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BENZOIMIDAZOL-2-YL PYRIMIDINE MODULATORS OF THE HISTAMINE H,
RECEPTOR

This application claims the benefit of U.S. Provisional Appiication 61/773,706,
filed on March 6, 2013, U.8. Provisional Application 61/776,260, filed on March 11,
2013, and U.S. Provisional Application 61/784,809, filed on March 14, 2013,

FIELD OF THE INVENTION
The present invention relates to certain benzoimidazol-2-yl pyrimidings,
purification methods for the same, pharmaceutical compositions containing them,
methods of oblaining and using them for the trealment of disease stales, disorders, and

conditions mediated by histaming H; receplor activity.

BACKGROUND OF THE INVENTION

The histamine Hy receptor (H4R) is one of the identified receptors for histamine
(for reviews, see: Fung-Leung, W.-P., et al., Curr. Opin. Invest. Drugs 2004, 5(11),
1174-1183; de Esch, LJ.P, et al, Trends Pharmacol. Sl 2005, 26(9), 462-4885). The
receptor is found in the bone marrow and spleen and is expressed on sosinophils,
basophils, mast cells (Liu, C., ef al,, Mol Pharmacol. 2001, 58(3), 420-426; Morse, K.,
et al,, J. Pharmacol. Exp. Ther. 2001, 286(3), 1058-1066; Hofstra, C.L., et al, J.
Fharmacol. BExp. Ther. 2003, 305(3), 1212-1221; Lippert, U, et al., J. Invest. Dermatol.
2004, 123(1), 116-123; Voshringer, D., et al., Immunity 2004, 20(3), 267-277), CD&" T
celis (Ganiner, F., et al., J. Pharmacol. Exp. Ther. 2002, 303(1), 300-307), dendritic
celis, and human synovial celis from rheumatoid arthritis patients (lkawa, Y., et al., Biol
Pharm. Bull. 2008, 28(10), 2018-2018). However, expression in neutrophils and
monocyies is less well defined (Ling, P, etal, Br. J. Pharmacol. 2004, 142(1), 161-
171). Receptor expression is at least in part controlled by various inflammatory stimutli
{Cogse, F., et al, Biochem. Biophys. Res. Commun. 2001, 284(2}, 301-308; Morse, et
al., 2001), thus supporting that My receptor activation influences inflammalory
responses. Because of its preferential expression on immunocompetent cells, the Hy
receptor is closely related with the regulatory functions of histamine during the immune
response.
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A biclogical activity of hislamine in the context of immunology and autcimmune
diseases is closely related with the allergic response and its deletgrious effects, such as
inflammation. Events that elicit the inflammatory response include physical stimulation
{including trauma}, chemical stimulation, infection, and invasion by a foreign body. The
inflammalory response is characlerized by pain, increased temperature, redness,
swelling, reduced function, or a combination of these.

Mast cell degranulation (exocylosis) releases histamine and leads {0 an
inflammatory response that may be initially characterized by a histamine-modulated
wheal and flare reaction. A wide variely of immunological stimuli {e.g., allergens or
antibodies) and non-immunological (e.g., chemical} stimuli may cause the activation,
recruitment, and de-granulation of mast celis. Mast cell activation initiates aliergic
inflammalory responses, which in lurn cause the recruilment of other effector cells that
further contribute to the inflammatory response. it has been shown that histamine
induces chemotaxis of mouse mast cells {Hofstra, ef al., 2003). Chemotaxis does not
occur using mast celis derived from H, receplor knockout mice. Furthermore, the
response is blocked by an Hi-specific antagonist, but not by Hy, Hz or Hs receptlor
antagonists {Hofstra, et al., 2003; Thurmond, R.L., et al.,, J. Pharmacol. Exp. Ther.
2004, 308(1), 404-413). The in vivo migration of mast cells {o histamine has also been
investigated and shown to be Hy receptor dependent {Thurmond, et al,, 2004}, The
migration of mast cells may play a role in allergic rhinitis and allergy where increases in
mast cell number are found {Kirby, J.G., etal, Am. Rev. Respir. Dis. 1887, 136(2), 379-
383; Crimi, E£., et al, Am. Rev. Respir. Dis. 1891, 144(8), 1282-12886; Amin, K, et al,
Am. J. Resp. Crit. Care Med. 2000, 162(6), 2295-2301; Gauvreau, G.M,, et al, Am. J.
Resp. Cril. Care Med. 2000, 161(58), 1473-1478; Kassel, O., et al,, Clin. Exp. Allergy
2001, 31(8), 1432-1440). In addition, it is known that in response to aliergens there is a
redistribution of mast cells to the epithelial lining of the nasal mucosa (Fokkens, W.l., et
al., Clin. Exp. Allergy 1892, 22(7), 701-710; Slater, A, et al,, J. Laryngol. Otol. 1986,
110, 828-833). These resulis show that the chemotactic response of mastcelisis
mediaied by histamine Hsreceplors.

it has been shown that eosinophils can chemotax lowards histamine (O'Reilly,
M., et al,, J. Recept. Signal Transduction 2002, 22{1-4), 431-448; Buckiand, K.F., et al,,
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Br. J. Pharmacol. 2003, 140(6), 1117-1127; Ling et al,, 2004). Using H, selective
figands, it has been shown that histamine-induced chemotaxis of gosinophils is
mediated through the H, recepior (Buckland, et al., 2003; Ling et al,, 2004). Cell
surface expression of adhesion molecules CD11B/CDA8 (LFA-1) and CD54 (ICAM-1}
on eosinophils increases afler histamine trealment (Ling, el al., 2004). This increase is
blocked by Hy receptor antagonists but not by Hy, Mo, or Ha receptor antagonists.

The H4R alse plays a role in dendritic cells and T cells. In human monocyle-
derived dendritic celis, H4R stimulation suppresses 1L-12p70 production and drives
histamine-mediated chemotiaxis (Gutzmer, R., et al,, J. Iimmunol. 2005, 174(8), 5224-
5232). Arole for the H,; receptor in CD8' T cells has also been reported. Gantner, et

al., (2002} showed that both Hs and H, receptors conirol histamine-induced 1L-16

release from human CD8* T cells. 1L-18 is found in the bronchoalveolar fluid of
allergen- or histamine-challenged asthmatics (Mashikian, V.M., et al., J. Allergy Clin.
immunol. 1888, 101 (6, Part 1), 786-792; Krug, N, et al,, Am. J. Resp. Crit. Care Med.
2000, 162(1), 105-111) and is considered important in CD4" cell migration. The activity
of the receptor in these cell types indicates an imporiant role in adaplive immune
responses such as those aclive in auloimmuns dissases.

in vivo Ha receptor antagonists were able 10 block neutrophillia in zymosan-
induced perilonitis or pleurisy models (Takeshita, K., et al., J. Pharmacol. Exp. Ther.
2003, 307(3), 1072-1078; Thurmond, R, et al., 2004). in addition, Hs recepior
antagonists have actlivity in a widely used and well-characterized model of ¢olitis
{Varga, C., et al., Eur. J. Pharmacol. 2005, 522{1-3), 130-138). These resulls support
the conclusion that H, receptor antagonists have the capacily to be anti-inflammatory in
viveo.

Another physiological role of histaming is as a mediator of itch and H; receplor
antagonists are not completely effective in the dlinic. Recently, the Hy receptor has also
been implicated in histamine-induced scratching in mice (Bell, J.K, et al, Br. L
Pharmacol. 2004, 142(2), 374-380). The effects of histamine could be blocked by Hy
antagonists. These results support the hypothesis that the Hs receplor is invoived in
histamine-induced iich and that Hy receplor antagonists will therefore have positive

effects in treating pruritus.

(9]
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Modulation of Hy receplors conirols the release of inflammaltory mediators and
inhibits leukocyle recruitment, thus providing the ability to prevent and/or treat Hy-
mediated diseases and conditions, including the deleterious effects of allergic
responses such as inflammation. Compounds according o the present invention have
Hy receplor modulaling properties. Compounds according o the present invention
have leukocyle recrultment inhibiling properties. Compounds according o the present
invention have anti-inflammatory properties.

Examples of textbooks on the subject of inflammation include: Gallin, J.4;
Snyderman, R., Inflammation: Basic Principles and Clinical Correlates, 3rd ed.;
Lippincott Williams & Wilkins: Philadelphia, 1988; Styrtingva, V., et al,, Inflammation
and Fever. Fathophysiology FPrinciples of Diseases {Texibook for Medical Students);
Academic Press: New York, 1885; Cecll; ef al. Texthook Of Medicine, 18th ed.; W.B.
Saunders Co., 1988; and Stedman’s Medical Dictionary.

Background and review material on inflammation and conditions related with
inflammation can be found in articles such as the following: Nathan, C., Nature 2002,
420(6917), 846-852; Tracey, K.J,, Nature 2002, 420{6017), 853-859; Coussens, L.M,,
et al., Nature 2002, 420(8917), 860-867; Libby, P., Nature 2002, 420, §68-874; Bengist,
GC., et al., Nature 2002, 420(6917), 875-878; Weiner, H.L., et al., Nature 2002,
420(6917), 879-884; Cohen, J., Nalure 2002, 420(6917}, 885-881; Steinberg, D,
Nature Med. 2002, 8(11), 1211-1217.

Thus, smail-molecule histamine Hs receptor modulators according to this
invention control the release of inflammalory medialors and inhibit leukocyle
recruitment, and may be useful in treating inflarmmation of various eticlogies, including
the following conditions and diseases: inflammatory disorders, allergic disorders,
dermatological disorders, autcimmune disesase, lymphatic disorders, pruritus, and
immunocdeficiency disorders. Diseases, disorders and medical conditions that are
mediated by histamine Hs receptor aclivity include those referred o herein.

Histaming H, recepior modulators have been described in, for example: U.S.
Patent 7,432,378; U.5. Palent 7,507,737, U.S. Palent 8,343,889; U.S. Fat. Appl. Publ.
2009/0137608; U.S. Pat. Appl. 13/676,585 (U.5. Palent 8,588,185), U.S. Patent
8,308,720; U.S. Pat. Appl. 13/663,233; and U.S. Patl. Appl. Publ. 2011/0076324, all of
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which are incorporated by reference herein. Histamine Hy receplor modualiors have
also been described in, for example, U.S. Pat. Appl. Publ. 2010/0028842; U.S. Pal.
Appl. Publ. 2012/0184740; U.S. Pat. Appl. Publ. 2012/0178832, and WO2010/002777.
However, there stili remains a need for histamine M, recepior modulators with desirable
pharmaceutical properties.

As 1o specific forms of such modulators, active pharmaceutical ingredients that
are initially in free base form are often converied inlo their sall forms {0 improve certain
of their pharmaceutical properties. There is typically a plurality of salls that can be
made from a sufficiently basic compound, as is the case with compounds described in
this application. As to spedcific salls, a specific solvate of the same, if any, and of such,
the specific degree of solvation that will lead 10 a cerlain desired improvement of
pharmaceutical properties, are often unprediciable. This has been recognized in, for
example, WO2012/080590, which slales, infer alia, that “there is no general tendency,
for example, to prefer the hydrate o the anhydrate or vice versa, for the improvement of
pharmaceutical properties including drug stabilily, hygroscopic property, elc.”, and that
optimization of pharmacsutical properties is 1o be made on a case-by-case basis.
Physical pharmaceutical properties, such as hygroscopicity, crystailinity, melling point,
solubillity, dissolution rate, and impurity segregation ability, can present prediciability
challenges. Furthermore, identifving a specific form of an active pharmaceutical
compound that optimally presenis such properties for desirable formulations of the
same compound ¢an be in certan instancss difficult to accomplish. Because of these
limitations in what one of ordinary skiil in the art would be able o expect regarding such
properiies, and the role that they play in certain aspects of the pharmaceutical industry,
there still remains a need for finding specific forms of certain pharmaceutical

compounds with improved properties, such as those iHlustratively listed above.
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SUMMARY OF THE INVENTION

This invention relates 1o a hydrated hemitartrate benzoimidazol-2-yl pyrimidine
as shown by the following structural formula and methods of using, obtaining and

puritying the same.

This invention also relates {0 a fumarate and a phosphate of the same
benzoimidazol-2-yi pyrimidine.

In a further aspeci, the inveniion relates to pharmaceutical compositions sach
comprising an effective amount of at least one of the above compounds.

in another aspedt, the invention is directed io a method of trealing a subject
suffering from or diagnosed with a disease, disorder, or medical condition medialed by
histamine H; recepior activity, comprising administering to the subject in need of such
treatment an effective amount of at least one of the above compounds or a
pharmaceutically accepiable salt thereol, pharmaceutically acceptable prodrug, or
pharmaceutically aclive metabolite of such compounds. in certain preferred
embodiments of the inventive method, the disease, disorder, or medical condition is
inflarmmation. inflammation herein refers {o the response thal develops as a
consegquence of histamine release, which in um is caused by al least ong stimulus.
Exampies of such stimuli are immunological stimuli and non-immunological stimuli,

in another aspect, the invention is directed to a method for modulating histamine
H4 receplior activity, comprising exposing a histamine Hy receptor to an effective
amount of at least one of the above compounds.

In another aspect the invention is directed {0 the making, including purifying the

above compounds.
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Additional embodiments, features, and advantages of the invention will be

apparent from the following detailed description and through praciice of the invention.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Powder X-ray diffraction (XRD} profile of Compound 2.2

Figure 2. Comparison of impurity segregation profiles for Compounds £ and 3

{See also Example 5)

Figure 3. Comparison of impurity segregation profiles for Compounds 2.1 and 3

{See also Example 7)

Figure 4. XRD profile of Compound 3

Figure 5. Comparison of impurity segregation profiles for Compounds 2 and 4

(See also Example 9)

Figure 8. Differential Scanning Calorimetry (DSC) and Thermogravimetric
Analysis (TGA) of Compound 2.1

Figure 7. DSC and TGA of Compound 3

Figure 8. DSC and TGA of Compound 2.2

Figure 9. XRD profiles of Compounds 2.1, 2.2 and 3
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DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms "including”, "coniaining” and “comprising” are used in
their open, non-limiting sense.

Unless qualified specifically in particular instances of use, the term “low altkyl” or
“ow-alkyl” refers 1o a2 straight- or branched-chain akkyl group having from 1 {0 6 carbon
atoms in the chain. Examples of alkyl groups include methyl (Me), ethyl (E1), n-propyl,
isopropyl, butyl, iscbutyl, sec-butyl, tert-butyl (iBu), peniyl, isopentyl, tert-pentyl, hexyi,
isohexyl, and groups that in light of the ordinary skill in the art and the feachings
provided herein would be considered equivalent 1o any one of the foregoing examples.
“Craatkyl” refers to straighi- or branched-chain alkyl group having from 1 {0 4 carbon
atoms in the chain.

Any formula given herein is also intended {o represent uniabeled forms as well
as isotopically labeled forms of the compounds. isotopically labeled compounds have
structures depicted by the formulas given herein except that one or more atoms are
replaced by an atom having a selected atomic mass or mass number. Examples of
isotopes that can be incorporated into compounds of the invention include isotopes of
hydrogen, carbon, nilrogen, oxygen, phosphorous, fluorine, chiorine, and iodine, such
as “H, °H, "'C, 1°C, e, BN, PO, YO, TR, R, g, BF, G, and "%, respectively.
Such isotopically labelled compounds are usetful in metabolic studies {preferably with
MC), reaction kinetic studies {with, for example “H or °H), detection or imaging
techniques {such as positron emission tomography (PET) or single-pholon emission
computed tomography (SPECT)] including drug or substrate tissue distibution assays,

B or "¢ abeled compound

or in radioactive treatment of patients. In particuiar, an
may be particularly preferred for PET or SPECT studies. Further, subsiifution with
heavier isotopes such as deuterium (i.e., °H) may afford certain therapeutic advantages
resulting from greater metabolic stability, for example increased in vivo half-life or
reduced dosage requirements. Isctopically labeled compounds of this invention and

prodrugs thereof can generally be prepared by carrying out the procedures disclosed in

1}
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the schemes or in the examples and preparations described below by substituting a

readily available isciopically labeled reagent for a non-isolopically labeled reagent.

When referring to any formuia given herein, the selection of a particular moiety
from a list of possible species for g specified variable is nol intended {o define the same
choice of the species for the variable appearing elsewhere. in other words, where a
variable appears more than once in the same formula, the choice of the species from a
specified lisl is independent of the choice of the species for the same variable
elsewhere in the formula, unless stated otherwise.

Compound 2 has Hs receptor modulator activily as described in, for example
U.S. FPatent 7,607,737, U.5. Palent 8,343,889, U.S. Application Publ. US2008/0137608
and U.S. Application 13/676,595 (U.5. Patent 8,508,189), all of which are incorporated

herein by reference:

5]

it has been found in the coniext of this invention that the hemitarirate letra-
hydrate of Compound 2, referred o herein as Compound 3, has improved desirable
physical pharmaceutical properties, which make of it an even more suitable chemical
entity for the prevention or freatment of medical conditions, diseases or disorders
mediated by Hi receptor activity. Impurities in pharmaceuticals are unwanted

chemicals that remain with the active pharmaceutical ingredients after their synthesis,

10
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develop during formulation, or when aclive pharmaceuiical ingredients, whether
formulated as medicings or nol, are aged to medicines. The control of pharmaceutical
impurities is an important issue {o the pharmaceutical industry. It has been discovered
that Compound 3 has impurily segregation properties that confer {o it improved physical
pharmaceutical properties because ifs synthesis permits the more efficient removal of
impurities and/or the removal of impurities 1o an exent such thai ctherwise would
require more laboriocus purification processes.

Compound 3 can be administered o treat inflammation. Inflarnmation may be
associated with various diseases, disorders, or conditions, such as inflammatory
disorders, allergic disorders, dermatological disorders, autolmmune dissase, lymphatic
disorders, and immunodeficiency disorders, including the more specific conditions and
diseases given below. Regarding the onset and evolution of inflammation,
inflammatory diseases or inflammation-mediated diseases or gonditions include, but are
not limited to, acute inflammation, allergic inflammation, and chronic inflammation.

iHustrative types of inflammation treatable with a histamine Hy receplor-
modulaling agent according (o the invention include inflammation due to or associated
with any one of a plurality of conditions such as allergy, asthma, sosinophilic asthma,
dry eve, chronic obstructive pulmonary disease {COPD), atherosclerosis, rheumatoid
arthrilis, mulliple sclerosis, inflammatory bowel diseases (including colitis, Crohn's
disgase, and ulcerative colitis), psoriasis, pruritus, itchy skin, atopic dermatitis, urticaria
{alsc known as hives), ccular inflammation, conjunctivitis, nasal polyps, allergic rhinitis,
nasal itch, parasitic or fungal infections (e.g., lice, scabies, swimmer's lich, jock iich,
athlete’s foot), hidradenitis suppurativa, malignancy, such as lymphoma {e.g.,
Hodgkin's disease}, jaundice, polycythemia, punciate paimoplantar keraloderma,
thyroid iliness/hyperparathyroidism, diabeles, chicken pox, iron deficiency anemia,
psychiatric diseases, medication-induced itch (e.g., allergies, photodermatitis,
morphine, opiates, chloroguine); cholestasis; pregnancy—related ifch {e.qg., obstetric
cholestasis, pruritic urlicaria papules and plagues of pregnancy, gestational
pemphigoid), xerosis {(also known as dry skin}, sunbum, dandruff, scab/scars, insect
bites, poison ivy/oak, hemorrhoids, contact dermatilis, old-age associaled ifch, itch

associated with dialysis, scleroderma, autoimmune thyroid diseases, immung-mediated

11



10

15

20

25

30

WO 2014/138368 PCT/US2014/021130

{(also known as type 1) diabetes mellitus and lupus, which are characterized by
excessive or prolonged inflammation at some stage of the disease. Other autoimmune
diseases that lead to inflammation include Myasthenia gravis, autoimmune
neuropathies, such as Guillain-Barré, autoimmune uveilis, autoimmune hemolytic
anemia, pernicious anemia, autoimmune thrombocylopenia, iemporal arlerilis, anti-
phospholipid syndrome, vasculitides, such as Wegener's granulomatosis, Behcet's
disease, dermatitis herpetiformis, pemphigus vulgaris, vitiligio, primary biliary cirrhosis,
autoimmune hepatilis, autoimmune oophorilis and orchitis, autoimmune disease of the
adrenal gland, polymyositis, dermatomyositis, spondvioarthropathies, such as
ankyiosing spondyliis, Sjogren’s syndrome and pruritus.

Fruritus includes that which is a symptom of allergic cutaneous diseases {such
as atopic dermatitis and hives) and other metabolic disorders {such as chronic renal
failure, hepatic cholesiasis, and diabetes meliitus).

Compound 3 can also be administered o treat mood disorders {including but not
limited o major depressive disorder, bipolar disorder, treatment resistant major
depressive disorder and reatment resistant bipolar disorder), anxiely disorders
{including but not limited to generalized anxiety disorder, social phobia, and post
fraumatic stress disorder).

Compound 3 may also be administered with a long acting B-agonist, acting in a
synergistic manner o improve lung finctions and asthma in the trealment of asthma.

In another embodiment, Compound 3 is adminisiered to treat allergy, asthma,
autoimmune diseases, or pruritus.

The term "reat” or "realing” as used herein is intended to refer 1o adminisiration
of Compound 3 1o a subject for the purpose of effecting a therapsutic or prophylaclic
benefit through modulation of histamine Ha receplor aclivity. Treating includes
reversing, ameliorating, alleviating, inhibiting the progress of, lessening the severity of,
or preventing a disease, disorder, or condition, or one or more symptoms of such
disease, disorder or condition mediated through modulation of histamine H, receptor
activity. The ferm "subject” refers fo a mammalian patient in need of such trealment,
such as a human. “Modulators” include both inhibitors and aclivalors, where "inhibitors”

refer to compounds that decrease, prevent, inactivate, desensitize or down-regulate
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histamine H; receplor expression or activity, and “activators” are compounds that
increase, aclivale, facilitate, sensitize, or up-regulate hisiamine H; receptor expression

or activity.

in treatment methods according (o the invention, an effective amount of al least
Compound 3 is administerad 1o a subject suffering from or diagnosed as having such a
disease, disorder, or condition. An "effective amount” means an amount or dose
sufficient to generally bring about the desired therapeutic or prophviactic benefil in
patienis in need of such treatment for the designated disease, disorder, or condition.
Effective amounts or doses of Compound 3 may be ascertained by routing methods
such as modeling, dose escalation studies or dlinical frials, and by taking into
consideration routine factors, e.g., the mode or roule of administration or drug delivery,
the pharmacokinetics of the agent, the severity and course of the diseass, disorder, or
condition, the subiject’'s previous or ongoing therapy, the subject’s health status and
response o drugs, and the judgment of the trealing physician. An example of a dose is
in the range of from about 0.001 to about 200 mg of free base equivalent per kg of
subject's body weight per day, preferably about 0.01 1o 7 mg/fkg/day, most preferably
about 0.04 o 1.4 mg/kg/day, in single or divided dosage unils {e.g., twice a day, three
fimes a day, four times a day). For a 70-kg human, an llustrative range for a suitable
oral dosage amount of free base equivalent is from about (.05 to about 300 mg/day, or
preferably about 1 1o 50 mg/day, more preferably from about 3 to 30 mg/day, most
preferably a dose of 3 myiday or 10 mg/day or 30mg/day.

Once improvement of the patient's disease, disorder, or condilion has occurred,
the dose may be adjusted for preventiative or maintenance treatment. For example, the
dosage or the frequency of administration, or both, may be reduced as a function of the
symptoms, {0 a level at which the desired therapsutic or prophylactic effectis
maintained. Of course, if symptoms have been alleviated 1o an appropriate level,
treatment may cease. Patienis may, however, require intermitient treaiment on a long-
term basis upon any recurrence of symptoms.

in addition, Compound 3 may be used in combination with additional aclive

compounds in the treatment of the above conditions. The additional compounds may

13
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be coadminisiered separately with Compound 3 or included with such an agent as an
additional active ingredient in a pharmaceutical composition according o the invention.
in an illustrative embodiment, additional active compounds are those that are known or
discovered 0 be effective in the freatment of conditions, disorders, or diseases
mediated by histamine H; receptor aclivity, such as another histamine Hy receplor
modulator or a compound active against another farget associated with the particular
condition, disorder, or disease. The combination may serve (o increase efficacy {e.g.,
by including in the combination a compound potentiating the polency or effectivenass of
an agent according 1o the invention), decrease one or more side effects, or decrease
the required dose of the agent according o the invention.

When referring to modulating the target receptor, an “effective amount” means
an amount sufficient {o affect the activity of such receptor. Measuring the activity of the
target receptor may be performed by routine analytical methods. Target receptor
modulation is useful in a variely of setfings, including assays.

Compound 3 is used, alone or in combination with one or more other active
ingredients, to formulate pharmaceutical compositions of the invention. A
pharmaceutical composition of the invention comprises an effective amount of at least
Compound 3. A pharmaceutically acceptable excipient is part of some embodiments of
pharmaceutical compositions according 1o this invention.

A "pharmaceutically accepiable gxcipient” refers 1o a substance that is not toxic,
but it is biclogically tolerable, or otherwise biologically suitable for administration o a
subject, such as an inert substance, added to a pharmacological composition or
otherwise used as a vehicle, carrier, or diluent {o facilitate administration of a
pharmaceutical agent and that is compatible therewith. Examples of excipients include
calcium carbonate, calcium phosphate, varicus sugars and types of starch, celluiose
derivatives, gelatin, vegetable oils, and polysthylene glycols.

Delivery Torms of the pharmaceutical compositions containing one or more
dosage units of Compound 3 may be prepared using suitable pharmaceutical exciplents
and compounding technigues known or that become available to those skilied in the art.
The compositions may be administered in the inventive methods by a suitable route of

delivery, e.g., oral, parenteral, rectal, topical, or coular routes, or by inhalation.
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The preparation may be in the form of {ablels, capsules, sachets, dragess,
powders, granules, lozenges, powders for reconstitution, liguid preparations, or
supposiiories. Preferably, the compositions are formulated for intravenous infusion,
fopical administration, or oral administration.

For oral administration, Compound 3 of the invention can be provided in the form
of tablets or capsules, or as a solution, emulsion, or suspension. To prepars the oral
compaositions, Compound 3 may be formulated {0 vield an amount ¢of free base
equivalent dosage of, e.q., from about 0.05 to about 50 mg/kg daily, or from about 0.05
to about 20 mg/kg daily, or from about 0.1 o about 10 mg/kg daily, most preferably 3
mg/day, 10 mg/day or 30 mg/day.

Cral tablets may include the agent and any other aclive ingredients mixed with
compatible pharmaceutically accepliable excipients such as diluents, disintegrating
agents, binding agenis, lbricating agents, sweelening agents, flavoring agents,
coloring agenis and preservative agents. Suitable inert fillers include sodium and
calcium carbonate, sodium and caicium phosphate, laclose, starch, sugar, glucoss,
methyl celiulose, magnesium stearate, mannitol, sorbitol, and the like. Examples of
liquid oral excipients include sthanol, glycerol, water, and the like. Starch, polyvinyl-
pyrrolidone (FVP), sodium starch glycolate, microcrystaliine celluiose, and alginic acid
are examples of disinfegraling agents. Binding agenis may include starch and gelatin,
The lubricaling agent, if present, may be magnesium stearate, stearic acid or tale. if
desired, the tablets may be coated with a material such as glyceryl monostearate or
glvceryl distearate (o delay absorplion in the gasirointestinal tract, or may be coaled
with an enteric coaling.

in some embodiments of the invention, {ablels are in the form of coated {ablsts,
and they confain Compound 3 tabietled with a filler/binder, that in some embodiments is
silicified microcrystalline cellulose or colloidal silicon dioxide in amounts ranging from
about 65.5 myg/iablet to about 180.4 mgftablet, a filler thatl in some embodiments is
mannitol in amounts ranging from about 21.0 mg/tablet to about 83 mg/tablet, a glidant,
that in some embodiments is silica colloidal anhydrous in amounis ranging from about
0.3 mgftablet io about 0.9 mgftablel, a lubricant that in some embodiments is

magnesium stearate in amounts ranging from about 1.5 mg/tablet to about 4.5
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mg/tablet, and a ilm coating agent, thal in some embodiments is opadry while il

85F 18422 in amounts ranging from about 3.0 mg/tablet to abaout 9.0 mg/tablet.
Amounts of Compund 3 in embodiments of such tablets are 4.124 mg, 13.747 mg, and
41.241 myg, or amounts that correspond 1o free base equivalent amounts of 3 mg, 10
mg, and 30 mg.

Capsules for oral administration include hard and soft gelatin capsules. To
prepare hard gelatin capsules, aclive ingredient may be mixed with a solid, semi-salid,
or Hiquid diluent. Soft gelalin capsules may be prepared by mixing the aclive ingredient
with water, an oil such as peanut off or olive oil, liguid paraffin, a mixture of mono and
di-glycerides of short chain fatly acids, polysthyiene glvcol 400, or propylens glycaol.

Liguids for oral administration may be in the form of suspensions, solutions,
emulsions or syrups or may be lyophilized or presented as a dry product for
reconstitution with water or other suitable vehicle before use. Such liguid compositions
may optionally contain: pharmaceutically-acceptable excipients such as suspending
agents {for example, sorbitol, methyl cellulose, sodium alginale, gelatin,
hydroxyethyicelliulose, carboxymethylcelivlose, aluminum stearate gel and the like);
non-aqueous vehidles, e.g., dfl {for example, almond ol or fractionated coconut oil),
propylene glycol, ethyl alcohol, or waler; preservatives {for example, methyi or propyl p-
hydroxybenzoate or sorbic acid); wetling agents such as lecithin; and, if desired,
flavoring or coloring agenis.

Compound 3 may alsc be administered by non-oral routes. For example, the
compaositions may be formulated for rectal adminisiration as a suppository. For
parenieral use, including intravenous, intramuscular, intraperitoneal, or subcutaneous
routes, Compound 3 may be provided in sterile aqueocus solutions or suspensions,
buffered o an appropriate pH and isclonicity or in parenterally acceptable oll. Suilable
aqueous vehicles include Ringer's solution and isotonic sodium chioride. Such forms
may be presented in unit-dose Torm such as ampules or disposable injection devices, in
muiti-dose forms such as vials from which the appropriate dose may be withdrawn, orin
a soiid form or pre-concenirate thatl can be used o prepare an injectable formulation.

Husirative infusion doses range from about 1 1o 1000 pg/kg/minuie of agent, admixed
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with a pharmaceutical carrier over a period ranging from several minuies o several
days.

For topical administration, the Compound 3 may be mixed with a pharmaceutical
carrier al a concentration of about 0.1% to about 10% of drug o vehicle. Ancther mode
of administering Compound 3 may utilize a patch formulation to affect transdermal
delivery.

Adminisiration of Compound 3 according to methods of this invention may be
made by inhalation, via the nasal or oral routes, e.q., in a spray formuiation also
containing a suilable carrier.

it is envisaged that Compunds 4 and § can aiso be adminstered as Compounds
3, 2.1 and 2.2 according to methods of use of this invention.

Examples of chemical entifies useful in methods of the invention will now be
described by reference to illusirative synthetic schemaes for their general preparation
below and the specific examples that follow. Those of ordinary skill in the art will
recognize thal, to oblain the various compounds herein, starling malerials may be
suitably selected so that the ullimately desired substituents will be carried through the
reaction scheme with or without protection as appropriate o vield the desired product.
Alternatively, it may be necessary or desirable to employ, in the place of the ulimalely
desired substituent, a suilable group that may be carried through the reaction schemes
and replaced as appropriate with the desired substituent.

in the Schemes depicied below, one of ordinary skill in the art will recognize that
R® may be H or a suitable nitrogen protecting group, such as a tert-butoxycarbonyl

group (Boc), and that prolecting group replaced at a later stage in the synihesis.
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SCHEME A
1} 1) Activation
ity RENH,
HOLC
N—CN“" 2} Amide reduction l
At o
RO-NH
Dy A2
HO
1} Activation T
\W____CN_— ——
AZ

Referring o Scheme A, amines AZ are commercially availlable or are prepared
from acids A1 or alcohols A3. Coupling of acids A1 with amines R°NH,, in the
presence of activating agenis such as dicycichexyi-carbodiimide, EDC/HOBL, or
carbony! diimidazole, in a sclvent such as DMF or THF, provides the corresponding
antides (not shown). Allernatively, acids A1 are aclivaled o thelr coresponding acid
chiorides and reacted with amines R°NH, in the presence of a suitable base such as
friethylaming or diisopropylethyiamineg, in a solvent such as DCM or THF. The resulting
amides are reduced to amines AZ by a suitable reducing agent such as LiAlH4, ina
solvent such as THF. Alcohols A3 are aclivated using general methods {o form, for
example, alkyl halides or altkyl tosylates. Displacement with RNH, in the presence of a
suitable base such as NaH, NaQH, tristhylamine, or diisopropvlethylamine, in a solvent
such as DCM or THF, provides amines A2. Allernalively, amines A2 are preparad from
alcohols A3 by reaction with phthalimide or a suitable amino surrogate under Mitsunobu
conditions. Where phihalimide is used, the free amineg is revealed through treatment
with hydrazine.
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SCHEMEB
RE-NH %:f\g_ N 16
Y B SO, RX 7 |
fd! N
BN =S i 7 N
O C
B1 -
A2 ¥ =CNor CO:C1_4alkyi

B2

R* = ynbranched C, 4aliod

Referring to Scheme B, amines AZ are reacted with pyrimidines B1, which are

commercially available or are prepared by oxidation of commercially available

n

atkylsulfanyl pyrimidines, or by other general methods, in a solvent such as pyriding,
DMFEF, MeQOH, or EIOH, or a mbdure thereof, atl temperatures belween about room
femperalure and the refiux temperature of the solvent, or in a sealed lube al
temperatures up to about 120 °C. In B4 and BS, R® may be H or F and R® may be CHs
or H. 2-Aminopyrimidines B2 are converted o aldshydes B3 by reduction ofthe Y
10 substituent with a suitable reducing agent such as diisobutvialuminum hydride. Where
Y is an ester group, reduction produces aldehydes B3 or the corresponding alcohols
{not shown). Where an alcohol is produced, oxidation using a suitable oxidizing agent
such as MnQO;, Dess-Martin periodinane, or Swern conditions, provides aldehydes B3.
Condensation of aldehydes B3 with suitably substiiuted diamines B4, in the presence of
15 a dehydrating agent such as NaH:5:Q0s, in a solvent such as DMF, MeQH, or EIOH, or
a mixiure thereof, al temperatures between about room temperature and the reflux

temperature of the sclvent, produces compounds of Formula B5.
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SCHEME B4

5

. Toluane / watsr

2. N FamnN
’)\V/ HoN A21 where R is H /—<_/N—
i i - N
NCv%: D
N

Y
\I
N N NH
\r as sohition in aq. K804/ 20- 30 °C
SO,RX . about 80 °C, phase separation
. wash with ag. NaOH, ghase separation
. wash with H,O, phase separation B22 is B2,
) d‘_St' of 't_oiu_ene where Y is CN,
. crystallization 5.
RisH

B11is B1,
where Y is CN,
R*is unbranched
C, atkyt

~d D e (0

in addition o synthetic methodologies for preparing compound B22 as described in
Scheme B, other methodologies have been described in, for example, US patent
application publication USZ2010/0004450, US patent 8,309,720, which is incorporated
by reference herein in its enlirely. For iHusirative nonlimiting purposes, see examples
7,10, 12, 186, 24 and 25 in such publication. An allernative procedure for the
preparation of B22, employs compounds A21 and B11 in a bi-phasic solvent system
such as toluene and waler along with a base such as K,CO; with heating o a
femperature of about 60-65 °C as shown in Scheme B.1. In an embodiment of this
reaction, compound A21 in an aquecus solution of 10% K,CQO; is added {o a solution of
B11 in a solvent such as toluene. The reaction mixture of A21 and Bi1 is heatedic a
temperature between 80 °C and 65 °C. In a subsequent step, after heating for
approximately 20 min at a temperature between 60-65 °C, the aqueous portion is
removed, a solution of 1N NaCHq) is added and heated to temperature between 60-65
°C for approximately 10 minutes. The NaQOH,, solution is removed and waler added
and heated (o a temperature between 80-65 °C for approximalely 10 minutes. Ina
subseguent step, the water solution is removed and the remaining organic solvent is
removed by distiliation. Compound B22 is optionally purified by recrystallization from a

asolvent such as toluense.
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Scheme B.2

1. Ho {1 bar} / Raney-Ni iype catalyst
HoG / HOAC (6 eg), 25 °C

2. KoCQs 50% aglopH =7
3. o} N,
. ~ T N
HN CHO
HN—{  p—CN (0.5 eq) / _Q\_/Z‘
L/ Q) - . 0
Vo N 25°C, 15~ 30 min ______.\/">___/
NG .|
f— 4. toluene in ag. solution
5. KoCOy 80% agqto pH = 8.5, 833
phase separation at 35 °C o
522 6. Ho0, HCi to pH = 4 {ca. 1.1 eq), is B3,
phase separation at 25 °C where R is H

N

. N32803 i OQ
HoO 7 HTH, air flow, 55 -85 °C

2. NaGH / Me-THF, 8C°C (2}
L HO / Me-THF, 50 °C

i. Me-THF Jeyclohexane
5°CtoC°C

™

An alternative procedure for performing Scheme B is outlined in Scheme B.2
Compound B33 according o this scheme is not isolated. The methodology according
to this scheme employs compound B22, a calalyst which is a fine grained solid
composed mostly of nickel derived from a nickel-aluminum alloy, such as Raney nickel,
and hydrogen gas in a solvent such as aqueous acetic acid at a temperature belween
20-40 °C. Embodiments of this methodology use subsioichiometric amounts of such
catalyst. This is an advantageous feature, for the presence of a stoichiometric amount
of catalyst is not a determining fealure in this methodology. Many processes that use
the same catalyst rely on its presence in stoichiomelric amounts of such catalyst.
Another feature of this methodology is the use of succinic anhydride, which permits a

substantial removal of impurity {1. Compound B22 is reduced by hydrogenation with a
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catalyst as indicated above. When such hydrogenation is complete, as judged by
there being less than about 3% of compound B22 remaining, the calalyst is removed by
filtration and the filtrate neutralized {o pH = 7 with an aqueous KCO; solution (50%
wiw). Subsequently, succinic anhydride is added, and an organic solvent, such as
ioluene Tor example, is added. A bi-phasic organic-agueous medium is thus formed. in
an envisaged alternative embodiment that would also lead to a bi-phasic organic-
aqueous medium, succinic anhydride is dissolved in an organic sovent, which then is
added to the aqueous medium. Such anhydride derivatizes an impurily. Ina
subsequent step, the pH of the solution is adjusted 1o about 8.5 with an appropriate
base. in some embodiments such pH adjustment was performed with an agusous
KoCQOa solution (50% w/w) followed by heating io a temperature of about 35 °C for
approximately 15-30 minutes. Phase-separation of the organic laver is performed
afterwards. The organic portion of the reaction mixture is collected, the agueous
portion is oplionally re-exiracted with a solvent such as toluene, and the organic portion
resulting from the second extraction, when such second exiraction is performed, is
combined with the first organic portion. In a subsequent step the organic portion is
cooled o a temperature between 15 - 25 °C and the pH adjusied to about 3.5 — 4 with
an appropriate acid. in some embodiments, such pH adjustment was performed by the
addition of an 8% aqueous HCI solution. In a subsequent step, the organic and
agueous portions are separated, and the agusous portion contains compound B33,

in a separate vessel, sodium sulfite, 1,2-diamino-3,5-dimethyibenzene
dihydrochioride and water are stirred at room temperature. Hydrochioric acid is added
and the reaction is heated fo 50 °C within 20 minutes. Air flow is circulated through the
solution. Compound B33 in agueocus solution, is added {o this medium over 1.8 hic
form a reaction mixture that contains the reaction product of compound B33 and the
diamino-dimethylbenzene. The reaction mixiure is heated 1o a temperature of about 55
- 80 °C for approximately 1 - 2.5 h. In a subsequent step, the solids are filtered off and
Z-methyitetrahydrofuran is added to the filirate. In a subsequent step, 30% NaOH,, is
added to adjust the pH to approximately 8.5 - 11.5. The reaction mixiure is healed to
45-50 °C for 15 min. A series of extraclion steps are performed afterwards. The

aqueous layer is removed and discarded, and water and 30% NaOHy,, are added to
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the organic layer, thus forming a bi-phasic medium, which is heated to 45-50 °C for 5-
15 min. The aqueous layer from this bi-phasic medium is removed and discarded, and
water is added o the remaining organic layer, thus forming ancther bi-phasic medium,
which is then healed to 45-50 °C for 5-15 min. The aguecus layer from such medium is
removed and discarded, and cyclohexane added and the organic layer, which is healed
fo 45-50 °C, and then solid Compound 2 is obtained by cooling such organic laver to §-

5§ °C, out of which Compound 2 crystaliizes and is isolated by filtration.

SCHEME C

HO 7
AN
HOLC Y*\C >—““H
m\—CN—-— OR N
Al A
N RS
Ly
O

C2

Referring to Scheme C, acids A1 or alcohols A3 may be coupled with 2-
aminopyrimidines C1 using the methods described in Scheme A to form amides {not
shown) and amines C2. The amides and compounds C2 are processed as described
in Scheme B 1o provide compounds of Formula BS.

Additional synthetic methods are described in U.S. Patents 7,507,737 and
8,308,720, which are hereby incorporaled by reference. Additional synthetic methods
are described in U.S. Pat. Appl. Publ. 2010/0028842.

Additional synthetic methods can be designed from the description provided in
U.S. Fatl. Appl. Publ. 2005/0070550 {U.S. Patent 7,432,378}, which is hereby
incorporated by reference.

The following examples arg provided o further llustrate aspects of the invention and
varicus preferred embodiments.

in obtaining the compounds described in the examples below and the
corresponding analviical data, the following experimental and analytical protocols wers

followed unless ctherwise indicaled.
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Unless otherwise stated, reaction mixiures were magnelically stirred at room
temperature {rt). Where solutions are “dried,” they are generally dried over a drying
agent such as Na;S0,; or MgSQs. Where mixiures, solutions, and extracts were
“‘concentrated”, they were typically concenirated on a rotary evaporator under reduced
pressure.

Thin-layer chromatography was performed using Merck silica gel 60 Fzss 2.5 om
¥ 7.5 cm, 250 ym or 5.0 em x 10.0 om, 250 pm pre-coated silica gel plates.

Normal-phase flash column chromalography {(FCC) was performed on silica gel
{Si0;) eluling with 2 M NH; in MeQH/DCM, unless ctherwise noted.

Mass spectra {(MS)} were obtained on an Agilent series 1100 M3D using
electrospray ionization (ESI) in positive mode uniess otherwise indicated. Caloulated
{calcd.} mass corresponds 1o the exact mass.

Nuclear magnetic resonance (NMR) specira were obtained on Bruker model
DRX spectrometers. The format of the 'H NMR data below is: chemical shift in ppm
downfield of the tetramethyisilane reference {mulliplicity, coupling constant Jin Hz,
integration).

Powder X-ray diffraction characterizations of compounds exemplied hersin were
performed by using a variely of X ray sources and diffractomelers as indicated below.

Powder X-ray diffraction profiles and associaled daia of compound 2.2, which
are shown in Figure 1, and whose data are presented in Tables 2 and 2.1, were
performed on an APD 2000 Diffraktomester {(G.N.R. s.r.L, Agrate Conturbia, Haly)
equipped with 2 Nal scintillation counter. Samples were scanned from 3° 0 40° 28 ata
step size of 0.01° and a lime per step of 5 seconds. The tube voltage and current were
40 kV and 30 mA, respectively. The samples weres placed onto zers background
alurmninum holders.

Synchrotron powder Xoray diffraction measurements and associated data of
compound 3, which are shown in Figure 4 and whose data are presented in Tables 5,
8, 8.1, 6.2 and 8.3, were performed at the Materiais Science beam line of the Swiss
Light Source (SLS) at the Paul Scherrer institute {(PS]) in Villigen (Switzertand).
Samples were measured in spinning glass capillaries with a diameler of 1.0mmat T =

295K, The wavelength of the radiation used for the experiment was determined from a
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silicon powder measurement and refinement: A = {1.000180 % 0.000051) A, energy =
(12.395773 + 0.000627) keV, 28 offset = (+0.001474 £ 0.000032)°; detecior: micro
sirip; temperature control: oryojet; a robot system was used for mounting the
capiliaries. The recorded powder profiles were pre-processed at the PSS and then
fransformed fo the Cuk<a> wavelength scale (A = 1.5418 A).

As o Fig. 9, powder X-ray diffraction profiles shown therein were obiained by
using an X-ray diffractometer equipped with a copper source (Cu/K, 1.54058 A).
Examples of such diffractometers include the Bruker AXS D8 Discover X-ray
Diffractometerand the Rigaku D/Max Rapid X-ray Diffractometer. The Bruker AXS D&
Discover X-ray Diffractometer is equipped with GADDS™ {General Area Diffraction
Detection System), a Bruker AXS HI-STAR Area Deteclor at a distance of 15.05 ¢m as
per system calibration, auilomated x-y-z stage, and 0.5 mm collimator. The sampie is
compacied into pellet form and mounted on the x-y-z stage. A diffractogram is acquired
{(control software: GADDS™ for WNT v4.1.14, © Bruker AXS, 1897-2003) under
ambient conditions al a power selting of 40 KV and 40 mA in reflection mode while the
sample remains siationary. The exposure time is typically 5 minutes. The
diffractogram obtained undergoes a spatial remapping procedure 10 account for the
geometrical pincushion distortion of the area delector, then it is integrated along chi
from —118.8 o —61.8" and 2-theta 2.1 - 37" al a step size of 0.02" with normalization
set o bin normalize. in addition to using Jade software, diffraction patterns obtained on
the Bruker machine are viewed using EVA software {Analysis software: Diffract™ EVA,
version 9.0, © Bruker AXS, 2003). The Rigaku D/Max Rapid X-ray Diffractometer is
equipped with a manual x-y stage, and 0.3 mm collimator. The sample is loaded inlo a
(.3 mm boron rich glass capillary tube {Charles Supper Company, 15 Tech Circle,
Natick, MA §1760-1024) by sectioning off one end of the tube and tapping the open,
sectioned end into a bed of sample. The loaded capillary is mounted in g holder that
was secured inio the x-y stage. A difiractogram is acquired under ambient conditions at
a power setting of 46 kV at 40 mA in reflection mode, while oscillating about the omega-
axis from © — 5" at 1 “/sec and spinning about the phi-axis at 2 “/sec {Control software:
RINT Rapid Control Software, Rigaku Rapld/XRD, version 1.0.0, © Rigaku Co., 1988).

The exposureg time is iypically 5 minutes. The diffractogram obiained is integrated over
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2-theta from 2 — 40 degrees and chi {1 segment) from 0 — 3607 at a slep size of 0.02°
using the cyfinf utility in the RINT Rapid display software provided with the instrument
{Analysis software: RINT Rapid display software, version 1.18, © Rigaku Co., 1983).
The dark counts value is set {0 8 as per the system calibration; normalization is set o
average; the omega offset is set to 1807; and no chi or phi offsels are used for the
integration. Diffraction palterns are viewed using Jade software, which is used o
remove the background from the patterns and 10 assign peak positions {Analysis
sofiware: Jade, version 5.0 and 6.0, © Materials Data, Inc., 1985-2004).

Differential Scanning Calorimetry {(DSC) experiments were run as Tollows: An
aliquot of a sample was weighed into an aluminum sample pan, {pan part #
900793.901; lid part # 90G7984.901; TA Instruments, 109 Lukens Drive, New Caslle, DE
19720}, which was sealed by crimping. The sampie pan was loaded into the apparatus
{(Q1000 Differential Scanning Calorimeter, TA instruments, 109 Lukens Drive, New
Castle, DE 19720). A thermogram was obtained by individually heating the sample at a2
rate of 10 "C/min from T (typically room temperature) 1o Thax {fypically 300 "C) using
an emply aluminum hermetic pan as a reference. The control software for both the
DSC and TGA experiments was the Advantage for QW- Serigs, version 1.0.0.78,
Thermat Advaniage Release 2.0, © TA Instruments — Water LLG, 2061, Dry nitrogen
{compressed nilrogen, grade 4.8, BOC Gases, 575 Mountain Avenue, Murray Hill, NJ
07874-2082) was used as a sample purge gas and was sel at a flow rate of 50 mi/min.
Thermal transitions were viewed and analyzed using the analysis software provided
with the instrument (Analysis Software: Universal Analysis 2000 for Windows
O5/95/2000/NT, version 3.1E; Build 3.1.0.40, © TA instrumenis — Water LLC, 1991 -
2001).

Thermogravimetric Analysis (TGA) experiements were run as follows : An
aliguot of the sample was ransferred into a platinum sample pan {pan part #
952019.906; TA Instruments, 109 Lukens Drive, New Casile, DE 19720}, The pan was
placed on the lcading platform and was then automatically loaded into the apparatus
{500 Thermogravimetric Analyzer, TA Instruments, 100 Lukens Drive, New Castle,
DE 19720) using the control software. Thermograms were oblained by individually

heating the sample at 10 "C /min from T (fypically room temperature) 10 Trax
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{typically 300 "C) under flowing dry nitrogen, with a sample purge flow rate of

680 mi/min and a balance purge flow rate of 40 ml/min. Thermal transitions {e.g.,
weight changes) were viewed and analyzed by using the analysis scftware provided
with the instrument {Analysis Software: Universal Analysis 2000 for Windows
85/95/2000/NT, version 3.1E; Build 3.1.0.40, © TA instruments — Waler LLC, 1881 -
2001).

Chemical names were generated by using ChemDraw (CambridgeSofi,
Cambridge, MA)L

To provide a more concise description, some of the quantifalive expressions
given herein are not qualified with the term “aboul”. 1t is understcod thatl, whether the
term “about” Is used explicitly or not, every guantity given herein is meant to refer {0 the
actual given value, and it is also meant to refer to the approximation {o such given value
that would reasonably be inferred based on the ordinary skill in the art, including
equivalents and approximations dus to the experimental and/or measurement
conditions for such given value.

Whenever g vield is given as a perceniage, such yield refers to a mass of the
entity for which the yield is given with respect to the maximum amount of the same
entity that could be oblained under the particular stoichiometric conditions. Reagent
concentrations that are given as perceniages refer (o mass ratios, unless indicated

differently.

Exampie 1. [5-{5-Fluoro-4-methyl-1H-benzoimidazol-2-yi}-4-methyl-pyrimidin-2-yi}-{3-
{t-methyl-piperidin-4-yi}-propyll-amine.

Step A; 4-Methyl-Z-ethylsulfanyl-pyrimidine-5-carboxyiic acid ethyl ester. A
mixiure of ethyl acetoacetale (6.37 mb, 50.0 mmol), dimethyiformamide dimethyiacetal

{8.94 g, 75.0 mimol), and catalytic p-ioluenesulfonic acid was heatled at 100 °Cior 2 h.
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After cooling to ri, the mixture was diluted with 50 mbL N, N-dimethylformamide {DMF)
and 2-ethylisothiourea hydrobromide {9.10 g, 50.0 mmol) was added. After heating the
at 100 °C for 18 h, the mixture was cooled to rt and concentrated o give a crude
residue, which was purified by FCC (EtOAc/hexanes) to give 7.1 g (81%) of a sofid. 'H
NMR {CDCl): 8.97-8.91 (m, 1H), 4.43-4.35 (m, 2H), 3.24-3.15 (m, 2H), 2.81-2.72 (m,
3H), 1.47-1.35 {m, 6H).

Step B; 2-Ethanesulfonyl-4-methyl-pyrimidine-5-carboxylic acid ethyl ester. Toa
0 °C solution of 4-methyi-2-ethyisulfanyl-pyrimidine-5-carboxylic acid ethyl ester (3 g,
13.3 mmaol) in 50 mib dichloromethane (DCM} was added urea hydrogen peroxide (5.20
g, 55.7 mmal) followed by triflucrcacstic anhydride (7.38 mL, 53.1 mmol) dropwise.
The solution was warmed to 1t for 2 h before quenching with saturated NapS:03q (20
ml.}) and extracting with DCM (100 mL). The organic layer was dried {(Na;8Q4) and
concentraied to give 1.50 g of an orange solid which was used immediately in the next
step without purification. HNMR {(CDCIs) 8.28 (5, 1H), 4.47 (g, J=7.2 Hz, 2H), 3.60
{g. J=7.5Hz, 2H}, 2.96 {s, 3H), 1.47-1.42 {m, 6H).

Step C; 4-Methyl-2-[3-(1-methyil-piperidin-4-yh-propylaminol-pyrimidine-5-
carboxylic acid ethyl ester. A mixture of 2-ethanssulfonyl-4d-methyl-pyrimiding-5-
carboxylic acid ethyl ester (0.30 g, 1.18 mmol} and 3-(1-methyl-piperidin-4-vi}-
propylamine {(0.18 mg, 1.10 mmoel) in EIOH (3 mL) was heated in a sealed tube at 100
°C for 6 h. The mixture was concentrated and purified by FCC to give 200 mqg (53%).
'H NMR (CDCh): 8.88-8.72 (m, 1H), 5.60-5.44 {(m, 1H), 4.31 (g, J = 7.2 Hz, 2H), 3.52-
3.38 (m, 2H), 2.81-2.77 (m, 2H), 2.84 (s, 3H), 2.26 (s, 3H), 1.84-1.85 (m, 2H), 1.72-1.57
{rn, 4H), 1.41-1.20 (m, 8H).

Step B; {4-Methyl-2-[3-{1-methyl-piperidin-4-yh}-propylaminol-pyrimidin-5-yi}-
methanol. To a § °C solution of 4-methyl-2-[3-{1-methyi-piperidin-4-yi}-propyiamino}-
pyrimidine-5-carboxylic acid ethyl ester (0.20 g, 0.63 mmol) in THF (8 mbl) was added
diisobuivlaluminum hydride {1 M in hexanes; 1.25 mi, 1.25 mmol} dropwise. The
mixture was warmed o rtover 1 h. The reaction was quenched with 1 M H,80, (2 mL).
The mixiure was neutralized with saturated NaHCO3,q), and diluted with MeOH (2 mL},
CHCI; (10 mb), and satd. aq. sodium potassium tartrate (10 mb). The mixiure was

stirred vigourously until the lavers separated. The organic layer was dried (Na;504)
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and concentrated to give the crude product {138 mg), which was used in the next step
without further purification. 'H NMR (CDCl): 8.07 (s, 1H), 4.52 (s, 2H), 3.42-3.33 (m,
2H}, 2.88-2.74 (m, 2H), 2.41 (s, 3H), 2.23 (s, 3H), 1.83-1.83 (m, 2H)}, 1.72-1.53 (m, 4H),
1.35-1.18 {m, 5H).

Step E; [B-(5-Flucro-4-methyl-1H-benzoimidazol-2-yi-pyrimidin-2-y1-3-(1-
methyl-piperidin-d-yh-propyll-amine. To a mixture of 4d-methyl-2-{3-{1-methyl-piperidin-
4-yiy-propyiaminol-pyrimidin-5-yil-methanol (0.14 g, 0.48 mmol) in toluene (3 mbL) was
added MnQ, (0.22 g, 2.48 mmol). After 30 min al 70 °C, the mixiure was filtered
through diatomaceous earth. The filirate was concentrated and immediately dissolved
in DMF. A portion of this solution {corresponding to 0.05 g, 8.17 mmol of 4-methyl-2-{3-
{1-methyl-piperidin-4-yh-propylaminol-pyrimidine-5-carbaldehyde} was then treated with
4-fluoro-3-methyl-benzene-1,2-diamine (1.1 equiv.) and NayHy8,05 (1.25 equiv.) at 80
°C for 12 h. The reaction mixiure was purified by FCC to afford the title compound.

MS: mass calcd. for CaoHaoFNe, 396.24; miz found, 397.2 M+H]". 'H NMR (CD:0D):
8.62 (s, TH), 7.55 (dd, J = 8.0, 3.0 Hz, 1H), 7.17 (dd, J = 10.3, 8.8 Hz, 1H}, 3.680 {1, J =
6.8 Hz, 2H), 3.10-2.88 {m, 2H), 2.71 (s, 3H), 2.86 (d, J = 1.4 Hz, 3H}, 2.44 (s, 3H), 2.26-
247 {m, 2H}), 1.98-1.88 {m, 2H), 1.87-1.77 {m, 2H}, 1.85-1.386 {m, 5H).

In some embodiments Compound 2, shown in Example 2, was synthesized
analogously to the procedures described in Example 1.

Exampie 2. [5-(4,6-Dimethyl-1H-benzoimidazol-2-yi)}-4-methyl-pyrimidin-2-yi}-{3-(1-

el

N N
N

methyi-piperidin-4-yi}-propyll-amine.

B
/=
P

MS: mass caled. for CosHaNg, 392.27; miz found, 393.3 [M+HI". TH NMR
(CD;0D): 843 (s, 1H), 7.20 (5, 1H}, 6.88 (5, 1H}, 341 {t, J = 7.0 Hz, 2H), 2.88-2.82 {m,
2HY, 2.54 (s, 3H)Y, 2.53 (s, 3H), 2.42 (s, 3H), 2.25 (s, 3H), 2.05-1.86 {m, 2H), 1.78-1.70
{m, 2H), 1.69-1.59 {m, 2H), 1.34-1.21 {m, 5H).

Iz __Z
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Example 3 Preparation of 5-{4,6-dimsthyl-1H-benzimidazol-2-yi}-4-methyi-N-[3-(1-
methyl-4-piperidinyi-propyil-2-pyrimidinaming 2,3-dihydroxybutanediocate (1:0.5),
polymorph A, Compound 2.1

N
H
HO  CO.H
] 0 5 ":1_ h =
HO.C  OH

2.1
The preparation of 4-methyi-2-((3-(1-methylpiperidin-4d-yhpropyhiaminojpyrimidine-5-
carbonilrile was described in Schemes 1, 2, 3 and 4 and examples 7, 10, 12, 16, 24
and 25 in U.G. Palent 8,308,720, all of which are incorporated herein by reference.

An allernative procedure for the preparation of 4-methyi-2-{{3-(1-methylpiperidin-
4-yhpropylamino)pyrimidine-5-carbonitrile used in the preparation of Compound 2.1 is
as follows. To a solution of 4-methyl-2-{methyisulfonylipyrimidine-5-carbonilrile (21.64
g, 108.7 mmol) in oluene (260 g) was added 3-(1-methylpiperidin-4-ylpropan-1-amine
{14.30 g. 91.5 mmol} in 10% KyCQOseqy (110.2 g, 100 mL). The reaction was heated to
60-85 °C for 20 minutes. The agueous layer was then removed and fo the organic
faver was added 1M NaGCH (110.1 g). The mixiure was reheated to 85 °C, stirred for 10
minutes and the agqueous layer was removed. To the organic layer, water {110.8 g)
was added and the solution reheated to 85 °C for 10 minuies. The aqueous layer was
removed and the organic layer was concentrated under reduced pressure. 4-methyl-2-
{{3-{1-methylpiperidin-4-yhipropyhaminopyrimidine-5-carbonitrile was then crystallized
from a solution of toluene {approximately 65 g) at a lemperature of about 85 °Cto
provide 21.20 g of 4-methyl-2-{(3-(1-methyipiperidin-4-ylpropyhaminojpyrimidine-5-
carbonitrile.

STERP A
A 100 L glass-lined reactor was charged with 4-methyl-2-((3-(1-methylpiperidin-4-
vhpropyhamino)pyrimidine-5-carbonitrile (5.41 kg, 19.8 mol) and toluene (47.13 kg).

The resuliant suspension was stirred and cooled o about 0 1o -5 °C. Next, 1.0 M
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diisobutylaluminum hydride (DIBAL-H) in toluene (40.55 kg, 47.33 mol) was added, via
nitrogen pressure, while maintaining the internal reaction temperature at <2 *C. After
completing the addition, the resultant reaction solution was warmed {0 about 5-10 °C
and the reaction monitored for compiletion by HPLC. Cold ethyi acetaie (4.88 kg) was
then added over 30 min and the resuliant mixiure stirred for 15-20 minutes. The
resuftant mixture (containing 4-methyl-2-{(3-(1-methyipiperidin-4-
yhpropyhamino)pyrimidine-5-carbaldehyde) was transferred to a 100 L glass receiver
and rinsed with toluene (1.00 kg).

An alternative procedure to prepare 4-methyl-2-{{3-(1-methyipiperidin-4-
yhpropyhaminojpyrimidine-5-carbaldehyde is as follows. 4-methyl-2-({(3-{1-
methylpiperidin-4-ylpropyhaminojpyrimidine-5-carbonitrile ("compound 1-E-27) was
dissolved in acetic acid (1.32 kg per kg of compound 1-E-2). A catalyst which is a fine
grained solid composead mostly of nickel derived from a nickel-aluminum alloy, such as
Raney nickel, type 3202, (55% w/iw suspension in water, 0.29 g per g of compound 1-E-
2} was added and the reaction was placed under an atmosphere of Hy {(p{Hy) =1~ 1.3
baryat T = 25 °C. When the reaction was complete as judged by there being not more
than about 3% of compound 1-E-Z remaining, the reaction mixiure was filtered and the
filtrale neutralized to pH = 7 with agqueous potassium carbonate (80%w/w) solution.
Succinic anhydride (0.185 g per g of inilial amount of compound 1-E-2) was added.
Toluene (4.5 g per g of initial amount of compound 1-E-2) was added and additional
aqueous potassium carbonate 50% was added o adjust the pH of the solution o pH >
9, in some embodiments to pH = 9.5, The lavers in such bi-phasic organic-aqusous
medium were separaled and the agqueocus layer was washed once with toluens (0.5 g
per g of initial amount of compound 1-E-2). The uniled organic layers were then
extracied with an agueous solution at a pH of equal (o or less than aboul 4, in some
embodiments at pH of about 3.5, In some embodiments, such solution was an 8%
agueous HCI solution {1.01 g per g of initial amount of compound 1-E-2). This agueous
phase, containing 4-methyl-2-{(3-(1-methvipiperidin-4-yhpropyamino jpyrimidineg-5-
carbaldehyde, was used without further worlc-up in the next step A-1. The so-prepared
carbaldehyde solution could be used in further steps 1o prepare compounds according

to this invention, such as compounds 2, 2.1 and 3.
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STEPR A-1. In some embodiments, in a separate vessel sodium sulfite (1.2 equivalents
{eg) relative {0 the initial amount of compound 1-E-2), 1,2-diamino-3,5-dimethylbenzene
dihydrochioride (1.2 squivalents (eq) relative {o the initial amount of compound 1-E-2}
and water {§.74 g per g of the initial amount of compound 1-E-2) were stirred at room
temperature. Hydrochloric acid (37%, 0.24 g per g of the initial amount of compound 1-
E-2} was added and the reaction was heated to 50 °C within 20 minutes and air flow
was circuiated through the solution. Compound B33 in aqueous solution, prepared for
example as indicaled above, was added {o this reaction mixture over 1.5 h. The
reaction was heated {0 a temperature of about 55-60 °C for approvimaiely 1-2.5h. ina
subsequent step, the sdlids were fillered off and Z-methyitetrahydrofuran (7.18 gper g
of the initial amount of compound 1-E-2) was added to the filtrale. in a subsequent
step, 30% NaOHguq (1.1-1.2 g per g of the initial amount of compound 1-E-2) was
added to adjust the pH to approximaitely 8.5-11.5. The reaction mixiure was healed o
45-50 °C for 15 min. The aqueous layer was removed, and water {(0.65 g per g of the
initial amount of compound 1-E-2} and 30% NaOHgq; (0.18 g per g of the initial amount
of compound 1-E-2) was added to the organic layer, which was healed to 45-50 °C for
5-15 min. The agueous {aver in the resulling bi-phasic medium was removed and
discarded, and water (0.62 g per g of the initial amount of compound 1-E-2} was added
to the organic layer thus forming ancther bi-phasic medium, which was heated 0 45-50
°C for 5-15 min. The agqueous layer from such bi-phasic medium was removed and
discarded, cyclohexane added {0 the organic layer, which was heated t¢ 45-50 °C, and
solid Compound 2 was obtained by cooling it to 0-8 °C, crystallizing Compound 2 out of
it, and isolating it by filtration.

STERP B

A cold solution of water/sulfuric adid {(27.05 kgf 2.26 kg) was added to each, a 100 L
Hastelioy reacior and a 100 L glass lined reactor. The resullant agueous acid solutions
were stirred and cooled o about 2-5 °C. Mainiaining the temperaiure <30 *C at all
times, 50% (by volume) of the mixture prepared in STEP A above was added o each
aqueous suliuric acid solution. The resuliant suspension was checked for pH (larget
pH of 4-5) and stirred at about 20-25 °C for about 1.5-2 h. The suspensions were then

cooled to about 10-15 °C and the pH of the suspensions adjusted to pH~11-12, by
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adding 8N sodium hydroxide (16.12 kg, 81.42 mol), over 20 min. The resuliant
mixiures were then silirred for an additional 15-20 minutes, the agitation was then
siopped and the phases ailowed to ssparate.

The organic phases were removed from the top of each reacior via vacuum and
combined. Then the aqueous phase and middie oll phases were drained via the botiom
valve of gach reactor and discarded. The combined organic phase was concentrated at
~4( °C 1o vield a solid. This solid was transferred o drying trays and dried {60 Torr, 30-
35 °C) overnight to vield solid 4-methyk-2-{(3-(1-methyipiperidin-4-
vhpropyliamino)pyrimidine-5-carbaldehvde.

STERP C:

in a 100 L glass-lined reactor, sodium metabisulfite (Na5,0:) (1.98 kg, 8.78 mol) was
dissolved in purified water (54.63 kg), foliowed by the addition of 3,5-dimsthyl-1,2-
benzenediamine-2HCI (2.07 kg, 9.86 mol) and the resultant mixture stirred at about 20-
25 °C to effect solution. Next, concenirated hydrochioric acid {1.65 kg, 16.79 mol} was
added, followed by addition of 4-methyi-2-((3-(1-methylpiperidin-4-
yiipropvhaminoipyrimiding-5-carbaldehyde | prepared as in STEP B above {2.74 kg,
8.78 mol) and the resuliant mixiure stirred at about 23-27 °C 1o effect solution. The
resultant mixture was heated to about 57-62 “C and monitored for completion by HPLC.
The reaction mixiure was cooled to about 20-25 °C and then half of the volume (~30 L)
was then added, via a metering pump, to a stiring 50 L glass reactor system containing
a soiution of potassium carbonate (3.9 kg, 28.2 mol) dissolved in purified water {15 kg),
resulting in the formation of a precipitate. The precipitaled product was stirred for ~th
and then aliowed 1o setile. The clear supernaiant (~20 L) was removed from the top of
the 50 L reactor system and purified water {(~20 kg) was added. The resultant mixture
was siirred for 10 min, filtered, washed with water {13 kg) and dried at 35-4C °C under
vacuum o yield solid [5-{4,6-dimethyl-1H-benzoimidazol-2-yi-4-methyl-pyrimidin-2-yi}-
[3-{1-methyl-piperidin-4-yi)-propyll-amine, compound 2. MS: [M+H]" = 383, " NMR
{600 MHz, Methanol-dg} 8, 1.38-1.43 {m, 2H), 1.43-1.52 (m, 2H), 1.53-1.61 (br m, 1H},
1.64-1.71 (m, 2H), 1.80-1.86 {brm, 2H)}, 2.42 (s, 3H)}, 2.53 (s, 3H}, 2.54 {s, 3H}, 2.74 (s,
3H), 2.78-2.88 {(br m, 2H), 3.15-3.36 (m, 2H), 3.36-3.47 (m, 2H) 4.35 (s, 1H}, 6.80 (s,
1H), 7.20 (s, 1H), 8.44 (br s, TH).
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STEF D: Preparation of Hemi-Tarlrate of [5-(4,6-dimethyl-1H-benzoimidazol-Z2-yiy-4-
methyl-pyrimidin-2-vi}-3-(1-methyl-piperidin-4-yl}-propyl}-amine.

in a 100 L Hastelioy reactor, [5-(4,6-dimethyl-1H-benzoimidazol-2-yi)-4-methyl-
pyrimidin-2-yii-{3-(1-methvi-piperidin-4-yh-propyll-amine, prepared as indicated above
{6.58 kg, 15.58 mol) was dissolved in a medium conlaining at least one low-alkyl
alcohdl, which in an embodiment was denatured ethanot {31.00 kg), at about 48-52 °C,
denaiured ethanol being 95:5 (volume ratio) ethanol 1 2-propanol mixiure.
After slirring for 15 minutes, the resullant hazy solution was cooled to about 25-30 °C.
Magnesium sulfate (0.60 kg) was added and the resuiltant mixture was stirred an
additional 30 minutes. The magnesium sulfate was filtered over CELITE® (0.30 kg) and
the resultant clear solution (Karl Fischer titration, measured water content = 0.22%)
was transferred {0 a clean 100 L glass-lined reactor and heated o about 48-52 *C. A
solution of L-{+}tartaric acid {1.16 kg, 7.73 mol) in a medium containing al least one
low-atkyl alcohol, which in an embodiment was denatured ethanol (10.0 kg) was
charged o the reactor over 20 minutes. The resuliant hemitartrate salt alcohol mixture
was heated {0 about 70-75 °C and then aged for 1 h. The resultant vellow slurry was
cocoled 1o about 0-5 °C over a 2 h period and then aged for 20 min. The product (as a
precipitate) was filtered, washed with cold denatured ethanol {5.20 kg), then dried at
about 75-80 °C under vacuum 1o yield the [5-(4,8-dimethyl-1H-benzoimidazol-2-yi)-4-
methyl-pyrimidin-2-vi}-[3-(1-methyl-piperidin-4-yi}-propyll-amine, as iis corresponding
hemi-tartrate solid salt, compound 2.1. Because more than one crystallization is
performed according {o this invention, the crystallization referred {6 above for
Compound 2.1 is sometimes refered to as a first orystallization. When accompanying
the term crystallization throughout this spedcification, ordinal terms are used for
reference purposes, and the use of a certain ordinal term does not necessarily imply
that the corresponding operations characterized by preceding ordinal terms must
necessarily be peformed {oo.
STEP E: Recrystaliization
Method E-S. In a 100 L Hastelioy reactor, the hemi-lartrate of [§-{4,6-dimethyl-1H-
benzoimidazol-2-y)-4-methyl-pyrimidin-2-yl}-3-(1-methyl-piperidin-4-yi}-propyll-amineg,
compound 2.1, prepared as in STEP D above (5.19 kg, 11.10 mol) was dissolved in a
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low-atkyl alcohol-containing medium, which in an embodiment was a hydroalcoholic
solvent, which in an embodiment was a mixiure of denatured ethanol {32.40 kg) and
water (2.62 kg) at about 75-78°C. The resuitant solution was cooled to about 50-55 *C
and polish filtered (io remove any foreign particles) into a clean 100 L glass-lined
reactor, followed by a rinse with denatured ethanol {(4.15 kg). A solvent containing at
least one low-alkyl alcchol, which in an embodiment was denatured ethanol (25.62 kg)
was added and the resuliant solution was stirred and heated to about 78-80 “C to
atmosphericaily distill off 51 L of the solvent. The resultant solution was cooled to
about 55-60 “C and additional solvent containing at least one low-alkyl alcchol, which in
an embodiment was denatured ethanol (27.63 kg) was added, followed by heating {o
about 78-80 °C to almospherically distill off 27 L of the solvent. The resultant solution
was then cooled o about 50-55 °C, seeded with Compound 2.1 seeds (2.0 g, 4.3
mmaol), then further cooled to about 18-22°C and then stirred for th. The resuliant
precipitate was filtered, washed with denatured ethanol (5.00 kg) and dried at about 75-
80 °C under vacuum to yvield the solid hemi-tarirate of [5-{4,6-dimsthyl-15H-
benzoimidazol-2-yi-4-methyl-pyrimidin-2-yI}-3-(1-methyl-piperidin-4-yi}-propyil-aming
{compound 2.1}, meiling point 179°C.

Method E-T. An allernative procedure for the recrysialiization of compound 2.1; hemi-
tarirate of [5-{4,6-Dimethyl-1H-benzoimidazol-2-yi)-4-methyl-pyrimidin-2-yi}-{3-{1-
methyl-piperidin-d-yh-propyll-amine: A 500 mb-reaclor was charged with [5-{4,6-
dimethyl-1H-benzoimidazol-2-vi}-4-methyl-pyrimidin-2-yl}-[3-(1-methyi-piperidin-4-vi)-
propyll-amine hemi-tarirate (24.0 g, 25.7 mmol) and a low-alky! alcohol-containing
medium, which in an embodiment was a medium containing at least one a iow-alkyl
alcohol, which in an embodiment was an alcohol, which in an embodiment was
methanol {63.0 g). The resulting mixture was warmed 1o 50 °C for 15 min, until all the
solids were observed 1o dissolve. A low-alkyl alcohol-containing medium, which in an
embodiment was a medium containing at least one a low-alkyl alcohal, which in an
embodiment was denatured ethanol (105.0 g) was then added and the resuiting
solution was filtered {at 50 °C) to remove any remaining particles. The filirate was
heated briefly to reflux, then cooled to approx. 60 °C, before sgeding with crystals of

Compound 2.1. The resuiting mixiure was subjecled to the following temperaiure
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profile for crystallization: 1 h at 80 °C, cooling to 40 °C over 2 h, heating to 50 °C over 1
h, cooling to 30 °C over 2 h, heating to 40 °C over 1 h, cooling 1o 20 °C over 2 h,
heating 1o 30 °C over 1 h, cooling 10 10 °C over 2 h, heating to 20 °C over 1 h, then
cooling 10 0 °C over 2 h. The resulting suspension was maintained at 0 °C for 7 h, then
the resulting solid precipitale was isolated by suction filiration, washed with denatured
ethanol {3 x 30.0 g) and dried in vacuo at 40 °C {o vield Compound, 2.1 as a white
orystailing solid. Figure 6 shows the differential scanning calorimetry (DSC) and
thermo gravimetric analysis {TGA) profiles of Compound 2.1

Because more than one crystallization is performed according to this invention,
the recrystallization referred fo above for Compound 2.1 is somelimes refered o as a
second crystallization. Whether recrystaliized according to method E-S or E-T, the 'H
NMR of a sample of the anhydrous hemi-tarirate of [5-(4,6-dimethyl-1H-benzoimidazol-
2-yh-d-methyl-pyrimidin-2-yi}-[3-(1-methyl-piperidin-d-yh-propyll-amine, compound 2.1 :
TH NMR (300 MHz, Methanol-ds) 8, 8.44 (br, s, 1 H), 7.20 (s, 1 H), 6.90 (s, 1 H), 4.35 (s,
1 H), 3.35-3.48 (m, 4 H}, 2.76-2.89 (o, m, 2 H), 2.75 (s, 3H}, 2.54 {3, 3 H), 2.53 (s, 3 H),
242 (s, 3H), 188109 (br, m, 2 H), 1.34-1.75 (m, 0, 7T H).

Compound 2.1 has an aquesous solubiiity at room temperature of about 1.1
g/ml. This compound is hygroscopic. it converis [o Compound 3 at above 70% relative
humidity, and it forms the teitrahydraie Compound 3 in aqueous solution.

Embodiments of Compound 2.1 obtained as described in this Example 3 had
purity equal to or about 88.95% Recrystallization produced embodiments of the same
compound with purily equal to or about 88.23%. Purity changes upon recrystallization
of Compound 2.1 are shown in Table 1. Impurities i1 — 111 and A1 — A18 referred to in
various of the Tables presented hersin are characterized in Table 9 and is associated

chemical structures in Example 11, and alsc in Tables 1 and 7.
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Table 1
fmpurity mfz Reiative Average impurities Average impurities (%} of
{d+H] retention {%} of Compound Compound 2.1 after
time 2.1 vefore recrysialiization
{RRT} recrysiallization

{Lor Al 278 0.32 na nd
A2 278 $.48 0.01 nd

i3 or A3 277 0.73 nd i
A4 385 .81 0.03 i

i50r AS 653 .86 0.24 0.154
Ag unk 0.87 nd .01
A7 2747733 .89 0.09 .06

A8a & ABb 653/ unk 0.91 .41 .02

i8 or AS 505 .93 .02 .02
AL unk .95 .03 .01
All unk 0.97 .02 .01
Al2 unk .98 .02 0.02

Compound 2.1 383 1.00 98.95 99.23

Al3 unk 103 nd 0.01

17 or Al4d 407 1.04 .18 .23
AlS unk 1.048 nd Nd
Ald unk 1.057 nd .01
AL7 unk 1.064 0.01 .03

AlBa & AL8b | 512/40% 1.07 0.08 ¢.04

Al% unk 1.08 .03 C.01
AZ0 unk 1.10 .06 .04
AZ1 unk 1.14 .04 Nd
AZ2 847 1.17 (.05 0.02

Abbreviations used in the immediately preceding Table: nd = not detected, unk = unknown,
na = not analyzed

As displayed in Figure 8, the anhydrous form 2.1 shows an initial 0.3% weight

foss up 1o 170 °C of the surface moisture, and subsequently the appropriate
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stoichiometric (0.5 mol) weight loss of {artaric acid (~15%, 16.05% theoretical). The

melting point is a fairly sharp endotherm with a peak max at 184 °C.

Example 4: Examples 4-1 and 4-2. Preparation of 5-{4,6-dimethvi-1H-benzimidazol-2-
yh-d-methyl-N-[3-(1-methyl-d-piperidinyl}propyi-2-pyrimidinaming 2,3-
dihydroxybutanedioate (1:0.5), polymorph B, Compound 2.2, from Compound 2.1.

N
H
co5 HO GO .05 HO  COpH
HO,C  OH HO,C O
2.1 (A} 2.2(B}

Example 4-1. In a 10 mL glass tube squipped with a magnetic stirring bar, 5-(4,6-
dimethyl-1H-benzimidazol-2-yi}-4-methyi-N-{3-{1-methyl-4-piperidinylipropyl}-2-
pyrimidinamine 2,3-dihydroxybulanedioate (1:0.5) , compound 2.1 {1 g) was dissolved
in water (10 mL) at room temperature (22 °C). The clear yellowish solution was stirred
at room temperature overnight, then cooled to 2.5 °C for 2 hours, before the product
was isolated by filtration and dried in vacuo overnight at 55 °C to vield 0.8 g of
compound 2.2 {water content 4.8 %).

Example 4-2. In cther embodiments, Compound 2.2 was prepared as foliows. Ina 10
ml glass ube eguipped with a magnstic stirring bar, 5-(4,6-dimethyi-1H-benzimidazol-
2-yi-4-methy-N-[3-(1-methyl-4-piperidinyhpropyl]-2-pyrimidinamine 2,3-
dihydroxybutanedioaie (1:0.5), compound 2.1 {0.5 g) was dissolved in a mixture of
water (4.5 mb) and Z-propanol (6.5 mb) at 50 °C. The clear yellowish solution was
cooted to 10 °C within 2 hours leading to crystallization of a white solid. The resulting
thick suspension is kept at 10 °C overnight, the product is then isolaied by filtration and

dried in vacuo for 21 h o vield 0.43 g of compound 2.2,

The powder X-ray diffraction (XRD} pattern of an embodiment of compound 2.2,

Exampie 4.2, is shown in Figure 1, and the XRD peak lists arg shown in Tables 2 and
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2.1, Figure 8 shows the differential scanning calorimelry (DCS8) and thermo

gravimetric analysis {TGA) profiles of Compound 2.2

Table 2

XRD Peak list for an embodiment of Compound 2.2

with relative intensity of at least 8%

Position [°26] d-spacing [A] infensily {counts) Relative Intensity (%)
6.96 12.69 186 111
7.67 11.52 586 34.8
8.26 10.70 251 17.3
8.63 10.24 256 15.2
5.91 8.92 413 248

11.34 7.80 153 8.1
12.09 7.31 344 20.5
13.66 6.48 1682 160.0
14.73 6.01 579 344
16.85 528 677 40.2
18.21 4.87 385 228
16.24 4.61 275 16.6
20.89 425 417 24.8
23.25 3.82 1378 81.9
23.98 3.71 611 36.3
25.04 3.55 296 17.6
268.25 3.38 318 18.9
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Table 2.1
XRD Peak list for an embodiment of Compound 2.2

with relative intensity of at least 20%

Position [°20] d-spacing [A] intensity (counts) Relative Intensity (%)
7.67 11.52 586 34.8
8.91 8.92 413 248

12.09 7.31 344 205
13.66 6.48 1682 160.0
14.73 6.01 579 344
16.85 528 677 40.2
18.21 4.87 385 228
20.89 425 417 24.8
23.25 3.82 1378 81.9
23.98 3.71 6511 38.3

Compound 2.2 is physically stable only when stored in a tightly sealed vial at
ambient condition. H absorbs water readily and converts to Compound 3 when
exposed o the almosphere.

When purification by recrystallization of Compound 2.1 was atlempted by using
alternative conditions, such as by using waler:Z2-propanol (80:10, weight ratio) and
overnight in-vacuo drying at 85 °C, compound 2.1 was expected, but instead compound
2.2 was obiained. In ancther aliernative recrystallization process using water and then
isolation by filtration and in-vacuo drying for 21 h, Compound 2.2 was also obtained
instead of the expecied Compound 2.1, In contrasi, recrystaliization of Compound 3
does not present this polymorphism generagtion, but it generates one singly

characierized form of the same Compound.
Example 5. Preparation of 5-{4,6-dimethyl-1H-benzimidazol-Z-yi}-4-methyl-N-[3-{1-

methyl-4-piperidinyi}-propyil-2-pyrimidinaming 2,3-dihydroxybutanedicate tetrahydrate
{1:0.5:4), Compound 3, from the free base Compound 2.
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A glass reactor with mechanical stirrer was charged with 5-{4,6-dimethyil-1H-
benzimidazol-Z-yl-d-methyl-N-[3-{1-methyl-4-piperidinyDpropyl-Z2-pyrimidinamine),
compound 2 {(10.0 g, 25.2 mmol (assay-corrected as appropriale to this equivalent
amount depending on purity}), L-(+)-tartaric acid (1.80 g, 12.5 mmol) and water (75.1 g)
at 20 °C. The reaction mixture was heated o reflux until the solid was completely
dissolved. The clear solution was then cooled lo 35 °C and seeding crystals of 5-(4,6-
dimethyl-1H-benzimidazol-2-yi}-4-methyl-N-{3-(1-methyl-4d-piperidinyl}-propyl]-2-
pyrimidinamine 2,3-dihydroxybutanedioate letrahydrate (1:0.5:4), compound 3.8
{(prepared in Example 8) were added. After gradually cooling to 5 °C overnighi, the
product was isolated by suction filiration and the filter cake washed with water (10 g).
The solid was dried in vacuo (at ca. 200 mbar) with a gas bleed to vield the title
Compound 3 {93.2 % vield). Table 3 and Figure 2 display the impurity profiles for
Compounds 2 and 3, according to this example, showing that the impurity profile of

Compund 3 is significantly reduced with respect 1o that of Compound 2.

41



n

10

WO 2014/138368 PCT/US2014/021130

Table 3
impurity Profile for Compounds 2 and 3, {Example 5)

Compound 2 Compound 3
Impurity 1 (11} .03 0
impurity 2 (12} 0 g
impurity 3 (i3} (.04 G
impurity 4 (14) (.18 (.03
impurity 5 (15) 0.37 0.05
impurity 6 (16) 0.07 0
Impurity 7 (I7) 0.17 0.05
impurity 8 (18) 0.15 0.14
Impurity 8 (19) (.08 0.06
Impurity 10 (10} 0.09 0

The DSC and TGA profiles of Compound 3 (Figure 7) show an initial 12.7%
water loss before 100 °C, corresponding to ~4 mol of water {13.3% calcuiated) followed
by a 12.8% weight loss of the tartaric acid. The melling point is a sharp endotherm with
a peak max at 87.5 °C, and the endotherm at 184 °C, which is characteristic of the

arthydrous form, is no longer present.

Exampie 8. Preparation of Seeding Crystais- 5-{4,6-dimethyl-1H-benzimidazol-2-yi)-4-
methyl-N-{3-{1-methyi-4-piperidinyi}-propyvil-2-pyrimidinamine 2,3~
dihydroxybutanedioate hydrate (1:0.5:4), Compound 3.5, that was used, for example, in

the seeding described in Exampls 7.
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in a glass tube with magnetic stirring bar, (5-(4,6-dimethyl-1H-benzimidazol-2-yiy-4-
methyl-N-[3-(1-methyl-4-piperidinylpropyil-2-pyrimidinamine 2,3-dihydroxybuianedioate
5 (1:0.5), compound 2.1 {crude) was dissolved in waler at 60 °C. The solution was

cooted to room temperature, then stirred overnight. A vellowish suspension formed.
After cooling the reaction mixture [0 2.5 °C for 1.5 h, the solid was isolated by filtration
and washed with water to provide 5-(4,6-dimethyl-1H-benzimidazol-2-yi)-4-methyl-N-[3-
{1-methyl-4-piperidinyl-propyll-2-pyrimidinamine 2, 3-dihydroxybutanedioate hydrate

10 (1:0.5:4)}, Compound 3.8.

Example 7. Preparation of 5-(4,6-dimethyl-1H-benzimidazol-2-yt-4-methyl-N-[3-{1-
methyl-4-piperidinyi-propyil-2-pyrimidinamine 2, 3-dihvdroxybuianedioate hydrate
1§ (1:0.5:4}, Compound 3, from the anhydrous hemitartrate, Compound 2.1.

{ N— N
R
>_§\_ J—NH — /(:[ ‘)——Q' JNH
N N N N
HO  CO.H
. 05 2 cos MO FOM L6
HO,C  OH HO,C  OH
24 3

A jacketed glass reactor was charged with 5-(4,6-dimethyi-1H-benzimidazol-2-yi)-4-
methyl-N-[3-(1-methyl-4-piperidinyijpropyil-2-pyrimidinamine 2,3-dihydroxybutanedicate
20 (1:0.5), compound 2.1 (80.0 g, 121.8 mmol) and water (280.0 g) at 20 °C. The solid was
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dissolved by healing the reaction mixiure 1o T 2 58 °C. The resuliani clear, yeliow
solution was filtered (polish filtration) and the filter washed with water {20.0 g). The
filirate was cooled to T £ 40 °C and seeded with 5-{4,8-dimethyl-1H-benzimidazol-2-yi)-
4-methyi-N-{3-(T-methyl-4-piperidinyiipropyll-2-pyrimidinamine 2,3-
dihydroxybutanedioate hydrate (1:0.5:4), Compound 3.8 (0.01 g). The thin suspension
was stirred at T = 35 - 40 “C for 1 h, then cooled stepwise 1o 5 °C, resulting in the
crysiallization of the product. Because more than one crysialiization is performed
according to this invention, the crystaliization referred to above for Compound 3 is
sometimes refered to as a third orysialiization. 1t is sometimes referred 10 as a second
crystallization it Compound 2.1 has only been crystallized once. The white suspension
was keptat T = 5 °C for 4 h, before the product was isclated by centrifugation. The
product cake was washed with water {(104.0 g). The solid was dried in vacuo (200 - 300
mbar) at 20 — 30 °C for 28 h with a gas bleed 1o yield the title Compound 3 {85 % of th.
vigld). This compound has an aqueous solubility of about 4.1 mg/mi at room
temperature. [tis stable under ambient conditions, but converls o Compound 2.2 upon
dehydration by healing or in low relative humidity. The powder X-ray diffraction {(XRD}
profile of an embodiment of Compound 3 is shown in Figure 4, and the XRD peak lisis
are shown in Tables 5, 8 and 6.1-6.3. Figure 8 displays the XRD profiles for
Compounds 2.1, 2.2 and 3. Table 4 and Figure 3 display the impurity profiles for
compounds 2.1 and 3, according to this example, which that, as noted with respect to
Compund 2, that the impurity profile of Compound 3 is significantly reduced with
respect to that of Compound 2.1, Embodiments of Compound 3 obtained as described
in this Example 7 had purity squal to or about 89.86%. Compound 3 presents
advaniagecus development chemisiry features: The synthesis of Compound 3
provides high, reproducible yield (about 85%, compared {o about 85% for Compound
2.1}, itis synthesized by a simple methodology that does not require azeolropic
distillation or exposure 10 long slirring times and heating in the presence of
MeOH/EIOH, which could lead to the formation of side products; it presents high and
reproducible purity, including the removal of certain amino impurities; and crysiallization
can be done in waler as solvent, with no need for mother liquor incineration, which

leads to cost saving green chemistry.
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Compound 2.1 Compound 3
Impurity 11 (111 0.98 iy
Impurity 1 (1) 0 ¢
impurity 2 {(12) 0.07 0
Impurity 3 (I3) 0.29 O
impurity 4 (14) G 0
impurity 5 (15) .03 0
impurity 6 (18) 0.29 e
Impurity 7 (17) 0.67 0.18
Impurity 8 (18) (.06 0.02
Table &

XRD Peak list for an embodiment of Compound 3 {(Example 7)

for peaks with relative inlensilies > 5 %

Faosition [*26] d-spacing [A] intensity (counts) Relative Intensily (%)
6.909 12.79 19018 207
6.963 12.70 13508 14.7
8.682 10.17 §2032 100.0

11.857 7.40 5763 6.3
12.107 7.31 51083 555
12.419 7.13 65854 7.5
13.956 5.35 5038 5.5
14 4863 6.12 5922 7.5
15.355 577 8205 8.7
15.393 5.76 5573 6.1
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15.755 5.62 4416 4.8
16.304 5.44 15526 16.9
16.350 5.42 14203 15.4
17.051 5.20 8303 8.8
17.442 5.08 50388 5.5
18.445 4.81 7903 8.6
18.540 4.79 5021 5.5
19.265 4.61 23648 25.7
19.861 4.47 10731 1.7
18.906 4.48 10331 11.2
21.628 4.1 10197 11.1
21.734 4.00 79383 86.3
22514 3.95 8528 9.3
23.115 3.85 4787 52
£3.863 3.71 11967 13.0
24052 3.70 28743 31.2
24.352 3.66 48026 52.2
25.124 3.54 12475 13.6
26.434 3.37 8005 8.8
27.012 3.30 137186 14.8
30.257 2.95 5158 56
30.287 2.95 6434 7.0
30.449 2.94 7306 7.9
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KRD Pgak list for an embodiment of Compound 3 (Example 7)

for peaks with relative intensities >10 %

Position [°20] d-spacing [A] intensity (counts) Relative intensity (%)
6.909 12.79 19018 20.7
6.963 123.70 13509 14.7
8.692 1047 83032 100.0

12.107 7.31 51083 55.5
16.304 544 15528 16.9
16.350 542 14203 15.4
19.265 4.61 236438 257
19.861 4 .47 10731 11.7
19.8086 4.486 10331 11.2
21828 4.11 10197 11.1
21734 4.08 79383 86.3
23.963 3.71 11967 13.0
24.052 3.70 28743 31.2
24.352 3.66 48026 52.2
25.124 3.54 12475 13.6
27.012 3.30 13716 14.8

Table 8.1

XRD Peak list for an embodiment of Compound 3 (Example 7}

for peaks with relative intensities »50 %

Position [°20] d-spacing [Al] intensity {counts) Relative Intensity (%)
8.682 10.17 92032 100.0
12.107 7.31 51083 555
21734 4.09 79383 88.3
24.352 3.88 48026 52.2
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KRD Pgak list for an embodiment of Compound 3 {Example 7)

for peaks with relative intensities >20 %

Position [°20] d-spacing [A] intensity (counts) Relative intensity (%)

6.909 12.79 19018 20.7

8.692 10.17 82032 100.0
12.107 7.31 51083 55.5
19.265 4.81 23648 25.7
21.734 4.08 79383 86.3
24 .052 370 28743 31.2
24.352 3.66 48026 52.2

Table 6.3

XRD Peak list for an embodiment of Compound 3 {(Example 7)

Y+ Y4

for peaks with relative intensities of at least 13%

Fosition [*20] d-spacing [Al intensity (counts) Relative Intensity (%)
6.909 12.79 19018 207
6.963 12.70 13508 14.7
8.682 10.17 92032 100.0

12.107 7.31 51083 555
16.304 5.44 15526 16.9
16.350 5.42 14203 15.4
18.265 4.61 23648 25.7
21734 4.49 79383 86.3
23.963 3.71 11967 13.0
24.052 3.70 28743 31.2
24.352 3.66 48028 52.2
25124 3.54 12475 13.6
27.012 3.30 13716 14.9
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Example 8. Recrystallization of- 5-(4,8-dimethyl-1H-benzimidazol-2-yi}-4-methyl-N-{3-
{1-methyl-4-piperidinyl}-propyli-Z-pyrimidinamine 2,3-dihydroxybutanedioale hydrale
{(1:0.5:4), Compound 3

4 N
A N Fh /_/—\_‘/'
%
‘ O NW E\l: NH Racrystallization
. N N

in a 500 mb glass reacior equipped with a temperature probe and mechanical stirrer, 5-
{4,6-dimethyvi-1H-benzimidazol-Z-yi}-4-methyl-N-[3-{ 1-methvi-4-piperidinyhpropyii-2-
pyrimidinaming 2,3-dihvdroxy-butanedioate hydraie (1:0.5:4), compound 3 (Exampile 5}
{72.0 g, 133.4 mmol} was slurried in water {(400.0 g) at 15 - 25 °C. The while
suspension was then heated to 80 “C within ca. 30 min to dissolve the solid completely.
To the resultant yellowish solution was then added a suspension of seeding crystals
{0.36 g, 5-(4,8-dimethyi-1H-benzimidazol-2-y)}-4-methyb-N-{3-(1-methyl-4-
piperidinylpropyl}-Z-pyrimidinamine 2,3-dihydroxybutanedioate hydrate {1:0.5:4},
compound 3.5, in 2 mL water, stirred at 20 - 25 °C for 1 h). The thin suspension was
kept at 40 °C for approximately 1 h, then cooled slepwise 0 5 °C within a minimum of &
h. It was kept at 5 °C overnighi, before the product was isolated by centrifugation.
Because more than one crystallization is performed according o this invention, the
recrystailization referred o above for Compound 3 is sometimaes refered o as a fourth
crystallization. His somelimes referred to as a third crystaliization when Compound 2.1
has only been crystallized once. The product cake was washed with water (88.0 g).
The wet product was dried al room temperature / ambient pressure for 5 days to vield
the title Compound 3 (87 % vield), recrystallized. After recrysiallization according fo

this Exampile 8, Compound 3, that in the pre-crystalliization stage had a purily of
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899.86%, had purity equal to or about 89.80%. Purity changes upon recrystallization of

Compound 3 are shown in Table 7.

Table 7
impurity m/z Reiative retention time {RRT} Average Average
{M+HT impurities (%} in | impurities (%} in
Compound 2 Compound 2
before after
recrystallization | recrystailization

i1 278 0.32 . d. n.d.

A2 27 0.48 . d. . d.

i3 277 0.73 n.d. n.d.

Ad 385 0.81 n. d. n.d.

i5 653 0.86 0.02 n.d.

A unk 0.87 n. d. n.d
A7 2747733 Q.89 n. d. n.d

ABa & ABb | 653/ unk 0.91 n. d. n.d.

8 505 0.92 n. d. n.d
ALQ unk 0.85 n. d. n.d.
All unk 0.97 . d. n.d.
AlZ unk 0.98 . d. n.d.

Compound 3 393 1.0¢ 93.86 98.90
Al3 unk 1.03 n.d. n.d.

17 447 1.04 0.06 0.05
AlS unk 1.048 n.d. n.od
AlG unk 1.057 n.d n.od
AL7 unk 1.064 n. d n.d

AlBa & AL8b | 512/409 1.07 n. d. 0.02
AlS unlk 1.08 n. d n.d.
AZ0 unk 1.10 n.d n.d.
AZ3 unk 1.14 0.04 .04
A22 847 1.17 n. d. . d.

Abbreviations used in the immediately preceding Table: nd = not detected, unk = unknown,
na = not analyzed
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Exampie 9. Preparation of 5-{4,6-dimethyl-1H-benzimidazol-2-yi}-4-methyl-N-[3-{1-
methyl-4-piperidinyl}-propyli-2-pyrimidinamine fumarate methanolate (1:2:1),

Compound 4,
| S -
JosS v Jostusa
g v
- F/CO2H « CHLOH
HOLC
2 4

To a 500 mb Erlenmeyer flask which contained 10.012 g {0.0255 mol) of 5-{4,6-
dimsthyl-1H-benzimidazol-2-yhi-4-methyl-N-[3-(1-methyi-4-piperidinylpropyi}-2-
pyrimidinaming), compound 2, was added 8.2155 g of fumaric acid (2.1 equivalents)
and a stir bar. To that solid mixdure, about 300 mb of 1:1 {weight ratic) hot
MeOH:EtOAC were added while heating and slirring. The term “hot solvent” is used
here 5o that such solvent is warm based on such scivent boiling point. in some
embodiments, hot MeOH:EICAC was used at a temperature of about 50°C to 60°C.
Additional solvent can be added untll all the solids are complstely dissclved. The
solution mixiure was aliowed to heat at boiling temperature for another 10 min lo give a
vellow homogenous solution. The reaction mixiure was removed from the heating plate
and allowed to cool down 1o room temperature (1t} on the bench top. Precipitate formed
as clusters in the botlom of the flask after 2 days. 13.0702 g of 5-(4,8-dimethyl-1H-
benzimidazol-2-yi-4-methyl-N-[3-(1-methyl-d-piperidinvh-propyi]-2-pyrimidinamine
fumarate methanolale {1:2:1), compound 4, as a light yeliow solid crystalline were
collected by vacuum filter. XRD profiles confirmed the unique pattern of the desired
fumarate salt and according o IR-off gas analysis, this material is a methanol solvate of
the fumarate sall (4.1% weight loss). Table 8 and Figure 5 display the impurity profiles
for compounds 2 and 4.

in contrast with the observations made in Examples 5 and 7, embodiments of

Compound 4 oblained as described in this Example 9 had impurily profiles thal do not
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praseni an overall improvementi with respect o that of Compound 2. In addition,
assays of embodiments of this fumarate salt indicated varying compositions including
mixtures of mong- and di-fumarate. Furthermore, fumaric acid presenis comparatibly

lower solubilily in solvents that are typicaily preferable for sall formation.

5
Tabie 8
impurity Profile of Compounds 2 and 4 {Example 8)
Compound 2 Compound 4
impurity 1 (1) 0.03 0
Impurity 2 (12) 0 0.03
impurity 3 (13) 0.04 0
impurity 4 (14) G.18 0.22
Impurity 5 (15) .37 0.18
Impurity 6 (16) 0.07 0.02
Impurity 7 (17) 0.17 0.16
impurity 8 (18) 0.15 0.07
impurity 9 (19} (.08 ¢
impurity 10 (110} (.09 (.16
10
Exampie 10. Preparation of 5-{4,6-dimethyi-1H-benzimidazol-2-yl}-4-methyl-N-{3-(1-
methyl-4-piperidinyl-propyil-2-pyrimidinamine phosphate {1:1), Compound 5
N_
Syl e
N H
« HaPOy
2 5
15
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To a 50 ml Erlenmeyer flask which contained 500.32 mg {(1.275 mmol) of 5-(4,6-
dimethyl-1H-benzimidazol-2-yh-4-methyl-N-[3-{1-methyi-4-piperidinylpropyi}-2-
pyrimidinamine}, Compound 2 and a stir bar, was added about 20 mbL of hot 50:50
MeCH:EIOH solvent. In some embodiments, hot MeOH:EIOH was used at a
femperalure of about 50°C o 80°C. A clear yeilow solution was obiained. The solution
was brought o boiling temperature on a hot plate with stirring, and 86 ul of phosphoric
acid (85% in water, 1.1 sguivalent) was added dropwise. The reaction mixture became
cloudy as the acid was added but guickly changed o a ¢lear yellow solution as it was
stirred. The reaction mixture was lefl 1o heat on the hol plate at low temperature for
ancther 10 min before being removed and allowed o cool down to 1t on the bench top.
The flask was left at room temperature ovemnight 1o allow crystals 1o precipitate. For
this experiment, small spatuia of the phosphale sall was added o the reaction mixiure
as seeded and left open al rt ovemnight to form crystals. Very fine crystaliine needles
are formed in the botiom of the flask after 2 days. 531.3 mg (85% vield) of the off
white, light vellow solid crysialline 5-(4,6-dimethyl-1H-benzimidazol-2-yi-4d-methyl-N-{3-
{1-methyl-4-piperidinyl}-propyli-2-pyrimidinamine phosphate {1:1), compound 5 were
coliected by vacuum filter. Precipitation will occur at i after 2 days or more without
seeding, but it forms an ofl layer in the bottom of the flask if left at cold temperaiure (5
°C). Significant losses in the mother liguor were observed in some embaodimeins.
Furthermore, this phosphate sall tended to form a sticky ol on the reactor walls, which
makes it more difficult to handle than any of Compounds 2.1 and 3. XRD profiles
confirmed the pattemn of the desired phosphate salt. As {o purily, this phosphate salt

did not show improved impurity segregaton ability with respect 1o that of Compound 2.1,

Exampies 2-5 and 7 describe synthetic methodologies according to this invention for

compounds such as the following compounds:
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N
N
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i A =Y e
H H
« 05 HC‘stx COH “ 0B HQi /CO'2H
. % Y
HO,C OH HG,C CH
23 2.2
Polymorph A Polymorph 8

in addition to the impurity segregation features of various of such compounds as noted
in preceding Examples, it is also noted that pharmaceutically acceptable salis of
Compound 2 are generally preferable for pharmaceutical use to formulations of the free
base Compound 2 iiself. Furthermore, Compound 3 presents iiselfl as a well
characterized form which is generally preferable {0 anhydrous salls, such as
Compounds 2.1 and 2.2, that present themselves in more than one form (such as
polymorphs A and B, respectively). When Compound 3 was made either from the fres
base Compound 2 {(Example 5) or from the anhydrous hemi-tarirate Compound 2.1
{Example 7}, Compound 3 was found 1o be highly pure at about 89.86% purity. An
additional recrystallization improved ifs purity to about 99.90%,. and no cther salt forms
where found upon such recrysiallization. Because no conversion of Compound 3 o
other forms was detected, this compound provides the advaniageous possibility of
performing with it agueocus-based formulation development, such as wet granulation
work. Whereas a re-crystallization of Compound 2.1 is described herein, see Example
3, siep E, the impurity segregation properties of Compound 3 are such that its synthesis
in the high degrees of purity exempilified herein does not have to rely on a re-
crystallization of such Compound 2.1, which is presented in the foregoing examples for

filustrative purposss.
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Example 11. Some impurity structural formulae and characterizations.

ﬁ -
NRTR Y /gf_<_/N_ o ety /_J’-—CN
2 \__!\!\%_NH W P

(15}
7N
““’/ D N \——N ,__/_&_iNn_
SO by s
== H
{47} (12)
Table @
impurity Designation | Characterization

K Molecular weight 277, Compound of struciure |1
i2 Molecular weight 384.
I3 Molecular weight 276, Compound of struclure I3
i4 Molecular weight 652,
i5 Molecular weight 852, Compound of structure 5
i6 Molecular weight 732,
i7 Molecular weight 406, Compound of structure |7
i8 Molecular weight 504, Compound of structure 18
i@ Relative retention time is 1.07.
110 Relative retention time is 1.37.
11 Molecular weight estimate is 277

When the material being referred o herein is characterized by saving that any

given impurity content is 0", or that such given impurity is not detected, typically
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abbreviated as "n.d.” or “nd”, then such material is also referred {0 as being
“substantially free from” any such given impurity.

impurities were analyzed according to standard high performance liguid
chromatography (HPLC) with detection by mass specirometry (MS) or ultra-violet
speciroscopy {UV), finding one or more of the impurity’'s mass, relative retention time,
and amount (as relative area percentage), and they are provided herein by using
notation that is typical in such standard methodologies. For an iHllustrative review of the
same, see for example, 8. Levin, “High Performance Liguid Chromaltography {(HPLG) in
the pharmacsutical analysis”, Mediechnia (Feb. 2010), which is incorporated herein by
reference {describing HPLC modes, HPLC theory, the role of HPLC in drug analysis,
and specialized HPLC separations; available at, for example, hitp/Avww . forumsdci.co.ilf
HPLC/WERBPharm_Review/HPLC _pharma_ Modes-RP.himi).

Impurity amounts as reported herein were determined at a level below the level
atlowed in this indusiry standards. For example, in a validation of the impurity analysis
method of Compound 2, a relative standard deviation of not more than 4 % was found
{i.e., if the impurity amount y in this case were 0.05 %, a relatlive standard deviation of
not more than 4 % would mean yio be 0.05 £ 0.002 %).

While the invention has been Hllustrated by reference to exampiles, it is

understood that the invention is intended not o be limited to the foregoing detailed

description.
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What is claimed is:

1. A hemitartrate tetrahydrate of [5-(4,6-Dimethyl-1H-
benzoimidazol-2-y1)-4-methyl-pyrimidin-2-v1]-[ 3-(1-me-
thyl-piperidin-4-y1)-propvl]-amine of formula:

N—.
N —N
ﬁ >
E I\

2. A hemitartrate tetrahydrate according to claim 1.
wherein the X-ray diffraction profile of said hemitarirate
tetrahydrate comprises the following peaks:

Position d-spacing Intensity Relatrve Intensity

[“26)] [A] {counts) (%)

B.602 10,17 02032 L0
12,107 7.3 51083 35.5
21.734 4.09 T9383 80.3
24.352 3.66 48026 52.2.

3. A hemitartrate tetrahydrate according to claim 1.
wherein the X-ray diffraction profile of said hemitartrate
tetrahydrate comprises the following peaks:

Position d-spacing Intensity Relative Intensity

[“26] [A] {counts) (%)

3,000 12,79 190158 20,7

B.692 10,17 92032 10RO
12.107 T.31 51083 55.5
19.265 .61 23648 257
21.734 4,09 T9IR3 #0.3
24.052 370 28743 31.2
24,352 3.66 4R026 322,

4. A hemitartrate fetrahydrate according to claim 1.
wherein the X-ray diffraction profile of said hemitartrate
tetrahydrate comprises the following peaks:
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Position d-spacing Intensity Relative Intensity

[“26] [A] {counts) (%4)
6,509 12,79 19018 2007
6.063 12.70 13500 14.7
B.692 10,17 92032 1iKL0
12,107 7.31 31083 35.5
16,304 544 15526 16.9
16.350 542 14203 15.4
19.265 4.61 23648 25.7
21.734 405 9383 8.3
230963 k| 11967 13.0
24.052 370 28743 31.2
24.352 3.66 48026 §2.2
Position d-spacing Intensity Relative Intensity
[°26] [A] {counts) (%)
25124 3.54 12475 13.6
27.012 3.30 13716 14.9.

5. A hemitartrate tetrahydrate according to claim 1,
wherein the X-ray diffraction profile of said hemitartrate
tetrahydrate comprises the following peaks:

Position d-spacing Intensity Relative Intensity
[*2d] [A] {counts) (2%)
5.904 12.79 19018 207
RN 12.70 13509 14.7
5692 10,17 92032 1000

12,107 7.31 51083 33,5

16.304 544 15525 169

163350 5.42 14203 154

19.263 4.61 23648 57

19,861 4.47 10731 11.7

19.806 446 1033 1.2

21028 4.11 10197 11.1

21.734 4.09 TO383 863

23063 37 11967 130

24052 3.70 28743 3.2

24.352 3.66 48026 52.2

25124 3.54 12475 13.6

27012 3.30 13716 14.9.

6. A hemitartrate tetrahydrate according to claim 1.
wherein the X-ray diffraction profile of said hemitartrate
tetrahydrate comprises the following peaks:

58



Position d-spacing Intensity Belative Intensity

[“26] [A] {counts) (%)
.09 12,79 19018 207
RV 12,70 1 35000 14.7
8092 10,17 Q032 1000
11957 7.40 5T63 6.3
12107 7.31 51083 555
12419 T.13 GLRYd TA
13856 0,35 S038 3.5
14463 6.12 GBo22 TA
15.355 577 205 6.7
15393 5376 3573 a.l
15,735 362 4416 4.8
16,304 5.44 15526 164
16,350 5.42 14203 154
17.051 5.20 G303 6.8
17.442 5.08 SO85 3.3
154435 .81 T3 .6
18,5440 4,749 ey 3.5
19265 4.61 23648 257
19,861 4,47 10731 11.7
12506 .46 10331 11.2
21028 4.11 10197 11.1
21.734 409 TO3E3 BG.3
22514 3495 w20 93
23113 3.85 4TRT 52
239603 3.71 11967 130
24052 370 2ET43 312
24352 3.00 48026 522
25124 3.54 12475 13.6
26434 3.37 BOGS B8
27012 3.30 13716 149
30.257 295 3139 5.0
30.297 295 5434 70
30449 2.94 T30a T8,

7. A hemitartrate tetrahydrate of [5-(4.6-Dimethyl-1H-
benzoimidazol-2-yl)}-4-methyl-pyrimidin-2-y1]-[3-(1-me-
thyl-piperidin-4-yl)-propvl]-amine of formula:

N_
N%N
b
\ 4—NH
N N
H
« 05 HQ  COM L4h0

HO,C  ©OH
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Z

wherein said hemitartrate tetrahydrate 1s substantially free
of at least impurities 11, I3 and I8 of formulae:

(11}
N_
H,yN —N
)
N
(13)
I\'_
0 —N
\ }—NI—I
H N
”H]
N —
5
HO,S5” N N
N
N =N
i}

8. A hemitartrate tetrahydrate of [5-(4,6-Dimethyl-1H-
benzoimidazol-2-y1)-4-methyl-pyrimidin-2-y1]-[ 3-(1-me-
thyl-piperidin-4-yl)-propyl|-amine according to claim 7.
wherein said hemitartrate tetrahydrate is further substantially
free of at least impurity 5 of formula:

{15)

/2

jeuird

/”_'
N = \
(j/v\J@/ﬁI R
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9. A hemitartrate tetrahydrate of [5-(4,6-Dimethyl-1H-
benzoimidazol-2-y1)-4-methyl-pyrimidin-2-y1]-[3-(1-me-
thyl-piperidin-4-yl}-propyl]-amine according to claim 8,
wherein said hemitartrate tetrahydrate does not contain more
than about 0.2% of impurity 17 of formula:

(17

/_/_<:> : |
E =)

10. A hemitartrate tetrahydrate of [5-(4,6-Dimethyl-1H-
benzoimidazol-2-y1)-4-methyl-pyrimidin-2-y1]-[3-(1-me-
thyl-piperidin-4-yl)-propyl]-amine according to claim 9,
wherein said hemitartrate tetrahydrate does not contain more
than about 0.06% of impurity 17 of formula:

(7

) N>_NI/I_/—<:>N_/

N —
N N
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