Salts of N-[6-(cis-2,6-dinethylnorpholin-4-yl)pyridine-3-yl]-2-nethyl-4'-
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Related Background Art

[0002] The compound N-[6-(cis-2,6-dimethylmorpho1in-4-yl)pyridine-3-yl]-2-methy1-4’-
(trifluoromethoxy)[1,1°-biphenyl]-3-carboxamide has the formula O:
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as described in WO 2007/131201. Valuable pharmacological properties are attributed to this
compound; thus, it can be used, for example, as modulating the activity of the hedgehog
signaling pathway useful in therapy for diseases which respond to modulating the activity of
the hedgehog signaling pathway. WO 2007/131201 does not disclose any specific salts or salt
hydrates or solvates of N-[6-(cis-2,6-dimethylmorpholin-4-yl)pyridine-3 -yl]-2-methyl-4’-
(trifluoromethoxy)[1,1’-biphenyl]-3-carboxamide.
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[0005] The invention is further directed to pharmaceutical compositions comprising:

(a) atherapeutically effective amount of an inventive salt of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3 -yl]-2-methyl-4’~(trifluoromethoxy)[ 1,1’ -biphenyl]-3-

carboxamide; and

(b) at least one pharmaceutically acceptable carrier, diluent, vehicle or excipient.

[0006] The present invention is also directed to a method of treating a disease which
responds to modulating the activity of the hedgehog signaling pathway comprising the step of
administering to a subject in need of such treatment a therapeutically effective amount of an
inventive salt of N-[6-(cis-2,6-dimethylmorpholin-4-yl)pyridine-3 -yl]-2-methyl-4’-
(trifluoromethoxy)[1,1°-biphenyl]-3-carboxamide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 shows the x-ray powder diffraction pattern for N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3 -y1]-2-methyl-4’~(trifluoromethoxy)[ 1,1’ -biphenyl]-3-

carboxamide diphosphate salt.

[0008] Figure 2 shows the x-ray powder diffraction pattern for N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine—3-yl]-2—methy1-4’ ~(trifluoromethoxy)[1,1’-biphenyl]-3-

carboxamide monosulfate salt.
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pref er MHICA, Zurich 2002, pp. 334-345. In particular, salts include, but are not limited to,

hydrochloride, phosphate, sulfate, mesylate, esylate and besylate salt forms. As used herein,
“polymorph” refers to a distinct “crystal modification” or “polymorphic form” or “crystalline
form”, which differs from another with respect to x-ray powder diffraction pattern, physico-

chemical and/or pharmacokinetic properties, and thermodynamic stability.

[0011] An embodiment of the present invention is directed to salts of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3 -yl]-2-methyl-4’~(trifluoromethoxy)[ 1,1 ’-biphenyl]-3-
carboxamide. In preferred embodiments, the salt is selected from the mono hydrochloride,
diphosphate and mono sulfate salts of N-[6-(cis—2,6-dimethylmorpho1in-4-yl)pyridine-3-yl]-2-
methyl-4’-(trifluoromethoxy)[1,1°-biphenyl]-3-carboxamide. A particularly preferred
embodiment of the of the present invention are the diphosphate and the mono sulfate salts of
N-[6-(cis-2,6-dirnethylmorpho1in-4-y1)pyridine-3-yl] -2-methyl-4’-(trifluoromethoxy)[1,1’-
biphenyl]-3-carboxamide.

[0012] The present invention may be used for treating carcinoma including that of the
bladder (including accelerated and metastatic bladder cancer), breast, colon (including
colorectal cancer), kidney, liver, lung (including small and non-small cell lung cancer and
lung adenocarcinoma), ovary, prostate, testes, genitourinary tract, lymphatic system, rectum,
larynx, pancreas (including exocrine and endocrine pancreatic carcinoma), esophagus,
stomach, gall bladder, cervix, thyroid, and skin (including squamous cell carcinoma); tumors

of the central and peripheral nervous system including astrocytoma, neuroblastoma, glioma,
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Example 1

Preparation of the diphosphate salt

[0014] To a 250 mL, three-necked reaction flask 7.0 g (0.0144 mole) of 2-methyl-4'-
trifluoromethoxy-biphenyl-3-carboxylic acid [6-(cis-2,6-dimethyl-morpholin-4-yl)-pyridin-3-
yl]-amide free base and acetonitrile (178.5 mL, HPLC grade) was added under nitrogen. The
suspension was heated to 58°C under nitrogen over 20 minutes to obtain a clear solution. To
the reaction solution 3.403 g of 85% phosphoric acid in water (2 equiv) was added over 18
minutes. Within 5 minutes of the phosphoric acid addition, N-[6-(cis-2,6-dimethylmorpholin-
4-yl)pyridine-3-yl]-2-methyl-4’ ~(trifluoromethoxy)[1,1’-biphenyl]-3-carboxamide di-
phosphate precipitates out. The white slurry was stirred and cooled to room temp over

100 minutes. The slurry was then cooled to 0 + 5°C over 5 minutes and stirred for 1 hour.
The mixture was filtered under suction and solid was washed with acetonitrile (3 x 9.4 mL).

The drug substance was dried under vacuum at 50°C for 16 hours to obtain 9.63 g of the
phosphate salt (yield: 98%).



ronyel ocytic | eukem a. Exanple 1 Preparation of the di phosphate salt
I[OOOrer] Toya 250 m, three-necked reaction flask 7.0 g (0.0144 nole) of
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[6-(cis-2,6-dimethyl-norpholin-4-yl)-pyridin-3- yl]-am de free base and
acetonitrile (178.5 nm, HPLC grade) wes_added under nitrogen. The
suspensi on was heated to 58C under nitrogen over 20 mnutes to obtain a
clear solution. To the reaction soI ution 3.403 g of 85% phosphoric acid in
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phosphoric acid addition, N[ 6 (CI s-2 dzrret hyl mor phol i n-
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slurry H\Zg??ﬁ(%nrfr%ggéand cgﬂg#gcszig{to roomtenp over 100 m nutes. The slurry was

then cooled to O 5C over 5 mnutes and stirr_ed for 1 hour_. The m xture was
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t 0 obt anixtuge whestirrasigit G0?@ for 3 hours and allowed to cool to 25°C over 25 minutes. Within
5 minutes the solids came out. The slurry was stirred at 25°C for 16 hours. The mixture was
filtered under suction and solid was washed with acetonitrile (10 mL). The drug substance

was dried under vacuum at 55°C for 16 hours to obtain 3.0 g of the sulfate salt (yield: 83%)).
Example 3

Preparation for the monohydrochloride salt

[0016] To a 100 mL, three-necked reaction flask was charged 3.0 g (6.18 mmole) of N-[6-
(cis-2,6-dimethylmorpholin-4-y1)pyridine-3-yl]—2-methyl-4’-(tn'ﬂuoromethoxy)[ 1,1°-
biphenyl]-3-carboxamide free base and acetone (25 mL, HPLC grade) under nitrogen. The
suspension was stirred at 25°C under nitrogen for 30 minutes to obtain a clear solution. To
the mixture was added a 1.5 mL of 6 M hydrochloric acid (1.5 equiv) over 10 minutes.
Within 5 minutes the solids came out. The slurry was stirred at 25°C for 16 hours. The
mixture was filtered under suction and solid was washed with acetone (10 mL). The drug

substance was dried under vacuum at 55°C for 16 hours to obtain 3.0 g of the hydrogen
chloride salt (yield: 93%)).



To the m xture was added a 1.5 nL of 6 Msulfuric acid ( 1.5 equiv) over 10
m nutes. The m xture was stirred at 50C for 3 hours and allowed to cool to
25C over WO 2miomss483. Wthin 5 mnutes the solids cane oRCT/USh@9®bassy was
stirred at 25C for 16 hours. The m xture was filtered under suction and
solid was washed with acetonitrile (1 ). The drug substance was dried
under vacuum at 55C for 16 hours to obtain 3.0 g of the sulfate salt
(yield: 83%. Exanple 3 Preparation for the nonohydrochloride salt [0016]
To a 100 nmL, three-necked reaction flask was charged 3.0 g (6.18 mmwol e) of
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SUbStazﬁ:‘?fE)ﬁ@S dé@eg‘éu?. r v.a})gyxg(la 55C for 16 _hours to obtain 3.0 g of the
hydr ogen P YExiue ¢ fog: ﬁ?@&%@tmai@ﬂﬁiﬁiﬁénﬂwlshom stability
nmeasur ed by degradation products (or assay) and appearance color. DPs are
anal yz&dbleyy HPLC (et hod see Table 3). They are cal cul ated as area-%
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Moddre 1:

products. Conpositrons of [The M XTures i ic/ are—as—fottows:
Lact ose 200 nesh / mai ze btarch nodified 15QAME XYM Aoy 0si| 200 /
Magnesi unst earat e 78. 5: 20| 0. Bhdsphate, di Sulfate, mono Hydrochloride,
mono
DP CL DP CL DP CL
Test Conditions [%] [%] [%]
Unstressed drug substance
Bulk 1.02 - 0.42 - 0.30 -
0.2 % solutions or suspensions, 2 week 50°C
pH 1 0.99 Al - - - -
pH3 1.07 Al - - -
pHS 1.04 Al - - - -
pH7 1.06 Al - - - -
pHO 1.05 Al - - - -
pH 11 1.03 Al - - - -
Water 1.07 Al 0.41 Al 0.31 Al
Methanol 1.02 A* 0.68 A* 2.06 A¥*
Acetonitrile 1.93 A* 0.44 A* 0.38 A*
Acetonitrile/Water A* A¥* A*
(50:50) 1.10 0.80 1.72
2% (or 5%) solutions or suspensions, 1 day room temperature
0.5% CMC - Al 0.45 Al 0.33 Al
HPMC Cellulose 4000 Al Al Al
0.5% 1.04 0.47 0.32
Tween 80, 0.8% 1.07 Al 0.43 Al 0.31 Al
Solid state, 2 week 50°C, tight container
Bulk (HPLC) 1.03 A 0.40 A 0.31 A




. Mxture 2: Mannitol / Avicel PH 102 / Cutina HR (57:38:5)
EnminmjnmimUnst ressed drug substance Bulk 1.02 0.42 0.30 0.2 % solutions or
suspensi one,20@/0sesit 50C 2% (or 5% sol utions or suspensiPOmAIS2IVS6918 OOM
tenperature Solid state, 2 week 50C, tight container Bulk (HPLC) 1.03 A
0.40 0.31Solid state, 2 week 800C, tight container Bulk (HPLC) 1.06 A 0.43
A 0.35 ABulk (DSC) No - No No change change change 2 weeks 50C, tight
1%in mxture 1 0.96 A 0.41 AO0.27 A 1%in mxture 2 1.11 A 0.44

cont ai ner ! ARt N oL
75%][r. h. Xenon ITgnt oX. 1200 tctuxh)—Bul
(AHng)9 {f. §5mieli.815201. 46 (E;_Bu! k—( XRPD) Mo - “\ﬁ%%ﬁ- hange change change
Bul k corrosivity 2 day 80% r Phosphiatéy dNo Vi Suifate,ahéritge |No Hydedchlogidehange No
vi si bl e change mono
DP CL DP CL DP CL
Test Conditions A [%] [Ye]
Bulk (XRPD) No - No - No -
change change change
Solid state, 2 week 80°C, tight container
Bulk (HPLC) 1.06 A 0.43 A 0.35 A
Bulk (DSC) No - No - No -
change change change
2 weeks 50°C, tight container
1% in mixture 1 0.96 A 0.41 A 0.27 A
1% in mixture 2 1.11 A 0.44 A 0.39 A
Solid state, 2 week 50°C/ 75% r.h.
Bulk (HPLC) 0.96 A 0.42 A 0.29 A
Bulk (XRPD) Slightly - No - No -
changed * change change
Solid state, 2 week 80°C/ 75% r.h.
Bulk (HPLC) 1.02 A 1.34 A 0.35 A
Bulk (XRPD) Changed* - No - No -
* change change
2 weeks 50°C/ 75% r.h.
1% in mixture 1 1.59 A 0.70 A 2.85 A
1% in mixture 2 1.01 A 0.41 A 0.31 A
Xenon light (approx. 1200 kLuxh)
Bulk (HPLC) 1.35 A 1.1 A 1.46 B
Bulk (XRPD) No - No - No -
change change change
Bulk corrosivity
2 day 80% r.h. with No visible change | No visible change | No visible change
stainless steel coupon in the surface of in the surface of in the surface of
the stainless steel | the stainless steel the stainless steel
coupon coupon coupon

* There is a new peak in the XRPD pattern when compared with the unstressed diphosphate.

** The XRPD pattern is similar to that of phosphate, yet with one extra peak.



stainless steel coupon in the surface of in the surface of in the surface
of the stainless steel the stainless steel the stainless steel coupon
coupon cowmpanigfo3¥dsere i s a new peak in the XRPD patt er npaimars2aomnp@iged with
t he unstressed di phosphate. ** The XRPD pattern is simlar to that of
phosphate, yet with one extra peak.4 Suspension * Cear solution after
stress test - Test not perfornmed A No change of color B Slight

di scol oration C Medi um di scol oration D Strong discol oration Exanple 5 Table
2 bel ow shqws chem cal and physi co-chem cal characteristics. Table 2Salt
For m PhospIAfReISN Syl fate, mpho HiFdRapediiden after stessdestt er nono Phosphat e
buffer, pH 6.8 0.001 (Final pH 0.002 (Final pH 0.000 (Final pH 2.86) 1.82)
5.93) Wat erlest mhgerfermesd) pH 0. 807 Neiohagepticolod05 (Fi nal pH 1.94) 1.26)

1.67) Methanol >40 24.4 >40 Ethanol 19.7 19.7 56.4 2- Propanol 14.3 4 10.3
B Slight discoloration C Medium discoloration
D  Strong discoloration
Example 5
Table 2 below shows chemical and physico-chemical characteristics.
Table 2
Salt Form
Phosphate, di Sulfate, mono Hydrochloride,
Parameter mono
Elementary analysis calcul. found calcul. found calcul. found
%C 45.82 46.06 53.51 53.28 59.83 60.11
% H 4.73 5 4.84 4.91 5.21 5.06
% F 8.36 8.35 9.77 9.44 10.92 10.69
%N 6.17 6.08 7.2 7.08 8.05 7.88
% O 25.82 25.29 19.19 20.29 9.2 9.93
% P 9.09 9.22
% S 5.49 5.68 . .
% Cl1 6.79 6.33
DSC-Purity
Heating rate 10°C/min N/A N/A N/A
HPLC-Purity (e.g. area-%)
1.02 0.42 0.30
Melting point (DSC)
Heating rate [°C /min] 10 10 10
Melting enthalpy (J/g) N/A N/A N/A
pH of 1% solution or suspension
In water 2.02 1.45 1.69
Solubility (approx. at 25°C, mg/ml)
0.INHCL 0.004 (Final pH 0.003 (Final pH 0.002 (Final pH
1.04) 1.09) 1.02)




properties As is -

Acetone 2.8 1.7 3.2 Ethyl
Chem cal

shi ft Chem cal

shi ft Chem cal

DSC 213 OC N A NA -

Acetate 0.3 0.09 2.5 Acetonitrile 0.4 1.4 4.1 NWMR
shift changed changed changed *
Attenpts WO 2neBs#se i ntrinsic dissolution rate were not pemdseasfnsdoigiue to

| ow sol ubil'ity. Exanple 6 Table 3 bel ow shows norphic properties.
Salt form Hydrochloride, Paraneter Phqosphate, di Sulfate, nono nono Ther nal
XRPD (crystallinity) Crystalline
Crystalline Crystalline After heating and cooling- - DSC NA NA NA - XRPD

Tabl e 3

N A NA NA Hygroscopi Cl

Ty Oystal nodifi cari g aftet

1 NP + 1
F2hour-s—wbratt on

Form
Phosphate, di Sulfate, mono Hydrochloride,
Parameter mono
Phosphate buffer, pH 6.8 0.001 (Final pH 0.002 (Final pH 0.000 (Final pH
2.86) 1.82) 5.93)
Water 0.009 (Final pH 0.007 (Final pH 0.005 (Final pH
1.94) 1.26) 1.67)
Methanol >40 24.4 >40
Ethanol 19.7 19.7 56.4
2- Propanol 14.3 4 10.3
Acetone 2.8 1.7 32
Ethyl Acetate 0.3 0.09 2.5
Acetonitrile 0.4 1.4 4.1

Thermogravimetry (weight loss in%)

Heating rate 10°C/min
(%)

0.19% at 150°C

1.89% at 150°C

0.48% at 150°C

Residual solvents (%)

Heptane: Acetonitrile: Acetone:
0.0001463, 0.419087, 0.0002356, Water:
Acetonitrile, Water:1.36, 0.4,.
Intrinsic dissolution rate ( mg min! cm™)
HC10.1N - - -
Water - - -
Water + Surfactant - - -
(SDS)
NMR Chemical shift Chemical shift Chemical shift
changed changed changed

* Attempts to measure intrinsic dissolution rate were not successful due to low solubility.



2.00 Final _
pattern XRPD pattern changed, diff

differe[rabletjﬂlaélo\fvrsﬁ@wpg@g,hiép@BeItﬁlggt of free than that of free base. base.
Met hanol

Sul f at e,
pH 1.82 Fi nal

pH 2.89 Fi nal

Di ssociated to free changed, different base base than free base.

H 2.15 0.%?@6sol ution XRPD pattern XRPD
0 erent changed, different changed,

base than free base.
pH 1.94Salt form Hydrochl ori de PCPAIS20m01086918

nono nono pH 6.8 buffer XRPD pattern Dissociated to
pH 5.93 than free base.

DSC/ XRPD/ TG DSC/ XRPDY TG DSC/ XRPD/ TG Water XRPD pattern Dissociated to free
Di ssociated to free changed, different base.
1. 26 Fi navopbi0103941Fi nal
Phosphat e, di _
free No form change changed, differenygbase Final _ _
pH 2.86 pH 3 buffer XRPD pattern Dissociated to free

Fi nal pH

Fi nal pH

- Y, crystalline to -
Table 3
Salt form
Hydrochloride,
Parameter Phosphate, di Sulfate, mono mono
Thermal properties
Asis
- DSC 213°C N/A N/A
- XRPD (crystallinity) Crystalline Crystalline Crystalline
After heating and cooling-
- DSC N/A N/A N/A
- XRPD N/A N/A N/A
Hygroscopicity
Asis 0.19 at 150°C 1.89 at 150°C 0.48 at 150°C
- Loss on drying by TGA
)
DVS
Sorp. | Desorp. Sorp. | Desorp. Sorp. | Desorp.
Weight | Weight | Weight | Weight | Weight Weight
RH (%) %chg | %chg. | %chg. | %chg | %chg | % chg.
0.0 0.000 -0.038 0.000 1.007 | -0.0001 | -0.0114
25.0 0.059 0.136 1.232 1.256 | 0.3334 | 0.3799
50.0 -0.149 0.341 1.455 1.495 0.4660 | 0.4932
75.0 0.270 1.268 1.634 1.716 | 0.5753 | 0.6069
85.0 0.400 1.828 1.835 0.6525 | 0.6817
95.0 3.420 3.420 2.330 2.330 | 0.8784 | 0.8784
- XRPD after DVS test No change No change No change
Crystal modification after 72 hours vibration
DSC/XRPD/TG DSC/XRPD/TG DSC/XRPD/TG
Water XRPD pattern Dissociated to free | Dissociated to free
changed, different base. base

than free base.
Final pH 1.94

Final pH 1.26

Final pH 1.94



crystalline Ethanol XRPD pattern N, no formchange N, no form change
changed, poorer crystalline than the original. Iso Propanol N, no form
change N,woaofwmsschange N, no form change Ethyl acet at @CHUS2@9f0869m8 change
N, no formchange N, no form change Acetone Y, crystalline to N, no form
change crystalline N, no form change_/}\qeto_nlt_rl le N, no for_m change N, no
formchange N, no formchange Effect of grinding No change in No change in
No change in XRPD XRPD XRPD Ef f ect of conpressi on Ng E:bg[lgle in Ngvcn(ilpgeo:cn
No change in XRPD XRPD XRPP N'-"no, Y - yes e 007 Rat—TK-dat
N-[6-(c?s-2, 6- di net hyl noi ppet+-a—4—y-Hpy+i-eH ﬁaqpt\i‘?p? 2-nmethyl -4' - :
(trifluoronet hoxy)!l , - bi phenyl ] - 3-car boxam de di phosphiat élydasaibrids, a

suspension §1€10- f ol d| i nthaspbateidi dgseSukitewaon@ 3. 1 - f @hdhol NCrease in
exposur @Hf6.86ufker t o 100 nmpk. XRED pattern Dissociated to free [ No form change
changed, different base Final pH 5.93
than free base. Final pH 1.82

Final pH 2.86

pH 3 buffer XRPD pattern Dissociated to free | Dissociated to free
changed, different base base
than free base. Final pH 2.00 Final pH 2.89

Final pH 2.15

0.IN HCI solution XRPD pattern XRPD pattern XRPD pattern
changed, different | changed, different changed, different
than free base. than that of free than that of free
base. base.
Methanol - Y, crystalline to -
crystalline
Ethanol XRPD pattern N, no form change | N, no form change

changed, poorer
crystalline than the

original.
Iso Propanol N, no form change | N, no form change | N, no form change
Ethyl acetate N, no form change | N, no form change | N, no form change
Acetone Y, crystalline to
N, no form change crystalline N, no form change
Acetonitrile N, no form change | N, no form change | N, no form change
Effect of grinding
No change in No change in No change in
XRPD XRPD XRPD
Effect of compression
No change in No change in No change in
XRPD XRPD XRPD

N-no, Y -yes



I nter-subject exposure is slightly variable, especially at high dose (100
npk). See Table 4. Table 4 Exanple 8 [0018] A suspension fornulation of the
free forrmvendiodgsdi phosphate salt of N [6-(cis-2,6- PCT/US2009/056918

di met hyl mnor phol i n-4-yl ) pyridine-3-yl]-2-methyl-4"-(trifluoronethoxy)]|

1,1' - bi phenyl ] -3- carboxanmi de are dosgqd_to rat at 3 npk and 2.1 npk,
respectively. It was found that the di sphosphate salt provided a |arge

i ncrease in exposure (16-fold increase) conpared to the free form as
outline in Table 5. Table 5 Exanpl e afeiay | s about nethodol ogy, instrunents
and standards used in Exanples 4-5 1 pH value The pH was determ ned by

t ransf 001 MR axth GANE]6Y(ci i skdS2- 20 8oridine.3-v11.9- ,

di met h§| _m)7?phol i n-4-yl) p_“yr(l gs%g@é@%h ?{n[zo?ﬁlé‘?iny‘f -glz?g?'?‘%"r’? PP RS [

1, 1' - bi(sHBIwyemetoxyoH: Bchibhanyl-Searboxamide diphodphutealosaiut axdepagionOwith aof t he

correspandi f.er er . solutions were stirred_continuously as

t he pHn\?/ar}gldr}gglsggsfreelg .do%'r’ f%%erd’n% 3nlt Piginespase in expaste fEom 4P 194 mpkelBess sal t s
ver e eduiit-subjext expdstresoblightlyssafigle lespadialBl at 25h dbs5 G 00ShME), | filtered
and the filtrate saved for HPLC sol ugi i ?;a det er rsn (rf}at i oi#%) ggels—rrly%@%%copi city

Sor pti %{)ge‘lsorpt lon isotherns: Instrument, Surface Measurenent System DVS-|
t enper at’ure

AUC.24/dose Cmax/dose
Dose AUCp4 (ng*h/mL)/ Crnax (ng/mL)/
(mg/kg) | Rat | (ng*Wml) | (mg/kg/day) | (ng/mL) | (mgkg/day) | tm (h)
10 001 43300 4330 2820 282 8.00
002 52800 5280 3160 316 8.00
003 49400 4940 3100 310 4.00
100 004 232000 2320 14800 148 8.00
005 96800 968 4520 45.2 8.00
006 131000 1310 7490 74.9 8.00
Example 8

[0018] A suspension formulation of the free form and the diphosphate salt of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3-y] -2-methyl-4’-(trifluoromethoxy)[ 1,1°-biphenyl]-3-
carboxamide are dosed to rat at 3 mpk and 2.1 mpk, respectively. It was found that the
disphosphate salt provided a large increase in exposure (16-fold increase) compared to the

free form as outline in Table 5.



at 25 0.5C. 4 Pol ynor phi sm behaviorSlurries

of N-[ 6- (ci s- 2, 6-di met hyl mor phol i n-4-yl) pyridi ne-3-yl]-2-nethyl - .
(trifluorwoebtwesydsiil , | ' - bi phenyl | - 3- car boxani de sal ts werasseons@ds at hi gh
speed for 24 hours at 25 0.5C. The slurries were filtered and the solids
collected for XRPD anal yses. 5 HPLC Maghod Col um: Symmetry d 8, 3.5
mcrometer particle diameter, 4.6 x 75mm (Waters) Columm tenperature: 35
degrees Flow rate: 1nl/nmin Mbile phase: A =0.1%TFA in water, and B -
acet oniTdbld 8 Gradi ent table shown below in Table 6: Table 6 Stability
sanpl e preparation for HPLC anal ysi Sdi dFor phospha;e in pH 1[ l;m;f(ir/ oar
sol uti ¢n, acetonitrile was qutﬁ ) Mtle AN ry %

sol uti on. For phosphate in 915%/1@( éns{?) S%E/Qi {ﬁ ons ahé&g? ran
was added to diIutetheOL/uo.u.., +6 u.“’/f*' Pyt n
wat er, |acetonitrile was adided_to di lute tlhe 0.2% sI urry_ 01_31@«310 cl ear
sol uti on. For salts in nethaRimhosphatasshi tri | &Fregrbasedt onilt rbdse/ wat er (50: 50,
v/iv), the cdiK @spamrtirng so| VeRhn Of sgbvent pﬂe&{u“e Yps ad%&éo dr [yte t he

N0/ O ) . ~o el
0 ear Off. at O 5% Cve—PMg—eerwlpose
910(%4) Sl Efl;lr yAEJ@ gt mﬁ] /g,7I ﬁnf I Snf L ::?10 nd \I\WPI‘ \/\é?%ooa:i\deg&:go

I\IVCCII O

dilutelt he M@laéw et o 0 10/%%-/ear ngjtl 12{9 o each

t et r ahydr of lﬁlﬁMﬁh)/\mgéﬂg 50: 50 {v/Vv),| For bl lity sanigse n=2
AUCpr (nM*h) 5917 1451 512 140 17500 n=2
AUC;,/dose(nM*h)/mg/kg | 2818 691 171 467 | 5840 | n=2
CO0/Cpax (nM) 947 167 237 76.3 6108 n=2

Cax/dose ((M/mg/kg) 451 79.3 789 | 254

Tmax (h) 2.00 0.00 0.500 0.00

%F 48% 3%
Example 9

Details about methodology, instruments and standards used in Examples 4-5

1 pH value

The pH was determined by transferring approximately 10 mg of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3-y1]-2-methyl-4’ ~(trifluoromethoxy)[1,1’-biphenyl]-3-
carboxamide salt to a 20 mL vial and adding 10 mL of the corresponding buffer or water.

The solutions were stirred continuously as the pH was measured.
2 Determination of approximate solubility

Excess salts were equilibrated in solvents for 1 day at 25 + 0.5°C. Shurries were filtered and

the filtrate saved for HPLC solubility determination.
3 Hygroscopicity

Sorption/desorption isotherms: Instrument, Surface Measurement System DVS-1 temperature
at 25+ 0.5°C.

4 Polymorphism behavior



[ ing the sanples in excipient mxtures), acetonitrile/water (80:20,
\(/; \r/];:I \l/J\/gs gdded torrpmake 0.1% cl gar sol ution. Exanpl e 10 The sulfate salt and
di phosphawe 2683348t N-[ 6- (ci s- 2, 6- di met hyl nor phol i n- 4- ylPLpiuseeioneso3s yi | -
2-methyl -4" - (trifluoronmethoxy)[l,r-biphenyl]-3-carboxam de (Conpound A in
Table 7 bel ow) are dosed as a suspensign at 1 nmg/nL in 0.5% Met hyl
Cel | ul ose/ 0. 5% Tween 80 at a dosing volunme of 10 nL/kg to Wstar rats. The
di phosphate salt was found to give 1.6x nore exposure in terns of AUC (0-24

hour s) S‘lgﬁhsbﬂN-MC(@B-ZQ@mﬁéﬁﬂd&pﬁ&ﬁ-é-%e@ﬁcgﬁég\%%_wl%ﬁhar e shown bel ow

[ . I Co d Do Rat x/ Dose (ng/
(ng* b B RgEe) mbiphomylikcqrhorantié salsmeré Mjrréchai s o/ Hoptaday)

/ kgl . 5900 90 00 190 Syl fate 2b 28700 2870
gggo %9?%%%’1' ggegg%gg%%go\%%g aﬂ?@ﬁﬁﬁbﬁﬁ@k%&%’oﬁ@%@lﬁ%o 2820 282 8
Di phosphat e 49% ?/Pe%?o% 5280 3160 316 8

Column: Symmetry C18, 3.5 micrometer particle diameter, 4.6 x 75mm (Waters)

Column temperature: 35 degrees

Flow rate: 1 mL/min

Mobile phase: A = 0.1% TFA in water, and B = acetonitrile

Gradient table shown below in Table 6:

Table 6
Time (min) Flow (mL/min) %A %B
1 1.00 85 15
2 10 1.00 15 85
3 10.5 1.00 15 85
4 10.6 1.00 85 15

Stability sample preparation for HPLC analysis:

For phosphate in pH 1 buffer solution, acetonitrile was added to dilute the 0.2% slurry to
0.1% clear solution. For phosphate in the rest of buffer solutions, tetrahydrofuran was added
to dilute the 0.2% slurry to 0.1% clear solution. For salts in water, acetonitrile was added to
dilute the 0.2% slurry to 0.1% clear solution. For salts in methanol, acetonitrile or
acetonitrile/water (50:50, v/v), the corresponding solvent or solvent mixture was added to
dilute the 0.2% slurry to 0.1% clear solution. For salts in 0.5% CMC, HPMC cellulose 4000
0.5%, or Tween 80, 0.8%, tetrahydrofuran and water were added to dilute the 2% slurry to
0.1% clear solution and to reach tetrahydrofuran/water 50:50 (v/v). For bulk stability samples

(including the samples in excipient mixtures), acetonitrile/water (80:20, v/v) was added to

make 0.1% clear solution.



3 49400 4940 3100 310 4 As shown in Table 7, the mean tmax for sulfate
gglt is shorter (2.3 hours) versus di phosphate salt (6.7 hours). The mean
cmax/ dosewbaniopizssphat e i s 303 and for sulfate is 244. Pha/use@/0aets dose
for phosphate is 4850, for sulfate is 3030. Overall, the sulfate salt
showed | ess exposure in-vivo (about 4Q%.|ess) than the di phosphate salt.
[0019] While the invention has been descri bed above with reference to
speci fic enbodi ments thereof, it is apparent that many changes,
nodi fications, and variations can pgaigdgow t hout departing fromthe
i nventive concept disclosed herein. Accordingly, it is |nten?ﬁ?nt? 2n§L?$?t
al | sucthecdudfa hp
and brgg:j sco%gs%gfaﬂtaggﬂﬂggﬁgﬁéé&? cl aq%&g'&aqt i ?he};h{ﬁ% ?é pé'ﬁlgm avent s,

and ot Hemegiyb# étaﬂumqthqxe'ﬁlhéﬁbmhenylﬂ-é aaﬂmapﬁﬂeat(edniwuﬁcﬁf&r BNCEabld 1 hei 1

N6 ( L e GPHR A Toraion: 1L 4m9aip -t CrUlors 4 Toreen 80 at
(trifl mmmhmdmmmmchbmwlrmsrm@?ﬁm alt @F%T&ﬁd%‘ §}V§olf 6: kM 1,

h | t nono drochl ori de
\QTanrete L%X%%f%‘?slg! tPH{lszof?MJWPT?&l hewrs3 ngthr/mL wdteh wbmpareq tto iHel sutfaterelt.nRegld , 1 - bi

phenyl ]aré)’sho%{lf%%ﬂ{?‘?ﬂ % The salt of Claim1, wherein the salt is a
t o (c

g: Prggﬁphate ﬁgl i n-4- yI)pyrlldlsng g-yl] 2- met hyl - (triflyororret hoxy)_[l, 1
-blphenf¥FJ3 carboxam de. 4. The salt of Cla|n11 wherein the salt is a
mono sCbingbendsal tDede NR&t6- AOES5 2, Buc,,, Crax/Dose
(mg/ (ng*h/mL) /dose (ng*h/mL)/ (Cr;:;:nL (ng/mL)y/ tmax ()
kg) (mg/kg/day) (mg/kg/day)
Compound A 10 1b 25900 2590 1900 190 4
Suifate
2b 28700 2870 1860 190 2
3b 36200 3620 3560 360 1
Compound A 10 001 43300 4330 2820 282 8
Diphosphate
002 52800 5280 3160 316 8
003 49400 4940 3100 310 4

As shown in Table 7, the mean tmax for sulfate salt is shorter (2.3 hours) versus diphosphate
salt (6.7 hours). The mean cmax/dose for phosphate is 303 and for sulfate is 244, The mean
auc/dose for phosphate is 4850, for sulfate is 3030. Overall, the sulfate salt showed less

exposure in-vivo (about 40% less) than the diphosphate salt.

[0019] While the invention has been described above with reference to specific embodiments
thereof, it is apparent that many changes, modifications, and variations can be made without
departing from the inventive concept disclosed herein. Accordingly, it is intended to embrace
all such changes, modifications, and variations that fall within the spirit and broad scope of

the appended claims. All patent applications, patents, and other publications cited herein are

incorporated by reference in their entirety.



[ rphol i n-4-yl ridine-3-yl]-2-methyl-4"-(trifluoronethoxy)[l,r-Dbi
g;}gﬁ;wlgn (F:)ar boxam ée? pé A pharnaceutical conposition conprising: (a) a
t her apeutwoabiop3efsiiecti ve anmount of a salt according toPramusee/ 0691 ai ns
1-4; and (b) at Ieast one pharnmaceutically acceptable carrier, diluent,
vehicle or excipient. 6. A nethod of tgeating a disease which responds to
an inhibition of protein kinase activity conprising the step of
adm nistering to a subject in need of such treatnent a therapeutically

ef f ect IWHAZNBS GMAIMEDaISsal t according to any one of Cains 1-4.

1. A salt of N-[6-(cis-2,6-dimethy1morpholin—4-yl)pyridine-3-yl]-2-methyl-4’-
(trifluoromethoxy)[1,1°-biphenyl]-3-carboxamide.

2. The salt of Claim 1, wherein the salt is a mono hydrochloride salt of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3 -yl]-2-methyl-4’-(trifluoromethoxy)[1,1 ’-biphenyl]-3-

carboxamide.

3. The salt of Claim 1, wherein the salt is a diphosphate salt of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3 -y1]-2-methyl-4’-(trifluoromethoxy)[ 1,1 ’-biphenyl]-3-

carboxamide.

4, The salt of Claim 1, wherein the salt is a mono sulfate salt of N-[6-(cis-2,6-
dimethylmorpholin-4-yl)pyridine-3 -y1]-2-methyl-4’~(trifluoromethoxy)[ 1,1’ -biphenyl]-3-

carboxamide.

5. A pharmaceutical composition comprising:

(a) atherapeutically effective amount of a salt according to any one of Claims 1-4;

and

(b) at least one pharmaceutically acceptable carrier, diluent, vehicle or excipient.

6. A method of treating a disease which responds to an inhibition of protein kinase
activity comprising the step of administering to a subject in need of such treatment a

therapeutically effective amount of a salt according to any one of Claims 1-4.



