Original Research Article

Novel salts of Sunitinib an anticancer drug with improved solubility

ABSTRACT

Polymorph, co-crystal and salt screening experiments were carried out to identify novel solid forms
with the improved physicochemical properties, particularly water solubility in the present case. Co-
crystal formation was evaluated with urea and nicotinamide. These coformers do not have any ionic
groups that favors the formation of salts. Sunitinib malate salt is being currently sold in the market. It
is poorly soluble in water. Salt screening experiments were conducted with adipic acid, glutaric acid,
nicotinic acid, 4-hydroxy benzoic acid and saccharin. The salts with 1:1 ratios were obtained with
these acids, except for adipic acid, which yielded a 2:1 solid form. The solubility of these salts in
deionizedwater was found to be 6 to 10 times greater than that of the marketed salt (sunitinib malate).

Reversible Z-E isomerization was also well thought-out especially in presence of light and the
|somer|zat|on was checked by HPLC. Formation of undesired E-isomer was additionally confirmed by
'H NMR. This observation has implications in the solubility study of sunitinib salt samples using HPLC
method.

Keywords:Sunitinib, Photosensitive, Novel salts, Coformers, Solubility and HPLC.

1 Introduction

An important goal of solid-state pharmaceutical development is to increase drug solubility while
maintaining a stable form. This objective is critical because solubility and permeability are the major
factors used to describe oral absorption according to the biopharmaceutics classification system
(BCS). The use of salts in the pharmaceutical industry is a well-known fact. Salts modify properties of
the solid forms such as melting temperature, solublllty, stability, dissolution rate and
bioavailabilitywithout altering the desired effect of drug.l" Salt formation is essentially a three
component system involving an acid (A), a base (B) and one or more solvents. A salt is formed by the
transfer of a proton (H*) from an acid (A) to a base (B): A-H + B — (A7) (B*-H). In order to assist salt
selection a number of empirical rules have been proposed, such as the ‘rule of three’. This states that
salt formation generally requires a difference of at least three pK, units between the conjugate base
and the conjugate acid, pK, (Base) - pKa (Acid) = 3, where pKa is the ability of an ionisable group to
donate a proton (H") in an aqueous medium and is often referred to as the dissociation constant.
When the difference is < 3, the product can be either salt or co-crystal.

API co- crzstals like API salts, have demonstrated the ability to modify physicochemical properties of
the APls. Cocrystals can be made for nonionizable drugs, which are restricted from salt formation.
Also, for ionizable drugs, the number of suitable cocrystal ligands (i.e.coformers) can exceed the
number of suitable counter ions. Solvates are crystal forms containing either stoichiometric or
nonstoichiometric amounts of a solvent.) If the incorporated solvent is water, the solvate is commonly
known as a hydrate. Different polymorphs of a given crystalline compound (salt or co-crystal) can
have different physicochemical properties. i Systematic screening for polymorphs has therefore
become an essential step in drug development to select a factual form in order to avoid problems
caused by polymorphic transitions during processmg ° The crystalllzatlon of polymorphs can be
affected by numerous factors, which include, the nature of solvents®®® and the presence of polymers
Mor other additives.”

Sunitinib is a new vascular endothelial growth factor receptor inhibitor, has demonstrated high act|V|ty
in renal cell carcinoma (RCC) and is now extensively used for patients with metastatic disease.®"% It
is sold as malate salt by Pfizer under the brand name Sutent. Sunitinib is a yellow to orange powder
with solubility of 25mg/ml in acidic solutions (pH 1.2 - 6.8)"" and 10-50 uM in plain water.The
solubility of sunitinib rapidly decreases at pH greater than 6.8. Hence Sunitinib malate may be
considered class Ill drug, a high solubility and a low permeability compound according to the
biopharmaceutical classification. Consequently there is a need to obtain new salts of sunitinibwith



improved water solubility though, several salts have already been identified for this APz (Scheme
1).

Sunitinib molecule has an exocyclic double bond at 3-position of the oxindole ring and consequently it
can exhibit Z-E isomerism. Anand and Narmada have revealed that SU5416, closely related to
sunitinib, undergoes photo induced conversion into the less stable E isomer in sqution“‘”(Scheme 2).
present study deals with the synthesis of sunitinib, Z-E isomerization and identification of novel salts
with improved water solubility.
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Scheme 1: Scheme for the synthesis of sunitinib Malate
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Scheme 2: Z-E Isomersof sunitinib Malate

2 Materials and methods

All the key intermediates for synthesis of sunitinib were procured from Shanghai Parling pharma co.
ltd. China. Solvents and reagents were used by way of obtained from Rankem, Qualigens and
Ranbaxy Labs. Ltd., India. Waters HPLC 2695 alliance separation module (with customized syringe
and loop volume of 2.5 mL) with PDA 2998 detector was used for investigation. Perkin Elmer
CHNS/O analyzer 2400 was used for CHN analysis. Melting point was recorded on Buchi b 545. IR
spectra were recorded on Perkin-Elmer Spectrum One FT-IR spectrometer. 'H NMR spectra was
recorded in DMSO-dg at 400 MHz using TMS as an internal standard. Mass/Ms-Ms data was
generated by using QTRAP LC/MS/MS system (Applied Biosystems). The XRPD of the samples were
determined by using Instrument: PANalytical; Model X'pert PRO; Detector: X'celerator; Scan Range:
3-40; Step size: 0.02; Range: 3-40 degree 2 theta; CuKa radiation at 45kV and 40 mA. DSC of the
samples was determined by using Mettler-Toledo 821e. Data collection parameters: Scanning rate:
10°C/min; Temperature: 30°C to 300°C. TGA of the samples were determined by using TA Q500
between 30°C to 300°C at 10°C/min scan rate. In the Z-E isomerization studies, the solutions (in 100
ml volumetric flasks) - prepared by means of dissolving 25 mg of sunitinib in 100 ml of each solvent -
were either directly exposed to halogen lamp (150 W) or sunlight.

3 Experimental



3.1 Z-E isomerization

Photo induced Z-E isomerization studyin sunitinib molecule was carried out by HPLC method using
Kromasil Cg (250 x 4.6 mm; 5 ym particle size) (procured from Akzonobel) stationary phase. The
gradient elution consisted of potassium dihydrogen orthophosphate buffer (pH 4.5) and acetonitrile
(1:1 v/v) with an injection volume and flow rate of 5 yl and 1 ml/min, respectively with detection
wavelength 210 nm. This transformation of desired Z-isomer into unstable E-isomer was moreover
proved by "H NMR of compound in DMSO-dgafter going on exposure to light. Pure Z-Isomer 'H NMR
(400 MHz, DMSO): & 0.98 (6 H, t, C27, 29-H,), 2.43 (3H, s, C21-H,, 2.45(3H, s, C18-H,), 2.47-2.57
(*6H, m, C28, 26, 24-H,), 3.27-3.34(2H, m, C23-H,), 6.83-6.86(1H, m, Ar-H,), 6.90-6.95 (1H, m, Ar-
H), 7.43 (1H, t, N22-H,), 7.71 (1H,s, C11a-H,,), 7.75 (1H, d, Ar-H), 10.89 (1H, s, N-H), 13.68 (1H, s,
N-H).

When Z-Isomer exposed to sunlight for 4 hours (E-lsomer) 'H NMR (400 MHz, DMSO): 6 1.00 (6 H, t,
C27, 29-H,), 2.21 (3H, s, C21-H,), 2.43-2.45(3H, s, C18-H,), 2.51-2.55 (*6H, m, C28, 26, 24-H,),
3.27-3.30(2H, m, C23-H,), 6.81-6.86(1H, m, Ar-Hy), 6.99-7.04 (1H, m, Ar-Hy), 7.34 (1H, d, Ar-Hy),
7.37-7.43.

3.2 Solubility data

The equilibrium solubility study of sunitinib salts in DI (Deionized water) water was carried out by
using gradient elution HPLC method consisted of potassium dihydrogen orthophosphate buffer (pH
6.5) and acetonitrile-MeOH mixture (1:1 v/v) with an injection volume and flow rate of 10 yl and 0.75
ml/min on Kromasil Cg column (250 x 4.6 mm; 5 uym particle size), respectively through detection at
270 nm.

3.3 Sunitinib synthesis

Sunitinib was prepared in two steps from imidazole derivative (1) as per the reported procedure
(Scheme 3)."®Amidation of 1 with diethylethylenediamine (2) in presence of EDCI.HCI (N-Ethyl-N'~(3-
dimethylaminopropyl)  carbodiimidehydrochloride), HOBt (Hydroxybenzotriazole) and TEA
(triethylamine) at RT yielded imidazole-amide derivative (3). Intermediate 3 wasthen and there
condensed with oxindole derivative (4) in presence of base in protic solvent to give crude sunitinib (5)
in quar[11tfi3§ative yields. The crude sunitinib (5) was then purified via acid-base treatment as reported
earlier.
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Scheme 3: Scheme for the synthesis of sunitinib

M. P.: 216.6 °C, IR (KBr) V,ax(in cm™"): 3424, 3339, 3042, 2955, 2470, 1968, 1870, 1675, 1637, 1563,
1194, 1520, 1476, 1463, 1440, 1377, 1322, 1286, 1253, 1193, 1151, 1096, 1071, 1047, 800, 666 and
586. 'H NMR (400 MHz, DMSO): & 1.00 (6 H, t, C27, 29-H, J = 7.1 Hz ), 2.43 (3H, s, C21-H, 2.45(3H,
s, C18-H, 2.55-2.62 (6H, m, C28, 26, 24-H), 3.29-3.34 (2H, m, C23-H), 6.83-6.86 (1H, m, Ar-H), 6.90-
6.95 (1H, m, Ar-H), 7.47 (1H, t, N22-H), 7.72 (1H, s, C11a-H), 7.76 (1H, d, Ar-H, J =9.4 Hz), 10.90
(1H, s, N-H), 13.69 (1H, s, N-H), ); °C NMR (100.6 MHz, CDCl,): 15.82, 17.06, 18.56, 42.17, 51.74,
56.87, 111.12, 115.20, 117.56, 119.82, 125.93, 130.07, 131.02, 132.38, 135.36, 139.73, 141.79,
162.29, 169.73 (CO), 174.79 (CO). Mass: 398.4 [M + HJ", 399.3; MS/MS: 326.1, 283.1, CHN: C-



65.90, H-7.12, N-13.94. Theoretical CHN: C (66.31%), H (6.83), F (4.77%), N (14.06%), O (8.03%),
DSC: Single endotherm at 234.37 °C, TGA: No significant weight loss and X-ray powder diffraction
(XRPD) peak pattern is depicted in Figure 1indicates the obtained sunitinib base is a crystalline solid.
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Figure 1: XRD spectrum of sunitinib Base

3.4 Solid form screening

Polymorph screening was carried out by treating sunitinib with L(-) malic acid (in 1:1.05 molar ratio) in
4 volumes of various solvents at room temperature (RT) for about 16 hours and stirring the malate
salt in 4 volumes of numerous solvents at RT for about 10-12 hours. Co-crystal formation was
assessed with two coformers, namely urea and nicotinamide. 1:1 molar ratio of the components was
suspended in MeOH (methanol) and CH;CN (acetonitrile), in addition stirred the mixtures at RT for
about 16 hours. Salt screening was carried out with various organic acids such as adipic acid, glutaric
acid, nicotinic acid, 4-hydroxybenzic acid and saccharin. Mixtures of sunitinib and salt-former (in
1:1.05 molar ratio) were stirred in 10-15 volumes of MeOH (methanol) or acetonitrile at RT for about
12-16 hours and the resulting solutions either clear or suspensions were further cooled down to 0-5
°C and stirred at 0-5 °C for about 1 hour before filtration. In all the above cases the solids were
separated from the solvent through vacuum filtration and dried them at 45-50 °C under vacuum for
about 10-15 hours, scheme 2 to 6.

3.4.1 Sunitinibglutarate

5.0 g of Sunitinib base was suspended in 75 ml of methanol at RT under N,. 1.82 g of glutaric acid
(1.1 meq) was added to the mixture at RT. The mixture was stirred at RT for about 16 hours and then
cooled down to 0-5 °C and stirred at this temperature for 1 hour. Red colored solids were collected by
vacuum filtration and washed the material with 25 ml of methanol. Dried the product under vacuum at
50 °C temperature for 12 to 14 h. The crystalline Form | of glutarate salt of sunitinib (scheme 4) was
obtained and characterized by X-ray powder diffraction (XRPD) peaks pattern substantially as
depicted in Figure 2.
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Scheme 4: Scheme for the synthesis of Sunitinibglutarate.
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Figure 2: XRD spectrum of sunitinibGlutarate

% Yield = 88, M. P. = 204.2 °C, IR (KBr) Vna(in cm™): 3427, 3189, 3047, 2987, 2203, 1679, 1628,
1572, 1525, 1326, 1194, 1179, 697, 666, and 588. 'H NMR (400 MHz, CDCl): 5 0.98 (6 H, t, C29,
27-H, J=7.08, 7.12), 1.69 (2H, p, C34-H, J = 7.44 Hz), 2.23 (4H, t, C33, 35-H, J = 7.04 Hz), 2.43 (6H,
d, C18, 21-H, J = 7.8 Hz), 2.50-2.60 (6H, m, C24, 26, 28-H), 3.27-3.32 (2H, C23-H, m), 6.85 (1H, d,
Ar-H, J = 4.6 Hz), 6.94 (1H, d, Ar-H, J = 8.48 Hz), 7.44 (1H, t, N22-H, J = 5.52, 5.56 Hz), 7.71 (1H, s,
C11a-H), 7.74 (1H, d, Ar-H, J = 9.4 Hz), 10.88 (1H, s, N13-H),13.68 (1H, s, N1-H), DSC: Single
endotherm at 202.38 °C, TGA: No significant weight loss.

3.4.2 Sunitinibadipate

5.0 g of Sunitinib base and 2.0 g of adipic acid (1.1 meq) were suspended in 75 ml of methanol at RT
under N,. The resulting mixture was stirred for 5 hours at RT. The red colored solids were collected by
vacuum filtration and washed with 50 ml of methanol at RT. Dried the product under vacuum at 50
°Cfor 12 to 14 h.The crystalline Form | of adipate salt of sunitinib (scheme 5) was characterized by
XRPD peak pattern substantially as shown in Figure 3.
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Scheme 5: Scheme for the synthesis of Sunitinibadipate.
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Figure 3: XRD spectrum of sunitinibAdiate

% Yield = 70.3, M. P. = 200.0 °C, IR (KBr) Vpa(in cm™): 3230, 2952, 1680, 1627, 1588, 1527, 1479,
1328, 1147, 667 and 588. 'H NMR (400 MHz, CDCl3):5 0.98 (6H, t, C27, 29-H, J = 7.08, 7.12 Hz),
1.50 (2H, m, C34, 35-H), 2.20 (2H, m, C33, 36-H), 2.42-2.56(12 H, m, C18, 21, C24, 26, 28-H), 3.26-
3.31 (2H, m, C23-H), 6.84 (1H, d, Ar-H, J = 8.4 Hz), 6.90-6.95 (1H, m, Ar-H), 7.43 (1H, t, N-H), 7.71
(1H, s, C11-H), 7.76 (1H, d, Ar-H, J = 9.4 Hz), 10.88 (1H, s, N-H), 13.68 (1H, s, N-H) DSC:
Endotherms at 184.3 and 207.4°C, TGA: No significant weight loss.

3.4.3 Sunitinib 4-hydroxy benzoate

5.0 g of Sunitinib base and 1.90 g of 4-hydroxybenzoic acid (1 meq) were suspended in 75 ml of
methanol under N, and stirred at RT for 16 hours. Cooled the mixture to about 10 °C and stirred at
this temperature for 1 hour. Orange colored material was collected by filtration and washed with 25.0
ml of MeOH (methanol). Dried the product under vacuum at 50 °C for 12 to 14 h. The crystalline Form
I of 4-hydroxybenzoate salt of sunitinib (scheme 6) is characterized by XRPD peak pattern
substantially as depicted in Figure 4.
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Scheme 6: Scheme for the synthesis of Sunitinib 4-hydroxy benzoate.
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Figure 4: XRD spectrum of sunitinib4-hydroxy benzoate

% Yield = 72.8, M. P. = 195.3 °C, IR (KBr) Vyax(in cm™): 3427, 3190, 3047, 2988, 2207, 1679, 1629,
1572, 1526, 1474, 1441, 1369, 1326, 1280, 1258, 1222, 1195, 1179, 1144, 697, 666 and 589. 'H
NMR (400 MHz, CDCly): 6 0.98 (6H, t, C29, 27-H, J=7.08, 7.12 Hz), 2.43 (6H, d, C18, 21-H, J = 7.64
Hz), 2.49-2.59 (6H, m, C24, 26, 28-H), 32.7-3.32 (2H, m, C23-H), 6.80 -6.86 (3H, m, Ar-H ), 6.90-6.95
(1H, m, Ar-H), 7.45 (1H, t, Ar-H, J = 5.48, 5.6 Hz), 7.71-7.79 (4H, m, Ar, 11a, N13-H), 10.8 (1H, s,
N22-H), 13.68 (1H, s, N1-H). DSC: Endotherms at 188.22 and 195.25 °C. TGA: No significant weight
loss was observed.

3.4.4 Sunitinibnicotinate

5.0 g of Sunitinib base and 1.69 g of nicotinic acid (1.1 meq) were suspended in 50 ml of methanol at
room temperature under N, and stirred the resulting mixture at RT for 16 hours. Cooled down the
solution to 10 °C and stirred the reaction mixture for 1 hour at equal temperature. The orange solids
were filtered, washed with 25 ml of methanol and dried 50 °C for 12 to 14 h under vacuum. The
crystalline Form | of nicotinate salt of sunitinib (scheme 7) is characterized by XRPD peak pattern
significantly as depicted in Figure 5.
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Scheme 7: Scheme for the synthesis of Sunitinibnicotinate.
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Figure 5: XRD spectrum of sunitinibNicotinate

% Yield = 60.8, M. P. = 203.3 °C, IR (KBr) Vya(in cm™): 3427, 3190, 3047, 2988, 2204, 1679, 1629,
1573, 1526, 1474, 1326, 1195, 1179, 666 and 589. 'H NMR (400 MHz, CDCl;):51.03 (6H, t, C29, 27-
H, J=7.12, 712 Hz), 2.43 (6H, d, C18, 21-H, J = 7.72 Hz), 2.68 (6H, t, C24, 26, 28-H, J = 7.24, 7.64
Hz), 3.35 (2H, d, C23, J = 6.2 Hz), 6.84 (1H, d, Ar-H, J = 8.44 Hz), 6.92 (1H, t, Ar-H, J = 8.52, 9.48
Hz), 7.48 (1H, dd, Ar-H, J = 4.84, 5.04 Hz), 7.56 (1H, s, Ar-H), 7.75 (1H, d, Ar-H, J =9.4 Hz), 8.21-8.24
(1H, m, Ar-H), 8.72 (1H, dd, Ar-H, J = 1.64, 1.64), 9.04 (1H, t, N22-H, J = 0.76, 1.32 Hz), 10.9 (1H, s,
N13-H), 13.68 (1H, s, N1-H), DSC: Single endotherm at 205.25°C. TGA: No Significant weight loss.

3.4.5 Sunitinibsaccharate

5.0 g of Sunitinib base was suspended in 75 ml of acetonitrile at room temperature under N,. Charged
2.52 g of Saccharin (1 meq) at RT. After 5 to 10 minutes the mixture became dense paste. Additional
20 ml acetonitrile was added to it and stirred at RT for 16 h. The orange solids were filtered, washed
with 25 ml of acetonitrile and dried the product under vacuum at 50 °C for 12 to 14 h. The crystalline
Form | ofsaccharate salt of sunitinib (scheme 8) is characterized by XRPD peak pattern substantially
as represented in Figure 6.
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Scheme 8: Scheme for the synthesis of Sunitinibsaccharate.
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Figure 6: XRD spectrum of sunitinibSaccharate

% Yield = 92.0, M. P. = 202-207 °C, IR (KBr) Vpax(in cm'1): 3429, 3303, 3226, 2969, 2929, 2814,
1824, 1677, 1589, 1542, 1480, 1467, 1333, 1192, 668 and 585. 'H NMR (400 MHz, CDCI5):01.24
(6H, t, C39, 41-H, J=7.24, 13.04 Hz), 2.46 (6H, dd, C33, 30-H, J = 11.16, 18.72 Hz), 3.21-3.22 (6H,
m, C36, 38, 40-H), 3.58 (2H, t, C35, J = 6.0, 6.04 Hz), 6.86 (1H, dd, Ar-H, J = 4.56, 4.56 Hz), 6.94
(1H, t, Ar-H, J=8.76, 9.2 Hz), 7.56-7.62 (3H, m, Ar, N1-H), 7.64 -7.67 (1H, m, C23-H), 7.74-7.80 (3H,
m, Ar-H), 9.23 (1H, s, N-H), 10.93 (1H, s, N-H), 13.76 (1H, s, N-H), DSC: Single endotherm at 233.07
°C. TGA: No significant weight loss.

4 Results and Discussion

4.1 Z-E Isomerism

HPLC analysis of the lab batches of sunitinibexhibited large variation of the undesired E-isomer
content that varied from 0.1% to 8% (Scheme 9). This prompted us to study the probability of the
conversion of the sunitinib into the undesired E-isomer in presence of heat and light. This is further
confirmed when the solutions, prepared in 1:1 mixture of acetonitrile and water, were exposed to both
halogen lamp (20 hours exposure) and sunlight (6 hours) at 10-15 C (during winter). The conversions
were found to be about 3% and 28% in halogen lamp and sunlight, respectively (Figure 7 & 8). This
conversion and characterization of E-isomer was additionally supported by 'H NMR spectroscopy.
(Conversion Z-isomer 66% and E-lsomer 34%)

NH

Scheme 9. E-Z Isomerization in sunitinib in presence of light
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Figure 7. HPLC chromatogram of the samples exposed to sunlight (above) and then kept in
dark (below).
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Figure 8. HPLC chromatogram of the samples exposed to halogen lamp (above) and then kept
in dark (below).

When the samples were kept in dark for about 40 hours, the E-isomer could not be detected in the
resulting solutions confirming that the Z-E isomerization in sunitinib is reversible.

4.2 Solid form screening

Polymorph, co-crystal and salt screening experiments were carried out to identify novel solid forms
with the improved physicochemical properties, particularly water solubility in the present case.



Polymorph, co-crystal and salt screening experiments were carried out to identify novel solid forms
with the improved physicochemical properties, particularly, water solublllty in the present case. Three
polymorphs of sunitinib malate are reported in the literature.'"""%! Both reactive crystallization and
solvent mediated transformation methods were explored in as many as twenty solvents which
included EtOH (ethanol), 1-butanol, IPA, ethyl acetate, dichloromethane, DMSO, THF, methyl isobutyl
ketone, toluene, heptane, water, 2-methyl THF, acetone, DMF, acetonitrile, cyclohexane and methyl
tertiary butyl ether. Only the thermodynamically stable reported form was obtained in the screening
experiments. Co-crystal screening experiments were carried out with two coformers, namely, urea
and nicotinamide using solvent mediated conversion method in acetonitrile and MeOH. Both these
coformers do not have any acidic groups that favor salt formation with sunitinb. The screening results
by XRPD revealed that only the physical mixture of components (starting materials) were obtained.

Malate salt of sunitinib is being currently sold in the market. Salt screening experiments were
conducted with adipic acid, glutaric acid, nicotinic acid, 4-hydroxy benzoic acid and saccharin as their
corresponding salts (Figure 9) were not covered in the patent literature, and all of them are also well
thought-out pharmaceutically acceptable salt formers. The desired salts with 1:1 ratios were obtained
when sunitinib was treated with these acids, except for adipic acid, which yielded a 2:1
[sunitinib][adipic acid] salt
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Figure 9. Adipate, saccharate, 4-hydroxybenzoate, glutarate and nicotinate salts of sunitinib

The solid form characterization data is shown in Table 1. Glutarate and nicotinate salts show a single
endotherm in DSC. TGA data reveals that these salts are neither hydrates nor solvates. The melting
points of nicotinate, 4-hydroxy benzoate and saccharate salts are lower than those of the
corresponding components (both salt-former and sunitinib), while that of adipate and glutarate salts lie
between the melting points the corresponding salt former and sunitinib. Sunitinib base melts at 216.6
°C with an endotherm in the DSC at 234.4 °C.

Table 1. Thermal characterization of various salts identified in the present study

Sunutinib salts | Stoichiometry DSC* TGA of salts

Melting Melting point of




(base:acid) point* the salt former
. ) R 184.3, No significant R
Adipatesalt 1:0.5 200 °C 207 4 weight loss 149-153°C
Glutarate salt | 1:1 2042°C | 2024 | Nosignificant | g, o7 e
weight loss
S R No significant .
Nicotinate salt | 1:1 203.3°C 205.2 . 234-237 °C
weight loss
4-Hydroxy ] R 188.2, No significant .
benzoate salt 11 1953°¢ 195.2 weight loss 214-215°¢
Saccharate salt | 1:1 202-207°¢ | 2331 | Nosignificant 1, )7«
222.6 weight loss

*Sunitinib base: melting point: 216.6 °C; DSC: endotherm at 234.4 °C

The equilibrium solubility of these solid forms was evaluated by HPLC method. Solubility data
revealed that these salts exhibit variable water (DI water) solubility (Table 2). Nicotinate and adipate
salts exhibited excellent water solubility, particularly at a higher pH (of about pH 7.0). The solubility of
these salts in DI water was found to be 6 to 10 times greater than that of the marketed form (malate
salt). Solubility of adipate, glutarate and 4-hydroxy benzoate salts are less soluble in water than the
marketed malate salt.

Table 2. Equilibrium solubility of sunitinib solid forms in DI water at room temperature

. . L 4-Hydrox

Solid . Adipate Glutarate Nicotinate ¥ ¥ Saccharate
malate salt | Sunitinib benzoate
form salt salt salt salt
salt
Solubility | ~25
¥ ~0.048 272 6.2 162 3.42 2

(mg/ml) | (reported)

Another interesting point that is worth noting here is the stoichiometry of the adipate salt. It is likely
that both acidic protons of adipic acid are engaged in the protonating sunitinib leading to a 2:1
(sunitinib: adipic acid) salt. Alternatively, the same stoichiometry can be resulted if there one neutral
sunitinib, one protonated sunitinib and one singly deprotonated adipic acid species as shown in
Figure 10. If this is indeed the case, then we are in the salt co-crystal region. In other words, the
adipate salt referred herein can also be a salt co-crystal. However, this needs to be confirmed by
single crystal X-ray diffraction studies.
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Figure 10. Two possible solid forms of sunitib with adipic acid for a 2:1 sunitinb: adipic acid
stoichiometry: salt (above) / salt co-crystal (below)

5 Conclusion

HPLC analysis of the lab batches of sunitinib showed large variation of the undesired E-isomer
content that varied from 0.1% to 8%. Further investigations revealed that the variation observed was
due to the occurrence of Z-E isomerization in suntinib when exposed to light and heat was likewise
additionally confirmed by 'H-NMR. Importantly, these results suggest that care should be taken while
handling the analytical solutions of sunitinib - particularly protection from light and heat during
preparation and storage - in the standard HPLC testing procedures for obtaining consistent and
accurate data. Polymorph, co-crystals and salt screening experiments of sunitinib were carried out to
identify novel solid forms with the improved solubility. Only the thermodynamically stable form of
malate salt was obtained in the polymorph screening experiments,in co-crystals screening
experiments the physical mixture of startingcomponents was seen in XRPD spectrum, whereas five
novel (adipate, glutarate, nicotinate, 4-hydroxybenzoate and saccharate) salts were identified in the
salt screening experiments. Nicotinate and Adipate salts exhibited excellent water solubility, at a pH of
about pH 7.0. The solubility of these salts in DI water was found to be 6 to 10 times greater than that
of the marketed form (malate salt).

References

[1] BergeS. M., BighleyL. D., MonkhouseD. C., J. Pharm. Sci., 66 (1977) 1-19.

[2] (@) ShanN., ZaworotkoM. J., BlagdenN., Drug Discovery Today, 13 (2008) 440-446. (b)
BlagdenN., MatasM. D., GavanP. T., YorkP., Advanced Drug Delivery Rev., 59 (2007) 617-630.
(c) SchultheissN., NewmanA., Cryst. Growth Des. 9 (2009) 2950-2967. (d) ChendJ., SarmaB.,
Evans J. M. B., MyersonA. S., Cryst. Growth Des., 11 (2011) 887-897. (e) EddlestonM. D.,
JonesW., Cryst. Growth Des., 10 (2010) 365-370. (f) DavidS. E., TimminsP., ConwayB. R.,
Drug Dev. Ind. Pharm., 38 (2012) 93-103.

nd
[3] ByrnS. R., PfeifferR. R., StowellJ. G., Solid-State Chemistry of Drugs, 2 Edition, SSCI, Inc.,
West Lafayette, Indiana (1999).
[4] Bernsteind., Polymorphism in Molecular Crystals; Clarendon Press: Oxford, U.K. (2002).



[5] HilfikerR., BlatterF., Raumer. VonM. V., Relevance of Solid-state properties for
pharmaceutical products in polymorphism in the pharmaceutical industry; R. Hilfiker, Eds.;
Wiley-VCH: Weinheim (2006).

[6] (a) AllesgM., BergF. V. D., CornettC., JargensenF. S., Halling-SegrensenB., DiegoH. L. D.,
HovgaardL., Aaltonend., Rantanend. J., Pharm. Sci., 97 (2008) 2145-2159. (b) VrecerF.,
VrbincM., MedenA., Int. J. Pharm., 256 (2003) 3-15. (c) TrifkovicM., RohaniS., MirmehrabiM.,
Org. Process Res. Dev., 11 (2007) 138-143. (d) Millerd. M., CollmanB. M., GreeneL. R,
GrantD. J. W., BlackburnA. C., Pharm. Dev. Technol., 10 (2005) 291-297.

[7] MejiasV. L., KampfJ. W., MatzgerA. J. J., Am. Chem. Soc., 131 (2009) 4554-4555.

[8] (a) LeeE. H., ByrnS. R., CarvajalM. T., Pharm. Res., 23 (2006) 2375-2380. (b) HeX,,
Stowelld. G., Morrisk. R., PfeifferR. R., LiH., StahlyG. P., ByrnS. R., Cryst. Growth Des., 1
(2001) 305-312. (c) GarciaO. P., RasmusonA. C., Cryst. Growth Des., 4 (2004) 1025-1037.

[9] KollimannsbergerC., SoulieresD., WongR., ScaleraA., GaspoR., BjarnasonG., Review, Can.
Urol. Assoc. J., 1 (2007) 41-54.

[10] Desaid., GurneyH., PavlakisN., McarthurG. A., Davisl. D., Asia Pac. J. Clin. Oncol., 3
(2007) 167-176.

[11] Bisht S., Feldmann G., Brossart P., Drug Metab. Toxicol., 9 (2013) 777-788.

[12] Selic L., US20110263671 A1 (2011).

[13] SanwalS. S., KumarS. M. D., SathyanarayanaS., WO2011061613 A1 (2011).

[14] SistlaA., ShenoyN., Drug Dev. Ind. Pharm., 31 (2005) 1001-1007.

[15] TangP. C., MillerT. A., SunX. Li, L., WeiC. C., ShrazianS., LiangC., VojkovskyT.,
NematallaA. S., HawleyM., US 6573293 B2 (2003).

[16] BigattiE., CanavesiA., MacdonaldP. L., ScarpittaF., Patent Application No. 0247767 (2009).
[17] GoreV. G., PatkarvL., HublikarM. G., MandeH., PokharkarK. S., BansodeP.,
W02011004200 A1 (2011).

[18] ReddyB. P., ReddyK. R., ReddyR. R., ReddyD. M., RaoT. S., US8329740 B2 (2012).

[19] KumarS. M. D., PrasadM., SanwalS. S., Sathyanarayana$S., ThaperR. K., AU2010296849
(2010).

Supporting Information for synthesized salts



0%,V 24 3%
i 223z a\\-/a\v
15 4 %
R LY 2 }
A\ %
12
H_ /' H
e |
9—-~.x/_\;—_:,-0
F—s R
-a—:ﬁé/ H
‘a
= &
= B
I

P (11} LTLTTTTYT ] BEKED
N Nir S I g

s meeskatenas 1
JIUIIJl_ i Al !).'J, I ) _ |
T I!. o . % e I;- ."‘ e e u I!- . I;- = Ii!: o b h?:u- - e ‘\‘"!jJ_

15 13 12 11 10 9 a

L ] HeEy G-
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Figure S27: TGA endotherm of sunitinibsaccharate

Temperature (°C)

Univemal Ve .ZE TA



£
LR a 2
LoST1 a o
€671 L S P
51307 -
FIPT N
e - -
018 T- 1888 c H
63052 .m..
RIS T ”
§117E- 3l e s
L5TTS : ew °
az_mu L =685 £
OLETA E _ s
w95 / ——— —tovs o 8
ﬁn_mw e c
£665°€ Is A - o
£Lh59- _ @
-
18559 £ e © &
18959 s g
§6L89 Fw 3
11269 ) 2 .
§LT69 3
LEbED e x_ - T ..W
0869 e J -
. 1 - 35
09969 £/ = T 5 o B
L9 | L oot = O
B595 L = £5s
9ELS L & 85 S
5185'L m e =<Bs0L [T =] "
2544 = -7/ ot T @ ¥
ERRS'L — — oo “\9E0E m e
JE6E°L = M‘ 2 %
L - £ c
o
6809°L o . £ 4
1YL T80 5
8919'¢ * 2
¥SS0'L " ‘=
e | - 9 ° 3
0929 €
STHLL g 2 s .w
8990 L L 5 ,
STl \ ) i
L08L'L a
YeaL L oy
9808°L 4 o DM“ : 4
KRET = ;
s66601 "
FQ 1H
o — @ g
n /o [l ]
L el — i w N = E T a3
5. o : : ; e e m
Ny A S SIFREFRITREITRRRATT S
T o 2 = I
_ i

Figure S29: IR spectrum of sunitinibsaccharate
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