of d-e) are repeated.

18. The process of claim 1, wherein the crystallized simvastatin contains a simvastatin dimer
content of about 0.25 to about 0.34% wt.

19. A process for preparing simvastatin with a specified simvastatin dimer content,
comprising the steps of:

a) lactonizing an ammonium salt of simvastatin in toluene at a concentration from
about 25 to about 40 g/l to form a simvastatin;

b) dissolving the simvastatin in toluene and precipitating the dissolved simvastatin
with hexane; and

¢) isolating the crystallized simvastatin,

wherein the crystallized simvastatin contains a simvastatin dimer content of about 0.2

to about 0.4% wt.

20. The process of claim 19, after step c), further comprises the steps of:
d) dissolving the simvastatin obtained in step c¢) in methanol; and
e) adding water to induce precipitation to obtain recrystallized simvastatin.
21. The process of claim 20, wherein the steps of d-e) are repeated.
22. A process for preparing simvastatin with a specified simvastatin dimer content,
comprising the steps of:

a) lactonizing an ammonium salt of simvastatin in aromatic hydrocarbon at a
concentration of less than about 60 g/1 to form a simvastatin;

b) dissolving the simvastatin in at least one solvent selected from the group consisting
of toluene, ethylacetate, tetrahydrofuran, and benzene and precipitating the
dissolved simvastatin with an anti-solvent selected from the group consisting of
pentane, hexane, heptane, cyclohexane and petroleum ether;

c) isolating the crystallized simvastatin;

d) dissolving the crystallized simvastatin in at least one solvent selected from the

group consisting of toluene, ethylacetate, tetrahydrofuran, and benzene and
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precipitating the dissolved simvastatin with an anti-solvent selected from the group
consisting of pentane, hexane, heptane, cyclohexane and petroleum ether; and

e) isolating the recrystallized simvastatin,

wherein the recrystallized simvastatin contains a simvastatin dimer content of less than

0.2 % wt.

23. The process of claim 22, wherein the steps d) and e) are repeated.

24. The process of claim 22, wherein the concentration of the ammonium salt of simvastatin is
from about 30 to about 35 g/l.

25. The process of claim 24, wherein the concentration of the ammonium salt of simvastatin is
about 35 g/l.

26. The process of claim 22, wherein the lactonizing step is performed by refluxing the
ammonium salt of simvastatin in the aromatic hydrocarbon.

27. The process of claim 26, wherein the aromatic hydrocarbon is selected from the group
consisting of benzene, ethylbenzene, xylene and toluene.

28. The process of claim 26, wherein the aromatic hydrocarbon is toluene.

29. The process of claim 26, wherein the lactonizing step is performed for about 3 to about 5
hours.

30. The process of claim 29, wherein the lactonizing step is performed for 4 hours.

31. The process of claim 22, wherein the lactonizing step is performed in the presence of butyl
hydroxytoluene.

32. The process of claim 22, after step a) and before step b), further comprising the step of
drying the simvastatin obtained in step a).

33. The process of claim 32, wherein the drying step is performed by evaporation.

34. The process of claim 32, wherein the simvastatin obtained in step a) is dried to residue by
drying.

35. The process of claim 22, wherein the dissolving step in b) or d) is performed at about
60°C.

36. The process of claim 22, after step e), further comprises the steps of:

f) dissolving the simvastatin obtained in step ) in a water miscible organic solvent
selected from the group consisting of methanol, ethanol, acetone, acetonitrile and
tetrahydrofuran; and

g) adding an anti-solvent to induce precipitation to obtain recrystallized simvastatin.

37. The process of claim 36, wherein the steps f-g) are repeated.
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38. The process of claim 36, wherein the water miscible organic solvent is methanol.
39. The process of claim 36, wherein the anti-solvent is water.
40. The process of claim 22, wherein the crystallized simvastatin contains a simvastatin dimer
content of less than about 0.19% wt.
41. A process for preparing simvastatin with a specified simvastatin dimer content,
comprising the steps of:
a) lactonizing an ammonium salt of simvastatin in toluene at a concentration of less
than about 60 g/l to form a simvastatin;
b) dissolving the simvastatin in toluene and precipitating the dissolved simvastatin
with hexane;
c) isolating the crystallized simvastatin;
d) dissolving the crystallized simvastatin intoluene and precipitating the dissolved
simvastatin with hexane; and
e) isolating the recrystallized simvastatin,
wherein the recrystallized simvastatin contains a simvastatin dimer content of less than
0.2 % wt.
42. The process of claim 41, wherein the steps d) and e) are repeated.
43. The process of claim 41, after step e) further comprises the steps of:
f) dissolvieng the simvastatin obtained in step €) in methanol; and
g) adding water to induce precipitation to obtain recrystallized simvastatin.
44. A process for preparing simvastatin as in claim 1, wherein the ammonium salt of
simvastatin is at least about 100 grams.
45. A process for preparing simvastatin as in claim 22, wherein the ammonium salt of

simvastatin is at least about 100 grams.
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