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ABSTRACT

Ticagrelor is a known orally active compounds act as P2Y;, (formerly known as P2T receptor) receptor antagonists
[1] and they are indicated for use in therapy as inhibitors of platelet activation, aggregation and degranulation,
promoters of platelet disaggregation, and anti-thrombotic agents [ 2] . The present work describes a novel process of
Ticagrelor and its novel intermediate synthesis, characterization and control of related substances, thereby
providing a commercial method to synthesize substantially pure Ticagrelor.

Keywords: Ticagrelor, Antithrombotic agent

INTRODUCTION

Ticagrelor () acts as an adenosine uptake inhibitor, a platetgregation inhibitor, a P2Y purinoceptor
antagonist, and a coagulation inhibitor. It is gaded for the treatment of thrombosis, angina, esth heart
diseases, and coronary artery diseases [3]. Tikagi® the first reversibly binding oral adenosidgphosphate
(ADP) receptor antagonist and is chemically digtinem thienopyridine compounds like Clopidogril.selectively
inhibits P2Y;,, a key target receptor for ADP. ADP receptor bamik inhibits the action of platelets in the blood,
reducing recurrent thrombotic events. The drug $tamwn a statistically significant primary efficaagainst the
widely prescribed Clopidogril [4] (PLAVIX) in therpvention of cardiovascular (CV) events includingocardial
infarction (heart attacks), stroke and cardiovamculeath in patients with acute coronary syndroi€s).
Ticagrelor is represented by the following struatdormula(l):
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According to the literature (Scheme-1), the largales synthesis of Ticagrelot)((AZD6140) [3] is begin with by
condensation o8 with 2 in the presence of DIPEA in THF to produéeThe obtained} on reduction with iron
powder in acetic acid providgswhich is then reacted with isoamyl nitrite in &g®trile to produces. The resulting
triazolo[4,5-d]-pyrimidine compouné is reacted with ammonia in THF to produtewhich is then reacted with a
solution of trifluoromethanesulfonyloxy-acetic acrbthyl ester in THF using-butyllithium as a base to produ8ge
followed by bromination using Bromoform to produZerhe resulting bromo-compouds then reacted with &
trans)-2-(3,4-difluorophenyl)cyclopropanamib@ in the presence of DIPEA and DCM to produde followed by
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reaction with DIBAL-H in THF to produc&2, which is then treated with Trifluoroacetic aciidawvater to produce
Ticagrelor Q).
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Scheme-1. Reported route of synthesisfor Ticagrelor (1)
In the existing route (Scheme-1) of Ticagrelor kgsis have disadvantages such as no control orr dinpeirity
formation (during condensation @& 3,displacement of both chloro groups with compo@nand leads to dimer

impurity, scheme-1). Chloro group 6fconverted to amino group in and further converted it back to bromo
derivative in9. This inter-conversion increases the number gfsséand which affect the overall yield of the praces
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According to the literature (Scheme-2)[5], Ticagreils prepared by Dihydroxylation of Cyclopentyl iety 13
using Osmium tetroxide 2.5% solution in t-butanothe presence of acetone. Usage of Osmium tetroxithe last
stage has most likely chances of its contaminatioAPl. Osmium tetroxide is highly poisonous [6}en at low
exposure levels [7], even the effluent generatdighly toxic and must be handled with appropriatecautions.

HN" " " F
0s0,4, N-methyl N
N/'N | SN F morpholine-N-oxide Nl /)N\ M "
N N/)\S/\/Me NTONTe T
A Jon
HO_~0 OH
(13) Ticagrelor (1)

Scheme-2. Dihydroxylation of 13
EXPERIMENTAL SECTION

The IR spectra were recorded using a Perkin-Elmpectsum one FT-IR spectrometer instrument by udifg
potassium bromide pellet technique. Theand**C NMR spectra were recorded in DMSpat 300 MHz & 75
MHz respectively on Bruker 300 MHz Advance NMR dpemeter using Tetramethylsilane as the internal
standard. Mass spectra (MS) were recorded on Adiled0 Series LC-MSD-TRAP-SL instrument.

Reactions were monitored by thin layer chromatolgyagn 0.2 mm silica gel 60.& (Merck) plates using UV light
(254 and 366 nm) for detection. Common reagerdeyrehemicals are commercially available and weesd us
without further purification.

In the present work, the synthesislois begun with the N-BOC protected cyclopropyl agh#(Scheme-3). This
route of synthesis involved novel intermediatese TbmpoundlO can be prepared as per the reported literature [2,
8,9]. The compoundO is protected by Boc-anhydride to get Boc-proteatedhpoundl4, this compound was
treated with NaH to generate anion which was furteacted with dichloro-nitro compourid in the presence of
THF solvent to provide the coupled proddét The obtained6was reacted withl7 in the presence of TEA as a
base and Ethyl acetate solvent and obtait&dThe compound.7wasknown in the literature [2, 9, 10] & was
prepared as per the reported literature. Reduatioh8was carried out using sodium dithionite and Sodium
carbonate in acetone, provided @8 This was treated with NaNGn the presence of Acetic acid, Toluene mixture
and obtained the cyclized prod&ft. Deprotection of Acetal and Boc grou@fwas carried out using HCI in the
presence of Methanol solvent and isolated cryatltiolid material oP1from Ethyl acetate and hexanes mixture.
Finally 21 was reduced using hydrazine hydrate and Sodiurodse and final isolation from mixture of Ethyl
acetate and hexanes solvents provided pure Ticagfl with the purity above 99.8%and overall yield &.B%
from 10.

Compoundl5 was synthesized from Diethyl malonate in four st€psheme-4). Diethyl malon&@2 was nitrated
with Nitric acid to get Nitro compoun®3, which was reacted with Thiourea to get pyrimidioenpound?4, which

was reacted with allyl bromide to g&8. This compound is treated with phosphorous oxgrioihé to get Dichloro-
nitro-pyrimidine compound>.

5-nitro-2-sulfanylpyrimidine-4, 6-diol (24)

Diethyl malonate (100.0 g, 0.62 mol) was taken iifdsk and cooled to 10-15°C, fuming nitric aci®{10 g, 2.17
mol) was added slowly. Temperature was adjustetbt@0°C. After completion of the reaction, the té&at mass
was quenched to mixture of water (400 ml) and t1dué300 ml). Aqueous layer was extracted with to&ué300
ml). Organic layers was combined and washed wittemgb00 ml) followed by 5% urea solution (500 rahd
compound23 was extracted to aqueous layer using sodium catbosalution (600 ml). pH of the aqueous layer
was adjusted to 1.5 -2.5 with HCl and the compo2Biadvas extracted with Toluene (500 ml). Organic lawyeis
washed with by 5% urea solution (250 ml) followegdvimater (250 ml), then the organic layer was doadsodium
sulfate (100.0 g). In another flask sodium mettexi78.0 g, 1.44 mol), Toluene (180 ml), Thiourga.Q g, 0.657
mol) was added followed by above sodium sulfatediffoluene layer. Reaction mass was heated to BD&0
maintained for 3 hrs. After completion of reactiaater (270 ml) was added to the reaction mass &hdfpthe
reaction mass was adjusted to 2.0-3.0 with HClcRea mass was cooled to room temperature aned@tfar 2 hrs,
filtered the reaction mass and washed with watethanol (1:1, 200 ml) mixture and dried to get f0&f 28,89%
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yield. Melting range 110-124°@4 NMR (DMSO-ds,300 MHz) 6, ppm): 11.15 (bs, 3HC NMR (DMSOd,,75
MHz) (8, ppm): 115.2, 157, 174.7; Mass (m/z): 188 (M-H).
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Scheme-3. Reagents and conditions:(a) BOC-anhydride, MDC, HexaxaklCQ;, 253*C; (b) NaH, THF, Hexanes, -20°C; (c) EtOAc,
TEA, Hexanes, 56™C; (d) Acetone, NfCO;, N&,S,0,, EtOAC, IPA, 30-35°C; (e) Toluene, NabG\cOH, NgCO; 10%%C; (f) MeOH,
HCI, Na,CO;, EtOAc, Hexanes, 15°C; (g) THF, EtOH, Hydrazine hydrate, Nal@tOAc, Hexanes, 58°C.

Scheme-3. Synthesisof Ticagrelor (1)
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Scheme-4. Reagents and conditions: (a) Fuming H{\Toluene, Urea, N&€Os, 102%°C; (b) Thiourea,
NaOMe, HCI, MeOH, 56%C; (c) NaOH, Allylbromide, HCI, Acetone (d) POCDIPEA, Toluene, 88%C.
Scheme-4. Synthesis of 15

5-nitro-2-allylthiopyrimidine-4,6-diol (25).

Sodium hydroxide (75.0 g, 1.87 mol) was dissolvedvater (750 ml).Compoung4 (100.0 g, 0.529 mol) was
added and stirred till clear solution. Allyl broreid67.0 g, 0.55 mol) was added slowly drop wis¢ht reaction

mass at room temperature and maintained for 2Aftsr completion of the reaction, pH of reaction ssavas

adjusted to 4.5-5.5 with HCI. Acetone (100 ml) vealed to the reaction mass and stirred for 4-6Ansduct was

filtered and washed with acetone: water mixturd)Y1100 ml) and dried to get 105 g26f 86.8% yield. Melting
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range 80-101°CH NMR (DMSO-ds,300 MHz) 6, ppm): 3.69(d,2Hi=6.9Hz), 5.81-5.94(m, 1H), 5.10 (d, 1H,
J=10.2 Hz), 5.24-5.30(dd, 18516.8 Hz, 1.2 Hz), 11.21 (bs, 2HiC NMR (DMSO4ds,75 MHz) @, ppm):32.0,
117.8, 118.2, 133.5, 158.5, 163.7; Mass (m/z): (ABEH).

4,6-dichloro-5-nitro-2-(prop-2-en-1-ylsulfanyl)pyrimidine (15).

To a stirred solution of Toluene (400 ml) and coomub25 (100.0 g, 0.44 mol), phosphorous oxychloride (85f).
2.3 mol) was added followed by Diisopropylethylami{115.0 g, 0.89 mol).The reaction mixture was érbaip to
80-90 °C and maintained for 4 hr. after completidrthe reaction, reaction mass was distilled owteurnvacuum
followed by stripping with Toluene (100 ml), Tolue(G00 ml) was added to the reaction mass, folloyedddition
of ice-water (600 ml) at 10-20 °C. Layers werpasated and aqueous layer was extracted with Tel(2®0 ml).
Both Toluene layers were mixed and washed with 59din bicarbonate solution (400 ml), followed by%20
sodium chloride solution (400 ml). Organic layessastirred with silica (80.0 g) followed by charlipation with
activated charcoal (5.0 g) at 50-55 °C. Organietayas then concentrated under reduced presstaat 65 °C
to get lemon colored residue 104 g1t yield 89.6%.*HNMR(DMSO-ds,300 MHz) @, ppm): 3.85 (dd, 2HJ =
6.9, 0.9 Hz), 5.23 (dd, 1B~ 9.9, 0.9 Hz), 5.39 (dd, 18~ 16.8, 1.2 Hz), 5.85-5.98 (m, 1H); Mass (m/z)6 ZB1+)

tert-butyl [(1R, 2S)-2-(3,4-difluorophenyl)cyclopropyl] carbamate (14).

To a stirred solution of water (1000 ml),R\129)-2-(3,4-difluorophenyl)cyclopropanamine hydroclidia; i.e.
compoundl0 (100.0 g, 0.48 mol) was added and dissolved cdeiglelo this solution sodium bicarbonate (100.0
g, 1.19 mol), dichloromethane (700 ml) was adddidvied by slow addition of Boc-anhydride (127.00g58 mol)

at 25-30 °C and maintained for 60 min. After cortipke of the reaction, layers were separated an@@agilayer
was extracted with dichloromethane (200 ml). Dicbinethane layers were mixed and washed with 15%®odi
chloride solution (300 ml). Organic layer was gted off at below 45 °C with hexanes (200 ml) to getidue.
Hexanes (700 ml) was added to the residue and chegtéo 60-70 °C and maintained for 30 min. Reactitass
was then cooled to 25-35 °C and maintained for &9 farther it was cooled to 10-15 °C and maintdifier 2 hrs.
Slurry was filtered and washed with chilled hexaaerd dried under vacuum at 45-50 °C to get 128 tp¥jield
97.8%."HNMR(DMSO-d5,300 MHz) @, ppm): 1.38 (s, 9H), 2.59 (bs, 1H), 1.08-1.16 2id), 1.88 — 1.94 (m, 1H),
6.96 (bs, 1H), 7.11-7.34 (m, 3FCNMR (DMSOds,75 MHz) 6, ppm):15.27, 23.49, 28.14, 33.23, 77.86, 114.62
(d,J=17.2 Hz), 116.94, 155.95, 122.62-122.73 #d,5.7, 3.0Hz), 139.47-139.60 (d#l= 6.1, 3.5 Hz), 146.92-
149.31 (ddJ = 241.2, 12.6 Hz), 147.59-151.00 (dds 243.0, 12.6 Hz); Mass(m/z): 292 (M+Na).

tert-butyl[6-chlor o-5-nitro-2-(prop-2-en-1-ylsulfanyl)pyrimidin-4-yl][ (1R,2S)-2-(3,4-difluor ophenyl)
cyclopropyl]carbamate (16).

To a Sodium hydride (25 g, 0.63mol), Tetrahydrofufa00 ml) was added under nitrogen atmosphereaakkd to
-10 °C. Solution of compouni4 [(96.0 g, 0.36mol) was dissolved in Tetrahydrofuf800 ml)] and was added
slowly to the pre-cooled sodium hydride solutionato -13 °C, reaction mass temperature was astjust 20 °C
and maintained for 120 min. In another flask Dicblaitro-compoundl5 (100.0 g, 0.37mol) was dissolved in
Tetrahydrofuran (500 ml) under nitrogen atmospherd cooled to -20 °C. Above prepared solution ofliGo
hydride was added to this solution by maintainiamperature at -10 to -20 °C, after completion & tbaction
temperature was raised and 20% Sodium chlorideignl500 ml) was added and separated the layegani
layer was concentrated by vacuum distillation amighped off with hexanes (200 ml) to get residuexihes (1000
ml) was charged to the residue and stirred at rtemperature for 3-4 hr. The obtained slurry water@dd and
washed with hexanes (100 ml). Filtrate was thercentrated under vacuum at below 55 °C to get 18%iglue of
16, yield 98.4% *HNMR(DMSO-ds,300 MHz) @, ppm): 1.24-1.40 (m, 2H), 1.43 (s, 9H), 2.21-2(&8 1H), 3.13-
3.18 (m, 1H), 3.68-3.83 (m, 1H), 5.18 (d, 3K 10.2 Hz), 5.33 (d, 2H,= 18.0 Hz), 5.82-5.96 (m, 1H), 6.92-
7.13(m, 1H);Mass (m/z): 498 (M+).

tert-butyl [(1R,2S)-2-(3,4-difluorophenyl)cyclopropyl][6-{[(3aS,4R,6S,6aR)-6-(2-hydr oxyethoxy)-2,2-dimethy!l
tetrahydro-3aH-cyclopenta[4,5-d][ 1,3]dioxol-4-ylJamino}-5-nitr o-2-(prop-2-en-1-ylsulfanyl)pyrimidin-4-yl]
carbamate (18).

Residue of compound6 (182g) was dissolved in Ethyl acetate (600 ml)[(2aR,4S 6R,6&5)-6-amino-2,2-
dimethyltetrahydro-3d-cyclopental4,5][1,3]dioxol-4-ylJoxy}ethanol, L-tartarate salt i.ecompoundl?7 (105 g,
0.286 mol) was added to it followed by additionToethylamine (55.0 g, 0.544 mol), reaction mass Wweated up
to 50-55 °C and maintained for 90-120 min. Aftemgdetion of reaction, reaction mass was cooledomnr
temperature and water (300 ml) was added. Layers separated and organic layer was washed with 288tum
chloride solution (300 ml), then subjected to cbatctreatment with activated charcoal (5.0 g),daid by
distillation under vacuum to get residue. Ethyltate (50 ml) and hexanes (1500 ml) were added sinlwe and
heated to 50-55 °C, then cooled to room temperamdemaintained for 4-6 hrs, filtered the solid eni@l and dried
to get 205 g of compouniB, yield 82.8%. Melting range 109.4-114 *@NMR (DMS0-d;,300 MHz) 6, ppm):
1.22-1.50 (m, 6H), 1.22-1.50 (m, 9H), 1.22-1.50 @&H), 1.89-1.93 (m, 1H), 2.17-2.27 (m, 2H), 3.0233(m,1H),
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3.57-3.59 (m, 4H), 3.74 (d, 28+ 6.6 Hz), 3.93 (d, 1H), 4.52-4.65 (m, 4H), 5.801HJ = 9.9 Hz), 5.31 (d, 1K=
16.8 Hz), 5.86-6.00 (m, 1H), 7.08-7.37 (m, 3H), &d 1H,) = 8.1 Hz)"*CNMR (DMSOds,75 MHz) @, ppm):
17.74, 23.72, 26.03, 25.64, 27.46, 32.57, 33.4853%6.64, 59.99, 70.82, 82.31, 82.37, 84.42,78)915.28(d)
=17.3 Hz), 116.93 (d] = 16.9 Hz), 117.93, 121.12, 133.57, 151.88, 153189.74, 171.76, 123.12-123.25(dds
6.2, 3.3 Hz), 138.18-138.29 (ddl~= 6.0, 3.5 Hz), 146.22-149.61 (dil= 242.1, 12.5 Hz), 147.53-150.94 (dd>
243.1, 12.6 Hz); Mass (m/z): 680 (M+1).

tert-butyl  [5-amino-6-{[(3aS,4R,6S,6aR)-6-(2-hydroxyethoxy)-2,2-dimethyltetr ahydro-3aH-cyclopenta[4,5-d]
[1,3]dioxol-4-yllamino}-2-(prop-2-en-1-ylsulfanyl)pyrimidin-4-yl][ (1R,2S)-2-(3,4-difluorophenyl) cyclopropyl]
carbamate (19).

Compoundl8 (100 g, 0.147 mol) was dissolved in Acetone (500 ®bdium carbonate solution (75 g dissolved in
water 500 ml) was added to the above solution amréemperature. Sodium dithionite (125 g, 0.718)mas
added in lot wise to the reaction mass at room &atpre and stirred for 2 hrs after completionezction Ethyl
acetate (1000 ml) and water (1000 ml) was adddbeiaeaction mass and separated the layers. Origaic was
washed with 20% sodium chloride solution (400 r@ljganic layer was then concentrated under vacuubelatv
55 °C to get residue. The residue was strippedvitff IPA (50 ml).To the residue, IPA (125 ml) wasatged and
heated up to 60-65 °C for 60 min, subsequentlyemhéb room temperature, it was further cooled ® @ and
maintained for 2-3 hrs and filtered. The materiaswdried at below 55 °C to get 86 g of compoufd yield
90.05%. Melting range 176.2 — 180.4 ¥aNMR (DMS0O-ds,300 MHz) 6, ppm): 1.01-1.19 (m, 2H), 1.22 (s, 3H),
1.34 (s, 9H), 1.38 (s, 3H), 1.86-1.91 (m, 1H), 22087 (m, 1H),3.02-3.03 (m, 1H), 3.46-3.58 (m, 481{4-3.74 (m,
2H), 3.89 (s,1H), 4.29-4.49 (m, 3H), 4.47-4.56 @H), 4.98-5.02 (m, 2H), 5.23 (d, 1B~ 17.1 Hz), 5.86-5.99 (m,
1H), 6.43-6.46 (d, 1H) 6.99-7.35 (m, 3H), 8.45 1#{,J = 7.5 Hz)**CNMR (DMSOds, 75 MHz) @, ppm): 15.72,
24.02, 26.35, 25.13, 27.94, 32.86, 33.03, 39.02%660.36, 70.40, 83.22, 83.81, 84.29, 110.0,9214d,J = 17.0
Hz), 116.95 (dJ = 16.8 Hz), 116.59, 119.58, 135.16, 142.70, 153163.81, 154.78, 123.02-123.13 (dds 5.8,
2.5 Hz), 138.91-139.04 (dd,= 6.0, 3.5 Hz), 146.04-149.41 (diz= 240.8, 12.2 Hz), 147.52-150.93(dds 242.7,
12.7 Hz); Mass (m/z): 650.4 (M+1).

tert-butyl  [(1R,29)-2-(3,4-difluorophenyl)cyclopropyl]{3-[(3aS,4R,6S,6aR)-6-(2-hydr oxyethoxy)-2,2-dimethyl
tetrahydro-3aH-cyclopenta[4,5-d][1,3]dioxol-4-yl]-5-(prop-2-en-1-ylsulfanyl)-3H-[ 1,2,3]triazolo[ 4,5-]
pyrimidin-7-yl}carbamate (20).

Compoundl9 (100 g, 0.154mol) was dissolved in Toluene (80Pand cooled to 10-15 °C. Sodium nitrite (13.0 g,
0.188mol) was dissolved in water (50 ml) and wasvkl added to the above reaction mass at 10-1586tiéacid
(55 g, diluted with Toluene 50 ml) was slowly addedhe above reaction mass at same temperatuaeti®e mass
temperature was adjusted to 15-20°C and maintdore@0 min. after completion of reaction, water @3®1) was
added to the reaction mass and pH of reaction massdjusted to 8.0-8.5 with sodium carbonate oluOrganic
layer was separated and extracted with Toluene (@PO0 Organic layer were mixed and washed with 268@ium
chloride solution (200 ml). Organic layer was theoncentrated under vacuum at below 55°C to get lifig
brown residue of compourDwith some traces of Toluene solvent, yield 99 3#MR(DMSO-ds,300 MHZ) 6,
ppm): 1.28-1.30 (m, 1H), 1.28 (s, 3H), 1.40 (s, 9HX9 (s, 3H), 2.22-2.26 (m, 1H), 2.55-2.76 (iH),23.22-3.50
(m, 6H), 3.80 (d, 2H,= 6.6 Hz), 4.01-4.06 (m, 1H), 4.55 (bs, 1H), 4dd, 1H,J = 3.0, 6.0 Hz), 5.12-5.29 (m, 3H),
5.32 (d, 1H) = 17.1 Hz), 5.91-6.05 (m, 1H), 7.09-7.37 (m, 3Ha3d (m/z): 661.4 (M+1).

(1S,25,3R,59)-3-[ 7-{[(1R,259)-2-(3,4-dif luor ophenyl)cyclopropyl]amino}-5-(prop-2-en-1-ylsulfanyl)-3H-[ 1,2,3]
triazolo[4,5-d] pyrimidin-3-yl]-5-(2-hydroxyethoxy)cyclopentane-1,2-diol (21).

To a compoun@0 (100 g), Methanol (150 ml) was added and cooled t€. HCI solution (230 g, 1.89 mol) was
added slowly by maintaining temperature at 0-10r&action temperature was adjusted to 15 °C andtriaed for
3-4 hrs. After completion of reaction water (500,nlthyl acetate (500 ml) was added and pH of #aetion mass
was adjusted to 8.5 - 9.5 with sodium carbonateti®sl. Organic layer was separated and aqueous lage
extracted with Ethyl acetate (200 ml). Both theamig layers were mixed and washed with 20% Sodibloricle
solution (200 ml). Organic layer was treated withiveated carbon (5 g) and concentrated under vadoeiow 55
°C. Hexanes (800 ml) was added slowly at 50-60dhé reaction mass, maintained for 60 min and Slewly
cooled it to 25-30 °C and maintained for 5-6 hrtteFed the slurry and washed it with Ethyl acetatel hexanes
mixture (1:1) (100 ml). Ethyl acetate (400 ml) wadded to the filtered wet material and heated G&6® °C,
hexanes (400 ml) was added slowly to it and maiethit for 60 min, slurry was cooled to 25-30 °@ amaintained
for 5-6 hr, filtered and dried at 45-55 °C to yi@i# g of Off-white compoundl, yield 86.3%. Melting range 131.2-
136.4 °C. '"HNMR (DMS0-0s,300 MHz) 6, ppm): 1.34-1.58 (m, 2H), 1.98-2.27 (m, 2H), 2569 (m, 1H), 3.13-
3.16 (m, 1H), 3.44-3.52 (m, 4H), 3.56-3.68 (m, 181)/5-3.82 (m, 1H), 3.94 (bs, 1H), 4.1-4.15 (m, 1#p2-4.60
(m, 2H), 4.93-5.08 (m, 2H), 5.02-5.36 (m, 3H), 5598 (m, 1H), 7.05-7.08 (m, 1H), 7.22-7.37 (m, 2BI}A2 (d,
1H,J = 3.9 Hz)’*CNMR (DMSO0<4,,75 MHz) @, ppm): 15.04, 24.06, 33.08, 33.34, 34.08, 6068252, 70.86,
73.71, 74.48, 81.77, 114.86 (@= 17.3 Hz), 117.01 (dJ = 16.8 Hz), 117.20, 123.22, 134.16, 150.77, 154.04
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168.45, 122.76-122.88 (dd= 5.9, 3.0 Hz), 139.15-139.27 (db= 6.0, 3.5 Hz), 146.11-149.49 (db= 241.5, 12.3
Hz), 147.69-150.93(dd, = 242.9, 12.5 Hz); Mass (m/z): 521.4 (M+1).

(1S,25,3R,59)-3-[7-{[(1R, 29)-2-(3,4-difluor ophenyl)cyclopropyl]amino}-5-(propylsulfanyl)-3H-[1,2,3] triazolo
[4,5-d] pyrimidin-3-yl]-5-(2-hydr oxyethoxy)cyclopentane-1,2-diol (Ticagrelor, 1).

To a compound1 (100 g, 0.192mol), Tetrahydrofuran (100 ml), Ethla®00 ml) was added and cooled to -5°C,
hydrazine hydrate (85.0 g, 1.36mol) was added.t8atution of Sodium per iodate (50 g, 0.234mo§sdived in
water (400ml) was added to the above solution ateseemperature, slowly raised the temperature Ug0t65°C
and maintained for 60 min. After completion of réaa, temperature was cooled to 10-15°C and fittetlee
reaction mass and washed the inorganics with Tydrafuran (25 ml). Dichloromethane (2000 ml) walsled to
the filtrate, separated organic layer and washdél 8N sodium hydroxide solution (1200 ml) and theater (300
ml) followed by 25% Sodium chloride solution (300)nOrganic layer was dried on sodium sulphate (gp@nd
then distilled out to get residue. Obtained residas dissolved in Ethyl acetate (500 ml) and heatetb 55-60°C,
hexanes (500 ml) was added at same temperatunmaintined it for 60min. Temperature was graduedigled to
room temperature and maintained for 4 hr filtetesl material and washed with Ethyl acetate and hesxamixture
(1:1) (100 ml). Obtained material was dried ungezuum at 40-50°C to get 869 of dry Ticagrelty; gield 85.7%
Purity: >99.8%, individual impurity less than 0985

RESULTSAND DISCUSSION

We have been interested in designing a simple aneffficient synthesis and characterization for bive target
compounds, which remains a challenging area, despijtressive progress in organic synthesis. Theodipresent
work is synthesis of Ticagrelot) using novel route. The development of alternatee is useful in the synthesis of
pharmaceutical product provides means to find ndthehich are advantageous in an economic sensms, tfre
technical point of view or otherwise, in particufar large scale manufacture.

The advantage of this route is that the yield a@hestage is quantitative which reduces the coghefproduct.
During optimization of compouri®, different bases like t-BuOK, LHMDS, n-Butyl lithiumere studied along with
Sodium Hydride. Double condensed prod2@twas higher with other bases as compared to NHi& results of
studies are summarized in below table.

Base NaH | t-BuOK | LHMDS | n-Butyl Lithium
Product16(%) 94 72 64 68
Impurity 26 (%) 3 15 18 12
Other impurity (%) 1.3 5 6.2 8.4

Cl
OZN N
NN

N
S/\/ Boc\ Boc\ F
15
Boc -
\N\ F N F
H AN
F

14
16
Scheme-5. Reagents and conditions: Base, THF, HexanesC-20°

There are various reports in the literature for b@uction of nitro group like Palladium on Carbdd,12], Zinc
[13,14], Iron powders [15,16]. But the reduction X8was carried out using sodium dithionite and,Bi&; in
acetone, provided th#d. The advantage of this reagent is that it is \@rgap reagent, there is no any emulsion
formation observed in work up as it was observediint and Iron powder reactions and hence it iy easy in the
operations at plant level for scale-up with quaitie yields.

Reduction of carbon-carbon double bond is normatigomplished by using hydrogen and heterogeneaansition
metal catalysts e.g. Rh/C, Pd/C, RPtd NaBH, but in view of scale-up and cost, the reactioogmized with the
hydrazine hydrate and sodium periodate. ReduatioAl with Pd/C & Pt/C gave multiple impurities like de-
fluorinated, de-sulphurization impurities and réaws were very slow as the Sulphur was poisonimgditalyst.
Reduction oR1 using Hydrazine hydrate and NalfS very clean reaction which gets completed inHr2only and
with-out any side impurities. Nal@xidizeshydrazine to give Hydrogen, Nitrogen andenaHydrogen reduces the
double bond selectively without disturbing any othumctional group & product conversion is 99%.
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CONCLUSION

In summary, we have demonstrated the synthesiscafjielor using scheme-3 & scheme-4. The methogakbgot
only efficient and practical but also useful fodirstrial scale up as the reagents and chemicalsheaper and
easily available.
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