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INTERMEDIATE COMPOUNDS

FIELD OF THE INVENTION:

This invention relates to a process for manufacturing R-(R*, R*)]-2-(4-
fluorophenyl)-B,D-dihydroxy-5-(1~-methylethyl}-3-phenyi-4-{{(phenylamino)carbonylj-1 H-
pyrrole-1-heptanoic acid hemi calcium salt, atorvaétatin form V and the novel
intermediates produced during the course of manufacture. The said compound 1s useful as

inhibitors of the enzyme HMG-CoA reductase and are thus useful as hypolipidemic and

hypocholesterolemic agents.

BACKGROUND OF THE INVENTION
US Patent. No. 4,681,893, discloses a route using resolution of the facemic product

usine R () a-methyl benzyl amine. US patent No. 5,003,080 discloses a synthetic route
for the preparation of the chiral form of atorvastatin. The patent discloses a process for the
preparation of the lactone or its salts by coupling an ester of (4R)-6-(2-aminoethyl)-2,2-
dialkyl-1,3-dioxane-3-acetate with 4-fiuoro-o-[2-methyl-1-oxopropyl}y-oxo-N-§-
diphenylbenzencbutaneamide followed by deprotection and hydrolysis to give the product.
The product suffers from the fact ozonolysis is required as one of the steps for the
synthésis of the amino ketal intermediate, which is hazardous for la:rge scale preparation.
The patent describes an alternate procedure wherein 4-fluoro-o-[2-methyl-1-oxopropyl}y-
oxo-N-B-diphenylbenzenebutanecamide is reacted with 3-amino propinaldehyde acetal
followed by conventional procedures to give atorvastatin.

US patent No. 5,216,174, No. 5,097,045, No. 5,103,024, No. 5,124,482, No.
5,149,837, No. 5,155,251, No. 5,216,174, No. 5,245,047, No. 5,273,995, .N0.5,248,793,
and No.5,397,792 describes various minor ﬁlodiﬁcations in the procedure for the

preparation of atorvastatin calcium salt.
Synthesis of esters of (4R)-6-(2~-aminoethyl)-2,2-dialkyl-1,3-dioxane-3-acetate 1s an

important part of the preparation of atorvastatin calcium. US patent 5,155,251 also

discloses a synthetic route for the synﬁlesié of (3R)-4-cyano-3-hydroxy butyric‘ acid esters

from (S)-3-hydroxy butyrolactone, which 1n turn is synthesized from a suitable
carbohydrate subsirate.
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Other patents like 5,292,939, 5,319,110 and 5,374,773 discloses the preparation of
3,4-dihydroxybutyric acid. However, isolation of this highly water soluble compound or its
lactone 1s noi attempted.

Another multi step procedure starting from (S)-malic acid (J. org. Chem., 1981, 46,
4319) is reported. Esters of (S)-malic acid have also been used (Chem. Lett., 1984, 1389)
for the synthesis of the hydroxy lactone involving BMS-NaBH, reduction, followed by
lactonization. While a six step procedure from D-isoascorbic acid is also reported (Syn.,
1987, 570) but this process requires a silica gel chromatographic separation of the
diasteromic mixtures.

Optical resolution of the racemic .hydroxylactones using lipase is disclosed i US
patent 5,084,392 but this method suffers from poor enatiomeric excess and loss of the other
active 1somer.

Thus, these prior art procedures involves cumbersome reaction conditions or
exXp eﬁsive starting materials, reagents which are difficult to handle or hazardous for scale
up, coupled with a multi step procedure which results in poor overall yielci

The object of the present invention is to disclose an inexpensiife, simple and
scalable route for the synthesis of atorvastatin form V. PCT pending application filed on
March 28, 2000 (PCT/IN00/00030) discloses a process for the synthesis butuses a
different amino acid fragment for the condensation reaction to get atorvastatin calcium.
Reference is also made to co- pending application filed on January 19, 2001
(PCT/INO1/00006) claims the form V polymorph of atorvastatin calcium.

DETAILED DESCRIPTION OF THE INVENTION |

The process of the present invention in its first aspect is a new, improved,
cconomical, and commercially feasible method for preparing HMG CoA reductase
inhibitors of Formula XII which are useful as inhibitors of the enzyme HMG CoA

reductase and are thus useful as hypolipidemic or hypocholesterolemic agents is outlined in
Scheme 1 - 4. |

. Structure X1,

Accordingly, the present invention provides a process for the synthesis of

Atorvastatin Form V (formula XII) which comprising:

a) reacting of compound of formula X with a compound of structure IV in a

mixture of solvents chosen from xylene, cyclohexane, methyl tert-butyl ether,
).
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diisopropyl ethyer, acetonitrile, in the presence of a catalyst chosen from pivalic
acid, trifluromethyl sulfonic acid, methane sulfonic acid or p-toluene sulfonic acid,

to give an mtermediate of structure X1,

b) hydrolysis of the compound of structure XI followed by calcium salt

formation,
' ¢) the crude calcium salt 1s isolated as Form V.

Compound of Formula X used in step (a) where R 1s selected trom Cglls or
substituted phenyls is prepared by:

1) reacting a compound of formula V with dihydro pyran to give a protected
ether of formula VI,

i1) reacting a compound of formula VI with tert-butyl acetate with a base at —

30 ta -80°C to give a compound of formula VIL,
i11)  reducing a compound of formula VII to give a compound of formula VIII,

iv)  converting a compound of formula VIII to a protected boraonate ester of
formala IX,

V) reducing a compound of formula IX to give a compound of formula X.

The reducing agent used in étep (c) is selected from zinc borohydnide, The
protecting group used in step (d) is selected from phenyl boronic acid, tolyl boronic acid or

3,nitro benzene boronic acid. Form V atorvastatin Calcium and hydrates thereof are

1solated in step (c¢) by :

(1) stirring heterogeneous mixture of atorvastatin calcium in a mixture of water

and absolute ethanol;
(1) faltering to get the solid;

(1) drying to get Form V atorvastatin calcium.

The ratio of water and absolute ethanol is in the range of 3:1 to 8 :1. The ratio of

water and alcohol is 4.67: 1. The stirring 1s carried out at 25 - 50 deg centigrade. The
3
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stirring is carried out at 40 deg centigrade for 10 - 25 hrs. The stirring is carried out for 17
hours. The final product is dried in vacuum tray drier.

An intermediate of formula IX, where R is selected from Cg¢H or substituted
phenyls. |

An intermediate of formula X, where R is selected from C¢H; or substituted
phenyls.

An intermediate of formula X1, where R is selected from C¢Hjs or substituted |
phenyls.

The present invention further comprises a pharmaceutical composition comprising
of Form V atorvastatin calcium in admixture with at least one pharmaceutically acceptable
exipient , ailucnt or carrier. The pharmaceutical composition is selected from tablets,

capsule, powder or lozenges.

The present invention also relates to a method of treating hyperlipidemia and
hypercholesterolemia comprising administering to a host suffering therefrom a
therapeutically effective amount of a compound according to claims 16-17 m unit dosage
form. | |

| The synthetic scheme for the synthests of the amino ester of formula X 1s outlined

in scheme 1
Scheme - |

| Thus, a cyano hydroxyester of formula V is treated with dihydropyran m the
p;;ésence df p-toluenesulfonic acid in a solvent like, CH,Cl,, CH;CN, DMF etc., to give the
protected ether of formula VI, which is subsequently tre ated with the gnion of tert-butyl
acetate generated by reacting tert-butyl acetate with lithrum diiSOprOpylamidg in THF to

give a compound of formula VIL.

A B-keto ester of formula XII is then reduced using zinc borohydride in THF to
give a dihydroxy compound of formula VIII. , |
~ The dihydroxy ester compound of formula VIII is then protected using a boronic
acid of formula RB(OH), 9 :
Where R is chosen from phenyl or substituted phenyl to afford a boronate ester of
Formula IX. Preferably, the reaction is carried out with phenyl boronic acld ﬁnder a
Mﬁqgen atmosphere. |

A boronate ester of Formula IX is then reduced using Raney Nickel to give the |

- amino ester of formula X.
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A amino ester of Formula X is reacted with a diketone of Formula IV wherein the
process for the preparation of the compound of formula IV is described in scheme 2.
Scheme — 2

A compound of formula IV 1s prepared as described i scheme 2, which comprises
of reacting isobutyryl chloride and meldrum’s acid in the presence of a base chosen from
pyridine, tricthylamine, diisopropylethyl amine, dimethylaniline etc in CH,Cl, at 0-5°C for
about 18h to give an acyl meldrum acid which is then reacted with aniline in a solvent
chosen from CH,Cl,, acetonitrile, toluene etc., at the reflux temperature of the solvent for
about 12h to afford the amide of formula II. Preferably the reaction is done in pyridine and
CH,Cl; at 0°C and in CH,Cl, by stMg at room temperature.

The keto amide of formula II is then reacted with benzaldehyde in the presence of a
base chosen from aqueous NaOH , or lithium hydroxide etc., and alumina for about 26h to
eive the methyl enephenyl intermediate of formula 111

The compound of formula II1 1s treated with 4-fluorobenzaldehyde in the presence
of a catalyst chosen from metallic cyanide where the metal is Ag, K. Na Cu,
letraalkylammonium etc., or trimethylsilyl cyanide in a polar solvent chosen from DMSO,
DMF, acetonttrile etc., at the réﬂux temperature of the solvent to give a compound of
formula IV. Preferably the reaction is carried out by reacting 4-fluorobenzaldehyde and

sodium cyanide in DMSO at reflux temperature.

The diketone of formula IV is reacted with the amino ester of formula X as
described 1 Scheme 3 in the presence of a catalyst of F onngla R;1,SOz:H, wherein R, is
chosen from CF;, CHs, p-CH;CglHy and a solvent or mixtures thereof such as, for example,
acetontitrile, xylene, diisopropyl ether cyclohexane, methyl tert-butyl ether and the like for
about 24 to about 48 hours from 5 to 10°C to about the reflux temperature of the solvent
with the removal of water to afford a compound of Formula XI. Preferably, the reaction is

carried out in the presence .6f methanesulfonic acid and a mixture of xvlene-hexane at

reflux for about 48 hours with the removal of water.

Schere — 3

. The compound of formula X1 is converted to atorvastatin calcium as shovwn in

scheme 4
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Scheme — 4

Which involves the deprotection of the boronate ester followed by hydrolysis of the
ester to give the free acid which is converted to its ammonium salt by reacting wiih etther
NH,OH, methanolic NH; or by bubbling gaseous NHj to the solution of carboxylic acid
a solvent chosen from a mixture of EtOAc, hexane, diisopropyl ether, isopropanol,
cyclohexane and methanol. Preferably the intermediate of formula X1 is de-protected using
aqueous sodium hydroxide at room temperature over a period of 24h and 18 then
hydrolyzed using methanolic sodium hydroxide and acidified using dil HCl to give the free
acid which is converted to its ammonium salt by passing gaseous NH; in EtOAc. The

ammuonium salt is then treated with calcium acetate to give atorvastatin calcrum.

The invention will now be described with refersnce to the following examples.
Example 1
1.1  Preparation of 4-methyl-3-0xo-N-phenylpetanamide (Formula [).

~ To a suspension of malonic acid (104g) in acetic anhydride (120mL) at room
temperaulré, Conc. HZSO4 (3ml) was added. The mixture was cooled to 20°C followed by
the addition of acetone (80ml) drop wise. The contents were stirred at room temperature
(15min) and kept at 0-5°C overnight and filtered. The solid was washed with cold water
and cold acetone and dried. The crude material was recrystallized from acetone-hexane
mixture.

Meidrum’ s acid (59g) was dissolyed n CHZQIZ (200 mL) and cooled to 0°C.
Pyridine (73mL) was added drop wise over a period of 30 min and the mixture was stirred
for an additional 10 min. Isobutyryl chloride (44g) was added drop wise over a peniod of
30 min. and the mixture was stirred at 0°C for 1h followed by stirring at room temperature
over night. The mixture was poured into 1.5N HCI contamning crushed ice. The lhyers were
separated and the aqueous layer was extracted with CH>Cl, (2x106mL). The combined
extracts wé:re washed with 1.5N HCI (2x100mL) followed by saturated NH4Cl solution
(2x100ml.) and dried over Na,SO,4 and concentrated under reduced pressure o aﬁo-'rd the
crude acyl meldrum’s acid which was used for the next step. |

The crude acyl meldrum’s acid (84¢g) was taken in benzene (300mL) and aniline
(111mL) was added. The mixture was refluxed for 4h. Cool the reaction mixture to room‘.
temperaturé and wash with 2N HCI (5x100mL) and benzene was removed under reduced

pressure to get formula Il

SUBSTITU'I"E SHEET (RULE 26)
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Example 1.2
Preparation of 4-methyl-3-oxo-N-phenyl-2-(phenylmethylene) pentanamide (Formula
I1IY).

The ciude amide was added to a slurry of alumina impregnated with lithium
hydroxide in tetrahydrofuran. To this miiturc at room tcmi)erature benzaldehyde was
added. The contents were allowed to stir under reflux for 2h. The contents were filtered,
tetrahydrofurn was removed under reduced pressure and the residue was extracted with
CH,Cl. The organic extracts were washed with bicarbonate, bisulfite solution, dried and

concentrated under reduced pressure to afford the crude compound of formula 1.

Example 1.3

Preparation of 4-fluoro-a-[2-methy!-1-oxopropylly-oxo-N-B-

diphenyibenzenebutaneamide (Formula IV). |
T'o 4-fluorobenzaldehyde in anhydrous DMF, sodium cyanide was added and the

contents were refluxed for 4h. To this the intermediate from example 3 was added and the

contents were stirred for an additional 18h. Usual work up affords the crude diketo

compound of formuia I'V.

Example 1.4
Preparation of 4-cyano-3-(O-tetrahydropyranyl) butyric acid ethyl ester (Formula
VI).

A solution of 50g of 4-cyano-3-hydroxybutyric acid ethyl ester in dichloromethane
(1L) and dihydropyran (53.57g) and-catalytic quantity of PPTS (1 5.9¢) was stirred at room

temperature over a :period of 24h. Upon completion, the contents were washed with

bicarbonate, dried and solvent was removed under reduced pressure to give the title

compound.

Example 1.5

Preparation of tert-butyl 6-cyano-5-hydroxy-3-oxohexanaote (Formula VII).

To a solution of THF (50mL) and diisopropylamine (37.6ml), b~Butyl lithium
(186.5ml) at a temperature of -10°C and maintained at -3°C for 30min. To this solution at -
20 to -25°C terualy butyl acetate (34.97ml) in 35ml of THF was added and the temperature
was mamtianed for 1h. The ether ( 14g) 1n 14ml of THF from the above example was added

SUBSTITUTE SHEET (RULE 26)
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at -20 to -25°C and maintained for 3h. The contents were quenched with 3N HCl to a p- of
6-7. The organic layer was separated and the aqueous layer was extracted with EtOAc. The

combined organic layer was washed with water, brine, dried and concentrated under

reduced pressure to give the title compound of formula VII.

Example 1.6
Preparation of tert-butyl 6-cyano-3,5-dihydroxyhexanaote (Formula VIII).

The crude product from the above example was taken up in dry THF and
isopropanol under nitrogen atmosphere. The solution was cooled to —10°C and a solution
of zinc borohydride was added. The temperature was maintained between —10°C to —15°C

and was allowed to warm to room temperature and stand for 18h. The reaction was

quenched by addition of acetic acid and concentrated under reduced pressure to afford an

oily residue.

Example 1.7
Preparation of (4R)-tert-butyl 6-cyano-3,5-dihydroxy phenylboronato hexanaote
(Formula IX). |

To the diol from the above example (10g) was reacted with phenyl boronic acid
(3.5g) m toluene. The contents were refluxed for 20h and the water was collected by
azetrope distillation. Toluene was removed under reduced pressure and petroleum ether

was added to the oily residue was cooled to 0°C to precipitate the solid boronate.

Example 1.8

Preparation of (4R)-tert-butyl 7-amine-3,5-dihydroxy phenylboronato heptanoate
(Formula X)

The boronate ester (5g) from the above example was added to saturated solution of
methanolic ammonia and Raney Nickel (5¢) was added. The contents were hydrogenated
under pressure (Skg). The contents were filtered over celite bed, methanol was removed

under reduced pressure to afford the crude title compound of formula X.

Example 1.9

SUBSTITUTE SHEET (RULE 26)
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Preparation of [R-(R*,R*)]|-2-(4-fluorophenyl)-B,5-dihydroxy-5-(1-methylethyl)-3-
phenyl-4-[phenylaminocarbonyl]-lH-pyrrole-l-heptanoic acid, hemi calcium salt
(Formula X11)

A solution o ¢ 4R);-tert-butyl 7-amino-3, 5-dihydroxy phenyiboronato heptanoate
(Formula X) and 4-ﬂu0r0-oc-[2-methyl-I-OXOPropyl]y-oxo-N-B-—
diphenylbenzenebutaneamide (formula IV) and acetic acid in xylene were heated to reflux
to 44h. The solution was diluted with diisopropyl ether and methanol and was washed with
dilute methanolic sodium hydroxide solution, dilute HCI and the solvent was then removed

under vacuum. The crude oil was stirred with moist silica in CH,Cl, and was stirred at

- room temperature for 18h. A solutton of aqueous NaOH was then added at room

temperature and was stirred for 4h. The reaction mixture was diluted with water and was
washed with dusopropyl ether. The aqueous lz;yer was acidified with HCl and was taken up
in diisopropyl ether. The crude acid intermediate was then taken up in EtOAc and NH; gas
was bubbled. The contents were stirred for completion of the reaction and solvent was
removed upon which the product crystallized. The crude ammonium salt is then taken up
in diisopropyl ether-isopropanol mixture and a solution of calcium acetate was added at
room temperature upon which the calcium salt precipitated from the solution. The product
was filtered and dried under vacuum to get formula X1I of acceptable pharmaceutical

purnty.

Example 1.10
Form V

A heterogeneous mixture of Atorvastatin Calcium (10 g) stirred in a mixture of
water and absolute ethanol (140 mi:30 ml réspectively) at 40 deg centigrade for 17 hrs.

The product 1s filtered and suck dried. The filiered semi dried product 1s dried i a vacuum
tray drier (650 mm Hg) for 17 hrs. to get 9 g of fimished product.

The mvention has been described by reference to specific embodiments, this was

for the purpose of illustration only. Numerous alternative embodiments will be apparent to

those skilled in the art and are considered within the scope of these claims.

9
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We claim: .
1. A process for the synthesis of Atorvastatin Form V (formula XII) which

comprising:

,-;
L »

a) reacting of compound of formula X with a compound of structure IV in a
mixture of solvents chosen from xylene, cyclohexane, methyl tert-butyl ether,

dusopropyl ethyer, acetonitrile, in the presence of a catalyst chosen from pivalic
acid, trifluromethyl sulfonic acid, methane sulfonic acid or p-toluene sulfonic acid,

to give an mtermediate of structure X1,

b) hydrolysis of the compound of structure XI followed by calcium salt formation,

¢) the crude calcium salt is 1solated as Form V.

A process as claimed in claim 1 wherein compound of Formula X used in step (a)

where R is selected from C4Hj or substituted phehyls 1s prepared by:

1) reacting a compound of formula V with dihydro pyran to give a protecied

ether of formula VI

i1) reacting a compound of formula VI with tert-butyl acetate with a base at —

30 to -80°C to give a compound of formula VII,

m)  reducing a compound of formula VII to give a cbmpomld of formula Vi,

) converting a compound of formula VIII to a protected boraonate ester of

formula IX,
V) reducing a compound of formula IX to give a compound of formula X.
3. The process as claimed in claim 2, wherein the redlicing agent used in step (c) 1S

selected from zinc borohydride,

4.

The process as claimed in claim 2, wherein the protecting group used in step (d) is

selected from phenyl boronic acid, tolyl boronic acid or 3.nitro benzene boronic acid.

S.

The process as claimed in claim 1, wherein Form V atorvastatin Calcium and

hydrates thereof are 1solate mn step (c) by :
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(1) stirring heterogeneous mixture of atorvastatin calcium in a mixture of water

and absolute ethanol;
(1) filtering to get the solid;

(111) drying to get Form V atorvastatin calcium.

6. A process as claimed in claim 5 wherein the ratio of water and absolute ethanol is

in the range of 3:1 tb 8 :1.

7. A process as claimed in claim 6, wherein the ratio of water and alcohol 1s 4.67: 1.
8. A process as claimed in claim 5, wherein the stirring is carried out at 25 - 50 deg
centigrade. |

9. A process as claimed in claim 8, wheréin the stirring 1s carried out at-40 deg
centigrade.

10. A process as claimed in claim 5, wherein the stirrng 1s carried out for 10 - 25 hrs.
11. A process as ciaimed in claim 10, wherein the stirring 1s carried out for 17 hours.

12. A process as claimed in claim 5, wherein the firal product is dried in vacuum tray
dner.

13. The intermediate of formula IX, where R 1s selected from CgH;s or substituted
phenyls. :

14.  The intermediate of formula X, where R is selected from C¢Hs or substituted
phenyls. |

15. 'I'he‘ intermediate of formula XI, where R is selected from C¢H; or substituted
phenyls.

16. A pharmaceutical composition comprising of Form V atorvastatin calcium in

admixture with at least one pharmaceutically acceptable exipient , diluent or carrier.

15
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17.  The pharmaceutical composition as claimed in claim 16, is selected from tablets,

capsule, powder or lozenges.

1°8. A method of treating hyperlipidemia and hypercholesterolemia comprising
| administ erinig 1o a host suffering therefrom a therapeutically effective amount of a

compound according to claims 16-17 in unit dosage form.
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