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DESCRIPTION

[0001] The present application claims priority to DK Provisional Patent Application No.
PA201500393, filed July 7, 2015, entitled PDE9 inhibitors with imidazo triazinone backbone and
imidazo pyrazinone backbone for treatment of peripheral diseases, DK Provisional Patent
Application No. PA201500407, filed July 10, 2015, entitted PDE9 inhibitors with imidazo
triazinone backbone and imidazo pyrazinone backbone for treatment of peripheral diseases,
and DK Provisional Patent Application No. PA201600209, filed April 7, 2016, entitled PDE9
inhibitors with imidazo triazinone backbone and imidazo pyrazinone backbone for treatment of
peripheral diseases.

FIELD OF THE INVENTION

[0002] The present invention relates to cyclic guanylate monophosphate (cGMP)-specific
phosphodiesterase type 9 inhibitors (hereinafter referred to as a PDE9 inhibitor) of the form
(35,48)-6-(4-methyl-1-pyrimidin-2-yImethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-
imidazo[1,5-a]pyrazin-8-one and its use as a medicament for treatment of peripheral diseases
as defined in the claims. Moreover the invention relates to an oral pharmaceutical composition
comprising  (3S,45)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-
yl)-7H-imidazo[1,5-a]pyrazin-8-one.

BACKGROUND OF THE INVENTION

[0003] Phosphodiesterases (PDEs) are a family of enzymes degrading cyclic nucleotides and
thereby regulating the cellular levels of second messengers throughout the entire body. PDEs
represent attractive drug targets, as proven by a number of compounds that have been
introduced to clinical testing and the market, respectively. PDEs are encoded by 21 genes that
are functionally separated into 11 families differing with respect to kinetic properties, substrate
selectivity, expression, localization pattern, activation, regulation factors and inhibitor sensitivity.
The function of PDEs is the degradation of the cyclic nucleotide monophosphates cyclic
Adenosine MonoPhosphate (cAMP) and/or Guanosine MonoPhosphate (cGMP), which are
important intracellular mediators involved in numerous vital processes including the control of
neurotransmission and smooth muscle contraction and relaxation.

[0004] PDE9 is cGMP specific (Km cAMP is >1000x for cGMP) and is hypothesized to be a key
player in regulating cGMP levels as it has the lowest Km among the PDEs for this nucleotide.
PDE9 is expressed throughout the brain at low levels with the potential for regulating basal
cGMP.

[0005] In the periphery, PDE9 expression peaks in prostate, intestine, kidney and
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haematopoietic cells opening for the therapeutic potential in various peripheral indications.

[0006] Benign prostate hyperplasia (BPH) is one of the most prevalent conditions in the aging
male population and represents a major health problem (Ueckert S et al., Expert Rev Clin
Pharmacol. 2013 May;6(3):323-32). BPH results in the formation of large nodules in the
periurethral region of the prostate, which could lead to urinary tract obstruction. BPH is
predominantly the result of a stromal proliferative process, and a significant component of
prostatic enlargement results from smooth-muscle proliferation. The current pharmacological
treatment of BPH includes a1 adrenergic blockers, 5-a-reductase inhibitors and more recently
the PDES5 inhibitor tadalafil. PDES inhibitors are known to mediate smooth muscle relaxation via
increased cGMP levels. The cGMP specific PDE9 is expressed at high levels in the prostate
and PDE?9 inhibition may thus offer potential antiproliferative benefits for BPH.

[0007] PDES9 is widely distributed in the urothelial epithelium of human lower urinary tract and
PDE9 inhibition may be beneficial in lower urinary tract dysfunctional epithelium (LUDE)
disease (Nagasaki et al., BJU Int. 2012 Mar;109(6):934-40). Dysfunctional lower urinary tract
epithelium can affect the bladder, urethra, labia or vaginal introitus in women, and the prostatic
ducts and urethra in men (Parsons LC et al., 2002).

[0008] PDE9 expression has been shown in murine corpus cavernosum and chronic PDE9
inhibition was demonstrated to result in amplified NO-cGMP mediated cavernosal responses
and thereby opening for potential benefit in erectile dysfunction (DaSilva et al., Int J Impot Res.
2013 Mar-Apr;25(2):69-73). Currently approved treatment for erectile dysfunction is the class
of PDES inhibitors, increasing cGMP in the smooth muscle cells lining the blood vessels
supplying the corpus cavernosum of the penis.

[0009] cGMP PDE inhibition has been shown to enhance muscle microvascular blood flow and
glucose uptake response to insulin (Genders et al., Am J Physiol Endocrinol Metab. 2011
Aug;301(2):E342-50). The targeting of cGMP specific PDE9, which is expressed in muscle and
blood vessels may provide a promising avenue for enhancing muscle insulin sensitivity and
thereby be beneficial for the treatment of type 2 diabetes.

[0010] PDE?9 inhibition may represent a novel and first line treatment for Sickle Cell Disease
(SCD), a genetic disorder leading to vaso-occlusive processes responsible for much of the
mortality in SCD patients. SCD disease results from a point mutation in the hemoglobin (HBB)
gene producing abnormal sickle hemoglobin (HbS), which polymerizes and creates rigid and
sticky sickled red blood cells. Sickled red blood cells result in chronic inflammation, elevated
cell adhesion, oxidative stress, endothelial dysfunction culminating in vaso-occlusive
processes.

[0011] There is to date no cure for SCD. Treatment options include blood transfusion and
treatment with the anti-cancer agent hydroxyurea. Blood transfusions correct anemia by
increasing the number of normal, non-sickled red blood cells in circulation. Regular transfusion
therapy can help prevent recurring strokes in children at high risk. Hydroxyurea has been
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approved for the treatment of SCD and shown to reduce the frequency of painful crisis and
hospitalization. The mechanism by which hydroxyurea is hypothesized to ameliorate the
symptoms of SCD is two-fold; a) increase in non-sickled fetal hemoglobin production and b)
decrease in cell adhesion. Specifically, hydroxyurea a) increases fetal non-sickled haemoglobin
production via cGMP signalling, which has been shown to result in increased red blood cell
survival and b) increases nitric oxide and cGMP levels, thereby decreasing adhesion and
increasing survival. In summary, the evidence to date supports the notion that that both
mechanisms by which hydroxyurea promotes benefits in SCD are mediated via increased
cGMP.

[0012] PDE9 is expressed specifically in the human haematopoietic system including
neutrophils, reticulocytes erythroid and erythroleukaemic cells. Furthermore, SCD patients
exhibit a marked and significant increase in PDE9 expression in reticulocytes and neutrophils
(Almeida et al., Br J Haematol. 2008 Sep; 142(5):836-44). Evidence additionally demonstrates
a link between PDE9 and cell adhesion since PDE9 inhibition results in the reversal of the
increased adhesive properties of SCD neutrophils (Miguel et al., Inflamm Res. 2011
Jul;60(7):633-42). The mechanism by which PDE9 inhibition decreases cell adhesion has been
shown to be mediated via increased cGMP and decreased endothelial adhesion molecule
expression. Importantly, in an animal model of SCD, the PDE9 inhibitor mediated decrease in
cell adhesion had the functional effect of increased cell survival. In addition to demonstrating
effects on decreased cell adhesion comparable to hydroxyurea, PDE9 inhibition results in
increased fetal non-sickled haemoglobin production. Finally, Almeida and colleagues
demonstrated that treatment with hydroxyurea combined with PDE9 inhibition in a mouse
model of SCD leads to added benefit of PDE9 inhibitor in amplifying the cGMP elevating effects
of hydroxyurea (Almeida et al., Blood. 2012 Oct 4;120(14):2879-88). In conclusion, PDE9
inhibition can modulate both the expression of fetal haemoglobin production as well as
decrease cell adhesion, both mechanisms key for the treatment of SCD.

[0013] WO 2013/053690 discloses PDE9 inhibitors with imidazopyrazinone backbone for the
use as a medicament, such as in the treatment of patients suffering from cognitive
impairments, in particular cognitive impairments that relate to neurodegenerative diseases
such as cortical dementia (e.g. Alzheimer's disease) or subcortical dementia, e.g. AIDS related
dementia.

[0014] WO 2013/110768 discloses PDE9 inhibitors with imidazotriazinone backbone for the
use as a medicament, such as in the treatment of patients suffering from cognitive
impairments, in particular cognitive impairments that relate to neurodegenerative diseases
such as cortical dementia (e.g. Alzheimer's disease) or subcortical dementia, e.g. AIDS related
dementia.

[0015] WO 2012/040230 discloses PDE9 inhibitors with imidazotriazinone backbone for the
use as a medicament in the treatment of PDE9 associated diseases, including CNS and
neurodegenerative disorders.
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[0016] WO 2008/139293 and WO 2010/084438 both disclose amino-heterocyclic compounds
that are PDE9 inhibitors and their use in treating neurodegenerative and cognitive disorders.

SUMMARY OF THE INVENTION

[0017] There is a constant need for improved treatment of the peripheral diseases benign
prostate hyperplasia (BPH), urinary tract dysfunctional epithelium disease, erectile dysfunction,
type 2 diabetes and sickle cell disease (SCD) and for that purpose the use of PDE9 inhibitors
may be very useful. Since PDE9 is expressed throughout the brain at with the potential basal
cGMP and thus signalling cascades shown to regulate synaptic transmission, it is evidently
important that PDE9 inhibitors for the treatment of peripheral diseases have a low blood brain
barrier penetration (BBB penetration) to avoid potential centrally-mediated side effects.

[0018] The present disclosure and invention provides novel PDE9 inhibitors that have been
shown to have a low blood brain barrier penetration and thus may be particularly useful for the
treatment of peripheral diseases such as benign prostate hyperplasia (BPH), urinary tract
dysfunctional epithelium disease, erectile dysfunction, type 2 diabetes and sickle cell disease
(SCD). Further, the PDE9 inhibitors of the present disclosure and invention are significantly
stronger PDE9 inhibitors than PDE1 inhibitors which is important as PDE1 is expressed in heart
and testes and inhibition of these PDE1 isoforms is thought to be a potential cause of
cardiovascular and reproductive side effects.

[0019] The following compounds are encompassed by the present disclosure:
O
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D Compound {P4).

[0020] The following compound is encompassed by the present invention:

P3 (racemate)
Compound (P3), racemate and enantiomerically pure variants of compound P3.

[0021] Disclosed herein is synthesis of P1, P2, P3 and P4. Also disclosed herein is the
enantioselective synthesis of compound P3 comprising the conversion of the intermediate
compound rac-35 to (S,S)-35.

BRIEF DESCRITION OF THE DRAWINGS

[0022]
Fig. 1 shows the absolute stereochemistry of Compound P3 enantiomer 2 monohydrate.

Fig. 2A-2B are an optical micrograph of the crystalline batch (Fig. 2A) and the crystal used for
the data collection (Fig. 2B).

Fig. 3 is a ball and stick diagram of Compound P3 enantiomer 2 monohydrate.

DETAILED DESCRIPTION OF THE INVENTION

Examples of the disclosure

[0023] The following notation is applied: an example of the disclosure is identified as Ei, where
i is an integer indicating the number of the example. An example Ei' specifying a specific
example a previously listed example Ei is identified as Ei'(Ei), e.g. E2(E1) means "in an
example E2 of example E1".

[0024] Where an example is a combination of two examples the notation is similarly Ei"(Ei and
Ei"), e.g. E3(E2 and E1) means "in an example E3 of any of examples E2 and E1"

[0025] Where an example is a combination of more than two examples the notation is similarly
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Ei"(Ei, Ei' and Ei"), e.g. E4(E1, E2 and E3) means "in an example E4 of any of examples E1, E2
and E3"

[0026] In a first example E1 the present disclosure relates to compounds having the following
structure

0

HNJ\(\
N

(K/N ¢

e
RO
2N P1 (compound P1),

HNiOHN%/\N
e

(compound P2), and

HN

P3 (racemate)
(compound P3) in racemic form and in enantiomerically enriched or pure form.

[0027] In an example E2(E1) the enantiomerically pure variant of compound P3 is the first
eluding compound when the racemic mixture of P3 is separated by Chiral HPLC (Column:
Chiralpak IA, 250 x 4.6 mm x 5um; mobile phase Hex/EtOH/DEA = 70:30:0.2) with a flow rate
of 1.0 mL/min (P3 enantiomer 1).

[0028] E3(E1 and E2): A compound of any of E1 and E2 for the use as a medicament.

[0029] E4: A compound of any of E1 and E2 or the compound

7@ y
(compound P4) for use in the treatment of benign prostate hyperplasia or sickle cell disease.
[0030] E5: A pharmaceutical composition comprising a therapeutically effective amount of any

of the compounds of E1 and E2 or the compound P4, and one or more pharmaceutically
acceptable carriers, diluents or excipients.
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[0031] E6(E5): The pharmaceutical is for the treatment of benign prostate hyperplasia or sickle
cell disease.

[0032] E7: Use of the compound P4 or any of the compounds of E1 and E2 for the
manufacture of a medicament for the treatment of benign prostate hyperplasia or sickle cell
disease.

[0033] E8: A method of treating a subject suffering from benign prostate hyperplasia or sickle
cell disease comprising administering a therapeutically effective amount of a compound P4 or
any of the compounds of E1 and E2 to a subject in need thereof E9: A compound selected
from the group consisting of  3-(4-fluorophenyl)-6-((3-(pyridin-4-yloxy)azetidin-1-
ylymethyl)imidazo[1,5-a]pyrazin-8(7H)-one (P1), 6-[3-(pyridin-3-yloxy)-azetidin-1-ylmethyl]-3-
(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P2), (3S,4S)-6-(4-methyl-1 -pyrimidin-
2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3,
enantiomer 1), and (3R,4R)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-
pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 2).

[0034] E10(E9) The compound (3S,4S)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-
(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 1).

[0035] E11(E9) The compound (3R,4R)-6-(4-methyl-1-pyrimidin-2-yImethyl-pyrrolidin-3-yl)-3-
(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 2).

[0036] E12 (E9, E10 and E11) A compound of any of E9 to E11 for the use as a medicament.

[0037] E13: A compound selected from the group consisting of 3-(4-fluorophenyl)-6-((3-
(pyridin-4-yloxy)azetidin-1-yl)methyl)imidazo[1,5-a]pyrazin-8(7H)-one  (P1), 6-[3-(pyridin-3-
yloxy)-azetidin-1-ylmethyl]-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P2),
(35,45)-6-(4-methyl-1 -pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-
imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 1), (3R,4R)-6-(4-methyl-1-pyrimidin-2-ylmethyl-
pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 2)
and  2-[3-(4-fluoro-phenoxy)-azetidin-1-ylmethyl]-7-(tetrahydro-pyran-4-yl)-3H-imidazo[5,1-f]
[1,2,4]triazin-4-one (P4) for use in the treatment of benign prostate hyperplasia or sickle cell
disease.

[0038] E14: A pharmaceutical composition comprising a therapeutically effective amount of
any of the compounds 3-(4-fluorophenyl)-6-((3-(pyridin-4-yloxy)azetidin-1-
ylymethyl)imidazo[1,5-a]pyrazin-8(7H)-one (P1), 6-[3-(pyridin-3-yloxy)-azetidin-1-ylmethyl]-3-
(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P2), (3S,4S)-6-(4-methyl-1-pyrimidin-
2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3,
enantiomer 1), (3R,4R)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-
pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 2) and 2-[3-(4-fluoro-phenoxy)-
azetidin-1-ylmethyl]-7-(tetrahydro-pyran-4-yl)-3H-imidazo[5,1-f][1,2,4]triazin-4-one (P4), and
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one or more pharmaceutically acceptable carriers, diluents or excipients

[0039] E15(E14): The pharmaceutical is for the treatment of benign prostate hyperplasia or
sickle cell disease.

[0040] E16: Use of any of the compounds 3-(4-fluorophenyl)-6-((3-(pyridin-4-yloxy)azetidin-1-
ylymethyl)imidazo[1,5-a]pyrazin-8(7H)-one (P1), 6-[3-(pyridin-3-yloxy)-azetidin-1-ylmethyl]-3-
(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P2), (3S,4S)-6-(4-methyl-1-pyrimidin-
2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3,
enantiomer 1), (3R,4R)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-
pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 2) and 2-[3-(4-fluoro-phenoxy)-
azetidin-1-ylmethyl]-7-(tetrahydro-pyran-4-yl)-3H-imidazo[5,1-f][1,2,4]triazin-4-one (P4) for the
manufacture of a medicament for the treatment of benign prostate hyperplasia or sickle cell
disease.

[0041] E17: A method of treating a subject suffering from benign prostate hyperplasia or sickle
cell disease comprising administering a therapeutically effective amount of any of the
compounds 3-(4-fluorophenyl)-6-((3-(pyridin-4-yloxy)azetidin-1-yl)methyl)imidazo[1,5-
a]pyrazin-8(7H)-one (P1), 6-[3-(Pyridin-3-yloxy)-azetidin-1-ylmethyl]-3-(tetrahydro-pyran-4-
yl)-7H-imidazo[1,5-a]pyrazin-8-one (P2), (3S,4S)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-
3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one (P3, enantiomer 1), (3R,4R)-6-
(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-
a]pyrazin-8-one (P3, enantiomer 2) and 2-[3-(4-fluoro-phenoxy)-azetidin-1-ylmethyl]-7-
(tetrahydro-pyran-4-yl)-3H-imidazo[5,1-f][1,2,4]triazin-4-one (P4) to a subject in need thereof.

PDE9 inhibitors

[0042] In the context of the present invention a compound is considered to be a PDE9 inhibitor
if the amount required to reach the ICgq level of any of the three PDE9 isoforms is 10 micro
molar or less, preferably less than 9 micro molar, such as 8 micro molar or less, such as 7
micro molar or less, such as 6 micro molar or less, such as 5 micro molar or less, such as 4
micro molar or less, such as 3 micro molar or less, more preferably 2 micro molar or less, such
as 1 micro molar or less, in particular 500 nM or less. In preferred embodiments the required
amount of PDE9 inhibitor required to reach the ICgq level of PDE9 is 400nM or less, such as
300 nM or less, 200nM or less, 100 nM or less, or even 80 nM or less, such as 50 nM or less,
for example 25 nM or less.

[0043] Throughout this application the notations ICgg and IC50 are used interchangeably.

Isomeric forms




DK/EP 3865484 T3

[0044] Where compounds of the present disclosure and invention contain one or more chiral
centers reference to any of the compounds will, unless otherwise specified, cover the
enantiomerically or diastereomerically pure compound as well as mixtures of the enantiomers
or diastereomers in any ratio.

Pharmaceutically Acceptable Salts

[0045] The present invention also comprises salts of the compound, typically, pharmaceutically
acceptable salts. Such salts include pharmaceutically acceptable acid addition salts. Acid
addition salts include salts of inorganic acids as well as organic acids.

[0046] Representative examples of suitable inorganic acids include hydrochloric, hydrobromic,
hydroiodic, phosphoric, sulfuric, sulfamic, nitric acids and the like.

[0047] Representative examples of suitable organic acids include formic, acetic, trichloroacetic,
trifluoroacetic, propionic, benzoic, cinnamic, citric, fumaric, glycolic, itaconic, lactic,
methanesulfonic, maleic, malic, malonic, mandelic, oxalic, picric, pyruvic, salicylic, succinic,
methane sulfonic, ethanesulfonic, tartaric, ascorbic, pamoic, bismethylene salicylic,
ethanedisulfonic, gluconic, citraconic, aspartic, stearic, palmitic, EDTA, glycolic, p-
aminobenzoic, glutamic, benzenesulfonic, p-toluenesulfonic acids, theophylline acetic acids, as
well as the 8-halotheophyllines, for example 8-bromotheophylline and the like. Further
examples of pharmaceutically acceptable inorganic or organic acid addition salts include the
pharmaceutically acceptable salts listed in Berge, S.M. et al., J. Pharm. Sci. 1977, 66, 2.

[0048] Furthermore, the compounds of this invention may exist in unsolvated as well as in
solvated forms with pharmaceutically acceptable solvents such as water, ethanol and the like.
In general, the solvated forms are considered equivalent to the unsolvated forms for the
purposes of this invention.

Pharmaceutical composition

[0049] The present disclosure and invention further provides a pharmaceutical composition
comprising a therapeutically effective amount of any of the compounds of the present
disclosure and invention and a pharmaceutically acceptable carrier or diluent. The present
disclosure and invention also provides a pharmaceutical composition comprising a
therapeutically effective amount of one of the specific compounds disclosed in the
Experimental Section herein and a pharmaceutically acceptable carrier or diluent.

[0050] The compounds of the disclosure and invention may be administered alone or in
combination with pharmaceutically acceptable carriers, diluents or excipients, in either single or
multiple doses. The pharmaceutical compositions according to the disclosure and invention
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may be formulated with pharmaceutically acceptable carriers or diluents as well as any other
known adjuvants and excipients in accordance with conventional techniques such as those
disclosed in Remington: The Science and Practice of Pharmacy, 22nd Edition, Gennaro, Ed.,
Mack Publishing Co., Easton, PA, 2013.

[0051] The pharmaceutical compositions of the disclosure and invention may be specifically
formulated for administration by any suitable route such as oral, rectal, nasal, pulmonary,
topical (including buccal and sublingual), transdermal, intracisternal, intraperitoneal, vaginal
and parenteral (including subcutaneous, intramuscular, intrathecal, intravenous and
intradermal) routes. It will be appreciated that the route will depend on the general condition
and age of the subject to be treated, the nature of the condition to be treated and the active
ingredient.

[0052] Pharmaceutical compositions for oral administration include solid dosage forms such as
capsules, tablets, dragees, pills, lozenges, powders and granules. Where appropriate, the
compositions may be prepared with coatings such as enteric coatings or they may be
formulated so as to provide controlled release of the active ingredient such as sustained or
prolonged release according to methods well known in the art. Liquid dosage forms for oral
administration include solutions, emulsions, suspensions, syrups and elixirs.

[0053] Pharmaceutical compositions for parenteral administration include sterile aqueous and
nonaqueous injectable solutions, dispersions, suspensions or emulsions as well as sterile
powders to be reconstituted in sterile injectable solutions or dispersions prior to use. Other
suitable administration forms include, but are not limited to, suppositories, sprays, ointments,
creams, gels, inhalants, dermal patches and implants.

[0054] Typical oral dosages range from about 0.001 to about 100 mg/kg body weight per day.
Typical oral dosages also range from about 0.01 to about 50 mg/kg body weight per day.
Typical oral dosages further range from about 0.05 to about 10 mg/kg body weight per day.
Oral dosages are usually administered in one or more dosages, typically, one to three dosages
per day. The exact dosage will depend upon the frequency and mode of administration, the
gender, age, weight and general condition of the subject treated, the nature and severity of the
condition treated and any concomitant diseases to be treated and other factors evident to
those skilled in the art.

[0055] The formulations may also be presented in a unit dosage form by methods known to
those skilled in the art. For illustrative purposes, a typical unit dosage form for oral
administration may contain from about 0.01 to about 1000 mg, from about 0.05 to about 500
mg, or from about 0.5 mg to about 200 mg.

[0056] For parenteral routes such as intravenous, intrathecal, intramuscular and similar
administration, typical doses are in the order of half the dose employed for oral administration.

[0057] The present disclosure and invention also provides a process for making a
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pharmaceutical composition comprising admixing a therapeutically effective amount of a
compound of the present invention and at least one pharmaceutically acceptable carrier or
diluent. In an example, of the present disclosure and invention, the compound utilized in the
aforementioned process is one of the specific compounds disclosed in the Experimental
Section herein.

[0058] The compounds of this disclosure and invention are generally utilized as the free
substance or as a pharmaceutically acceptable salt thereof. Such salts are prepared in a
conventional manner by treating a solution or suspension of a compound of the present
disclosure and invention with a molar equivalent of a pharmaceutically acceptable acid.
Representative examples of suitable organic and inorganic acids are described above.

[0059] For parenteral administration, solutions of the compounds of the present disclosure and
invention in sterile aqueous solution, aqueous propylene glycol, aqueous vitamin E or sesame
or peanut oil may be employed. Such aqueous solutions should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with sufficient saline or glucose. The
aqueous solutions are particularly suitable for intravenous, intramuscular, subcutaneous and
intraperitoneal administration. The compounds of the present disclosure and invention may be
readily incorporated into known sterile aqueous media using standard techniques known to
those skilled in the art.

[0060] Suitable pharmaceutical carriers include inert solid diluents or fillers, sterile aqueous
solutions and various organic solvents. Examples of solid carriers include lactose, terra alba,
sucrose, cyclodextrin, talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
lower alkyl ethers of cellulose. Examples of liquid carriers include, but are not limited to, syrup,
peanut oil, olive oil, phospholipids, fatty acids, fatty acid amines, polyoxyethylene and water.
Similarly, the carrier or diluent may include any sustained release material known in the art,
such as glyceryl monostearate or glyceryl distearate, alone or mixed with a wax. The
pharmaceutical compositions formed by combining the compounds of the present invention
and a pharmaceutically acceptable carrier are then readily administered in a variety of dosage
forms suitable for the disclosed routes of administration. The formulations may conveniently be
presented in unit dosage form by methods known in the art of pharmacy.

[0061] Formulations of the present disclosure and invention suitable for oral administration
may be presented as discrete units such as capsules or tablets, each containing a
predetermined amount of the active ingredient, and optionally a suitable excipient.
Furthermore, the orally available formulations may be in the form of a powder or granules, a
solution or suspension in an aqueous or non-aqueous liquid, or an oil-in-water or water-in-oil
liquid emulsion.

[0062] If a solid carrier is used for oral administration, the preparation may be tabletted, placed
in a hard gelatine capsule in powder or pellet form or it may be in the form of a troche or
lozenge. The amount of solid carrier will vary widely but will range from about 25 mg to about 1
g per dosage unit. If a liquid carrier is used, the preparation may be in the form of a syrup,



DK/EP 3865484 T3

emulsion, soft gelatine capsule or sterile injectable liquid such as an aqueous or non-aqueous
liquid suspension or solution.

[0063] The pharmaceutical compositions of the disclosure and invention may be prepared by
conventional methods in the art. For example, tablets may be prepared by mixing the active
ingredient with ordinary adjuvants and/or diluents and subsequently compressing the mixture
in a conventional tabletting machine prepare tablets. Examples of adjuvants or diluents
comprise: corn starch, potato starch, talcum, magnesium stearate, gelatin, lactose, gums, and
the like. Any other adjuvants or additives usually used for such purposes such as colorings,
flavorings, preservatives etc. may be used provided that they are compatible with the active
ingredients.

Compounds of the invention

[0064] Table 1 lists reference compounds of the disclosure and the compound of the invention
and the corresponding IC50 values (nM) determined as described in the section "PDE9
inhibition assay". Further, the concentration of compounds in plasma and brain, determined as
described in the section "Blood Brain Barrier penetration”, are listed. Each of the compounds
constitutes an individual embodiment of the present disclosure and invention:

Table 1. Compounds of the disclosure and invention, IC50 values and plasma/brain
concentration

Compound PDES; PDE1 Plasma Brain Brain/Plasma
IC50 § IC50 § concentratio n { concentratio n { ratio after 30
(nM) § (nM) {after 30 minutes after 30 minutes and
and 120 minutes and { 120 minutes
minutes (ng/mL)j 120 minutes
(ng/mL)
Compound (P1) 42 145090 30 min.: 719 30 min.:42 0.06
(reference) 120 min.- 86 | 120 min.: 7 0.08
Compound (P2) 36 {52837 30min.: 715 {Below detection Not
(reference) limit calculated
(brain
120 min.: 11 concentration
below limit of
detection)
Compound (P3, 49 {3000 §{ 30 min.: 1620 30 min.: 67 0.04
enantiomer 1) 120 min.- 226 | 120 min.:7 0.03
Compound (P4) 10 §{ 1009 { 30 min.: 3380 30 min.: 125 0.04
(reference) 120 min. 352 | 120 min.: 15 0.04
70 {2500 § 30 min.: 1230 30 min.: 500 0.41
o
K N )\\
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Compound PDES; PDE1 Plasma Brain Brain/Plasma
IC50 § IC50 § concentratio n { concentratio n { ratio after 30
(nM) § (nM) {after 30 minutes after 30 minutes and
and 120 minutes and { 120 minutes
minutes (ng/mL)§ 120 minutes
(ng/mL)
o
Reference 120 min.: 529 §{ 120 min.: 215 0.41
compound
disclosed in
WQ02008/13929 3
EXAMPLES

Example 1. Synthesis of the Compounds

[0065] The reference compounds of the present disclosure and the compound of the invention

may be synthesized as described below.

Overview Schemes:

[0066]
Cl _Boc NH
Boc J@/\ N C HCI
v ) H
o)
F
F
2 3
OH ,Boc
N
_Boc @ ;J HN— HC!
N % Q HCI S
N - .
s o/
HO 1 DEAD/PPh; \
— 5
N
OH 4
X
N G HCI
N HN
= Boc N\l ~d | HCI \:L s
HO DEAD/PPh, o XN 0N}

1

6 7

O

h\
Ph. 4 Phe”_ NH,
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Scheme 4 (Compound (P3)):
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Synthetic Procedures:

List of abbreviations

[0067]
aq

aqueous
NBS

N-bromosuccinimide
Boc
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tert-Butoxycarbonyl

°C
degrees Celsius
CDI
N,N-carbonyl dimidazole
OH
chemical shift in parts per million downfield from tetramethylsilane
DCM
dichloromethane
DEAD
diethyl azodicarboxylate
Dppf
bis(diphenylphosphino)ferrocene
DIPEA
N,N-diisopropylethylamine
DMF
N,N-dimethylformamide
€q
equivalent
ESI
electrospray ionization
Et
ethyl
EtOAc
ethyl acetate
9
gram(s)
HPLC
high-performance liquid chromatography
h
hours
Hz
hertz
J
coupling constant (in NMR spectrometry)
LCMS

liquid chromatography mass spectrometry
LIHMDS
Lithium bis(trimethylsilyl)amide

micro

multiplet (spectral); meter(s); milli
M+



parent molecular ion

Me

methyl
MeCN

acetonitrile
MeOH

methanol
MHz

megahertz
min

minute(s)
mL

milliliter
MS

mass spectrometry
MTBE
Methyl-tert-butyl ether

normal (equivalents per liter)
NaOH

sodium hydroxide
NBS

N-Bromosuccinimide

nm
nanometer(s)
NMR
nuclear magnetic resonance
PE
petroleum ether bp: 60 ~ 90 °C
rt
room temperature
s
singlet (spectral)
t
triplet (spectral)
T
temperature
TEA
triethylamine
TFA
trifluoroacetic acid
THF
tetrahydrofuran

TLC

DK/EP 3865484 T3
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thin layer chromatography
TMS

tetramethylsilane
TMS-CI

trimethylsilyl chloride
Tol

toluene

General experimental methods

[0068] "H NMR spectra were recorded on Bruker Avance |l 400 MHz and Bruker Fourier 300
MHz and TMS was used as an internal standard.

[0069] LCMS was taken on a quadrupole Mass Spectrometer on Agilent LC/MSD 1200 Series
(Column: ODS 2000 (50 x 4.6 mm, 5 um) operating in ES (+) or (-) ionization mode; T = 30 °C;
flow rate = 1.5 mL/min; detected wavelength: 214 nm.

Synthesis of 6-Chloro-pyrazin-2-ylamine (9)

[0070]
CI\[ CINHgH,0 CIn Ny NH:
TRy

9

[0071] A solution of compound 8 (450.0 g, 3.02 mol) in conc. aq. NH3 (3.0 L) was stirred at

135°C overnight in a 10 L sealed pressure vessel. TLC and LC/MS showed complete
conversion of the starting material. The reaction mixture was cooled to room temperature and
filtered to afford a white solid. The solid was washed with water (200 mL x 3), and then dried to
afford compound 9 (312 g, 80% yield) as a solid.

[0072] THNMR (400 MHz, DMSO-d6): 5 7.82 (s, 1 H), 7.12 (s, 1 H), 6.93 (s, 2H). MS Calcd.:
129 MS Found: 130 ([M+H]*).

Svynthesis of 6-Chloro-5-iodo-pvrazin-2-viamine (10)

[0073]
Cla_Nx_-NH3 1€l K;CO:CIN Na~NH2



DK/EP 3865484 T3

ﬂ\ /j MeOH/DCM J|\ /J
N I N
9

10

[0074] To a mixture of compound 9 (312.0 g, 2.4 mol) and KxCO3 (664.0 g, 4.8 mol) in MeOH

(1.0 L) was dropwise added ICI (704.0 g, 4.3 mol in 1.0 L of DCM) over 2 hours at 0°C. Then
the reaction mixture was stirred at room temperature overnight. The reaction was quenched
with Na;SO4 aqueous solution (2M, 1.5 L). The mixture was extracted with DCM (1.0 L x 3).

The combined organic phases were dried over anhydrous Na;SQOy, filtered and concentrated.

The crude product was purified by column chromatography on silica gel (PE/EA = 10/1 to 4/1)
to afford compound 10 (460 g, 75% yield) as a solid.

[0075] "HNMR (400 MHz, DMSO-d6): & 7.68 (s, 1H), 7.07 (s, 2H). MS Calcd.: 255 MS Found:
256 ([M+H]*).

Synthesis of 5-Amino-3-chloro-pyrazine-2-carbonitrile (11)

[0076]

Cl N\ NH5 CuCN Cl
I z DMF150°C I ]/
I N

10

[0077] A mixture of compound 10 (460.0 g, 1.8 mol) and CuCN (177.0 g, 1.98 mol) in DMF
(2.0 L) was stirred on an oil bath at 150°C for 2 hours. LC/MS showed full conversion of the
starting martial. The reaction mixture was cooled to room temperature and poured into EtOAc
(1.5 L). To the resulting mixture was slowly added conc. agq. NH3 (1.0 L), and it was then

extracted with EtOAc (1.0 L x 2). The combined organic phases were washed with H,O (1.5 L
x 5) and brine (1.5 L) and dried over anhydrous Na>SOg4. The organic phase was filtered and
concentrated to afford compound 11 (232 g, 84% yield) as solid.

[0078] "HNMR (400 MHz, DMSO-d6): & 8.12 (s, 2H), 7.88 (s, 1H). MS Calcd.: 154; MS Found:
155 ([M+H]*).

Synthesis of 5-Amino-3-methoxy-pyrazine-2-carbonitrile (12)

[0079]

Cln Ny NH; BuOK
IR G
N N
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" 12

[0080] Potassium tert-butoxide (168.0 g, 1.5 mol) was added in portions into methanol (1.5 L)
in a round-bottom flask. The suspension was refluxed for one hour. Then compound 11 (232.0
g, 1.5 mol) was added under an N, atmosphere. The resulting suspension was refluxed for 1.5

hours. After cooling to room temperature the reaction mixture was concentrated in vacuum and
diluted with water (2.0 L), then extracted with EtOAc (2.0 L x 5). The combined organic phases
were dried with Na>SOy, filtered and concentrated to afford 12 (170 g, 75% yield) as a solid.

[0081] THNMR (300 MHz, DMSO-d6): & 7.69 (s, 2H), 7.51 (s, 1H), 3.89 (s, 3H). MS Calcd.:
150; MS Found: 151 ([M+H]*).

Synthesis of (5-Cyano-6-methoxy-pyrazin-2-yl}-carbamic acid tert-butyl ester (13)

[0082]

e N\ NH, BocAO KZCO?,/ I j/ “Boc
:[ /]/ DMAP DCM

NC” 'N

13

[0083] 4-Dimethylaminopyridine (1.0 g, 0.01 mol) was added into a mixture of compound 12
(120.0 g, 0.8 mol) in DCM (1.5 L) at room temperature. Then di-tert-butyl dicarbonate (327 g,
1.5 mol) in DCM (1.0 L) was added dropwise at 10-20°C for 2 hours. Then the reaction was
stirred at room temperature overnight. The suspension dissolved and the reaction solution was
diluted with 2 L of water. The DCM phase was separated and dried with sodium sulfate, filtered
and concentrated in vacuum. The residue was purified by column chromatography on silica gel
(PE/EtOACc= 10:1) to afford 13 (150 g, 75% yield).

[0084] THNMR (300 MHz, DMSO-d6): & 10.78 (s, 1H), 8.70 (s, 1H), 3.97 (s, 3H), 1.49 (s, 9H).
MS Calcd.; 250; MS Found: 251 ((M+H]*).

Svynthesis of (5-Aminomethyl-6-methoxy-pyrazin-2-yl)-carbamic acid tert-butyl ester (14)

[0085]
H,, Raney-Ni H N. .0

L e S
NH;, MeOH N/ NH2

13 14
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[0086] Raney Ni (10.0 g) was added into a mixture of compound 13 (30.0 g, 120 mmol) in
concentrated NH3 in MeOH (500 mL) at room temperature. The suspension was stirred at

room temperature under 1 atm Hy overnight. The reaction mixture was diluted with a mixture of

DCM/MeOH (1:1). The reaction mixture was filtered and the filtrate was concentrated in
vacuum. The residue was triturated with PE/EtOAc = 2/1 to afford 14 (23 g, 75% yield) as a
solid.

[0087] THNMR (300 MHz, DMSO-d6): 5 8.46 (s, 1H), 3.87 (s, 3H), 3.70 (s, 2H), 3.17 (s, 3H),
1.47 (s, 9H). MS Calcd.: 254; MS Found: 255 ([M+H]*).

Svynthesis of 5-[(4-Fluoro-benzoylamino)-methyl]-6-methoxy-pyrazin-2-yl-carbamic acid
tert-butyl ester (15)

[0088]

Cl
H NN c|3 F
N _N.__O F -
L S
| N
N* NHz  EtsN/DCM N

14 15

[0089] To a solution of compound 14 (4.52 g, 17.86 mmol) in DCM (200 mL) was added TEA
(5.41 g, 58.53 mmol), then 4-fluorobenzoyl chloride (3.4 g, 21.42 mmol) was added dropwise.
The resulting reaction mixture was stirred at room temperature for 2 hours. TLC detected the
reaction was complete. The reaction was quenched with water (100 mL). The organic phase
was separated and the aqueous phase was extracted with DCM (200 mL x 2). The combined
organic phases were dried over anhydrous MgSQy, filtered and concentrated in vacuum. The
residue was purified by column chromatography on silica gel to afford 15 (5.77 g, 85.9% yield)
as a solid.

[0090] "HNMR (400 MHz, DMSO-d6): 5 9.89 (s, 1 H), 8.81 (t, J = 5.6 Hz, 1 H), 8.46 (s, 1 H),
7.94 (m, 2 H), 7.29 (M, 2 H), 4.49 (d, J = 5.6 Hz, 2 H), 3.90 (s, 3 H), 1.47 (s, 9 H). MS Calcd.:

376; MS Found: 377 (IM+H]*).

Svynthesis of N-(5-Amino-3-methoxy-pyrazin-2-ylmethyl)-4-fluoro-benzamide (16)

[0091]
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- N. s N;;\\ .0 ,‘;;i\\v/F TFA HQN\ /N\\\ /O . F
SR R e I N
N g N ~ H L
16 Q

[0092] Compound 15 (5.77 g, 15.33 mmol) was dissolved in DCM (25 mL). TFA (25 mL) was
added. The reaction was stirred at room temperature overnight. TLC detected the reaction was
complete. The solvent was removed. The residue was diluted with DCM (100 mL) and
saturated NaHCOs aqueous solution (100 mL). The organic phase was separated and the
aqueous phase was extracted with DCM (100 mL x 2). The combined organic phases were
dried over anhydrous MgSQy, filtered and concentrated in vacuum. The residue was purified

by column chromatography on silica gel (eluted with PE/EtOAc = 6:1 to 1:1) to afford 16 (3.9 g,
92.2% yield) as a solid.

[0093] THNMR (300 MHz, CDCls): & 7.90-7.85 (m, 2 H), 7.46 (s, 1 H), 7.40 (t, J = 6.0 Hz, 1 H),
7.11 (M, 2 H), 4.60 (d, J = 6.0 Hz, 2 H), 4.37 (s, 2 H), 3.93 (s, 3 H). MS Calcd.: 276; MS Found:
277 (IM+H]*).

Synthesis of 4-Fluoro-N-(5-iodo-3-methoxy-pyrazin-2-ylmethyl)-benzamide (17)

[0094]
|

|
HQN\[N\]i F isoamyl nitrite |\[N]viH F
H
NG N Cul/CH,l, N N
(@]
16 0

17

[0095] Compound 16 (3.9 g, 14.1 mmol) was dissolved in anhydrous THF (100 mL). Cul (2.7
g, 14.1 mmol), then isoamyl nitrite (4.9 g, 42.3 mmol) and CHjl, (3.8 g, 14.1 mmol) were

added under N5 gas atmosphere. The reaction mixture was heated at 75 °C for 3 hours. Then

the reaction was cooled to room temperature and filtered. The filtrate was concentrated in
vacuum. The residue was purified by column chromatography on silica gel (eluted with PE
/EtOAc 5:1) to afford 17 (2.0 g, 37% yield) as a solid.

[0096] THNMR (400 MHz, CDCly): & 8.34 (s, 1 H), 7.88 (m, 2 H), 7.36 (t, J = 4.4 Hz, 1 H), 7.14
(M, 2 H), 4.66 (d, J = 4.4 Hz, 2 H), 4.04 (s, 3 H). MS Calcd.: 387; MS Found: 388 ([M+H]").

Synthesis of 3-(4-Fluoro-phenyl)-6-iodo-8-methoxy-imidazo[1.5-alpyrazine (18)
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[0097]
o

| N C‘) F /L v
T Ry AN N7 SN
U /L H /L /U POCI3 / \\\/IL\/;,N
\N AN \(/ N | \\/L\

Zan

17 © 18 \\>

F

[0098] Compound 17 (1.6 g, 4.13 mmol) was suspended in MeCNCHsCN (50 mL). POCI; (6.3
g, 41.3 mmol) and TEA (1.25 g, 12.39 mmol) was added under N5 gas atmosphere and the

reaction mixture was heated at 85 °C for 6 hours. The solvent was removed under reduced
pressure. The residue was diluted with DCM (100 mL) and ice-water (30 mL). Then saturated
Na,CO3; aqueous solution (100 mL) was added. The organic phase was separated and the
aqueous phase was extracted with DCM (100 mL x 2). The combined organic phases were
dried, filtered and concentrated in vacuum. The residue was purified by column
chromatography on silica gel (eluted with PE/EtOAc = 20:1 to 3:1) to afford 18 (1.5 g, 97.8%
yield) as a solid.

[0099] "HNMR (300 MHz, CDCl3): 5 8.01 (s, 1 H), 7.82 (s, 1 H), 7.77-7.72 (m, 2 H), 7.28-7.23
(m, 2 H), 4.11 (s, 3 H). MS Calcd.: 369; MS Found: 370 ([M+H]*).

Synthesis of 3-(4-Fluoro-phenyl)-8-methoxy-imidazo[1.5-a]lpyrazine-6-carboxylic acid
methyl ester (19)

[0100]
o~ o~
AN COPd(dppCly o | [N

' TEAMeOH  ~
o)
18 80% 19
F F

[0101] To a mixture solution of 18 (4.11 g, 11.13 mmol), Cul (640 mg, 3.34 mmol) and
Pd(dppf)>Cl> (930 mg, 1.11 mmol) in MeOH (100 mL) was added TEA (14 mL). The reaction

mixture was heated to 85°C under a CO atmosphere (3.0 MPa) for 16 hours. The reaction
mixture was allowed to cool to room temperature and concentrated in vacuo to get the crude
product. The residue was purified by column chromatography on silica gel (eluted with
PE/EtOAc = 1:1) to afford 19 (2.3 g, 75% yield) as a solid.
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[0102] "H NMR (400 MHz, CDClg): 5 8.59 (s, 1 H), 7.87 (s, 1 H), 7.78 (m, 2 H), 7.28 (m, 2 H),
4.21 (s, 3 H), 3.96 (s, 3 H). MS Calcd.: 301; MS Found: 302 ([M+H]*).

Synthesis of [3-(4-Fluoro-phenyl)-8-methoxy-imidazo[1.5-a]pyrazin-6-yl]-methanol (20)

[0103]

[0104] A mixture of powered anhydrous CaCl, (4.23 g, 38.15 mmol) and NaBH4 (2.86 g, 76.3
mmol) in THF (100 mL) was stirred at room temperature for 1 hour. A solution of compound 19
(2.3 g, 7.63 mmol) in THF (25 mL) was added and then MeOH (25 mL) was added. The
reaction mixture was stirred at room temperature for 1.5 hours. The mixture reaction was
quenched with water (50 mL). After removing the organic solvent under reduced pressure, the
resulting solution was dissolved in EtOAc (200 mL) and water (50 mL). The separated aqueous
phase was extracted with EtOAc (3 x 100 mL). Then the combined organic phases were
concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (eluted with PE/EtOAc = 2:1) to afford the desired product compound 20 (1.93, 93%
yield) as a solid.

[0105] "H NMR (400 MHz, CDCls): & 7.81 (s, 1H), 7.79-7.74 (m, 3H), 7.25-7.22 (m, 2H), 4.56
(d, J = 4.4 Hz, 2H), 4.11 (s, 3H), 2.41 (t, J = 4.4 Hz, 1H). MS Calcd.: 273; MS Found:
274([M+H]*).

Synthesis of 6-Chloromethyl-3-(4-fluoro-phenyl)-8-methoxy-imidazo[1.5-alpyrazine (21)

[0106]
o~ o~
N/ — N/ =
N _soch N
OH Cl
20 21
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[0107] To a solution of 20 (1.88 g, 6.88 mmol) in dichloromethane (100 mL) was added
dropwise thionyl chloride (4.5 mL) while cooling on an ice-water bath. After the addition, the
mixture was stirred for another 2 hours. The reaction mixture was quenched with ice-water,
washed with brine (20 mL), dried over Na»SO4 and concentrated in vacuo to afford 21 (2.01 g,

100% yield) as a solid.

[0108] "H NMR (400 MHz, CDClg): 8 7.87 (s, 1 H), 7.83-7.79 (m, 3 H), 7.30-7.27 (m, 2 H), 4.50
(s, 2 H), 4.12 (s, 3 H). MS Calcd.: 291; MS Found: 292([M+H]").

Svynthesis of 6-Chloromethyl-3-(4-fluoro-phenyl)-7H-imidazo[1.5-alpyrazin-8-one (22)

[0109]
i
NZ e BBr3 HN™ \T//
/J o N7 //L P N- /,\/
| \ [
Cl N\\\\ Cl /> \\\\
y Wy 'y \;
e \
21 b ;, 22 L\j/
F F

[0110] To a solution of 21 (1.87 g, 6.41 mmol) in MeOH (50 mL) was added 6N aqueous HCI
and the resulting solution was stirred at 70 °C for one hour. The mixture was concentrated to
afford the product 22 (1.60 g, 90% yield) as a white solid.

[0111] "H NMR (300 MHz, DMSO-d6): & 11.29 (s, 1 H), 8.07 (s, 1 H), 7.83-7.87 (m, 2 H), 7.74
(s, 1 H), 7.46-7.50 (m, 2 H), 4.59 (s, 2 H). MS Calcd.: 277; MS Found: 278(M+H]").

Synthesis of 4-(Azetidin-3-yloxy)-pyridine hydrochloride salt (5)

[0112]
OH
,Boc | =
B N7 CIH.HN
Boc\N\j\ N HCI \l
HO DEAD/PPh3
1 4

[0113] To a solution of tert-butyl 3-hydroxyazetidine-1-carboxylate 1 (4.55 g, 26.3 mmol) in
THF (100 mL) was added pyridin-4-ol (2.0 g, 21.0 mmol), PPhs (6.89 g, 26.3 mmol) and DEAD
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(4.57 g, 26.3 mmol). The resulting reaction mixture was stirred at 70 °C overnight. TLC
indicated that the reaction was complete. The reaction mixture was concentrated in vacuum.
The resulting oil was dissolved in 1.0 M aqueous HCI solution (, 20 mL) and extracted with
DCM (50 mL x 3), The combined organic phases were washed with HCI (aq) solution (0.5 M,
150 mL). The aqueous fractions were combined and basified to pH=12 using NaOH (1.0 M)
and extracted with DCM (100 mL x 3) . The combined organic phases were dried over
anhydrous NasSOy, filtered and concentrated in vacuum. The residue was purified by column

chromatography on silica gel to afford to afford 4 (2.81 g, 53% yield) as a solid.

[0114] THNMR (400 MHz, DMSO-d6): & 8.41 (d, J = 6.0 Hz, 2 H), 6.88 (d, J = 6.0 Hz, 2 H),
5.07-5.09 (m, 1 H), 4.32-4.33 (m, 2 H), 3.80-3.82 (m, 2 H), 1.39 (s, 9 H). MS Calcd.: 250; MS

Found: 251 ((M+H]*).

[0115] To a solution of 4 (2.81 g, 11.2 mmol) in Et,O (100 mL) was added HCI in Et;0 (20 mL).

The resulting reaction mixture was stirred at room temperature overnight. TLC indicated that
the reaction was complete. The reaction mixture was filtered and the solid was dried to afford 5
(1.82 g, 87% yield).

[0116] "THNMR (300 MHz, DMSO-d6): & 9.58 (s, 2 H), 8.77-8.79 (m, 2 H), 7.48-7.49 (m, 2 H),
5.40-5.45 (m, 1 H), 4.49-4.51 (m, 2 H), 4.07-4.11 (m, 2 H). MS Calcd.: 150; MS Found: 151

(IM+H]").

Synthesis of reference compound 3-(4-fluorophenyl)-6-({3-(pyridin-4-yloxy)azetidin-1-
yl)methyl)imidazo[1.5-a]Jpyrazin-8(7H)-one (P1)

[0117]

o O
O N
HN)H%\N 5 =N
(&/N 7 e ’)\/N 4
Cl N
- <0

F O F

l/N
P1

[0118] To a mixture of compound 22 (1.5 g, 5.4 mmol) and 5 (1.31 g, 7.0 mmol) in MeCN (100
mL) was added DIPEA (6.96 g, 5.4 mmol). The reaction mixture was heated and refluxed
overnight. The solvent was removed in vacuum. The residue was purified by flash column
chromatography on reverse phase silica gel (eluted by 5%-95% MeCN in water) to afford
desired product P1 (1.28 g, 62% yield) as a solid.

[0119] "H NMR (400 MHz, DMSO-d6): & 10.7 (s, 1H), 8.37 (d, J = 6.0 Hz, 2H), 7.85 (s, 1H),
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7.85-7.82 (m, 2H), 7.42 (m, 2H), 7.34 (s, 1H), 6.86 (d, J = 6.0 Hz, 2H), 4.93 (m, 1H), 3.88-3.77
(m, 2H), 3.42 (s, 2H), 3.18-3.14 (m, 2H). MS Calcd.:391; MS Found: 392 ([M+H]").

Svynthesis of (6-Methoxy-5-{[{tetrahydro-pyran-4-carbonyl)-aminol-methyl}-pyrazin-2-yl}-
carbamic acid tert-butyl ester (23)

[0120]

O/‘k \O

N ~

\[ L TEA DCM O N~ -BoC
N

H
14 23

[0121] To a solution of compound 14 (28.4 g, 0.11 mol) in DCM (200 mL) was added TEA (49
mL, 0.34 mol), then tetrahydropyran-4-carbonyl chloride (17.5 g, 0.13 mol) was added
dropwise. The resulting reaction mixture was stirred at room temperature overnight. TLC
indicated that the reaction was complete. The reaction was quenched with water (100 mL).
The organic phase was separated and the aqueous phase was extracted with DCM (200 mL x
2). The combined organic phases were dried over anhydrous NaxSQy4, filtered and

concentrated in vacuum. The residue was purified by column chromatography on silica gel
(PE/EA = 5/1 to 1/3) to afford 23 (31 g, 75% yield) as a solid.

[0122] 'H NMR (DMSO-d6, 400 MHz): 5 9.89 (s, 1H), 8.47 (s, 1H), 8.10-8.07 (t, J = 5.2 Hz,
1H), 4.29-4.28 (d, J = 5.2 Hz, 2H), 3.87 (s, 3H), 3.85-3.82 (m, 2H), 3.32-3.25 (m, 2H), 2.45-

2.43 (m, 1H), 1.60-1.55 (m, 4H), 1.48 (s, 9H). MS Calcd.: 366; MS Found: 367 ([M+H]*).

ylmethyl)-amide (24)

[0123]
(H) \C" o) e
(/,\\1 \H - ‘ /;\\‘N TFA P /H\ N o /:///J\\ N
o Mo Bee ooy O TR T
H g 7 NH2
23 24

[0124] Compound 23 (19.0 g, 0.08 mol) was dissolved in DCM (100 mL). TFA (100 mL) was
added. The reaction was stirred at room temperature overnight. TLC indicated that the
reaction was complete. The solvent was removed. The residue was diluted with DCM (100 mL)
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and saturated NaHCOs aqueous solution (100 mL). The aqueous phase was extracted with
DCM (100 mL x 2). The combined organic phases were dried over anhydrous Na;SQOy, filtered

and concentrated in vacuum. The residue was purified by column chromatography on silica gel
(PE/EA = 6/1 to 1/1) to afford 24 (19 g, 85% yield) as a solid.

[0125] "H NMR (DMSO-d6, 400 MHz): 5 7.87 (t, J = 4.8 Hz, 1H), 7.36 (s, 1H), 6.26 (br. s, 2H),
416 (d, J = 4.8 Hz, 2H), 3.86-3.82 (m, 2H), 3.80 (s, 3H), 3.30-3.24 (m, 2H), 2.41 (m, 1H),

1.59-1.54 (m, 4H). MS Calcd.: 266; MS Found: 267 ([M+H]").

Svynthesis of Tetrahydropyran-4-carboxylic acid (5-iodo-3-methoxy-pyrazin-2-ylmethyl)-

amide (25)

[0126]
0 ~o 0 ~o
H/\)\N Isoamylnitrile ”/-ﬁ)\N
0 N A gy CUliCHl, O NEN
2 THF, reflux
24 25

[0127] To a mixture of compound 24 (15.5g, 58.4 mmol), CHsl> (23.5, 87.6 mmol) and iscamyl
nitrite (23.9 g, 204 mmol) in THF (600 mL) was added Cul (11.3 g, 39.6 mmol) under an N

atmosphere. The reaction mixture was stirred at 80 °C for 7 hours. The precipitate was filtered.
The filtrate was concentrated and purified by column chromatography (MeOH/DCM = 1/20) to
get crude product, then purified by flash column chromatography on reverse phase silica gel
(eluted by 5%-95% MeCN in water) to afford desired product compound 25 (4.5 g, 20% yield)
as a solid.

[0128] "H NMR (DMSO-d6, 300 MHz): 5 8.41 (s, 1H), 8.16 (t, J = 5.4 Hz, 1H), 4.28 (d, J = 5.4
Hz, 2H), 3.92 (s, 3H), 3.87-3.81 (m, 2H), 3.30-3.24 (m, 2H), 2.49 (m, 1H), 1.60-1.56 (m, 4H).

MS Calcd.; 377 MS Found: 378 ([M+H]").

Synthesis of 6-lodo-8-methoxy-3-(tetrahydro-pyran-4-yl)-imidazo[1.5-a]pyrazine (26)

[0129]

~

0
0 ~o -

NQ\/\
N
N/\%\N POCI; TEA I)\/N p
o H N§)\| MeCN, reflux

25 26 0o
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[0130] To a solution of compound 25 (4.5 g, 16.9 mmol) in MeCN (100 mL) was added POCI3
(18 g, 118 mmol). The reaction was stirred at reflux overnight under an N, atmosphere. The

solvent was removed under reduced pressure. The residue was treated with ice water (30 mL)
and DCM (150 mL). The pH was adjusted to 7-8 by saturated Na;CO3 solution. The separated

aqueous phase was extracted with DCM (100 mL x 4). The combined organic phases were
concentrated under reduced pressure to afford desired 26 (4.2g, 99% yield) as a solid.

[0131] "H NMR (DMSO-d6, 400 MHz): 5 8.46 (s, 1H), 7.64 (s, 1H), 3.98 (s, 3H), 3.94 (m, 2H),
3.53-3.47 (m, 3H), 1.81-1.77 (m, 4H). MS Calcd.: 359; MS Found: 360 ([M+H]*).

Synthesis of 8-Methoxy-3-(tetrahydro-pyran-4-yl)-imidazo[1,5-a]pyrazine-6-carboxylic
acid methyl ester (27)

[0132]
\\\O ‘\o
] P
N7 N N™ ==
L NN comeon o i L \{,;/N
U ——— T
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26 O 27

[0133] To a suspension of compound 26 (4.2 g, 11.7 mmol) in MeOH (100 mL) was added Cul
(0.7 g, 3.0 mmol), Pd(dppf)2Cl> (1.0 g, 1.17 mmol) and TEA (16 mL). The reaction mixture was

stirred on an oil bath set at 85 °C for 16 hours under a CO atmosphere (3 MPa). The
precipitate was filtered and the filtrate was evaporated under reduced pressure. The residue
was purified by column chromatography (eluted by EtOAc/PE = 2/1 to MeOH/DCM = 1/20) to
afford desired 27 (2.7g, 80% yield) as a solid.

[0134] "H NMR (CDCl, 400 MHz): & 8.32 (s, 1H), 7.70 (s, 1H), 4.17 (s, 3H), 4.14 (m, 2H), 3.98
(s, 3H), 3.66 - 3.60 (m, 2H), 3.31- 3.26 (m, 1H), 2.17 -2.13 (m, 2H), 1.93 (m, 2H). MS Calcd.:
291; MS Found: 292 ([M+H]*).

Synthesis of [8-Methoxy-3-(tetrahydro-pyran-4-yl)-imidazo[1.5-a]pyrazin-6-yl]-methanol

(28)

[0135

\)H o
o

N { THE o e {
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[0136] A mixture of powered anhydrous CaCl, (2.4 g, 21.5 mmol) and NaBH4 (1.6 g, 42.9

mmol) was stirred in THF (100 mL) for 1 hour at rt. A solution of compound 27 (2.4 g, 4.29
mmol) in THF (25 mL) was added and then MeOH (25 mL) was added. The reaction mixture
was stirred at room temperature for 1.5 hours. The mixture reaction was quenched with water
(50 mL). After removing the organic solvent under reduced pressure, the residue was
partitioned between EtOAc (200 mL) and water (50 mL). The separated aqueous phase was
extracted with EtOAc (100 x 3 mL). Then the combined organic phases were concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel
(eluted by DCM/MeOH = 100/1 to 30/1) to afford the desired product compound 28 as a solid
(1.87, 80% yield).

[0137] "H NMR (CDCls, 400 MHz): 8 7.65 (s, 1H), 7.43 (s, 1H), 4.58(s, 2H), 4.13 (d, J = 12.0
Hz, 2H), 4.07 (s, 3H), 3.60 (dd, J = 10.4 Hz, 10.8 Hz, 2H), 3.24-3.17 (m, 1H), 2.60 (m, 1H),
2.18 -2.06 (m, 2H ), 1.90 (d, J =12.8 Hz, 2H). MS Calcd.: 263; MS Found: 264 ([M+H]").

[0138]
~ \‘O @]
9 ° S
P NEE I h
N7 = Y Hel ‘ N
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A Ny TR \
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OH S ¢ \ { y
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28 g 29 O 30

[0139] To a solution of compound 28 (1.9 g, 7.11 mmol) in DCM (100 mL) was added SOCI5 (5

mL) at 0°C, then the reaction mixture was stirred at room temperature for 5 hours. TLC and
LC-MS showed that the starting martial had been consumed. Then the mixture solution was
concentrated and the residue was dissolved in HCI (aq.) solution (6N, 20 mL). The mixture
reaction was stirred at room temperature for 10 minutes. The reaction mixture was then
concentrated under reduced pressure to afford the desired product compound 29 (1.90 g, 95%
yield) as a solid.

[0140] "H NMR (DMSO-d6, 300 MHz): 5 11.49 (s, 1H), 8.28 (s, 1H), 8.00 (s, 1H), 4.55 (s, 2H),
3.97 (dd, J = 2.4 Hz, 2.8 Hz, 2H), 3.53-3.43 (m, 3H), 1.95-1.81 (m, 4H). MS Calcd.: 267 MS

Found: 268 ([M+H]*).
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Synthesis of 3-(azetidin-3-yloxy)-pyridine hydrochloride (7)

[0141]
OH
0c é el
N =N Boc. HCI HN
N —
HO):‘ DEAD/PPh3 \3\ /G \10/@
1 6

[0142] Compound 7 was prepared by a similar procedure to the one employed for the
preparation of amine 5.

[0143] Analytical data for 7: 'TH NMR ((DMSO-dg, 400 MHz): 5 9.73 (br d, 2H), 8.55 (d, J = 2.4
Hz, 2H), 8.47 (d, J = 4.4 Hz, 2H), 7.88-7.75 (m, 2H), 5.28 (t, J = 5.6 Hz, 1H), 4.50-4.43 (m,
2H), 4.08-4.00 (m, 2H). MS Calcd.: 150, MS Found: 151 ((M+H]*).

Synthesis of reference compound 6-[3-(pyridin-3-yloxy)-azetidin-1-ylmethyl]-3-
(tetrahydropyran-4-yl)-7H-imidazo[1.5-a]pyrazin-8-one (P2)

[0144]
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[0145] To a mixture of compound 30 (550 mg, 2.05 mmol) and 7 (500 mg, 2.67 mmol) in
MeCN (200mL) was added DIPEA (2.7 g, 20.5 mmol). The reaction mixture was refluxed
overnight. The solvent was removed in vacuum. The crude product was purified by flash
column chromatography on reverse phase silica gel (eluted by 5%-95% MeCN in water) to
afford desired product P2 (360 mg, 46% yield) as a solid.

[0146] "H NMR (CDClz, 300 MHz): 5 8.26 (d, J = 4.0 Hz 1H), 8.22 (s, 1H), 8.20 (d, J = 2.8 Hz,
1H), 7.91 (s, 1H), 7.24-7.21 (m, 1H), 7.07 (d, J = 2.8 Hz, 1H), 6.79 (s,1H), 4.86 (m, 1H), 4.13
(m, 2H), 3.89 (t, J = 7.6 Hz, 2H), 3.57 (m, 2H), 3.50 (s, 2H), 3.28 (dd, J = 2.4 Hz, 6.8 Hz, 2H),

3.10-30.6 (m, 1H), 2.14-2.08 (m, 2H), 1.87 (m, 2H). MS Calcd.:381; MS Found: 382 ([M+H]").
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Svynthesis of 3H-imidazole-4-carboxylic acid methyl ester (32)

[0147]
o MeOH Q
~
HO/“\Tgﬁ\N HySO, O/ﬂ\ﬁ’ﬁ\N
HN—Z HN—
31 32

[0148] To a solution of compound 31 (25 g, 0.22 mol) in MeOH (300 mL) was added H>SO4
(24 mL). The mixture was stirred at reflux for 18 hours. Then pH of the reaction solution was
adjusted to ~7. The reaction mixture was concentrated in vacuo. The residue was dissolved in
100 ml of MeOH and stirred at room temperature for 15 minutes. The mixture solution was
filtered and the filtrate was concentrated to afford the crude 32 (28 g, 100% vyield) as a solid,
which was used for next step without further purification.

[0149] "H NMR (400 MHz, DMSO-dg): 5 7.80 (s, 2H), 3.57 (s, 3H).

Svynthesis of 3H-imidazole-4-carboxylic acid methyl ester (33)

[0150]
o O Br
- NBS ~o0 A\
O TN HN~%
HN—Z
32 a3 B

[0151] To a solution of compound 32 (22 g, 0.18 mol) in MeCN (500 mL) was added NBS (66
g, 0.37 mol). The mixture was stirred at 70°C for 4 hours. The reaction mixture was
concentrated in vacuo. The crude product was purified by column chromatography on silica gel
(eluting with PE/EtOAc = 5:1 to1:1) to afford compound 33 (20 g, 40% yield) as a solid.

[0152] "H NMR (400 MHz, DMSO-dg): & 14.35 (br, 1H), 3.81 (s, 3H).

Svynthesis of racemic trans-1-benzyl-4-methyl-pyrrolidine-3-carboxylic acid ethyl ester

(39)

[0153]
. . T ~
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[0154] To a solution of 34 (69 g, 0.29 mol) in toluene was added but-2-enoic acid ethyl ester
(50 g, 0.44 mol) and TFA (25 mL, 0.32 mol). The resulting solution was stirred at 50 °C under
N> overnight. To the reaction mixture was added saturated aqueousNaHCOs solution (300

mL), and the aqueous phase was extracted with EtOAc (500 mL x 3). The combined organic
layers were washed with brine (300 mL), dried over Na>SQy, filtered and concentrated in

vacuo. The crude product was purified by flash chromatography (PE/EA=20:1 to 6:1) to afford
the desired racemic frans product 35 (41 g, 57% yield) as an oil.

Svynthesis of (S.S)-trans-1-benzyl-4-methyl-pvrrolidine-3-carboxylic acid ethyl ester

(S.5)-(35)

[0155]
N:j/ (+)-0,0-Dibenzoyl-D-tartaric acid N:]/
o viea
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R :
Rac-35 (S,9)-35

[0156] To a solution of Rac-35 (37 g, 0.15 mol) in 4-methyl-2-pentanone was added (-)-
dibenzoyl-L-tartaric acid (34.78 g, 0.65eq.) and the resulting reaction mixture was heated to
72°C for 1 hr after which it was allowed to cool to RT where it was maintained for 4 hrs. The
resulting solid was filtered off and the filtrate was washed with conc. aq. sodium carbonate (55
mL). The aqueous phase was extracted with 4-methyl-2-pentanone (15 mL) and the combined
organic phases were washed with brine (40 mL). The organic phase was then treated with (+)-
dibenzoyl-D-tartaric acid (32.16 g) and heated to 72°C for 1 hr. The reaction mixture was
cooled to RT and maintained at this temperature for 4 hrs. The solid was filtered off and dried
on the filter. The solid was then recrystallized by adding a mixture of MTBE-MeOH (2:1, 270
mL), heating to 70°C for 1 hr and allowing the product to precipitate at RT for 4 hrs. The
resulting solid was filtered off, washed with MTBE and dried. Two more recrystallization
following the same procedure afforded the pure product as a (+)-dibenzoyl-D-tartaric acid salt
(> 98% ee with based on the isolated free base).

[0157] The free base was liberated by the following procedure: the filtered solid was
partitioned between MTBE (250 mL) and conc. aq. sodium carbonate (250 mL) and the
aqueous phase was extracted with MTBE (125 mL). The combined organic phases were
washed with water (250 mL) and brine (50 mL) and evaporated to give the product as a clear
oil (13.79 g, 0.056 mol) as a clear oil.
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Svynthesis of racemic trans-4-methyl-pyrrolidine-1.3-dicarboxylic acid 1-tert-butyl ester
3-methyl ester rac-(36)

[0158]

N(j/ Boc,O 0
O Ty pae N
o 2 Boc” O

35 36

[0159] To a solution of 35 (41 g, 0.17 mol)and BocyO (43 g, 0.20 mol) in EtOH (500 mL) was
added Pd/C (5%, 10.0 g). The reaction mixture was stirred at 50 °C for 48 hours under an
atmosphere of Hy (50 Psi). The reaction mixture was filtered and concentrated in vacuo. The

crude product was purified by flash chromatography (PE/EA=20/1) to afford the desired
racemic frans 36 (20 g, 46% yield) as an oil.

Synthesis of (S.S)- trans-4-methyl-pyrrolidine-1.3-dicarboxylic acid 1-tert-butyl ester
(S.S)-(37) via (S.S)-trans-4-methyl-pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-
methyl ester (S.S)-(36

[0160]
0]
NO/ Boc O (O NaOH OJ,,,"
...,,1,,0\/ m’ i - — /[\/ -Boc
o} 2 Bac’ 0
(5,5)-35 (5.5)-36 (5,9)-37

[0161] A solution of (S,S)-35 (12.80 g, 51.8 mmol) and Boc,O (13.57 g, 1.2 eq) in EtOH (150

mL) was placed in an autoclave under N2-protective atmosphere and Pd/C (5%, 2.56 g) was
added. The reaction mixture was hydrogenated with stirring at 45-50°C at 15-20 Bar Hj

pressure until no more hydrogen was absorbed (48 hrs). The reaction mixture was cooled to
RT and filtered, and the filter was washed with EtOH (50 mL). The filirate was evaporated at
<45°C to about 25 mL. Water (10 mL) and NaOH solution (2 mL) was added and the resulting
reaction mixture was stirred at RT for 2 hrs (GC analysis showed complete disappearance of
the starting material at this point). Water (125 mL) was added and the resulting mixture was
extracted with MTBE (2 x 50 mL). The aqueous phase was treated with 2N HCI solution to
achieve a pH value of 3-4 (ca. 25 mL) and the resulting solution was extracted with MTBE (2 x
150 mL). The combined organic extracts were washed with brine (50 mL) and evaporated to
about 20 mL. n-Heptane (40 mL) was added and the resulting reaction mixture was left at 0°C
for 2 hrs after which the solid was filtered off and dried to give the product (S,S)-37 as a solid
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(9.48 g, 41.7 mmol). The ee at this step was determined to 97.5%. This material had identical
NMR and LC/MS properties to rac-37 described below.

Synthesis of (S.S)- trans-4-methyl-pyrrolidine-1.3-dicarboxylic _acid 1-tert-butyl ester
(S,S)-(37) via (S,S)-trans-4-methyl-pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-
methyl ester (S.S)-(36)

[0162]
0]
N:j/ Boc,O Cg (O NaOH OJ"" 5
2 O - " A -Boc
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[0163] A solution of (S,S)-35 (12.80 g, 51.8 mmol) and Boc,O (13.57 g, 1.2 eq) in EtOH (150

mL) was placed in an autoclave under N2-protective atmosphere and Pd/C (5%, 2.56 g) was
added. The reaction mixture was hydrogenated with stirring at 45-50°C at 15-20 Bar Hj

pressure until no more hydrogen was absorbed (48 hrs). The reaction mixture was cooled to
RT and filtered, and the filter was washed with EtOH (50 mL). The filirate was evaporated at
<45°C to about 25 mL. Water (10 mL) and NaOH solution (2 mL) was added and the resulting
reaction mixture was stirred at RT for 2 hrs (GC analysis showed complete disappearance of
the starting material at this point). Water (125 mL) was added and the resulting mixture was
extracted with MTBE (2 x 50 mL). The aqueous phase was treated with 2N HCI solution to
achieve a pH value of 3-4 (ca. 25 mL) and the resulting solution was extracted with MTBE (2 x
150 mL). The combined organic extracts were washed with brine (50 mL) and evaporated to
about 20 mL. n-Heptane (40 mL) was added and the resulting reaction mixture was left at 0°C
for 2 hrs after which the solid was filtered off and dried to give the product (S,S)-37 as a solid
(9.48 g, 41.7 mmol). The ee at this step was determined to 97.5%. This material had identical
NMR and LC/MS properties to rac-37 described below.

Synthesis of racemic trans-4-methyl-pyrrolidine-1.3-dicarboxylic acid 71-tert-butyl ester

(37)

[0164]
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[0165] A solution of compound 36 (10.0 g, 39.1 mmol), NaOH (3.10 g, 78.2 mmol) in
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methanol/H,O (50/5 mL) was stirred at room temperature for 2 hours. The reaction mixture

was concentrated and extracted with EA (150 mL). The aqueous phase was acidified by 2 M
HCl at 0 °C to pH ~5 and extracted with EtOAc (150 mL x 3). The combined organic layers
were washed with brine, dried and concentrated to afford compound 37 (8.0 g, 90%) as an oil.

[0166] "H NMR (400 MHz, DMSO-dg): & 12.43 (s, 1H), 3.55-3.51 (m, 2H), 3.47-3.27 (m, 1H),
2.85-2.78 (m, 1H), 2.63-2.57 (m, 1H), 2.34-2.28 (m, 1H), 1.55 (s, 9H), 1.03 (d, J = 4.8 Hz, 3H).

Svnthesis of (S.S)-trans-3-acetyl-4-methyl-pyrrolidine-1-carboxylic _acid tert-butyl ester

(S.5)-(39) via (S,S)-trans-3-(methoxy-methyl-carbamoyl)-4-methyl-pyrrolidine-1-
carboxylic acid tert-butyl ester (S,S)-(38)

[0167]
0. O
Boc-N:j/ TN Ly MeMgBr
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Boc
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[0168] To a solution of (S,S)-37 (5.0 g, 22.0 mmol) in DCM (50 mL) was added CDI (4.25 g,
1.2 eq) over 10 mins while keeping the temperature below 5°C throughout. The reaction
mixture was stirred for 1 hr after which N,O-dimethylhydroxylamine hydrochloride (3.0 g, 1.4
eq) was added in small portions over about 10 mins keeping the temperature below 5°C. The
reaction was then allowed to warm to room temperature and stirred for 12 hrs at which the
starting material had been fully consumed. Water (50 mL) was added, the phases were
separated and the aq phase was extracted with DCM (35 mL). The combined organic phases
were washed with water (50 mL) and concentrated to about 5 mL. THF (20 mL) was added
and the resulting solution was evaporated to dryness and dried in high vacuum. Dry THF (50
mL) was added, the solution was cooled to 0°C and MeMgClI (3 M, 11.35 mL, 1.5 eq) was
added dropwise under an N, atmosphere over 30 mins making sure to maintain the

temperature below 5°C. The reaction mixture was then heated to RT and stirred for 2 hrs (at
this point the Weinreb amide had been completely converted). Saturated aq. ammonium
chloride (50 mL) was added dropwise below 25°C to quench the reaction and the resulting
reaction mixture was extracted with EtOAc (2 x 50 mL), and the combined organic extracts
were washed with brine (50 mL) and evaporated to about 5 mL. THF (25 mL) was added and
the resulting solution was evaporated to dryness in vacuo to give the product (S,S)-39 as an oil
(4.91 g, 21.6 mmol) in about 98% ee. All spectral properties were identical to those of rac-39.

Synthesis of racemic trans-3-(methoxy-methyl-carbamoyl)-4-methyl-pyrrolidine 1-
carboxylic acid tert-butyl ester (38)
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[0170] To a solution of 37 (8.0 g, 34.9 mmol) and O,N-dimethyl-hydroxylamine (4.0 g, 41.9
mmol) in DCM (50 mL) was added CDI (6.8 g, 41.9 mmol). The mixture reaction was stirred at
20 °C for 18 hours. To the mixture solution was added water (100 mL) and extracted with DCM
(100 mL x 3). The combined organic layers were washed with brine (30 mL), dried and
concentrated in vacuo. The crude product was purified by flash chromatography
(PE/EtOAc=20/1) to afford racemic trans 38 (8.0 g, 84% yield) as an oil.

[0171] "H NMR (400 MHz, DMSO-dg): & 3.68 (s, 3H), 3.60-3.48 (m, 2H), 3.20-3.05 (m, 5H),
2.84-2.73 (m, 1H), 2.40-2.32 (m, 1H), 1.39 (s, 9H), 0.96 (d, J = 4.8 Hz, 3H).

Synthesis of racemic trans-3-acetyl-4-methyl-pyrrolidine-1-carboxylic _acid tert-butyl

ester (39)

[0172]
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[0173] To a solution of 38 (8.0 g, 29.4 mmol) in THF (60 mL) was added MeMgBr (3.0 M, 13
mL, 38.2 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 2 hours. The
mixture reaction was quenched with saturated NH4CIl aqueous solution (200 mL) and extracted

with EtOAc (300 mL x 3). The combined organic layers were washed with brine, dried and
concentrated in vacuo. The crude product was purified by flash chromatography
(PE/EtOAc=10/1) to afford the desired racemic trans 39 (6.0 g, 94% yield) as an oil.

[0174] "H NMR (400 MHz, DMSO-dg): & 3.66-3.51 (m, 1H), 3.49-3.39 (m, 1H), 3.34-3.24 (m,
1H), 2.88-2.79 (m, 2H), 2.34-2.30 (m, 1H), 2.15 (s, 3H), 1.36 (s, 9H), 1.02-1.00 (m, 3H).

Synthesis racemic trans-3-(2-bromo-acetyl)-4-methyl-pyrrolidine-1-carboxylic acid tert-
butyl ester (40)
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[0175]
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[0176] A solution of LIHMDS (1M in THF, 40 mL, 40 mmol) was added to the solution of 39 (6.0
g, 26.4 mmol) in THF (100 mL) under an N atmosphere at -78 °C. The reaction mixture was

stirred at this temperature for one hour. Then TMSCI (10 mL, 26.4 mmol) was added dropwise
at -78 °C and the reaction temperature was raised to 0 °C. After one hour, PhMesNBrs (11.0 g,
29.1 mmol) was added at 0 °C. The mixture reaction was stirred for another an hour, then
stirred at room temperature overnight. The reaction was quenched with water (200 mL) and
extracted with EtOAc (250 mL x 3). The combined organic layers were washed with brine,
dried and concentrated in vacuo. The crude product was purified by flash chromatography
(PE/EtOAc=10/1) to afford the desired racemic trans 40 (4.5 g, 56 % yield) as an oil.

[0177] "H NMR (400 MHz, CDCly): & 4.05 (s, 2H), 3.69-3.50 (m, 2H), 3.36-3.30 (m, 1H), 3.04-
2.86 (m, 2H), 2.51-2.43 (m, 1H), 1.39 (s, 9H), 1.10-1.05 (m, 3H).

butyl ester (S.S)-(40)

[0178]
WQ”D.S
Boc-Nj 0 ——— Boc- Na/
T
(5.9)-39

(S.5)-40

[0179] A solution of LIHMDS (1M in THF, 21.12 mL, 21.12 mmol) was added dropwise to a
solution of (S,5)-39 (3.96 g, 17.4 mmol) in THF (50 mL) under an N, atmosphere at - 78°C.

The reaction mixture was stirred at this temperature for one hour. Then TMSBr (6.43 g, 42
mmol) was added dropwise at -78 °C and the reaction temperature was allowed to warm to 0
°C. After one hour NBS (2.76 g, 15.5 mmol) was added in small portions at 0 °C. TLC showed
that all starting material had been consumed. Water (20 mL) was added dropwise keeping the
temperature at RT and the resulting reaction mixture was stirred for 30 mins. The phases were
separated and the aq phase was extracted with MTBE (2 x 15 mL). The combined organic
phases were washed with brine, dried and concentrated in vacuo. The residue was redissolved
in MTBE (25 mL), washed with water (3 x 10 mL) and brine (10 mL), and concentrated in
vacuo to give the product as an oil which could be purified by flash chromatography
(PE/EtOAc=10/1) to afford the desired (S,S)-40 (6.4 g, 20.9 mmol) as an oil.
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Synthesis of racemic trans-2.5-dibromo-3-[2-(1-tert-butoxycarbonyl-4-methyl-pyrrolidin-
3-yl)-2-oxo-ethyl]-3H-imidazole-4-carboxylic acid methyl ester (41)

[0180]

N Br
Br 33 O/[S%
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[0181] To a solution of 33 (4.1 g, 14.7 mmol) in DMF (30 mL) was added K,CO3; (5.8 g, 42.5

mmol). After stirring for 15 minutes, compound 40 (4.5 g, 14.7 mmol) was added to the
reaction mixture. The reaction was stirred at room temperature for 5 hours. The reaction
mixture was diluted with EtOAc (200 mL), washed with brine (200 mL x 2). Then the organic
phase was dried (Na>SOy), filtered and concentrated in vacuo. The residue was purified by
column chromatography (PE/EtOAc=10/0~3/1) to afford racemic trans 41 (3.0 g, 40 % yield) as
a solid.

[0182] 'H NMR (400 MHz, DMSO-dg): & 5.41 (s, 2H), 3.78 (s, 3H), 3.68-3.66 (m, 1H), 3.48-

3.45 (m, 1H), 3.34-3.31 (m, 1H), 3.20-3.25 (m, 1H), 2.92-2.87 (m, 1H), 2.50-2.46 (m, 1H), 1.36
(s, 9H), 1.07 (m, 3H).

Svynthesis of (S.S)-trans-2.5-dibromo-3-[2-(1-terf-butoxycarbonyl-4-methyl-pyrrolidin-3-
yl)-2-oxo-ethyl]-3H-imidazole-4-carboxylic acid methyl ester (S,S)-(41)

[0183]
(0]
Br 33 \OJS%(Br
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[0184] To a solution of 33 (2.78 g, 9.79 mmol) in NMP (30 mL) was added Na,COj; (3.11 g,

26.2 mmol). After stirring for 15 minutes, compound (S,S)-40 (4.5 g, 14.7 mmol) was added to
the reaction mixture. The reaction was stirred at room temperature for 5 hours. The reaction
mixture was diluted with EtOAc (200 mL), washed with brine (200 mL x 2). Then the organic
phase was dried (Na;SOy), filtered and concentrated in vacuo. The residue was purified by

column chromatography (PE/EtOAc=10/0-3/1) to give the product as a crude solid which was
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recrystallized from 2-propanol/n-heptane to give (S,S)-41 (3.03 g, 40 % yield) as a solid. The
ee of the material at this stage was determined to be above 99%. All spectral data were
identical to those of rac-41.

Synthesis of racemic trans-3-(1,3-dibromo-8-o0x0-7,8-dihydro-imidazo[1.,5-a]pyrazin-6-
yl)-4-methyl-pyrrolidine-1-carboxylic acid tert-butyl ester (42)

[0185]

N Br
0&4 A
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N\fN 130°C 2}&'\'\/{
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[0186] To a solution of 41 (3.0 g, 5.89 mmol) in MeOH (150 mL) was added NHaOAc (9.07 g,
117.8 mmol). The reaction mixture was heated to 130 °C in a pressure vessel for 15 hours.
The reaction mixture was filtered and concentrated to get the crude product. The residue was
purified by column chromatography (DCM/MeOH=100/1~10/1) to afford racemic frans 42 (2.2
g, 80 % yield) as a solid.

[0187] 'H NMR (400 MHz, DMSO-dg): & 10.98 (br. s, 1H), 7.10 (s, 1H), 3.63-3.54 (m, 2H),
3.39-3.34 (m, 1H), 2.84-2.77 (m, 2H), 2.50 (m, 1H), 1.41 (s, 9H), 0.96 (m, 3H).

methyl-pyrrolidine-1-carboxylic acid fert-butyl ester (S,S)-(42)

[0188]
\OJOS,(Br
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N
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[0189] To a solution of (S,S)-41 (3.03 g, 5.9 mmol) in 2-propanol (20 mL) was added NH4OAc

(9.18 g, 118 mmol). The reaction mixture was heated at 105-110°C for 12 hrs after which it
was poured into water (60 mL) with stirring and left for two hrs. The reaction mixture was
fitered and concentrated to get the crude product. The residue was purified by column
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chromatography (DCM/MeOH=100/1~10/1) and evaporated to afford (S,S)-42 (2.1 g, 4.4
mmol) as a solid. The material was determined to have 99.3% ee and similar spectral
properties to those of rac-42.

Synthesis of racemic trans-3-[1-bromo-3-(3,6-dihydro-2H-pyran-4-yl)-8-oxo0-7,8-dihydro-
imidazo[1.5-a]pyrazin-6-yl]-4-methyl-pyrrolidine-1-carboxylic acid tert-butyl ester (43)

[0190]
Br

/ : \\N/
\\N/ éj

Boc 42

[0191] To a mixture of compound 42 (2.2 g, 462 mmol) and 4-(4,4,55-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyran (1.1g, 5.08 mmol) in THF (200 mL) was added
potassium phosphate (2.7 g, 13.86 mmol). The reaction mixture was degassed by purging with
N, for 5 min, before Pdy(dba); (0.8 g, 0.92 mmol) and Xanthphos (1.0 g, 1.84 mmol) were
added to the mixture. The resulting suspension was degassed with N5 for 10 minutes. Then
the mixture reaction was heated to 80 °C under an N2 atmosphere for 15 hours. After cooling
to room temperature, the reaction mixture was diluted with EtOAc (250 mL) and the precipitate
was filtered off. The filtrate was concentrated. The crude residue was purified by column
chromatography on silica gel (eluting with EtOAc) to afford 43 (1.3 g, 60% yield) as a solid.

[0192] "H NMR (400 MHz, DMSO-dg)- 5 10.80 (m, 1H), 7.34 (s, 1H), 6.42 (s, 1H), 4.30-4.29
(m, 2H), 3.92-3.80 (M, 2H), 3.63-3.33 (m, 4H), 2.87-2.71 (m, 2H), 2.50 (m, 1H), 1.41 (s, 9H),
0.95 (m, 3H)

Svnthe3|s of (S, S) trans-3-[1-bromo-3- (3 6-dihydro-2H- pvran-4-v|) 8-0x0-7,8-dihydro-
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[0194] To a mixture of compound (S,5)-42 (2.11 g, 4.42 mmol) and 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyran (0.975g, 4.64 mmol) in 1,4-Dioxane (40 mL)
and water (10 mL) was added potassium phosphate (2.57 g, 12.2 mmol). The reaction mixture
was degassed by purging with N, for 5 min, before Pdy(dba); (0.8 g, 0.9 mmol) and Xanthphos

(1.0 g, 1.8 mmol) were added to the mixture. The resulting suspension was degassed with N5

for 10 minutes. Then the mixture reaction was heated to 80 °C under an N2 atmosphere for 15
hours. After cooling to room temperature, the reaction mixture was diluted with EtOAc (250
mL) and the solid was removed by filtration through Celite. The filtrate was concentrated. The
crude residue was purified by column chromatography on silica gel (eluting with EtOAc) to
afford 43 (1.4 g, 2.92 mmol) as a solid. The material has an ee above 99% at this stage.

Synthesis of racemic trans-3-methyl-4-[8-ox0-3-(tetrahydro-pyran-4-yl)-7.8-dihydro-
imidazo[1,5-a]pyrazin-6-yl]-pyrrolidine-1-carboxylic acid tert-butyl ester (44)

[0195]
o Br o]
HN == HN ==
N
N N N
Ho, Pd/C '
N = N
o] g O%O o

[0196] To a solution of 43 (1.3 g, 2.73 mmol) in DMF (100 mL) and methanol (30 mL) was
added 10% Pd/C (0.8 g). The flask was charged with hydrogen (50 psi) and the mixture was
stirred at 50 °C overnight. After cooling down, the reaction mixture was filtered through Celite.
The filtrate was concentrated under reduced pressure. The crude product was purified by
column chromatography on silica gel (eluting with DCM/CH;OH=100/1-20/1) to afford

compound 44 (0.99 g, 90% yield) as a solid.

[0197] "H NMR (400 MHz, CDClg): & 10.80 (br d, 1H), 7.86 (s, 1H), 6.79 (s, 1H), 4.13-4.10 (m,

2H), 3.83-3.79 (m, 3H), 3.63-3.49 (m, 2H), 3.13-3.03 (m, 2H), 2.77-2.75 (m, 2H), 2.54-2.53 (m,
1H), 2.11-2.06 (m, 2H), 1.80-1.85 (m, 2H), 1.48 (m, 9H), 1.12 (d, J = 6.4 Hz, 3H).

Synthesis of (S.S)-trans-3-methyl-4-[8-0x0-3-(tetrahydro-pyran-4-yl)-7.8-dihydro-
imidazo[1.5-alpvrazin-6-vl]-pyrrolidine-1-carboxylic acid tert-butyl ester (S.S)-(44)

[0198]

Q  pr NJ\(\
Nu.. | I
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[0199] A solution of (S,5)-43 (1.15 g, 2.41 mmol) in methanol (50 mL) was placed in an
autoclave under N2-protective atmosphere and 10% Pd/C (0.8 g) was added under a nitrogen
atmosphere. The reaction mixture was hydrogenated with stirring at 45-50°C at 10-15 Bar Hs
pressure until no more hydrogen was absorbed (24 hrs. After cooling down, the reaction
mixture was filtered through Celite. The filtrate was concentrated under reduced pressure. The
crude product was purified by column chromatography on silica gel (eluting with
DCM/CH30OH=100/1-20/1) to afford compound 44 (0.97 g, 2.41 mmol) as a solid. The ee was

determined to be above 99%.

Synthesis of racemic trans-6-(4-methyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-
imidazo[1.5-a razin-8-one (45

[0200]

o]
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N
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[0201] To a solution of compound 44 (0.99 g, 2.49 mmol) in CH>Cl, (20 mL) was added

HCI/Et;0 solution (20 mL). The resulting mixture was stirred at room temperature for 2 hours.

44 =

The reaction was concentrated in vacuo to afford racemic trans 45 hydrochloride (0.75 g,
100% yield) as a solid.

[0202] "H NMR (400 MHz, DMSO-dg): 5 11.47 (s, 1H), 9.93 (s, 2H), 8.41 (s, 1H), 7.92 (s, 1H),
3.98-3.95 (m, 2H), 3.85-3.80 (m, 1H), 3.58-3.44 (m, 3H), 2.97-2.88 (m, 2H), 2.60-2.50 (m, 3H),
1.98-1.78 (m, 4H), 1.08 (m, 3H).

Synthesis of (S,S)-trans-6-(4-methyl-pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-
imidazo[1.5-a]pyrazin-8-one (S,S)-(45)

[0203]
o) 0

| N&é\m \ ] NJI\I{’\M
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[0204] To a solution of compound (S,S)-44 (800 mg, 2.0 mmol) was added to a cold (0°C)
solution of HCIl in MeOH (1.5 M, 10 mL) and the resulting reaction mixture was stirred while
being allowed to reach room termperature. After stirring for 2 hrs the reaction was
concentrated in vacuo to afford (S,S)-45 hydrochloride (0.60 g, 2.0 mmol) as a solid.

[0205] "H NMR (400 MHz, DMSO-dg): 5 11.47 (s, 1H), 9.93 (s, 2H), 8.41 (s, 1H), 7.92 (s, 1H),

3.98-3.95 (m, 2H), 3.85-3.80 (m, 1H), 3.58-3.44 (m, 3H), 2.97-2.88 (m, 2H), 2.60-2.50 (m, 3H),
1.98-1.78 (m, 4H), 1.08 (m, 3H).

Synthesis _of racemic  trans-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-yl)-3-
(tetrahydro-pyran-4-yl)-7H-imidazo[1.5-a]pyrazin-8-one (P3)

[0206]
O
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P3 (racemate)

[0207] To a solution of compound 45 (0.75 g, 2.49 mmol), 2-chloromethyl-pyrimidine (0.49 g,
2.99 mmol) in DMF (10 mL) and CHaCN (30 mL) was added KoCO4 (1.7 g, 12.5 mmol). The
mixture was stirred at 45 °C for 48 hours. The reaction mixture was filtered, concentrated in

vacuo. The residue was purified by flash column chromatography (gradient elution from DCM
to 15% MeOH in DCM) to afford racemic frans P3 (580 mg, 59 % yield) as a solid.

[0208] "H NMR (400MHz, CDsOD): & 8.85 (d, J = 4.8 Hz, 2H), 7.79 (s, 1H), 7.42 (t, J = 4.8 Hz,
1H), 7.36 (s, 1H), 4.11-4.04 (m, 3H), 3.93 (d, J = 15.2 Hz, 1H), 3.684-3.62 (m, 2H), 3.41-3.32
(m, 2H), 3.16-3.13 (M, 1H), 2.85-2.80 (m, 2H), 2.44-2.40 (m, 1H), 2.28-2.23 (m, 1H), 2.04-1.86

(m, 4H), 1.17 (d, J = 6.4 Hz, 3H). MS Calcd.: 394.5; MS Found: 395.8 ([M+H]*).

[0209] The racemic mixture of P3 (1.4 g) was separated by Chiral HPLC (Column: Chiralpak
IA, 250 x 4.6 mm x 5um; mobile phase Hex/EtOH/DEA = 70:30:0.2) with a flow rate of 1.0
mL/min, to afford P3 enantiomer 1 ((3S,4S)-6-(4-methyl-1-pyrimidin-2-ylmethyl-pyrrolidin-3-
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yI)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-one, or 6-[(3S,4S)-4-methyl-1-
(pyrimidin-2-ylmethyl)pyrrolidin-3-yl]-3-tetrahydropyran-4-yl-7H-imidazo[1,5-a]pyrazin-8-one)
(0.52 g, RT= 9.98 min) and P3 enantiomer 2 ((3R,4R)-6-(4-methyl-1-pyrimidin-2-ylmethyl-
pyrrolidin-3-yl)-3-(tetrahydro-pyran-4-yl)-7H-imidazo[1,5-a]pyrazin-8-oneopposite of P3
enantiomer 1) (0.49 g, RT=12.6 min).

Synthesis of (S,S)-trans-6-(4-methyl-1-pyrimidin-2-yimethyl-pyrrolidin-3-yl)-3-

tetrahydro-pyran-4-yl)-7H-imidazo[1.5-a razin-8-one (S.S)-(P3

45 0 P3 (racemate)

[0211] To a solution of compound (S,S)-45 (0.60 g, 2.0 mmol) and 2-chloromethyl-pyrimidine
(0.40 g, 2.40 mmol) in DCM (15 mL) was added DIPEA (3.1 g, 24 mmol) and the mixture was
stirred at RT for 24 hrs (at this time all the starting material had been converted). The reaction
mixture was cooled to 5°C, and deionised water (10 mL) was added. The pH of the aqueous
phase was adjusted to pH 6.0 with addition of conc hydrochloric acid (about 1 mL) while
keeping the temperature of the mixture < 25°C. The phases were allowed to separate and the
organic phase was washed with brine (3 x 5 mL) (these washings were discarded). The
aqueous phase was extracted with dichloromethane (10 mL), and the organic phase from this
extraction was washed with brine (3 x 5 mL). The combined organic phases were dried over
sodium sulfate (3 g) for 1 hour, filtered and evaporated. The resulting residue was subjected to
column chromatography (as described for rac-(P3)) to give (S,S)-P3 (580 mg, 59 % yield) as a
solid after evaporation. This material has ee above 99% and is identical in all ways to P3
Enantiomer 1 (described above).

Synthesis of (aminooxy) (diphenyl) phosphine oxide (B)

[0212]
o)
Ph. 2 Phg” NH,
/P\c| pf ©
PH B
A

[0213] To a suspension of hydroxylamine hydrochloride (73.5 g, 1.05 mol) in dichloromethane
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(500 mL) was added DIPEA (136 g, 1.05 mol) over 15 minutes at - 30 °C under a nitrogen
atmosphere. A white precipitate formed upon the addition. After stirring for one hour at that
temperature, a solution of diphenylphosphinic chloride A (50 g, 0.2 mol) in dichloromethane
(100 mL) was added over 60 minutes. The mixture reaction was warmed to 0 °C over 1 hour
with stirring. The reaction was quenched by adding water (200 mL) over 10 minutes. After
stirring the mixture for 0.5 hour, the precipitate was collected by filtration and washed with
water (100 mL x 2). Then the solid was dried under reduced pressure to afford a crude
product. The crude product was triturated in EtOH to afford compound B (27 g, 56% yield) as a
white solid.

[0214] "HNMR (400 MHz, CD30D): 577.91-7.79 (m, 5H), 7.62-7.50 (m, 7H).

[0215] MS Calcd.: 233; MS Found: 234 ([M+H]").

Synthesis of 3-amino-3H-imidazole-4-carboxylic acid methyl ester (46)

[0216]

[0217] To a solution of compound 3H-Imidazole-4-carboxylic acid methyl ester 32 (30.0 g, 0.24
mol) in THF (1.0 L) was dropwise added LIHMDS (239 mL, 10M in THF, 2.4 mol) over 2 hours
at -78 °C. Then the reaction mixture was stirred at -78 °C for another two hours and allowed to
warm to -10 °C. Compound B (60.0 g, 0.26 mol) was added at this temperature. Then the
mixture reaction was stirred at ambient temperature overnight. After quenching with water (250
mL), the reaction mixture was concentrated. The crude product was purified by column
chromatography on silica gel (DCM/MeOH= 20/1) to afford compound 46 (24 g, 73% yield) as
a solid.

[0218] H NMR (400 MHz, DMSO-d6): 5 7.82 (s, 1H), 7.51 (s, 1H), 6.20 (s, 2H), 3.79 (s, 3H).
MS Calcd.; 382; MS Found: 383 ([M+H]*). MS Calcd.: 141; MS Found: 142 ([M+H]").

Synthesis of 3-(2-benzyloxy-acetylamino)-3H-imidazole-4-carboxylic acid methyl ester

(47)

[0219]
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[0220] To a solution of compound 46 (4.9 g, 30 mmol), benzyloxy-acetic acid (5.8 g, 30 mmol)
and DIPEA (18.6 ml, 90 mmol) in DMF (100 mL) was added HATU (15.8 g, 36 mmol) whilst
cooling on an ice-water bath. The mixture was then stirred at ambient temperature overnight.
After removal of the solvent, the residue was purified by chromatography on a silica gel column
(eluted with PE/EtOAc = 10:1 to 2:1) to afford compound 47 (6.1 g, 61% vyield) as an oil.

[0221] "H NMR (400 MHz, CDCI3): & 9.93 (br. s, 1H), 7.74 (s, 1H), 7.67 (s, 1H), 7.39-7.33 (m,
5H), 4.70 (s, 2H), 4.23 (s, 2H), 3.83 (s, 3H). MS Calcd.: 289; MS Found: 300 ([M+H]").

Synthesis of 3-(2-benzyloxy-acetylamino)-3H-imidazole-4-carboxylic acid amide (48)

[0222]
Ox_NH
O% O ag. NHa 2
H OBn — H OBn
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[0223] Compound 47 (30.0 g, 100 mmol) and conc aq. ammonia (300 mL) were combined in a
sealed tube and heated to 70 °C under microwave radiation for 2 hours. The resulting mixture
was concentrated in vacuo to afford compound 48 (26.3 g, 96% vyield) as a solid. MS Calcd.:

274; MS Found: 275 ((M+H]*).

Synthesis of 2-benzyloxymethyl-3H-imidazo[5,1-f]1[1,2.4]triazin-4-one (49)

[0224]
OsNH, 0
H oBn_ROM@Y HNJS%
Z N‘Nh// ~ N\//N
N=/ N
OBn
48 49

[0225] To a solution of compound 48 (28.0 g, 100 mmol) in EtOH (240 mL) was dropwise
added a solution of KOH (19.8 g, 300 mmol) in water (200 mL). The resulting solution was
heated to reflux for 3 hours. After removal of the organic solvent in vacuo, the mixture was
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poured into ice water and the pH was adjusted to 7.0 with 1M aq HCI solution. The suspension
was filtered off and dried to afford compound 49 (11.3 g, 44.1% yield) as a solid.

[0226] 'H NMR (400 MHz, DMSO-d6): & 12.05 (s, 1H), 8.45 (s, 1H), 7.74 (s, 1H), 7.39-7.29
(m, 5H), 4.59 (s, 2H), 4.36 (s, 2H). MS Calcd.: 256; MS Found: 257 ([M+H]").

Synthesis of 2-benzyloxymethyl-7-iodo-3H-imidazo[5,1-f1[1,2.4]triazin-4-one (50)

[0227]
0 o)
I
/ n-bulli Y,
H\\N‘N\/ SN
OBn OBn '
49 50

[0228] To a solution of compound 49 (10.0 g, 38.2 mmol) in THF (240 mL) was dropwise
added n-BulLi (46 mL) at -78 °C and the reaction was stirred below -70 °C for one hour. lodine
(39.3 g, 153 mmol) in THF (120 mL) was added dropwise at this temperature and then the
reaction temperature was allowed to warm to room temperature slowly. The reaction was
quenched with saturated Na,>SO3 aqueous solution (120 mL), and then extracted with EtOAc
(150 mL x 3). The combined organic phases were dried over NaySQy4, filtered and
concentrated in vacuo to get the crude product. The residue was purified by chromatography
on silica gel column (eluted with PE/EtOAc = 10:1 to 2:1) to afford compound 50 (4.75 g, 32.5%
yield) as a solid.

[0229] 'H NMR (400 MHz, DMSO-dB): & 12.16 (br. s, 1H), 7.84 (s, 1H), 7.42-7.29 (m, 5H),
4.62 (s, 2H), 4.40 (s, 2H). MS Calcd.: 382; MS Found: 383 ([M+H]*).

Svynthesis of 2-benzyloxymethyl-7-(3.6-dihydro-2H-pyran-4-yl)-3H-imidazo[5.1-f]
[1.2.4]triazin-4-one (51)

0 N,
J\/\ 0B~ 0
N’ H\
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[0231] To a solution of compound 50 (4.75 g, 10.0 mmol) in dioxane (80 mL) was dropwise
added a solution of Cs>CO3 (9.88 g, 30 mmol) in water (12 mL), followed by Pd(PPh3)4 (2.36 g,
2.00 mmol) and 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyran (3.86 g,
18.0 mmol). The reaction mixture was degassed by purging with N5 for 15 min. Then the

mixture was heated to reflux for 16 hours. After removal of the solvent in vacuo, the residue
was purified by chromatography on a silica gel column (eluted with PE/EtOAc = 10:1 to 1:5) to
afford compound 51 (2.1 mg, 76% yield) as a solid.

[0232] 'H NMR (400 MHz, DMSO-d6): & 12.10 (br. s, 1H), 7.78 (s, 1H), 7.39-7.30 (m, 5H),
7.25 (s, 1H), 4.62 (s, 2H), 4.41 (s, 2H), 4.27 (d, J = 2.8 Hz, 2H), 3.82 (t, J = 5.2 Hz, 2 H), 2.63

(m, 2H). MS Calcd.; 338; MS Found: 339 ([M+H]*).

Svynthesis of 2-hydroxymethyl-7-(tetrahydro-pyran-4-yl)-3H-imidazor5,1-f][1.2.4]triazin-4-

one (52)

[0233]
e O

HNJHé\ H,/Pd/C HN)S%\
N N N

H\\N.N \N
51
52 o

o

[0234] To a solution of compound 51 (1.8 g, 5.0 mmol) in MeOH (70 mL) was added Pd(OH)>

(20% on Carbon (wetted with ca. 50% Water), 400 mg). The reaction flask was charged with
hydrogen (50 psi) and the mixture was stirred on an oil bath heated to 70 °C until LC/MS
showed that the starting material had been consumed. The suspension was filtered through
celite, the filter was washed with MeOH (100 mL x 2) and the combined organic phases were
concentrated in vacuo to afford compound 52 (1.0 g, 79% yield) as a solid.

[0235] 'H NMR (400 MHz, DMSO-d6): 5 11.65 (s, 1H), 7.68 (s, 1H), 4.30 (s, 2H), 3.96-3.92
(m, 2H), 3.51-3.17 (m, 3H), 1.88-1.81 (m, 4H) . MS Calcd.: 250; MS Found: 251 ([M+H]").

Synthesis of 2-chloromethyl-7-(tetrahydropyran-4-yl)-3H-imidazo[5.1-f][1.2.4]triazin-4-

one (53)

[0236]
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- 52 &O> ) 53 QO>

[0237] To a solution of compound 52 (1.0 g, 4 mmol) in CH>Cl> (50 mL) was dropwise added
SOCIy (15 mL) whilst cooling on an ice-water bath. The resulting mixture was then stirred at

ambient temperature overnight. The reaction mixture was concentrated in vacuo to afford
compound 53 (1.07 g, 100% yield) as a solid.

[0238] "H NMR (400 MHz, DMSO-d6): & 12.50 (br. s, 1H), 8.02 (s, 1H), 4.57 (s, 2H), 3.95 (m,
2 H), 3.57-3.48 (m, 3H), 1.91-1.81 (m, 4H). MS Calcd.: 268; MS Found: 269 ([M+H]*).

Svnthesis of 3-(4-fluoro-benzyloxy)-azetidine-1-carboxylic acid tert-butyl ester (2)

[0239]

cl ,Boc
,Boc /©/\ N
s Ju
Ju :
HO NaH \\O\
1 2 F

[0240] To a solution of compound 3-hydroxy-azetidine-1-carboxylic acid tert-butyl ester 1 (5.30
g, 30 mmol) in DMF (60 mL) was added NaH (1.80 g, 45 mmol) whilst cooling on an ice-water
bath. The suspension was then stirred at this temperature for one hour, followed by the
addition of 1-chloromethyl-4-fluoro-benzene (8.94 g, 60 mmol). The resulting mixture was
stirred at ambient temperature overnight. The reaction mixture was poured into water (200 mL)
and extracted with EtOAc (150 mL x 3). The organic combined phases were dried over
NaySOy, filtered and concentrated in vacuo to get the crude product. The residue was purified

by chromatography on a silica gel column (eluted with PE/EtOAc = 10:1 to 2:1) to afford
compound 2 (7.90 g, 94% yield) as an oil.

[0241] "H NMR (300 MHz, DMSO-d6): & 7.41-7.37 (m, 2H), 7.21-7.14 (m, 2H), 4.40 (s, 2H),
4.33-4.29 (m, 1H), 4.02-3.97 (m, 2H), 3.68-3.66 (m, 2H), 1.37 (s, 9H). MS Calcd.: 281; MS

Found: 282 ([M+H]*).

Synthesis of 3-(4-fluoro-benzyloxy)-azetidine (3)

[0242]

Boc
N NH
HCI
o Q

I~
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[0243] To a solution of compound 2 (2.68 g, 9.30 mmol) in dioxane (30 mL) was added
HCl/dioxane (4 M, 9.25 mL) under ice-water bath. The reaction mixture was then stirred at
ambient temperature overnight. The reaction solution was concentrated in vacuo to afford
compound 3 hydrochloride (1.2 g, 71% yield) as a solid.

[0244] "H NMR (300 MHz, DMSO-d6): 5 7.36 (m, 2 H), 7.16 (m, 2 H), 4.35 (s, 2H), 4.39 (m, 1
H), 3.47 (t, J = 7.5 Hz, 2 H), 3.38 (, J = 7.2 Hz, 2 H). MS Calcd.: 181; MS Found: 182 ([M+H]*).

Synthesis of reference compound 2-[3-(4-fluoro-phenoxy)-azetidin-1-ylmethyl]-7-
(tetrahydro-pyran-4-yl)-3H-imidazo[5.1-f][1.2.41triazin-4-one (P4)

[0245]
o 0
HNJ\K\N 5 HN\)SNé/\N
KA ==
N
TS e G
0
53 \©\/O P4

[0246] To a solution of compound 53 (1.27 mg, 4.0 mmol) and compound 3 (1.8 g, 8.3 mmol)
in CH3CN (20 mL) was added DIPEA (2.61 mL, 20 mmol). The result solution was heated to 70
°C for 2 hours. TLC indicated that the reaction was complete. The reaction was concentrated
in vacuum. The residue was purified by column chromatography on silica gel (eluted with
DCM/MeOH 100:1 to 30:1) to afford the desired product P4 (1.23 g, 74% yield) as a solid.

[0247] 'H NMR (400 MHz, DMSO-d6): & 11.70 (br. s, 1H), 7.67 (s, 1 H), 7.37 (m, 2 H), 7.16
(m, 2H), 4.38 (s, 2H), 4.17 (m, 1H), 3.95-3.92 (m, 2H), 3.56 (t, J = 8.0 Hz, 2H), 3.54-3.46 (m,
4H), 3.37-3.35 (m, 1H), 3.06-3.03 (m, 2H), 1.86-1.80 (m, 4H). MS Calcd.: 413; MS Found: 414

([M+H]).

Example 2. X-ray crystal structure of P3 enantiomer 2 (reference)

[0248] The single crystal X-ray structure of P3 enantiomer 2 has been determined at 100 K in
the orthorhombic system, space group P2,2424 using a crystal grown. There is one compound

molecule and one molecule of water in the asymmetric unit. The final R1 [I>20(l)] = 3.09%. The
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absolute stereochemistry of the compound has been Fig. 1.

P3 enantiomer 2 monohydrate

Instrument and Methodology Details

[0249] Crystallisation experiments were conducted to obtain suitable crystals to determine the
structure and absolute configuration of P3 enantiomer 2 by single crystal X-ray diffraction.

X-Ray Powder Diffraction (XRPD)

[0250] X-Ray Powder Diffraction patterns were collected on a Bruker D8 diffractometer using
Cu Ka radiation (40 kV, 40 mA), 6 - 2 8 goniometer, and divergence of V4 and receiving slits, a
Ge monochromate and a Lynxeye detector. The instrument is performance checked using a
certified Corundum standard (NIST 1976). The software used for data collection was Diffrac
Plus XRD Commander v2.6.1 and the data were analysed and presented using Diffrac Plus
EVA v15.0.0.0.

[0251] Samples were run under ambient conditions as flat plate specimens using powder as
received. The sample was gently packed into a cavity cut into polished, zero-background (510)
silicon wafer. The sample was rotated in its own plane during analysis. The details of the data
collection are: Angular range: 2 to 42° 20; Step size: 0.05° 2 8; Collection time: 0.5 s/step.

Single Crystal X-Ray Diffraction (SCXRD)

[0252] Data were collected on an Oxford Diffraction Supernova Dual Source, Cu at Zero, Atlas
CCD diffractometer equipped with an Oxford Cryosystems Cobra cooling device. The data
were collected using CuKa radiation. Structures were typically solved using either the SHELXS
or SHELXD programs and refined with the SHELXL program as part of the Bruker AXS
SHELXTL suite (V6.10). Unless otherwise stated, hydrogen atoms attached to carbon were
placed geometrically and allowed to refine with a riding isotropic displacement parameter.
Hydrogen atoms attached to a heteroatom were located in a difference Fourier synthesis and
were allowed to refine freely with an isotropic displacement parameter.

Polarised Light Microscopy (PLM)

[0253] Samples were studied on a Nikon SMZ1500 polarized light microscope with a digital
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video camera connected to a DS Camera control unit DS-L2 for image capture. A small
amount of each sample was placed on a glass slide, mounted in immersion oil, the individual
particles being separated as well as possible. The sample was viewed with appropriate
magnification and partially polarized light, coupled to a A false-colour filter.

Crystallisation Screen

[0254] Dissolution of P3 enantiomer 2 (5mg) was attempted in selected solvent systems at
50°C. The solutions were placed in the fridge at 4°C for 48 hours. The suspensions were
filtered, and the resulting mother liquors were also placed at 4°C. Any cyrstals obtained were
assessed by optical microscopy.

[0255] The material was soluble in most of solvent systems assessed, with the exception of
isopropyl acetate and cumene. Large prism shaped crystals were obtained at 4°C from a
range of solvents, including acetonitrile, tetrahydrofurane and 1,4-dioxane. The crystal
structure of P3 enantiomer 2 was solved using crystals obtained by cooling in acetonitrile.

Single Crystal Structure Determination

[0256] A crystalline sample of P3 enantiomer 2 was obtained by dissolving 5 mg of the
supplied material in 50 yl of acetonitrile and cooling at 4°C. The crystals as obtained were of
prism morphology. A crystal of sufficient size and quality for analysis by single crystal X-ray
diffraction was isolated with approximate dimensions 0.25x0.15x0.11 mm. Optical micrographs
of the crystals as received and the single crystal used for the data collection are shown in Fig.
1.

[0257] The structure was determined at 100 K in the orthorhombic system, space group
P242424 with the final R1 {I>28(l)] = 3.09%. The compound was identified as a monohydrate of

P3 enantiomer 2 as depicted in Fig. 1 and Fig. 3. The asymmetric unit contains a fully ordered
molecule of P3 enantiomer 2 and one molecule of water. Anisotropic atomic displacement
ellipsoids for the non-hydrogen atoms are shown at the 50% probability level. Hydrogen atoms
are displayed with an arbitrarily small radius.

[0258] For the absolute stereochemistry of P3 enantiomer 2 shown in Fig. 1, C12 and C13
(the numbering is not the numbers used in IUPAC names) are in the R configuration, the Flack
parameter = -0.03 (4). For the inverted structure with C12 and C13 in the S configuration (P3
enantiomer 1), the Flack parameter = 1.03 (4).

[0259] Determination of the absolute structure using Bayesian statistics on Bijvoet differences,
reveals that the probability of the absolute structure as presented being correct is 1.000, while
the probabilities of the absolute structure being a racemic twin or false are both 0.000. The
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Flack equivalent and its uncertainty are calculated through this program to be -0.02 (4). The
calculation was based on 1806 Bijvoet pairs with a coverage of 100%.

[0260] Conformational analysis of P3 enantiomer 2 shows the pyrimidine ring is planar, the
pyrrolidine ring is an envelope on the nitrogen, and the tetrahydropyran ring is a chair.

[0261] As the opposite of P3 enantiomer 2, P3 enantiomer 1 has a structure of:

O

N
s . ,n\\“\K\/ N /

kY
/ N\> a
—h

Example 3. IN VITRO TESTING

PDE9 inhibition assay

[0262] A PDE9 assay may for example, be performed as follows: The assay is performed in 60
uL samples containing a fixed amount of the relevant PDE enzyme (sufficient to convert 20-
25% of the cyclic nucleotide substrate), a buffer (50 mM HEPES7.6; 10mM MgCly; 0.02%

Tween20), 0.1mg/ml BSA, 225 pCi of 3H-labelled cyclic nucleotide substrate, tritium labeled
cAMP to a final concentration of 5 nM and varying amounts of inhibitors. Reactions are initiated
by addition of the cyclic nucleotide substrate, and reactions are allowed to proceed for one hr
at room temperature before being terminated through mixing with 15 uL 8 mg/mL yttrium
silicate SPA beads (Amersham). The beads are allowed to settle for one hr in the dark before
the plates are counted in a Wallac 1450 Microbeta counter. The measured signal can be
converted to activity relative to an uninhibited control (100 %) and ICgy values can be

calculated using the XIfit extension to EXCEL.

[0263] In the context of the present invention the assay was performed in 60 uL assay buffer
(50 mM HEPES pH 7.6; 10mM MgCl,; 0.02% Tween20) containing enough PDE9 to convert

20-25% of 10 nM 3H-cAMP and varying amounts of inhibitors. Following a 1 hour incubation
the reactions were terminated by addition of 15 uL 8 mg/mL yttrium silicate SPA beads
(Amersham). The beads were allowed to settle for one hr in the dark before the plates were
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counted in a Wallac 1450 Microbeta counter. IC5q values were calculated by nonlinear

regression using XLfit (IDBS).

[0264] Results of the experiments showed that the tested compounds of the invention inhibit
the PDE9 enzyme with ICgq values below 100 nM.

PDE1 inhibition assay

[0265] PDE1 assays were performed as follows: the assays was performed in 60 yL samples
containing a fixed amount of the PDE1 enzym1 (sufficient to convert 20-25% of the cyclic
nucleotide substrate), a buffer (50 mM HEPES pH 7.6; 10 mM MgCl,; 0.02% Tween20), 0.1

mg/ml BSA, 15 nM tritium labelled cAMP and varying amounts of inhibitors. Reactions were
initiated by addition of the cyclic nucleotide substrate, and reactions were allowed to proceed
for 1 h at room temperature before being terminated through mixing with 20 uyL (0.2 mg)
yttrium silicate SPA beads (PerkinElmer). The beads were allowed to settle for 1 h in the dark
before the plates were counted in a Wallac 1450 Microbeta counter.

[0266] The measured signals were converted to activity relative to an uninhibited control
(100%) and ICg5q values were calculated using XIFit (model 205, IDBS).

Example 4. IN VIVO TESTING

Blood Brain Barrier penetration

[0267] Male CD mice (20-24 g) were housed pair-wise with free access to food and water for
an acclimatization period of 3-7 days before initiation of experiments. Prior to dosing the
animals were fasted overnight. During testing, mice were kept in individual cages. The brain-to-
plasma distribution was assessed 30 minutes and 2 hours after subcutaneous administration of
the test compound at a dose of 10 mg/kg (n=3 at each time point). The dose volume was 10
ml/kg using appropriate vehicle to solubilize each test compound. At the time of sampling,
animals were anesthetized with isoflurane and a systemic blood sample collected by cardiac
puncture into vacutainers containing sodium heparin as anti-coagulant. The blood was
centrifuged at 3500 rpm for 10 minutes at 4°C to obtain plasma. Following decapitation, brains
were dissected out and transferred to pre-weighed vessels followed by tissue weights
determination. Plasma and brains were stored at -80°C until quantitative bioanalysis by LC-
MS/MS. Results are expressed as ng/ml for plasma and ng/g for brain samples.
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Patentkrav

1. Oral farmaceutisk sammensatning, som omfatter forbindelsen
(35,48)-6-(4d-methyl-1-pyrimidin-2-ylmethylpyrrolidin-3-yl)-3-

(tetrahydropyran-4-vyl)-7H-imidazo[1l, 5-a]lpyrazin-8-on og et
eller flere farmaceutisk acceptable barematerialer,
fortyndingsmidler eller hjalpestoffer, hvor forbindelsen er til

stede 1 sammensztningen ved fra 0,01 mg til 1000 mg pr. dosis.

2. Oral farmaceutisk sammensatning 1ifelge krav 1, hvor
forbindelsen er til stede i sammensatningen ved fra 0,05 mg til

500 mg pr. dosis.

3. Oral farmaceutisk sammensatning 1ifelge krav 1, hvor
forbindelsen er til stede 1 sammensatningen ved fra 0,05 til

200 mg pr. dosis.

4. Oral farmaceutisk sammensatning ifelge et hvilket som helst
af kravene 1 til 3 til anvendelse til Dbehandling af

seglcellesygdom.

5. Oral farmaceutisk sammensetning 1ifelge krav 4 til
anvendelse ifglge krav 4, hvor forbindelsen administreres til

en patient i én til tre doser pr. dag.

6. Forbindelse (35,48)-6-(4d-methyl-1-pyrimidin-2-
ylmethylpyrrolidin-3-yl)-3-(tetrahydropyran-4-yl)-7H-
imidazo[l,5-alpyrazin-8-on til anvendelse til behandling af
seglcellesygdom, hvor forbindelsen administreres oralt til en
patient, der har brug for den, ved fra 0,001 mg/kg til 100 mg/kg
kropsvaegt pr. dag.

7. Forbindelse til anvendelse ifwlge krav 6, hvor forbindelsen
administreres til patienten ved fra 0,01 mg/kg til 50 mg/kg
kropsvaegt pr. dag.

8. Forbindelse til anvendelse ife@lge krav 6, hvor forbindelsen

administreres til patienten ved fra 0,05 mg/kg til 10 mg/kg
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kropsvaegt pr. dag.

9. Forbindelse til anvendelse ifglge kravene 6 til 8, hvor
forbindelsen administreres til patienten i én til tre doser pr.

dag.
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DRAWINGS

Fig. 1

H,0
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