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NOVEL PHARMACEUTICAL SOLID FORMS OF (lS 2S,3/?,5S)-3-[7-[(lR,2S)-2-(3,4-

DIFLUOROPHENYL)CYCLOPROPYLAMINO]-5-(PROPYLTHIO)- 3H-[l,2,3]TRIAZOLO[4,5-D]PYRIM IDIN-3-

YL]-5-(2-HYDROXYETHOXY)CYCLOPENTANE-l,2-DIOL

Technical Field

The present invention relates to novel solid forms of ticagrelor (I) as well as t o methods of

preparation. The specific solid forms claimed are a dioxane solvate and a cocrystal of ticagrelor

derived from 3-hydroxy-2-naphthoic acid.

Background Art

The compound (lS,2S,3R,5S)-3-[7-[(l/?,2S)-2-(3 4-Difluorophenyl)cyclopropylamino]-5-(propylthio)-

3H-[l,2 3]triazolo[4,5-d]pyrimidin-3-yl]-5-(2-hydroxyethoxy)cyclopentane-l,2-diol (also known as

Ticagrelor) of formula I

(I)

is known to be a platelet aggregation inhibitor that is indicated for the prevention of thrombotic

events in patients with myocardial infarction. Details of the synthetic method for isolating ticagrelor

can be found in WO 00/34283. At least four anhydrous polymorphs of ticagrelor are known in the

prior art and further details about these can be found in EP1289992. In addition, a number of

cocrystals of ticagrelor are described in the prior art, specifically in WO2011067571. Studies

[Nawarskas and Clark, Cardiology in Review, 19(2), March/April 2011, 95-100] have shown that in

patients with acute coronary syndrome, treatment with ticagrelor when compared t o clopidogrel



significantly reduces mortality rate from vascular ialments, heart attack or stroke. When compared

to clopidogrel, ticagrelor represents a new class of platelet inhibitor. Unlike clopidogrel, ticagrelor is a

not a thienopyridine but best described as a cyclopentyl-triazolo-pyrimidine.

Ticagrelor is a low solubility, low permeability active pharmaceutical ingredient (API) and

categorised as a class IV compound under the Biopharmaceutical Classification System (BCS). Such

APIs are typically subjected to salt formation so as t o improve their solubility and hence

bioavailability. Another option, and an increasingly popular one, is to form a co-crystal of the API. A

co-crystal is defined herein as a distinct solid form of the API that consists of a stoichiometric ratio of

the API and a guest molecule (also known as a coformer) to give a periodically repeating crystal form.

Co-crystals typically provide distinct physicochemical properties with respect to the reference API.

Co-crystals offer great utility as they modify the physicochemical properties of the API without

affecting the chemical structure of the API. Moreover co-crystallisation does not depend on the

presence of ionisable functional groups, and this contrasts with the requirements for salt formation.

Co-crystals are known to dissociate in solution at a rate faster than the time it takes for the API to

reach the active site. Thus the therapeutic effect is delivered by the API alone with the cocrystal

having rapidly dissociated by the time it is placed in water.

Unless there are issues with the bioavailability of the solid dosage form, those trained in the

art will know that crystalline solid forms of APIs are preferred over amorphous forms since crystalline

forms are thermodynamically stable and offer more predictable processing and storage conditions.

The obvious caveat that goes with this of course relates to the problem of enhancing the solubility

and bioavailability of the API, which favours the amorphous form. Neither polymorphs nor cocrystals

of the API are obvious prior to extensive crystallisation experiments. Indeed those familiar with the

art will be familiar with previous literature examples of attempted cocrystallisation experiments that

have instead led to new polymorphs of the API or cases of disappearing polymorphs of the API after

characterisation of supposedly stable new crystal forms.

Methods of preparing and characterising cocrystals are now extensively described in the

literature. For example see: Trask et al. Chem. Commun., 2004, 890-891; and O. Almarsson, M.J.

Zaworotko, Chem. Commun., 2004, 1889-1896; T. Friscic and W. Jones, J. Pharmacy. Pharmacology,

2010, 62, 1547-1559. These methods as well as other methods known to those skilled in the art may

be used t o prepare cocrystals of ticagrelor preferentially containing a coformer molecule with at least

one carboxylic acid group, or more preferentially a coformer belonging t o the general class of



compounds known as hydroxybenzoic acids, or even more preferentially a coformer such as 3-

hydroxy-2-naphthoic acid.

Description of the invention

The present invention relates to the solid state structures of (lS,2S,3R,5S)-3-[7-[(l/?,2S)-2-(3,4-

Difluorophenyl)cyclopropylamino]-5-(propylthio)-3H-[l,2,3]triazolo[4,5-d]pyrimidin-3-yl]-5-(2-

hydroxyethoxy)cyclopentane-l,2-diol (hereafter referred t o as Ticagrelor) in the form of a stable co-

crystal solid form as well as a 1,4-dioxane solvate. By the appropriate use of the anhydrous or

solvated forms of the API, it is possible t o modulate and ensure consistency in the physicochemical

properties of the active pharmaceutical ingredient. According to EP1289992, ticagrelor has four

polymorphs of which Form I is the most stable with a melting point of 146-152 °C. However Form I I is

used in the drug product and this polymorph is known to have a melting point in the range 136-

139°C. Forms I and I I interconvert upon heating/cooling and this is illustrated in Figure 2.

The present invention relates to a 1,4-dioxane solvate of ticagrelor.

More specifically the invention relates to the crystalline form of the 1,4-dioxane solvate of

ticagrelor which has the characteristic X-ray powder diffraction (XRPD) peaks listed in Table 1 and the

XRPD diffraction pattern shown in Figure 3. The 1,4-dioxane solvate of ticagrelor was characterised

by gas chromatographic residual solvent analysis, which showed that there was approximately

24.37% of 1,4-dioxane by mass, suggesting a 2:1 molar stoichiometric ratio of l,4-dioxane:ticagrelor.

The characteristic X-ray powder diffraction peaks for 1,4-dioxane solvate of ticagrelor are 5,1; 15,3;

17,2; 19,3; 20,4; 25,6 a 30,8 ± 0,2° 2Θ. The HPLC-determined purity of the solvate (98.4%) is

comparable to that of ticagrelor Form I I (98.8%). The 1,4-dioxane solvate of ticagrelor has a greater

stability than ticagrelor Form I I as illustrated by a melting point approximately 14°C higher.

Differential Scanning Calorimetry (DSC) measurements have shown that the solvate melts at an onset

temperature of approximately 148 °C (Figure 4) when compared to the onset of melting for Form II

ticagrelor at 134 °C.



Table 1: Table of diffraction peaks for the 1,4-dioxane solvate of ticagrelor.

Characteristic peaks: 5,1; 15,3; 17,2; 19,3; 20,4; 25,6 a 30,8 ± 0,2° 2-theta.

According to the present invention is provided a process for preparation of 1,4-dioxane

solvate which comprises a crystallization of ticagrelor solution or suspension in 1,4-dioxane in the

temperature in the range of 20-101 °C for sufficient time to convert to the crystalline solvate.

Temperature is optimally in the range of 30-101°C and the most optimally by heating to 50 °C

followed by precipitation by cooling to room temperature. It means the temperature in the range of

18-25°C. For preparation of the solvate can be used all known forms of ticagrelor, for example form I

or form II, III or IV as described in EP1289992. The amorphous form could be also used.

The ticagrelor 3-hydroxy-2-naphthoic acid cocrystal has the characteristic XRPD peaks listed

in Table 2 and XRPD diffraction pattern is shown in Figure 5. The characteristic X-ray powder

diffraction peaks for the cocrystal are 3,6; 7,2; 9,3; 14,3; 16,2; 18,7 a 24,5 ± 0,2° 2Θ. The cocrystal has

an onset of melting of 136 °C, which is approximately 2 °C higher than the onset of melting for

ticagrelor Form II. The HPLC purity of the cocrystal is also high at 97.9%. One of the advantageous of

formulating ticagrelor as a cocrystal can be seen in its polymorphic behavior relative to ticagrelor API.

Polymorphism, the ability of a compound t o crystallize in more than one crystal form represents a

major challenge to the pharmaceutical industry when it occurs unexpectedly. A case in point is

Ritonavir (Norvir), an antiretroviral drug from the protease inhibitor class that is used t o treat HIV

infection and AIDS. The chemical structure of the API in the original Norvir capsules was known to

exhibit conformational polymorphism, with the different polymorphs exhibiting different physical

properties. The therapeutically active polymorph of Ritonavir used in the original formulation was the

metastable polymorph, which readily converted to the stable polymorph [Bauer et al, Pharmaceutical



Research, 18(6), 2001, 859-866.] exhibiting poor solubility and poor bioavailability. This polymorphic

transformation was not foreseen by the developers of Norvir and caused significant challenges. In the

case of Ticagrelor, a similar challenge exists. Namely, the polymorphic Form II used in the drug

product is a metastable form, which readily transforms via a reversible temperature induced phase

transition to the thermodynamically more stable Form I upon heating. In a similar light to Ritonavir,

Ticagrelor also exhibits significant conformational flexibility, making it susceptible t o polymorphic

changes as a function of crystallisation conditions (principally the temperature and solvent). The

cocrystal of ticagrelor and 3-hydroxy-2-naphthoic acid allows for better control of the solid state

properties as it is not susceptible to polymorphic changes as a function of temperature and solvent

(the latter being limited by time and availability). As far as the temperature-induced polymorphic

behavior of the cocrystal is concerned, Figure 6 shows the DSC trace of the cocrystal which exhibits

only one endotherm corresponding to the melting point of the cocrystal. Moreover, the cocrystal was

shown not to be polymorphic - within the limitations of manual crystallisation techniques - as a

function of the crystallisation solvent according to the results of extensive solution crystallisation

experiments using different solvents. This is illustrated by Figure 7, which shows identical PXRD

patterns of the cocrystal when crystallized ticagrelor is crystallised with 1 equivalent of 3-hydroxy-2-

naphthoic acid from suitable solvent at temperature in the range of 20-65°C. As suitable common

solvents are used for example water, nitromethane, ethanol, propanol, diethylether, 2-butanol,

cyclohexane, dichloromethane, acetone, methylethylketone, 1,2-dimethyoxyethane, ethylformate,

methylacetate, propylacetate, isopropylacetate, trichloroethylene, tetrahydrofuran (THF) or

acetonitrile or their mixtures. For preparation of the cocrystal can be used all known forms of

ticagrelor, for example form I or form II, III or IV as described in EP1289992. The amorphous form

could be also used.

The final added benefit of formulating ticagrelor as a cocrystal relates to the superior water

sorption stability of the cocrystal relative to the API at elevated % relative humidity values. According

t o Figure 8, at a relative humidity value of 80% (25 °C isotherm), the cocrystal has a water content of

3.2% by mass and this compares to 3.7% for Ticagrelor Form II. At 90% relative humidity, the

cocrystal was found t o have a water content of approximately 13.2% by mass when compared to

16.8% for Ticagrelor Form II. Both samples are stable to water uptake up to 60% relative humidity.



Table 2: Table of diffraction peaks for the ticagrelor 3-hydroxy-2-naphthoic acid cocrystal.

Characteristic peaks: 3,6; 7,2; 9,3; 14,3; 16,2; 18,7 a 24,5 ± 0,2° 2-theta.

In a further aspect of invention, the solvate and the cocrystal according to this invention could be

used directly to the pharmaceutical composition or as an intermediate for preparation of a

pharmaceutically accepted form.

Brief Description of Drawings:

Figure 1: XRPD pattern of ticagrelor Form II.

Figure 2: DSC trace for ticagrelor Form II.

Figure 3: XRPD pattern of the 1,4-dioxane solvate of ticagrelor.

Figure 4: DSC trace for the 1,4-dioxane solvate of ticagrelor.

Figure 5: XRPD pattern of the ticagrelor 3-hydroxy-2-naphthoic acid cocrystal.

Figure 6: DSC trace for the ticagrelor 3-hydroxy-2-naphthoic acid cocrystal.



Figure 7: Overlay of the PXRD patterns from crystallisations of ticagrelor 3-hydroxy-2-naphthoic acid

cocrystal in different solvents. The overlay illustrates lack of polymorphism for the cocrystal.

Figure 8: Comparison of the sorption-desorption isotherms (25 °C) for a) Ticagrelor 3-hydroxy-2-

naphthoic acid and b) Ticagrelor Form II.

Examples

In the following examples samples were evaluated with the X-ray diffraction analysis using the

following procedure:

The diffraction pattern was obtained in an X' PERT PRO PD PANalyticai powder diffracto meter with

a graphite monochromator, radiation used CuKct (λ=1.542 A), excitation voltage: 45 kV, anode

current: 40 mA, measured range: 2 - 40" 2Θ, increment: 0.0 2Θ at the reflection delay of 50s, the

measurement was carried out on a flat sample with the area/thickness of 10/0.5 mm.

DSC curves were measured with a Pyris 1 (Perkin Elmer) device. The sample charge was 3-4 mg,

heating rate 10 °C/min

Temperature programme:

1) 1 minute at 50 °C

2) 50-200 °C at the rate of 10 "C/minute (except prasugrel HCI 50-250 °C at the rate of 10

°C/min).

Carrier gas: N 20 ml/min.

An amount of solvent was evaluated with Gas chromatography (GC) in a Agilent 7890 with Fl

detection

Chromatographic conditions:

Capillary column: DB-624 (30 m, 0.53 mm ID, 3.0 µηι df) or equivalent

Temperature program: 70 °C - 2 min, gradient 10 °C /min to 170 °C - 0 min,

Carrier gas: helium

Injection: 1 µ Ι

Injector: 200 °C, split ratio 5:1



Detector: FID, 260 °C

Example 1: Method for the preparation of ticagrelor 1,4-dioxane solvate

700mg of Ticagrelor was placed in a 50ml round-bottomed flask. To this was added 15 ml of 1,4-

Dioxane. The contents of the flask were heated to 50 ° C. The contents of the flask were allowed to

cool t o 30 ° C before heating once again t o 50 ° C. After cooling down to room temperature one final

time, approximately 40ml of the solvent was distilled off. The contents of the flask were then stirred

for 2 hours in an ice-bath until crystallisation was induced. Yield: 664 mg (94.86 % of the theoretical

maximum). HPLC Purity: 98.4%.

The sample was characterised with powder X-ray and list of characteristic peaks is given in Table 1.

Example 2: Method for the preparation of ticagrelor 3-hydroxy-2-naphthoic acid cocrystal

Approximately 870mg of Ticagrelor Form II was placed inside a 100ml capacity round-bottomed flask.

To this was added 312mg (lmol equiv.) of 3-hydroxy-2-naphthoic acid. The flask was fitted with an air

condenser and thermometer. To the contents of the flask was added 50ml of MeOH. The resulting

suspension was heated to a temperature of 50 ° C. The contents of the flask were allowed to cool

down to 40 ° C and then heated once again to 50 ° C under reflux. A condenser for distillation was

attached to the round-bottomed flask and the suspension heated to approximately 60 ° C so as t o

distil approximately 90% of the methanol by volume. The thick suspension that remained was stirred

and allowed to cool under an ice-bath for 1 hour. Rapid precipitation was observed. Yield: 1.15g

(97.29% of the theoretical maximum). HPLC Purity: 97.9% .

The sample was characterised with powder X-ray and list of characteristic peaks is given in Table 2.

Example 3: Preparation of ticagrelor 3-hydroxy-2-naphthoic acid cocrystal from a range of solvents

via slurrying

Approximately 40mg of Ticagrelor Form II was placed inside a 1ml capacity vial. To this was added

14.34mg (lmol equiv.) of 3-hydroxy-2-naphthoic acid. To the vial was added 1ml of one of the

following solvents t o create a saturated suspension: Water, nitromethane, ethanol, propanol,

diethylether, 2-butanol, cyclohexane, dichloromethane, acetone, methylethylketone, 1,2-



dimethyoxyethane, ethylformate, methylacetate, propylacetate, isopropylacetate, trichloroethylene,

THF or acetonitrile. The contents of the vial were placed inside a HLC Thermomixer (Model No: MHR

23). The temperature of the slurry was kept constant at 35 °C and agitation of 900rpm for 9 days so

as to investigate any solvent induced polymorphic transformations. The crystalline samples were

evaluated with X-ray powder diffractions. Patterns from all samples comply with X-ray pattern

measured in Example 2. In Figure 7 is shown patterns from chosen solvents.



Claims

1. A solvate of Ticagrelor of formula (I)

with 1,4-dioxane.

2. A solvate as claimed in claim 1, characterised by an X-ray powder diffraction pattern

measured using CuKa, containing specific peaks of high intensity at : 5,1; 15,3; 17,2; 19,3;

20,4; 25,6 a 30,8 ± 0,2° 2-theta.

3. A solvate as claimed in claim 1 or 2, characterised in that a mass of 1,4 dioxane is in the 2:1

molar stoichiometric ratio.

4. A solvate as claimed in any one of claims 1, 2 or 3, characterised by a differential scanning

calorimetry curve having an onset melting which at approximately 148°C.

5. A process for the preparation of a solvate as claimed in claim 1, wherein ticagrelor is

crystallised from 1,4-dioxane at a temperature in the range of 20-101 °C.

6. A process for the preparation of a solvate as claimed in claim 5, wherein ticagrelor is

crystallised from 1,4-dioxane by heating to 50 °C, followed by precipitation by cooling to

room temperature.

7. A cocrystal of Ticagrelor of formula (I)



with 3-hydroxy-2-naphthoic acid.

8. A cocrystal as claimed in claim 7, characterised by an X-ray powder diffraction pattern

measured using CuKa, containing specific peaks of high intensity at 3,6; 7,2; 9,3; 14,3; 16,2;

18,7 a 24,5 ± 0,2° 2-theta.

9. A cocrystal as claimed in claim 7 or 8, characterised in that a mass of 3-hydroxy-2-naphthoic

acid t o ticagrelor is in the 1:1 molar stoichiometric ratio.

10. A cocrystal as claimed in any one of claims 7, 8 or 9, characterised by an differential scanning

calorimetry curve having an onset melting which at approximately 136°C.

11. A process for the preparation of a cocrystal as claimed in claim 7, wherein ticagrelor is

crystallised with 3-hydroxy-2-naphthoic acid from a suitable solvent at a temperature in the

range of 20-65°C.

12. A process as claimed in claim 11, wherein the solvent is selected from the group consisting of

water, nitromethane, ethanol, propanol, diethylether, 2-butanol, cyclohexane,

dichloromethane, acetone, methylethylketone, 1,2-dimethyoxyethane, ethylformate,

methylacetate, propylacetate, isopropylacetate, trichloroethylene, THF and acetonitrile.

13. Use of a solvate as claimed in claim 1 for preparation of a pharmaceutical composition.

14. Use of a cocrystal as claimed in claim 7 for preparation of a pharmaceutical composition.
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