Available online at www.derpharmachemica.com

A Y
5@ ? ISSN 0975-413X Der Pharma Chemica, 2016, 8(4):271-285

CODEN (USA)Z PCHHAX (http://derpharmachemica.com/archive.html)

Characterization and preparation of Process Related
Substances of Rosuvastatin-Calcium an anti lipideridrug

Madhuresh K. Sethi*, Sanjay Mahajan, Bhairaiah Mara, Upendranath Veera,
Anish Kumar; Purbita Chakraborty and Anitha Nimmaga dda

R & D, Mylan Laboratories Ltd., Plot No. 31, 32, 83d 34 A ANRICH Industrial Estate, Bollaram (Vi&),
Jinnaram (Mandal), Medak (Dt) 502325, Andhra Praddadia

ABSTRACT

Rosuvastatin belongs to a group of medicines knasvstatins. It regulates the amount of cholestarad other
lipids made by your body, and helps to reduce ileaf heart and blood vessel diseablke dose range 5 to 40 mg
orally once daily for a longer period . Presencehafher level of related substances or impurtiey tave harmful
effect on body, hence needed to be identifiedhegised & charateised for safer use of the medidihwing
process optimization of Rosuvastatin calcium(Aipiidemic drug), impurities ranging from 0.03 to (8 were
observed. These related substances or impuritiee visolated, characterized and proposed structuras w
confirmed by chemical synthesis. The structurehebé impurities were assigned as Bis 7-(4-fluoraghes-
isopropyl-2-(N-methyl-N-methanesulfonylaminopyrimjeb-yl]-3R-hydroxy -5-oxo-(E)-6-heptenoate caloiu(5-
keto acid), 6-[(E)-2-[4-(4-fluorophenyl)-6-isoprok®-(N-methyl-N-methanesulfonylaminopyrimidin)-$-yinyl-4-
hydroxytetrahydro-2H-pyran-2-one (Lactone), Bis (#)[4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-thane
sulfonylaminopyrimidin)-5-yl] (3R, 5R) - dihydroXi)-6-heptenoate calcium (3R, 5R-isomer), Bis TH}¥-(4-
fluorophenyl)-6-isopropyl-2-(N-methyl-N-methane femylaminopyrimidin)-5-yl] (3S, 5R) - dihydroxy-(E)
heptenoate calcium (3S, 5R-isomer) respectivelyesdtigation for the cause of these impurities helpe
improvement of yield in bulk preparation of drudpeTformation, synthesis and characterization ofResuvastatin
calcium impurities are discussed.

Keywords: Rosuvastatin calciusmmpurity profilee related substance€nantiomersDiasterecisomers

INTRODUCTION

Rosuvastatin is used for Lowering high cholestenodl triglycerides in certain patients. It also @ases high-
density lipoprotein (HDL) ("good") cholesterol ldselt is used to slow atherosclerosis (narrowifithe arteries) in
patients with high blood cholesterol levels. Itiged in certain patients to reduce the risk oftresttaick or stroke. It
is also used in certain patients to reduce the faethedical procedures to open blocked heart V&skes used
along with an appropriate diet. It may also be usedther conditions as determined by your dodRosuvastatin
Calcium (CRESTOR) is a synthetic, enantiomericallyre lipid-lowering agent. It is a selective, pdtemd
competitive inhibitor of 3-hydroxy-3-methylglutargbenzyme A (HMG-CoA) reductase. This enzyme catdy
the conversion of HMG-CoA to mevalonate, which is @&arly and rate-limiting step in cholesterol
biosynthesis.Studies have shown that rosuvastatiuers plasma cholesterol and lipoprotein levelsirthbiting
HMG-CoA reductase and cholesterol synthesis inliver by increasing the number of hepatic Low Dénsi
Lipoprotein (LDL) receptors on the cell-surface fenhanced uptake and catabolism of LDL. Additionall
rosuvastatin inhibits the hepatic synthesis of Veow Density Lipoprotein (VLDL), thereby reducinge total
number of VLDL and LDL particles.
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The HPLC analysis of Rosuvastatin Calcium displaf@d impurity peaks in the range of 0.03 to 0.3%véls
along with the Rosuvastatin peak. As per the gindslrecommended by ICH, the acceptable level fanaavn or
unknown related compound (impurity) is less thatb0and 0.10 % respectively in a drug substancerdier to
meet the stringent regulatory requirements, theunitips present in the drug substance must be iftehtand
characterized. Present work deals with the ideatifbn, synthesis and characterization of impugitedated
substances of Rosuvastain Calcium [1-7].

MATERIALS AND METHODS

2.1Analytical

HPLC was carried out using Waters HPLC having 24B7 detector with empower chromatography software.
Column symmetry used is C18, 158x 4.6 mm, 5 um With Detector at 250 nm. Flow rate is maintained. &
ml/min with injection volume of 10 pL using diluercetonitrile. The'H NMR and **C NMR spectra were
recorded in DMSO on a Bruker Advance 300 spectreméthe chemical shifts are reporteddippm relative to
TMS (6 0.00) and DMSO and f@ as internal standards respectively. Electronysfmaization-Mass spectra (ESI-
MS) of isolated compounds were measured using Agilé00 LC/MSD Trap SL instrument.

2.2Chemicals
All the chemicals and reagents used were of comaleyade.

Table 1: NMR data

Ca

2

Position | H 3 (ppm) J (Hz) ¥C, J(Hz) DEPT
1 - - - 177.53 -
2 2H | 2.01-2.19 m 43.75 GH
3 1H 4.15 br, m 65.24 CH
4 2H | 2.59 -2.73 m 47.56 GH
5 - - - 198.34 -
6 1H| 7.62-7.72 m 134.53 CH
7 1H 6.14 d (16.3) 136.98 CH
8 - - - 119.70 -
9 163.55 -
10 - - 133.82 -
11,117 | 2H| 7.62-7.72 m 132.08,d(87) CH
12,12 | 2H 7.31 t@8.9¥ | 115.28,d(21.6) | CH
13 - - - 162.86, d(246.8)] -
14 - - - 157.45 -
15 3H 3.56 s 41.58 GH
16 3H 3.47 s 33.12 GH
17 - - - 174.37 -
18 1H | 3.35-3.39 m 3172 CH
19,19 | 6H 1.23 d(6.0) 21.43 CH

NMR (DMSO — ¢ 300 MHz)
s- singlet, d- doublet, t- triplet, m-multiple, troad
1 1H- 1H Coupling constant,1H — 19F Coupling constanfC — 19F Coupling constant

2.3Synthesis

2.3.1 Preparation of Bis 7-(4-fluorophenyl)-6-isopyl-2-(N-methyl methanesulfonylaminopyrimidin){p3R-
hydroxy -5-oxo-(E)-6-heptenoate calcium (Ca sab-¢feto acid)

To a solution of Methyl 7-[4-(4-flourophenyl)-6-ismpyl-2-(N-methyl-N-methylsulfonylamino)-pyrimidig-yl] —
(3R)-3hydroxy-5-oxo0-(E)-6-heptenate (10.0 g , 0n@d) in ethyl alcohol (100 ml) and tetrahydrofur@® ml), was
added solution sodium hydroxide ( 0.8 g) in watdJ {nl). The reaction mixture was stirred at roompgerature for

2 h. The reaction mass was concentrated under edduessure to get residue. Water (100 ml) dichhetbane
(100 ml) is added to the resulting residue and emsed to 18C. pH was adjusted to 3.0 with ~ 35 % aqueous
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hydrochloric acid solution and the layers wererstirand separated. The organic layer was washédd bithe
solution, dried and concentrated to get residueth&aesidue added ethyl acetate and water andewsd to 16C.
pH was adjusted 9.0- 11.0 with ~ 4 % aqueous sodiydroxide solution, stirred and the layers wearpasated.
The aqueous layer was washed with ethyl acetateah&@queous layer was added a solution of Calcioatate
(1.97 g, 0.0124 mol) in water (50 ml).The suspemsi@s stirred for 3 h at room temperature. The ensipn was
filtered and washed with water, dried to give of is B7-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-
methanesulfonylaminopyrimidin)-5-yI]-3R-hydroxy exo-(E)-6-heptenoate calcium (4.0 g, 40 %). MASS 480
(M+H), 502 (M+Na) IR (cm™) 3428(OH stretching), 2968, 2929 (Aliphatic C-Hesthing), 1509 (C=N
stretching), 1382, 1338 (O=S=0 stretching), 1231F(6tretching), 964 (Out of plane C-H bending), 8486
(Aromatic C-H bending), 566, 521 (C-S stretchirldy; spectra nm) 295, 256, 202

2.3.2 Preparation of Bis (+) 7-[4-(4-fluorophenyBHsopropyl-2-(N-methyl-N-methane sulfonylaminomydin)-5-
yl] (3S, 5R) - dihydroxy-(E)-6-heptenoate calcil88(5R-isomer)

Preparation of this impurity is divided into 2 sart

(a) First Methyl (3S)-3-(tert-butyldimethylsilyloxy)-bxo0-6-triphenylphosphoranylidene hexanoate is pepa

(b) Then Methyl (3S)-3-(tert-butyldimethylsilyloxy)-5x0-6-triphenylphosphoranylidene hexanoate is used f
preparation of 3S, 5R isomer

2.3.3 Preparation of Methyl (3S)-3-(tert-butylditmgsilyloxy)-5-0x0-6 triphenyl phosphoranylidenexaeoate

A solution of Benzyl (S) Mandelate (50.0 g, 0.2 Jrial THF (1000 ml) was cooled to -78, and a solution of 1.6
M BuLi in hexane (137 ml, 0.218 mol) was added eise, and the mixture was stirred for 30 min. Te thaction
mixture was added a solution of 3-[(tert-butyldimdsilyl) oxy] pentanedioic anhydride (50.4 g 0.2linin THF
200 ml, and the resulting mixture was stirred f@0 Imin. The reaction mixture was acidified with laueous
hydrochloric acid solution and the product was aotied with ethyl acetate. The organic layer washadswith
water and sodium chloride solution. The organicefawas concentrated to give 3-[(tert-butyldimethylpoxy]
pentanedioic acid, 1- [Benzyl(S) Mandelate] est€xl(g, 100 %). To a solution of 3-[(tert-butyldigsilyl) oxy]
pentanedioic acid, 1- [Benzyl(S) Mandelate] esf0(g, 0.205 mol) in ethyl acetate (1000 ml) wadead5 %
Palladium on charcoal, and the mixture was stieletbom temperature in a hydrogen atmosphere formiia.The
reaction mixture was filtered to remove the catalgsid the filtrate was extracted with 5 % sodiuizatbonate
solution (500 ml). The organic layer was extractéggin with 300 ml 5 % sodium bicarbonate solutiod ¢he
resulting aqueous layer was washed with ethyl &g800 ml). After the aqueous layer was partittbrvath
dichloromethane (500 ml) and acidified with ~ 36a4ueous hydrochloric acid solution, the aqueousrlayas
extracted with dichloromethane and the organicrlayas washed with water. The combine organic etgraere
dried and concentrated to give (3S) 3-[(tert-butylkethylsilyl) oxy] pentanedioic acid, 1- [(S) Maribeacid] ester
(55.0 g, 68 %). A solution of sodium methoxide8(@g , 1.27 mol) in methanol ( 240 ml) was addeapdise a
solution of (3S) 3-[(tert-butyldimethylsilyl) oxydentanedioic acid, 1- [(S) Mandelic acid] ester.Q5§, 0.126 mol)
in methanol (100 ml) below °C. Stirred for 60 min at same temperature and tixéune was poured into the115 ml
~ 36 % % aqueous hydrochloric acid solution, 23@uatier and 385 ml dichloromethane mixture. The pigtyer
was washed with water three times, dried and cdraied to give Hydrogen (3S) -1-Methyl-3-[(tert-
butyldimethylsilyl)-oxy]pentanedioate (35.0 g, 10%®). A solution of Hydrogen (3S) -1-Methyl-3-[(tert-
butyldimethylsilyl)-oxy] pentanedioate ( 16.5 g.089 mol) in hexane (300 ml) and triethylamine.80g, 0.107
mol) was cooled to -4, ethylchlorocarbonate ( 9.71 g , 0.089 mol) wasled drop wise in 2 h at same
temperature. The reaction mixture was stirred ¥80 min at same temperature to give Mixed anhyddfle
Hydrogen (3S) -1-Methyl-3-[(tert-butyldimethylsilybxy] pentanedioate. In another flask a suspensibn
methyltriphenylphosphonium bromide (59.7 g, 0.163)rm Tetrahydrofuran (350 ml) was cooled f£Q and 1.6
M BuLi ( 97 ml, 0.155 mol) in hexane was addedpdvdse over 30 min. The reaction mass was stiroe®fh at
20-25°C.The mixture was cooled to — 80. Mixed anhydride solution was added in 15 mire Tesulting reaction
mixture was stirred for 2 h at -8%C.Then the reaction mass was poured into water. drganic layer was
concentrated till get thick residue. The residues waken into diisopropyl ether and washed with watedium
bicarbonate solution and brine solution. Organigetawas dried and concentrated to give Methyl (3%ert-
butyldimethylsilyloxy)-5-oxo-6-triphenylphosphordidene hexanoate (30.0 g, 93 %).

2.3.4 Preparation of Bis (+) 7-[4-(4-fluorophenyBHsopropyl-2-(N-methyl-N-methane sulfonylaminopydin)-5-
yl] (3S, 5R) - dihydroxy-(E)-6-heptenoate calcilB8(5R-isomer)

A solution of 4-(4-flourophenyl)-6-isopropyl-2-(N-ethyl-N-methylsulfonyl amino)-5-pyrimidine carbatdgle
(25.0 g, 0.071 mol), Methyl (3S)-3-(tert-butyldirhglsilyloxy)-5-0x0-6-triphenylphosphoranylidene lzaoate
(53.25 g, 0.099 mol) is refluxed in acetonitriledQLml) under heating for 20 h and evaporated umdduced
pressure to distill off acetonitrile. The resultiregidue was taken into cyclohexane and stirre@ forat 15C. Filter
the reaction mass to remove Triphenylphosphine eox@oncentrate the filtrate containing methyl (3S}ert-
butyldimethylsilyloxy)-5-oxo-6-triphenylphosphordidene hexanoate under reduced pressure to gétrésaue.
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Table 2: NMR data

o
Ca*™
| ]2
Position| 1H[ & (ppm) J (Hz) C, J(H2) DEPT
1 - - - 178.07 -
2Ha 1H| 1.89-1.97 m
2Hb 1H| 2.07-2.11 m 43.76 cH
3 1H 3.71 - 65.73 CH
4Ha 1H 1.32 m
4Hb 1H [ 1.48-1.50 m 43.99 CH
5 1H | 4.19-4.21 - 68.61 -
6 1H | 5.49-5.56] dd(16.1,53 141.55 CH
7 1H 6.50 d (15.9) 120.88 CH
8 - - - 121.87 -
9 162.86
10 - - - 134.45 -
11,11 | 2H 7.71 (6.8 132.11, d(8.6) CH
12,12 | 2H 7.28 1(8.6¥ 114.98,d(21.3) | CH
13 - - - 162.53, d(245.6) -
14 - - - 156.78 -
15 3H 3.55 s 41.55 GH
16 3H 3.44 - 33.20 CH
17 - - - 174.27 -
18 1H 3.44 - 31.28 CH
19,19 | 6H 1.23 d(6.0) 21.46 CH
OH 1H 5.04 br, s - -
OH 1H | 6.47-6.53 br, s - -

NMR (DMSO — ¢ 300 MHz)
s- singlet, d- doublet, dd — doublet of doubletsiplet, m-multiplet, br- broad
H- 'H Coupling constant
'H —°F Coupling constant
1¥C —*°F Coupling constant

The residue was taken into acetonitrile (87 ml) wasled to 6C, a solution of 82.5 ml ~ 40 % aqueous HF in
acetonitrile (87 ml) was added dropwise % 0and the mixture was warmed to room temperatudeséirred for 1.5
h.To the reaction mixture was added dichloromett{&08 ml) and washed the reaction mass thrice witter, then
with saturated sodium bicarbonate solution andebsimlution. The organic layer was dried and comaésd to give
Methyl 7-[4-(4-flourophenyl)-6-isopropyl-2-(N-methi}-methylsulfonylamino)-pyrimidin-5-yl] — (3S)-3liroxy-
5-oxo-(E)-6-heptenate (30.0 g, 85 %). To 500 miyainbus tetrahydrofuran added 2.5 g sodium borokgdait -78
°C, to this mixture added a solution of 57 ml of 1dthylmethoxyborane-THF is added at T8 and the mixture
is stirred at same temperature for 30 minutes.hi®©mixture slowly added 25 g of the compougil dissolved in
500 ml of anhydrous THF and 175 ml of methanol @@ mixture is stirred for 3 h. After conformingetheaction
by TLC 31ml acetic acid is added and the mixturadfusted to pH 8 with saturated sodium bicarborzeate
extracted with ethyl acetate (250 ml). The orgaaiger is washed with water, dried and the ethyltateeis
evaporated under reduced pressure. To the resuéisigue methanol is added and the mixture is eedpd under
reduced pressure for three times to give Methy-4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-
methylsulfonylamino) pyrimidin-5-yl]-(3S, 5R)-dihydxy-(E)-6-heptenate (25.0 g, 99 %). To a solutéMethyl-
7-[4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-ntgtlsulfonylamino) pyrimidin-5-yl]-(3S, 5R)-dihydrgx(E)-6-
heptenate (25.0 g, 0.05 mol) in ethanol ( 150 mladded solution of sodium hydroxide (2.0 g, i) under ice
cooling. The reaction mixture is warmed to roompenature and stirred for 2 hrs. The solvent isltidtoff under
reduced pressure.Water (125 ml) and ethyl aceg&i@ (l) is added to the resulting residue and veaded to 10
°C. pH was adjusted 3.0 with ~ 35 % aqueoushydroichéxid solution stirred and the layers were safeal. The
organic layer is washed with brine solution, dréad concentrated to get residue. To the residuechdukthyl tert-
butyl ether and water and was cooled tc’@0Adjusted pH to 9.0-11.0 with ~ 4 % Ag.sodium tgxdde solution
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stirred and separated the layers. Washed the asjleger with Methyl tert-butyl ether. Degassed dla@eous layer
under vacuum to remove the traces of MTBE.To theeags layer added solution of calcium acetate ¢8.0.05
mol) in water (125 ml).Stirred the suspension fdir8 at room temperature. Filter and washed witteryaried to
give Bis (+) 7-[4-(4-fluorophenyl)-6-isopropyl-2-fhhethyl-N-methane sulfonylaminopyrimidin)-5-yl] (3SR) -
dihydroxy-(E)-6-heptenoate calcium (3S, 5R-isom@d.0 g, 59 %). MASS m/z = 482 (M+ H), IR 3430 (OH
stretching), 2967, 2929 (CH stretching), 1510 (Csftietching), 1382 (aliphatic CH stretching), 1332-N
stretching), 1229, 1156 (C-F stretching), 966 (=B#&hding), 844, 776 (Aromatic C-H bending), 577, §C3S
stretching); UV spectrumi(nm) 244, 202

2.3.5 Preparation of Bis (+) 7-[4-(4-fluorophenyBHsopropyl-2-(N-methyl-N-methane sulfonylaminomydin)-5-
yl] (3R, 5R) - dihydroxy-(E)-6-heptenoate calcilR( 5R-isomer)

To 500 ml anhydrous tetrahydrofuran, was addedayzédium borohydride at -7&, and the mixture was stirred at
same temperature for 30 minutes. To this mixtuies slowly added 25 g of the compou@)l dissolved in 500 ml
of anhydrous THF and 175 ml of methanol and thetunixwas stirred for 3 h. After conforming the ré@ac by
TLC 31 ml acetic acid is added, and the mixturadgisted to pH 8 with saturated sodium bicarboaatbextracted
with ethyl acetate (250 ml). The organic layer sstved with water, dried and the ethyl acetate épesated under
reduced pressure. To the resulting residue methiaraalded and the mixture is evaporated under estpcessure
for three times to give Methyl-7-[4-(4-fluorophejyd-isopropyl-2-(N-methyl-N-methylsulfonylamino) pgnidin-
5-yl]-(3R, 5R)-dihydroxy-(E)-6-heptenate (25.0 g9 %%). To a solution of Methyl-7-[4-(4-fluorophemB}
isopropyl-2-(N-methyl-N-methylsulfonylamino) pyridin-5-yl]-(3R, 5R)-dihydroxy-(E)-6-heptenate (2590 0.05
mol) in ethanol (150 ml) is added solution of sodihydroxide (2.0 g , 0.05 mol) under ice coolifige reaction
mixture is warmed to room temperature and stirce®fh. The solvent is distilled off under redugedssure. Water
(125 ml) ethyl acetate (250 ml) is added to thaultew) residue and the mixture was cooled t6CLOpH was
adjusted to 3.0 with ~ 35 % aqueous hydrochlorid aolution stirred and the layers are separatéad. drganic
layer was washed with brine solution, dried andcenitrated to get residue. To the residue was aduhdyl tert-
butyl ether and water and was cooled t6CLQpH was adjusted 9.0-11.0 with ~ 4 % aqueoususediydroxide
solution, stirred and the layers were separatedieAqs layer was washed with Methyl tert-butyl etifegueous
layer was degassed under vacuum to remove thesttdcRITBE. To the aqueous layer was added a soludio
Calcium acetate (8.0 g, 0.05 mol) in water (125. e suspension was stirred for 3 h at room teatpes. Filter
the reaction mass and washed with water, drieduw® Bis (+) 7-[4-(4-fluorophenyl)-6-isopropyl-2-(Nethyl-N-
methane sulfonylaminopyrimidin)-5-yl] (3R, 5R) -hgdroxy-(E)-6-heptenoate calcium (3R, 5R-isomeB.Qlg, 59
%), MASS m/z = 482 (M+H), IR (c) 3393 (OH stretching), 2968, 2934 (Aliphatic CHesthing), 1510
(Aromatic C=C, C=N stretching), 1382, (Aliphatic Gténding), 1336 (O=S=0 Asymmetrical stretching3A2C-
F stretching), 1155 (O=S=0 symmetrical stretchirg§s (Out of plane C-H bending), 845, 776 (Aromatid
bending), 576, 567, 520 (C-S stretching), M¥im) 243, 204

Table 3: NMR data

Catt
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Position| 1H o (ppm) J (Hz) C, J(Hz) DEPT
1 - - - 178.37 -
2Ha | 1H 1.89-1.97 m
2Hb | 1H 2.04-2.10 m 43.90 CH
3 1H 3.87 br, m 64.57 CH
4 2H 1.29-1.31 m 44.31 GH
5 1H 4.22 br 67.42 -
6 1H 5.50-5.57 dd(15.9, 51 142.42 CH
7 1H 6.50 d (16.3) 120.30 CH
8 - - - 121.90 -
9 - - - 162.76 -
10 - - - 134.44, d(3.6) -
11,11’ | 2H 7.69-7.74 dd(8.4, 5%7)| 132.10, d(8.6) CH
12,12 | 2H 7.28 1(8.7F 114.91,d(21.5) [ CH
13 - - - 162.50, d(245.9)] -
14 - - - 156.75 -
15 3H 3.54 s 41.52 GH
16 3H 3.45 s 33.15 GH
17 - - - 174.23 -
18 1H 3.37-3.45 m 31.26 CH
19,19 | 6H 1.21 d(6.8) 21.42 CH
OH 2H | 4.94 & 6.22-6.26 br, s - -

NMR (DMSO — ¢ 300 MHz)
s- Singlet, d- doublet, dd — doublet of doubletriplet, m-multiplet, br- broad
'H- *H Coupling constant
'H —*F Coupling constant
% —F Coupling constant

2.3.6 Preparation of 6-[(E)-2-[4-(4-fluorophenylH6opropyl-2-(N-methyl-N-methanesulfonylaminopydim)-5-
yl] vinyl-4-hydroxytetrahydro-2H-pyran-2-one (Lack®)

To 500 ml ethyl acetate, was added 20.0 g rosuuastalcium, and to this 250 ml water was addece Tixture
was adjusted to pH 3.0 with aqueous hydrochlorid aolution. Stirred and the layers are separaféashed the
organic layer with water and brine solution, draedl concentrated under reduced pressure to gisle tbsidue. To
the residue was added 200 ml toluene, and heateddhtent to the reflux for 5 h using Dean starkaaptus.
Cooled the solution to°G, stirred, filtered and washed with toluene. Drileel compound to get 10.2 g 6-[(E)-2-[4-
(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-methamdfenylaminopyrimidin)-5-yl]  vinyl-4-hydroxytetratgro-
2H-pyran-2-one (Lactone). MASS m/z 464 (M+H), 486+ Na); IR 3468 (OH stretching), 2968, 2932 (Algiic
CH stretching), 1742, 1714 (C=0 stretching), 160848, 1509 (Aromatic C=C, C=N stretching), 1438843
(Aliphatic CH bending), 1338 (O=S=0 Asymmetricaks$thing), 1235 (C-F stretching), 1156 (O=S=0 syrnice
stretching), 963 (Out of plane C-H bending), 84%8 {Aromatic C-H bending), 576, 521 (C-S stretchingV
Mnm) 244, 204

Table 4: NMR data

276



Madhuresh K. Sethiet al Der Pharma Chemica, 2016, 8 (4):271-285

Position| 1H| o (ppm) J (H2) 13C, J(Hz) DEPT
1 - - - 169.65 -
2Ha 1H| 2.36-2.43 dd(17.1,2.4)
2Hb 1H| 2.62-2.69] dd(17.4,4.9) 34.86 CH
3 1H 4.08 br, m 61.04 CH
4 2H | 1.60-1.78 m 38.51 GH
5 1H | 5.12-5.19 m 75.38 -
6 1H | 5.53-5.60] dd(16.2, 6% 133.65 CH
7 1H 6.75 d (16.2) 124.83 CH
8 - - - 121.01 -
9 - - - 163.09
10 - - - 134.24 -
11,11 | 2H| 7.67-7.72 dd(8.7,54)| 132.04, d(8.6)3 CH
12,12 | 2H| 7.28-7.34 m 114.97, d(21.5)8 CH
13 - - - 162.54, d(245.4) -
14 - - - 157.06 -
15 3H 3.55 S 33.12 CH
16 3H 3.46 S 41.53 CH
17 - - - 174.19 -
18 1H | 3.33-3.40 m 31.56 CH
19,19' | 6H 1.23 d(6.6) 21.18,21.25 CH
OH 1H 5.25 d(2.4) - -

NMR (DMSO — ¢ 300 MHz)
s- singlet, d- doublet, dd — doublet of doubletriplet, m-multiplet, br- broad
1 'H- H Coupling constant
2 *H —*F Coupling constant
3%%C —F Coupling constant

RESULTS AND DISCUSSION

In the literature, many processes are describeth®synthesis of Rosuvastatin calcium (Kentaral et1l992, Lim

et al,. 2003, De et al,. 2004, Niddam-Hildesheinalet2005, Balanov et al,. 2006, Diorazio et 2000, Okada et
al,. 2005). An important route for the synthedifRosuvastatin is shown in Scheme 1 in which 4l¢drbphenyl)-
6-isopropyl-2-(N-methyl-N-methylsulfonyl amino)-5#pmidine carbaldehyde is reacted with Methy! (SR{tert-
butyldimethylsilyloxy)-5-oxo-6-triphenylphosphordidene hexanoate, then cleavage of OTBDMS grouph wit
hydrofluoric acid , then selective reduction ofkegroup by using diethyl methoxyborane and sodionmolydride ,
then reaction with sodium hydroxide to cleave medsger then with Calcium source (Calcium chlom@eCalcium
acetate) to get Rosuvastatin calcium.
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OTBDMS
Y CeHs o o
CeH
| + ° 5\\ —
HiC_ = CH; /P\ OCH;
T N CeHs
O=T=O CH;
CH;,

ONa CaCl,

s Rosuvastatin calcium

Scheme 1.Synthetic scheme followed for preparatiasf Rosuvastatin Calcium

A typical analytical LC chromatogram of a laborgt@ample of rosuvastatin Calcium displayed impesitielated
compounds over a range of 0.03-0.30%. These inigsinitere identified, synthesized and characteri@edpectral
analysis (Figure 1). An HPLC chromatogram of rostatn with impurities is given below (Figure 2}. keto acid
impurity is observed at relative retention time (RR..09, Lactone impurity at RRT- 1.38 and 3R, SRnier at
RRT- 1.09. A separate chiral method was used terohéme the chiral isomer i.e. 3S, 5R isomer of vastatin
(Figure 3). 3S, 5R isomer was observed at RRT 9.1.1
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Fig. 1Impurities of Rosuvastatin calcium
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Fig. 2Chromatogram of Rosuvastatin with related subtances
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Fig. 3Chiral chromatogram of Rosuvastatin with 3S5R isomer

5-Keto acid impurity will form as an impurity dudrthe synthesis of rosuvastatin Calcium if unreh8tés present
in the preparation of compoudd And also it will increase during the storagetod drug due to air oxidation. (3S,
5R) - isomer impurity was prepared by reactiomtéimediate by the following process(Scheme 2). This impurity
is prepared by reaction of Methyl 7-[4-(4-flouroplgd-6-isopropyl-2-(N-methyl-N-methylsulfonylamino)
pyrimidin-5-yl] — (3R)-3hydroxy-5-o0xo0-(E)-6-heptetgawith sodium hydroxide followed by reaction withlcium
acetate. This impurity will form if the methyl (3R}(tert-butyldimethylsilyloxy)-5-oxo-6-
triphenylphosphoranylidene hexanoate side chain3fassomer. This impurity formation was prepared usyng
Methyl (3S)-3-(tert-butyldimethylsilyloxy)-5-oxo-&iphenylphosphoranylidene hexanoate side chaihd®e 3
and 4). (3R, 5R) isomer impurity will form duringlective keto reduction. This impurity was prepabgdusing
intermediate3 without using selective reducing agent (Schemel&ktone impurity will be formed in acidic
conditions. This impurity was prepared using Rostatn calcium by refluxing in acidic pH (Scheme 6)
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ca™
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Scheme 2. Descriptionof Synthetic route for preparion of 5- keto acid impurity

281



Madhuresh K. Sethiet al

Der Pharma Chemica, 2016, 8 (4):271-285

Ph
S
OTBDMS /\q,o\‘“
H \\O O C6H5
HO COOCH,Ph S =
I HOOC < - o
o)
?
n-BulLi o
o o) o) "
|
H2,Pd/C
QTBDMS
OTBDMS = CeHs
s o) NaOMe \/\)l\
\/:-\)I\ < e /\(
HOOC
OCH;
V \Y}
TEA
CICOOCH,CHs
o QTBDMS
o z o OTBDMS
/J\/;\)J\ CGHS Q E Q
H3CH,CO o OCH, CGHs\\ :
3CHy PhsP——=CH, P OCH
_— 3
VI CeHs
VIl

Scheme 3. Preparation of Methyl (3S)-3-(tert-butyl@nethylsilyloxy)-5-oxo-6-triphenylphosphoranylidenehexanoate
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Scheme 4Synthetic scheme for preparation of Bis (¥}[4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-mehane
sulfonylaminopyrimidin)-5-y1] (3S, 5R) - dihydroxy-(E)-6-heptenoate calcium (3S, 5R-isomer)
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Scheme 6Synthetic route for preparation of Lactonémpurity
CONCLUSION

During preparation of Rosuvastatin calcium, impesitin the range of 0.03 to 0.3 % were observedes&h
impurities were identified by their mass numberd @MS and were then prepared and isolated. Ideatibn of
these impurities could help in improvement of yialtl quality of Rosuvastatin prepared.
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