Tricycle dihydroimidazopyrimidone derivative, preparation method

thereof, pharmaceutical composition and use thereof

Technical Field

The present invention relates to a novel tricyclic dihydroimidazopyrimidinone compound, a
preparation method thereof and a pharmaceutical composition comprising the compound, as well

as their use in the treatment of a disease mediated by Lp-PLAx.

Background Art

Lipoprotein-associated phospholipase A2(Lp-PLA?) is a phospholipase Az enzyme involved
in the hydrolysis of lipoprotein lipids or phospholipids, also known as platelet-activating factor
acetylhydrolase (PAF-AH). Lp-PLA> migrates with low-density lipoprotein (LDL) and rapidly
cleaves oxidized phosphatidylcholine molecules resulting from the oxidation of LDL. Lp-PLA>
hydrolyzes a sn-2 ester of oxidized phosphatidylcholine to yield a lipid mediator
lysophosphatidylcholine (lysoPC) and an oxidized non-esterified fatty acid (NEFA). It has been
reported in the literature that lysoPC and NEFA can induce inflammatory responses, so Lp-PLA>
mediates oxidative inflammatory responses in vivo. (Zalewski A et al, Arterioscler. Thromb. Vasc.

Biol,, 25, 5, 923-31 (2005))

Literature (WQ096/13484, WQ096/19451, W097/02242, WQ097/12963, WQ097/21675,
W097/21676, WQ097/41098, WO0O97/41099, W099/2442, WO00/10980, WO00/66566,
WO000/66567, WO00/68208, WO01/60805, WO02/30904, WO002/30911, WO03/015786,
WO003/016287, WO03/041712, WO03/042179, WO03/042206, W003/042218, WO03/086400,
WO003/87088, WO008/04886, US2008/0103156, US2008/0090851,  US2008/0090852,
WO008/048866, WO005/003118, W006/063811, WO006/063813, W02008/141176,
WO02013013503A1, WO02013014185A1, WO02014114248A1, WO02014114694A1,
WO02016011930A1, JP200188847  US2008/0279846A1, US  2010/0239565A1, US
2008/0280829A1) describe a number of Lp-PLA; inhibitors and/or their uses for the treatment of
diseases involving or related to vascular endothelial dysfunction, diseases involving Lp-PLA>
activity-associated (e.g., associated with formation of lysophosphatidylcholine and oxidized free
fatty acids) lipid oxidation, and diseases involving activated monocytes, macrophages or
lymphocytes or associated with increased involvement of monocytes, macrophages or
lymphocytes. Examples of specific diseases include neurodegenerative diseases (e.g., Alzheimer's
disease, Parkinson's disease, Huntington's disease, vascular dementia), various neuropsychiatric

diseases such as schizophrenia and autism, peripheral and cerebral atherosclerosis , stroke,
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metabolic bone disease (e.g., bone marrow abnormalities), dyslipidemia, Paget's disease, type 2
diabetes, hypertension, angina pectoris, myocardial infarction, ischemia, reperfusion injury,
metabolic syndrome, insulin resistance and parathyroid hyperfunction, diabetic complications (e.g.,
macular edema, diabetic retinopathy and posterior uveitis, diabetic ulcers, and diabetic
nephropathy), diabetic peripheral neuropathy pain, inflammatory pain, neuropathic pain, various
cancers (e.g., prostate cancer, colon cancer, breast cancer, kidney cancer, lung cancer and ovarian
cancer, etc.), macular edema, wound healing, male erectile dysfunction, rheumatoid arthritis,
chronic obstructive pulmonary disease (COPD), sepsis, acute and chronic inflammation, psoriasis

and multiple sclerosis.

The scientific results further prove that Lp-PLA: inhibitors can be used to treat atherosclerosis.
Wilensky et al demonstrated the effect of Lp-PLA: inhibitors on atherosclerotic plaque
components in a porcine model of diabetes and hypercholesterolemia with accelerated coronary
atherosclerosis (Wilensky et al, Nature Medicine, 10, 1015-1016 (2008)). Clinical studies have
also found that Lp-PLA; inhibitors can stabilize sclerotic plaques in patients with atherosclerotic
plaques, preventing further plaque development and rupture (Serruys et al., Circulation 118: 1172-

1182 (2008)).

Studies have shown that high Lp-PLA» activity is associated with a high risk of dementia,
including Alzheimer's disease (AD) and mixed dementia (Van Oijen et al., Annals of Neurology,
59, 139 (2006); Fitzpatrick et al., Atherosclerosis 235: 384-391 (2014)). Higher levels of oxidized
LDL are observed in AD patients (Kassner et al, Current Alzheimer Research, 5, 358-366 (2008);
Dildar et al, Alzheimer Dis Assoc Disord, 24, April-June (2010); Sinem et al, Current Alzheimer
Research, 7, 463-469 (2010)).

In addition, US2008/0279846 describes that Lp-PLA; inhibitors reduce blood-brain barrier
leakage and brain amyloid (Abeta) load, which can be used to treat diseases associated with blood-
brain barrier leakage, such as Alzheimer's disease and vascular dementia. In clinical studies, Lp-
PLA:> inhibitors have been shown to prevent further deterioration of cognitive function in
Alzheimer's patients (Maher-Edwards et al., Alzheimer's & Dementia: Translational Research &

Clinical Interventions 1, 131-140 (2015)).

Neuroinflammation (involving the release of various cytotoxic cytokines) is a common
feature of all neurodegenerative diseases (including multiple sclerosis, amyotrophic lateral
sclerosis, Parkinson's disease, Alzheimer's disease, etc.) (Perry, Acta Neuropathol, 120, 277-286
(2010)). Lp-PLA> inhibitors reduce the release of various cytokines by inhibiting lysoPC
production (Shi et al., Atherosclerosis 191, 54-62 (2007)). Therefore, the inhibition of Lp-PLA: is
a potential treatment method for neurodegenerative diseases (including multiple sclerosis,
amyotrophic lateral sclerosis, Parkinson's disease, etc).
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LysoPC is also involved in leukocyte activation, inducing apoptosis and mediating vascular
endothelial cell dysfunction (Wilensky et al., Current Opinion in Lipidology, 20, 415-420, (2009)).
Therefore, Lp-PLA: inhibitors are believed to be useful in the treatment of diabetes-related tissue
damage by reducing lysoPC production. High Lp-PLA; activity is associated with a high risk of
developing diabetic retinopathy (Siddiqui et al., Diabetologia, 61, 1344-1353 (2018)). Lp-PLA>
inhibitors can inhibit the main pathological changes of retinopathy in a diabetic rat model (Canning
etal.,, P.N.A.S. 113, 7213-7218 (2016)). Clinical studies have also shown that Lp-PLA; inhibitors
can improve the retina macular edema symptoms and visual acuity of diabetic retinopathy patients
(Staurenghi et al, Ophthalmology 122, 990-996 (2015)). These studies demonstrate that Lp-PLA>

inhibitors can be used in diabetic retinopathy.

Studies have shown that Lp-PLA; activity in diabetic patients is higher than in normal people
(Serban et al. J. Cell. Mol. Med. 6:643-647, (2002); Garg et al. Indian J. Med. Res. 141:107- 114,
(2015)). As mentioned above, the activity of Lp-PLA> mediates the oxidative inflammatory
response. It is speculated that inhibiting the activity of Lp-PLA> can be used to treat various
complications caused by oxidative inflammatory response in diabetic patients, such as diabetic

nephropathy, diabetic peripheral nerve lesions and diabetic skin ulcers, etc.

Glaucoma and age-related macular degeneration (AMD) are retinal neurodegenerative
diseases. Inflammation plays an important role in the pathogenesis of glaucoma and AMD
(Buschini et al, Progress in Neurobiology, 95, 14-25 (2011); Tezel, Progress in Brain Research,
vol. 173, ISSN0079-6123, Chapter 28). Therefore, Lp-PLA> inhibitors may offer potential

therapeutic applications for glaucoma and AMD.

In male erectile dysfunction patients, the activity of Lp-PLA: in vivo was significantly higher
than that of normal individuals, and it is believed that high Lp-PLA; activity can be used to predict
early male erectile dysfunction (Otunctemur et al., Andrologia 47:706-710 (2015)), suggesting

that Lp -PLA2 inhibitors can be used to treat male erectile dysfunction.

There is high expression of Lp-PLA: in prostate cancer tissue, and reducing Lp-PLA> can
reduce prostate cell carcinogenesis and promote prostate cancer cell apoptosis in vitro (Vainio et
al., Oncotarget, 2: 1176-1190 (2011)), suggesting that Lp-PLA> inhibitors can be used to treat

prostate cancer.

However, there is still a strong need for new Lp-PLA> inhibitors in the prior art.

Contents of the present invention

The purpose of the present invention is to provide a pyrimidone compound and a

pharmaceutical composition thereof, which can be used as Lp-PLA; inhibitor.



In a first aspect, the present invention relates to a compound of Formula I, cis-trans isomer
thereof, enantiomer thereof, diastereomer thereof, racemate thereof, solvate thereof, hydrate

thereof or pharmaceutically acceptable salt thereof or prodrug thereof,

wherein
nis 0, 1 or 2, and when n is 0, R> is methyl or ethyl, and when n is 1 or 2, R» is absent;

R1 is H, halogen, cyano, Ci alkyl, Cis alkoxy, Csg cycloalkyl or 3- to 8-membered
heterocyclyl, R1 may be optionally substituted with one or more of the following substituents:
halogen, cyano, Ci.¢ alkoxy, Cs.g cycloalkyl, 3- to 8-membered heterocyclyl or 6- to 10-membered

heteroaryl;
R. independently is H or D;
mis 1 or?2;

R« is H, halogen, hydroxyl, carboxyl, cyano, amino, Ci.s alkyl, Ci.¢ alkoxy, Cs.g cycloalkyl,
3- to 8-membered heterocyclyl, 6- to 10-membered aryl, 6- to 10-membered heteroaryl, -
C(O)NRbR¢, -S(O)2NRpR¢, Ry can be optionally substituted with one or more of the following
substituents: halogen, hydroxyl, Cis alkoxy, cyano, Cssg cycloalkyl, 3- to 8-membered
heterocyclyl, 6- to 10-membered aryl or 6- to 10-membered heteroaryl;

Qs -O-, -S-, -CH3- or -NRyp-;

X 18 -O-, -CHz»-, -NR¢-, -OCHz>- or absent;

Ry is H, Ci.6 alkyl or Cs.g cycloalkyl or 3- to 8-membered heterocyclyl;

R¢ is L, L-C(O)-, L-CH>- or L-S(O);-, wherein L is H, Ci alkyl, Cs.¢ cycloalkyl, 3- to 8-
membered heterocyclyl, 6- to 10-membered aryl or 6- to 10-membered heteroaryl, L may be
optionally substituted with one or more of the following groups: halogen, hydroxyl, Ci.¢ alkoxy,

cyano, Csg cycloalkyl, 3- to 8-membered heterocyclyl, 6- to 10-membered aryl or 6- to 10-

membered heteroaryl;
Y is -CH,-, -CH>CHz>- or absent;
U is -CHz-, -C(O)- or absent;

X and U are not absent at the same time;



Y and U may be optionally substituted with one or more of the following substituents: halogen,
hydroxy, Ci.6 alkyl, Ci.¢ alkoxy, cyano, Cs.g cycloalkyl, 3- to 8-membered heterocyclyl , 6- to 10-
membered aryl or 6- to 10-membered heteroaryl;

Rs
[

PAY
Ais Re z

| AN Zl
Z is N or CR3;

Z'is N or CRy;

R3, R4, Rs, Rg are independently H, cyano, halogen or C;.3 haloalkyl;

V is N or CRy, wherein Ro is H, cyano, halogen, C-3 alkyl, Ci-3 haloalkyl or -O-W;

W is phenyl or 5- or 6-membered heteroaryl, which may be optionally substituted with one
or more of the following substituents: halogen, cyano, Ci. alkyl, C;.3 alkoxy, Ci.3 haloalkyl and

Ci3 haloalkoxy.
In some embodiments, wherein n is 0; R; is H, cyano, halogen, Ci.6 alkyl, Ci.¢ alkoxy, or C;.

)
3 haloalkyl; R, is H; Ry is H, cyano, fluorine, difluoromethyl, amino, -~ ~R , O\—/N}’J,

(o]
O,
or ; R2 is methyl or ethyl; Q is -O-; X is -O-, -CH> or absent; Y is -CH>-; U is

-CH3-, or absent; X and U are not absent at the same time.
Further, R; is H and Ry is H.

In some embodiments, wherein n=1 or 2, R, is absent. Further, wherein Rx is H. Further,

wherein X is -O- or -CH»-.

In some embodiments, wherein n is 1; Rx is H; and R; is H, cyano, amino, halogen, C;3 alkyl,

Ci3 haloalkyl, or Ci.6 alkoxy.
In some embodiments, wherein U is -CHz-; X is -CH»- or -O- and Q is -O-.

In some embodiments, wherein U is -CH>-; X is -NR¢- and R is methyl, oxetanyl,

\N\ AN
trifluoroethyl, benzoyl, cyclobutyl, benzyl, m or ; X .

In some embodiments, wherein U is -C(O)-; R and Ry are both H, Y is -CH;-; X is -NR¢-, R¢

is L or L-C(O)-, wherein L is methyl , trifluoroethyl, benzoyl, oxetane, cyclobutane, benzyl,

\N\ AN
m , ; X . Further, L is methyl.



In some embodiments, wherein n is 1; X is -CH»-; U is absent; Rx is H, hydroxy, halogen,
cyano, amino, C;.3 alkoxy, Ci.3 haloalkyl, 3- to 8-membered heterocyclyl, Rx may be optionally
substituted with one or more of the following substituents: halogen, hydroxy, Ci.¢ alkoxy, cyano,

3- to 8-membered heterocyclyl, 6- to 10-membered aryl or 6- to 10-membered heteroaryl.
In some embodiments, wherein Y is -CH»-; Ry is H, cyano, halo, Ci3 alkyl, Ci-3 haloalky],

Ci.6 alkoxy; Q is -O-.

In some embodiments, wherein Rx is H, halo, cyano, amino, difluoromethyl, -~ O\k,

O@N%, %kﬂ“(j or }J@H.

In some embodiments, wherein Y is -CH>CHz-; Rx is H, halogen, cyano, amino,

(0]
o oy }IJ<0H
difluoromethyl, -~ O\k, @Nv?, H© or ; R1 is H, cyano, halogen, Ci.3 alkyl,

Ci13 haloalkyl or Ci.¢ alkoxy; Q is -O-. Further, Ry is H.

In some embodiments, wherein n is 2; U is -CH»-; X is -CH»- or -O-; Y is -CH»- or absent;

o™ sy }J<0H
Rx is H, halogen, cyano, amino, difluoromethyl, -~ O\k, @Nv"’t, HAEjor ;. Ry

is H, cyano, halogen, Ci.3 alkyl, C;.3 haloalkyl or Ci.¢ alkoxy; and Q is -O-. Further, Rx is H and
Riis H.

In some embodiments, wherein m=2; R; is H, cyano or C;.3 haloalkyl; and Ry is H.

In some embodiments, wherein m=1, R; is H, cyano, halogen, Ci-3 alkyl, Ci-3 haloalkyl, or

Ci.6 alkoxy; and Ry is H.

Rs
Rg
Re Ro
In some embodiments, wherein A is Rz , Rs, Re, R7, Rs, Ro are independently H,
F or cyano.
Rs
Re
Re Ro
In some embodiments, wherein A is Ry , Rs, Re, R7 and Rg are independently H,

F or cyano; Rg is -O-W, and W is a 5- or 6-membered heteroaryl or phenyl, which may be
optionally substituted with one or more of the following substituents: C;3 haloalkyl, Ci.3

haloalkoxy, cyano, halogen and Cj.¢ alkyl.



Rg

R

Rz , R7 and Rg are independently H, F or cyano;

In some embodiments, wherein A is
Ry is -O-W; W is pyridyl, pyrimidinyl, pyrazolyl or phenyl, which may be optionally substituted
with one or more substituents independently selected from the group consisting of halogen, cyano,

CFs, -OCF3, CHF, and CH3.

In some embodiments, the compound is of Formula I'

wherein R; is H, cyano, halogen, Ci. alkyl, C;.3 alkoxy or Ci.3 haloalkyl; X is -O-, -CHo-, -
NR¢- or absent; R¢ is L or L-C(O)-, where L is H, Ci.3 alkyl, C3.¢ cycloalkyl, Cs.¢ heterocycloalkyl,

Ci13 haloalkyl, or benzyl; Y is -CH»- or absent ; n, R2, Ra, A, m are as defined in Formula (I) above.
In some embodiments, n is 0, R» is methyl or ethyl; R; is H; Rais H; mis 1; X is -O- or -CH>-.

In some embodiments, the compound is one of the following compounds:
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wherein, R is H, halogen, cyano, Ci- alkyl, Ci-3 haloalkyl or Ci.¢ alkoxy (further, the halogen
is fluorine or chlorine, and the Ci alkyl is methyl, ethyl or isopropyl, the Ci haloalkyl is
trifluoromethyl, and the Ci.¢ alkoxy is methoxy); R> is methyl or ethyl; Rc is Ci- alkyl, 3- to 8-

N
‘N_

the Ci.¢ alkyl is methyl, the 3- to 8-membered heterocyclyl is oxetanyl, the Ci.3 haloalkyl is

membered heterocyclyl, Ci.3 haloalkyl, benzoyl, Cs-s cycloalkyl, benzyl or (further,

trifluoroethyl and the Cs.g cycloalkyl is cyclobutyl); Ry is H, cyano, halogen, Ci-3 haloalkyl, amino,

[0}
N

ox ) sk
N , OL/NN, H© or (further, the halogen is fluorine and the C;-3 haloalkyl

is difluoromethyl).

Further, the compound is one of the following compounds:
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wherein, R is H, halogen, cyano, Ci- alkyl, Ci-3 haloalkyl or Ci.¢ alkoxy (further, the halogen
is fluorine or chlorine, and the Ci alkyl is methyl, ethyl or isopropyl, the Ci3 haloalkyl is
trifluoromethyl, and the Ci.¢ alkoxy is methoxy); R> is methyl or ethyl; Rc is Ci.¢ alkyl, 3- to 8-

N
‘N_

the Ci.6 alkyl is methyl, the 3- to 8-membered heterocyclyl is oxetanyl, the Ci-3 haloalkyl is

membered heterocyclyl, Ci.3 haloalkyl, benzoyl, Cs-s cycloalkyl, benzyl or (further,

trifluoroethyl and the Cs.g cycloalkyl is cyclobutyl); Ry is H, cyano, halogen, Ci-3 haloalkyl, amino,

o)
O. % /\ %N }J<OH
AENA , O\—/Njf, H© or (further, the halogen is fluorine and the Ci.3

haloalkyl is difluoromethyl).

In some embodiments, in the compound of general Formula (I) above, A is selected from the

following groups:
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In some embodiments, the compound of general Formula (I) above is one of the following

compound:
Example Structure Example Structure
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In the second aspect, the present invention relates to a compound represented by Formula I',
its cis-trans isomer, its enantiomer, its diastereomer, its racemate, its solvate, its hydrate or its

pharmaceutically acceptable salt or its prodrug,

wherein

nis 0, 1 or 2, and when n is 0, R> is methyl or ethyl, and when n is not 0, R> is absent;
R1 is H, halogen, Ci.¢ alkyl or Cs.6 cycloalkyl;

R. independently is H or D;

mis 1 or2;

X 18 -O-, -CH»-, -NR- or absent;

R is L-C(O)-, L-CHaz- or L-S(O)>-, wherein L is H, Ci.3 alkyl, Cs. cycloalkyl or phenyl;

Y is -CH>- or is absent;

Rs
g
-V
Ais Re 2 ;
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Z is N or CR3;

Z'is N or CRy;

R3, R4, Rs, Rg are independently H, CN, halogen or C;.3 haloalkyl;

V is N or CRy, wherein Ro is H, CN, halogen, Ci3 alkyl, Ci.3 haloalkyl or -O-W;

W is 5- or 6-membered heteroaromatic ring or phenyl, which may be optionally substituted
with one or more of the following substituents: Ci.3 haloalkyl, C;.3 haloalkoxy, CN, halogen, and

Cis alkyl.

In some embodiments, the compound of general Formula (I') is characterized in that n is not

0, and has one or more of the following features:
(1) R1is H, Ry is H;
(2) Xis O oris absent, Y is -CHz-, and n is 1;
(3) X is -CH»-, Y is -CH3- or is absent, and n is 2;
4)mis 1.

In some embodiments, the compound of general Formula (I') is characterized in that n is 0,

and has one or more of the following features:
(1) R1is H, Rais H;
(2) Rz is methyl;

(3) X is absent, -O-, -CH»-;

4)mis 1.
Rs
Rg
Re Ro
In one embodiment, A is Rz , wherein Rs, Re, R7, Rs, Ry are independently H, F
or CN.
Rs
Rg
Re Rg
In one embodiment, A is Rz , wherein Rs, R¢, R7, Rg are independently H, F or

CN; Ry is -O-W; W is 5- or 6-membered heteroaryl or phenyl, wherein the heteroaryl or phenyl is
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optionally substituted with one or more of the following substituents: Ci3 haloalkyl, Ci3

haloalkoxy, CN, halogen and Ci.s alkyl.
Rs

Ro
In one embodiment, A is Rz , wherein R7, Rg are independently H, F or CN; Ry is -
O-W; W is pyridyl, pyrimidinyl, pyrazolyl and phenyl, wherein the pyridyl, pyrimidinyl, pyrazolyl
or phenyl is optionally substituted with one or more of the following substituents: halogen, CN,

CF3, -OCF3 and CHs.

In some embodiments, A is
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The compounds of the above formula, and salts thereof (e.g., pharmaceutically acceptable
salts) may exist in stereoisomeric forms (e.g., which contain one or more asymmetric carbon
atoms). The individual stereoisomers (enantiomers and diastereomers) and mixtures thereof are

included within the scope of the present invention.

The present invention also comprises various deuterated forms of the compounds of the above
formula, and salts thereof (e.g., pharmaceutically acceptable salts). Each available hydrogen atom
attached to carbon atom can be independently replaced by a deuterium atom. One of ordinary skill
in the art would know how to synthesize deuterated forms of the compounds of the above formula
and salts thereof (e.g., pharmaceutically acceptable salts). Commercially available deuterated
starting materials can be used in the preparation of deuterated forms of the compounds of the above
formula and salts thereof (e.g., pharmaceutically acceptable salts); alternatively, conventional
methods employing deuterated reagents such as lithium aluminum deuteride can be used to

synthesize these compounds.

In addition to the free base or free acid forms of the compounds described herein, the salt
forms of the compounds are also within the scope of the present invention. The salts or
pharmaceutically acceptable salts of the compounds of the present invention can be prepared in
situ during the final isolation and purification of the compounds, or prepared by separately reacting
the purified compounds in free acid or free base form with a suitable base or acid, respectively.
For reviews of suitable pharmaceutical salts, see: Berge et al., J. Pharm, Sci., 66, 1-19, 1977; PL
Gould, International Journal of Pharmaceutics, 33 (1986), 201-217; and Bigley et al. ,
Encyclopedia of Pharmaceutical Technology, Marcel Dekker Inc, New York 1996, Volume 13,
pages 453-497.

The compounds described herein, the salts thereof (e.g., pharmaceutically acceptable salts),
deuterated forms, solvates or hydrates thereof can exist in one or more polymorphic forms. Thus,

in another aspect, the present invention provides polymorphs of the compound and salt thereof
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(e.g., pharmaceutically acceptable salt) as defined herein, or polymorphs of the solvates or hydrates

of the compound or salt thereof (e.g., a pharmaceutically acceptable salt) as described herein.

The present invention also comprises isotopically labeled compounds and salts, which are
equivalent to the compounds of the above formula or salts thereof, except that one or more atoms
have been replaced by an atom having an atomic mass or mass number different from that most
often found in nature. Examples of isotopes that can be incorporated into the compounds of the
above formula or salts thereof are isotopes of hydrogen, carbon, nitrogen, deuterium, such as *H,
¢, 14C and "®F. These isotopically labeled compounds of the above formula or salts thereof are
useful in medicine and/or substrate tissue distribution assay. For example, ''C and '®F isotopes can
be used in PET (positron emission tomography). PET can be used for brain imaging. In some

embodiments, the compounds of the above formula or salt thereof are non-isotopically labeled.

Accordingly, the compounds of the present invention comprises the compounds of the above
formula or salts thereof, such as pharmaceutically acceptable salts thereof. Representative

compounds of the present invention include the specific compounds described.

In a third aspect, the present invention also relates to a pharmaceutical composition

comprising the compound of the present invention and a pharmaceutically acceptable excipient.

In a fourth aspect, the present invention also relates to a method of treating or preventing a
disease associated with an activity of Lp-PLA>, comprising administering to a subject in need
thereof a therapeutically effective amount of the compound of the present invention described
herein. The disease may be associated with the followings: increased involvement of monocytes,
macrophages or lymphocytes, formation of lysophosphatidylcholine and oxidized free fatty acids,

Lp-PLA; activity-associated lipid oxidation or endothelial dysfunction.

In some embodiments, the present invention also provides a method for treating or preventing
a disease by inhibiting Lp-PLA» activity. Exemplary diseases include, but are not limited to,
neurodegenerative diseases (e.g., Alzheimer's disease, Parkinson's disease, Huntington's disease,
vascular dementia), various neuropsychiatric diseases such as schizophrenia and autism, peripheral
and cerebral atherosclerosis, stroke, metabolic bone disease (e.g., bone marrow abnormalities),
dyslipidemia, Paget's disease, type 2 diabetes, hypertension, angina pectoris, myocardial infarction,
ischemia, reperfusion injury, metabolic syndrome, insulin resistance and hyperparathyroidism,
diabetic complications (e.g., macular edema, diabetic retinopathy and posterior uveitis, diabetic
ulcer and diabetic nephropathy), diabetic peripheral neuropathy pain, inflammatory pain,
neuropathic pain, various cancers (e.g., prostate cancer, colon cancer, breast cancer, kidney cancer,
lung cancer and ovarian cancer, etc.), macular edema, wound healing, male erectile dysfunction,

rheumatoid arthritis, chronic obstructive pulmonary disease (COPD), sepsis, acute and chronic
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inflammation, psoriasis and multiple sclerosis. The method comprises administering to a subject
in need thereof a therapeutically effective amount of the compound of the present invention. The

present invention is not intended to be limited to any particular stage of disease (e.g., early or late).

In some embodiments, the present invention also provides a method for treating or preventing
Alzheimer's disease. The method comprises administering to a subject in need thereof a

therapeutically effective amount of the compound of the present invention.

In some embodiments, the present invention also provides a method for treating or preventing
atherosclerosis. The method comprises administering to a subject in need thereof a therapeutically

effective amount of the compound of the present invention.

In some embodiments, the present invention also provides a method for treating or preventing
an ocular disease by administering the compound of the present invention. In some embodiments,
the present invention provides a method for treating macular edema, which comprises
administering to a subject a therapeutically effective amount of the compound of the present
invention. In some embodiments, the macular edema is associated with a diabetic eye disease (e.g.,
diabetic macular edema or diabetic retinopathy). In one embodiment, the macular edema is

associated with posterior uveitis.

In a fifth aspect, the present invention also provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of a disease related
to Lp-PLA:. Exemplary diseases include, but are not limited to, neurodegenerative diseases (e.g.,
Alzheimer's disease, Parkinson's disease, Huntington's disease, vascular dementia), various
neuropsychiatric diseases such as schizophrenia and autism, peripheral and cerebral
atherosclerosis, stroke, metabolic bone disease (e.g., bone marrow abnormalities), dyslipidemia,
Paget's disease, type 2 diabetes, hypertension, angina pectoris, myocardial infarction, ischemia,
reperfusion injury, metabolic syndrome, insulin resistance and hyperparathyroidism, diabetic
complications (e.g., macular edema, diabetic retinopathy and posterior uveitis, diabetic ulcers and
diabetic nephropathy), diabetic peripheral neuropathy pain, inflammatory pain, neuropathic pain,
various cancers (e.g., prostate cancer, colon cancer, breast cancer, kidney cancer, lung cancer and
ovarian cancer, etc.), macular edema, wound healing, male erectile dysfunction, rheumatoid
arthritis, chronic obstructive pulmonary disease (COPD), sepsis, acute and chronic inflammation,
psoriasis and multiple sclerosis. The method comprises administering to a subject in need thereof
a therapeutically effective amount of the compound of the present invention. The present invention

is not intended to be limited to any particular stage of disease (e.g., early or late).

In a sixth aspect, the present invention also provides the compound of the present invention

for use in the treatment or prevention of the diseases described herein.
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As used herein, "and/or" is meant to include any and all possible combinations of one or more
of the associated listed items. It will be further understood that the terms "comprising" and/or
"including" used in this specification indicate the presence of the indicated feature, integer, step,
operation, element and/or component, but do not exclude the presence or addition of one or more

of other features, entities, steps, operations, elements, components, and/or combination thereof.

In general, the nomenclature used herein and the experimental procedures of organic
chemistry, medicinal chemistry and biology described herein are well known and commonly
employed in the art. Unless otherwise defined, all technical and scientific terms used herein
generally have the same meaning as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. In the event that multiple definitions of terms used herein exist, the

definitions in this section shall control unless otherwise indicated.

Detailed Description of the present invention

Definition

As used herein, unless stated otherwise, the term "disease" refers to any change in the state
of body or some organs that interrupts or interferes with the performance of function and/or causes
symptoms in a person who is ill or in contact with it (e.g., discomfort, dysfunction, adverse stress

and even death).

As used herein, unless stated otherwise, "diabetic retinopathy" refers to chronic progressive
retinal microvascular leakage and obstruction that results from diabetes. "Diabetic macular edema"
refers to retinal thickening or hard exudative deposits caused by diabetes-induced accumulation of

extracellular fluid within one optic disc diameter in the central fovea of macula.

As used herein, unless stated otherwise, "neurodegenerative disease" refers to various
disorders of central nervous system characterized by a gradual, progressive loss of neural tissue
and/or neural tissue function. Neurodegenerative diseases are a class of diseases of nervous system
characterized by a gradual, progressive loss of neural tissue and/or alter neural function, usually
show a decreased neural function caused by the gradual, progressive loss of neural tissue. In some
embodiments, the neurodegenerative diseases described herein include neurodegenerative diseases
in which a defective blood-brain barrier (e.g., permeable blood-brain barrier) exists. Examples of
neurodegenerative diseases in which a defective blood-brain barrier exists include, but are not
limited to, Alzheimer's disease, Huntington's disease, Parkinson's disease, vascular dementia, and

SO On.

As used herein, unless stated otherwise, "vascular dementia" is also referred to as "multi-

infarct dementia", which refers to a group of symptoms caused by different mechanisms (all of
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which result in damage to blood vessels in the brain). For example, the main subtypes of vascular
dementia are vascular mild cognitive impairment, multi-infarct dementia, vascular dementia due
to major single infarct (affecting thalamus, anterior cerebral artery, parietal lobe, or cingulate
gyrus), vascular dementia due to hemorrhagic lesions, small vessel disease (including, for example,

vascular dementia due to lacunar lesions and Binswanger disease) and mixed dementia.

As used herein, unless stated otherwise, "neuropathic pain" is a pain provoked or caused by

a primary damage and dysfunction of the nervous system.

As used herein, unless stated otherwise, "inflammatory pain" is a pain caused by localized

acute inflammation or chronic inflammation that stimulates nerves.

As used herein, unless stated otherwise, "diabetic peripheral neuropathy pain" refers to a pain
caused by a nerve damage associated with diabetes, which is at least in part due to the decreased

blood flow and hyperglycemia.

As used herein, unless stated otherwise, "blood-brain barrier" or "BBB" are used
interchangeably herein to refer to a permeable barrier present in blood vessels passing through
brain tissue, which strictly limits and closely regulates the exchange of substances between blood
and brain tissue. The components of blood-brain barrier comprise the endothelial cells that form
the innermost lining of all blood vessels, the tight junctions between adjacent endothelial cells that
serve as structure-associated substance of BBB, the basement membrane of endothelial cells, and
the enlarged synapses that cover almost all exposed blood vessel outermost lining nearby

astrocytes.

As used herein, unless stated otherwise, "metabolic bone disease" refers to a class of diverse
bone diseases characterized by a gradual and progressive loss of bone tissue. Metabolic bone
disease as described herein is a metabolic bone disease in which there is a condition of diffuse
decreased bone density and/or decreased bone strength. Such diseases are characterized by
histological appearance. Exemplary metabolic bone diseases include, but are not limited to,
osteoporosis characterized by decreased minerals and bone matrix and osteomalacia characterized

by decreased minerals but with intact bone matrix.

As used herein, unless stated otherwise, "osteopenic disease" or "osteopenia" are used
interchangeably herein to refer to a condition with decreased calcification and/or bone density, and
are used as a descriptive term to denote a condition in which all skeletal systems are observed to
have a decreased calcification and/or bone density. Osteopenia also refers to osteopenia due to

insufficient synthesis of osteoid.

As used herein, unless stated otherwise, "osteoporosis" refers to a disorder in which minerals

and/or bone matrix are reduced and/or bone matrix is reduced.
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As used herein, unless stated otherwise, "alkyl" is a monovalent, saturated hydrocarbon chain
having the specified number of carbon atoms. For example, Ci.3 alkyl refers to an alkyl group
having 1 to 3 carbon atoms. Ci.s alkyl refers to an alkyl group having 1 to 5 carbon atoms. Ci.¢
alkyl refers to an alkyl group having 1 to 6 carbon atoms. Alkyl can be straight or branched. In
some embodiments, a branched alkyl may have one, two, or three branches. Exemplary alkyl
includes, but is not limited to, methyl, methylethyl, ethyl, propyl (n-propyl and isopropyl), butyl
(n-butyl, isobutyl and tert-butyl), pentyl, hexyl.

As used herein, unless stated otherwise, "alkoxy" substituent is a group of formula "R-O-",
wherein R is an alkyl as defined above. For example, Ci.3 alkoxy refers to an alkoxy substituent
containing 1 to 3 carbons. Exemplary alkoxy substituent includes, but is not limited to, methoxy,
ethoxy, n-propoxy, n-butoxy, n-pentoxy, n-hexyloxy, isopropoxy, isobutoxy , sec-butoxy, tert-

butoxy, isopentyloxy and neopentyloxy.

As used herein, "cycloalkyl" refers to a monovalent saturated cyclic hydrocarbon group
including bridged and spiro rings, preferably having 3 to 8 ring carbon atoms (Csg cycloalkyl), 3
to 7 ring carbon atoms (Cs.7 cycloalkyl) or 3 to 6 ring carbon atoms (Cs.¢ cycloalkyl), for example
cyclopropyl, cyclobutyl, cyclopentyl or [1,1,1]propellanyl, and those groups that are specifically
exemplified below. Unless stated otherwise, "Cs.¢ cycloalkyl" is a monovalent group obtained by
removing one hydrogen atom from a 3-, 4-, 5-, or 6-membered monocyclic cycloalkane.
Exemplary cycloalkyl includes, but is not limited to, cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl.

As used herein, unless stated otherwise, "aryl" refers to a hydrocarbon group containing one
or more aromatic rings, such as phenyl or naphthyl, and the like.

As used herein, in some embodiments, "heteroaryl" is a monovalent group obtained by
removing one hydrogen atom from a monocyclic 5- or 6-membered heteroaromatic ring, the ring
consists of ring-carbon atoms and ring-heteroatoms selected from nitrogen, oxygen and sulfur, and
the ring is aromatic. For example, a heteroaryl is a monocyclic heteroaryl consisting of 5 or 6 ring
atoms, of which 1 to 3 are ring-heteroatoms. Exemplary heteroaryl groups include, but are not
limited to, furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
triazinyl, azepinyl, oxazepinyl, thiazepinyl, and diazepinyl. In other embodiments, "heteroaryl"
refers to a stable monocyclic, bicyclic, or tricyclic ring having up to 7 atoms in each ring, wherein
at least one ring is aromatic and at least one ring contains 1 to 4 heteroatoms selected from O, N
and S. Heteroaryl groups within the scope of this definition include, but are not limited to, acridinyl,
carbazolyl, cinnolinyl, quinoxalinyl, quinazolinyl, pyrazolyl, indolyl, isoindolyl, 1H,3H-1-
oxoisoindolyl, benzotriazolyl, furanyl, thienyl, pyridomorpholinyl, pyridopiperidinyl,
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pyridopyrrolidinyl, benzothienyl, benzofuranyl, benzodioxanyl, benzodioxyphenyl, quinolinyl,
1soquinolinyl, oxazolyl, isoxazolyl, benzoxazolyl, imidazolyl, pyrazinyl, pyridazinyl, pyridyl,
pyrimidinyl, pyrrolyl, tetrahydroquinolinyl, thiazolyl, isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl,
1,2,4-oxadiazolyl, 1,2,4-thiadiazolyl, 1,3,5-triazinyl, 1,2,4-triazinyl, 1,2,4,5-tetrazinyl, tetrazolyl,
xanthyl, phenazinyl, phenothiazinyl, phenoxazinyl, azepinyl, oxazepinyl, and thiazepinyl.
Particular heteroaryl groups have 5- or 6-membered rings, examples thereof including furyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, thienyl, isoxazolyl, oxazolyl, diazolyl, imidazolyl,
pyrrolyl , pyrazolyl, triazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridomorpholinyl,
pyridopiperidinyl, pyridopyrrolidinyl. As used herein, in some embodiments, "heterocyclyl" is a
monovalent group obtained by removing one hydrogen atom from a 3-, 4-, 5-, or 6-membered
saturated monocyclic heterocycle consisting of ring-carbon atoms and ring-heteroatoms selected

from nitrogen, oxygen and sulfur.

Exemplary monocyclic saturated heterocyclyl substituents include, but are not limited to,
pyrrolidinyl, dioxolanyl, imidazolidinyl, pyrazolidinyl, piperidinyl, dioxanyl, morpholino,
dithianyl, thiomorpholino and piperazinyl. In other embodiments, "heterocycle" or "heterocyclyl"
refers to a cyclic hydrocarbon in which 1 to 4 carbon atoms have been independently replaced by
a heteroatom selected from N, N(R), S, S(O), S(O) and O. Heterocycles can be saturated or
unsaturated, but are not aromatic. Heterocyclyl groups may also contain 1, 2 or 3 rings, including
bridged and spiro structures. Examples of suitable heterocyclyl groups include, but are not limited
to: azetidinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, 2-oxopyrrolidinyl,
pyrrolinyl, pyranyl, dioxolanyl, piperidinyl, 2-oxopiperidinyl, pyrazolinyl, imidazolinyl,
thiazolinyl, dithiolanyl, oxathiolanyl, dioxanyl, dioxenyl, dioxazolyl, oxathiozolyl, oxazolony],

piperazinyl, morpholino, thiomorpholinyl, 3-oxomorpholinyl, dithianyl, trithianyl and oxazinyl.

As used herein, unless stated otherwise, a "bridged ring compound" refers to a compound in
which one or more atoms (i.e., C, O, N, or S) connect(s) two non-adjacent carbon or nitrogen
atoms. In preferred bridged ring, it includes, but is not limited to, one carbon atom, two carbon
atoms, one nitrogen atom, two nitrogen atoms and one carbon-nitrogen group. It is worth noting
that a bridge always converts a single ring into a triple ring. In a bridged ring, a substituent on the

ring may also appears on the bridge.

The term "spirocyclic compound" refers to a polycyclic compound in which two monocyclic

rings share one carbon atom, which is referred to as a spiro atom.

As used herein, unless stated otherwise, "halogen" refers to fluorine (F), chlorine (Cl),
bromine (Br), or iodine (I). Halo refers to a halogen group: fluorine (-F), chlorine (-Cl), bromine

(-Br), or iodine (-I).
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As used herein, unless stated otherwise, "haloalkyl" is an alkyl substituted with one or more
halogen substituents, which may be the same or different. For example, Ci.3 haloalkyl refers to a
haloalkyl substituent containing 1 to 3 carbons. Exemplary haloalkyl substituents include, but are
not limited to, monofluoromethyl, difluoromethyl, trifluoromethyl, I1-chloro-2-fluoroethyl,

trifluoropropyl, 3-fluoropropyl, and 2-fluoroethyl.

As used herein, and unless stated otherwise, when two substituents on a ring are joined
together with their interconnecting atoms to form another ring, the ring can be spiro-fused or
unilaterally-fused. A spiro-fused ring system consists of two rings that have only one carbon atom
in common. A unilaterally-fused ring system consists of two rings that share only two atoms and

one bond.

As used herein, unless stated otherwise, "optionally substituted" means that a group or ring
may be unsubstituted, or the group or ring may be substituted with one or more substituents as

defined herein.

As used herein, unless stated otherwise, "4-, 5- or 6-membered saturated ring optionally
containing a heteroatom selected from N or O" refers to a 4-, 5- or 6-membered saturated
carbocyclic ring and one carbon atom as ring member may be optionally replaced by a heteroatom
selected from N or O, and example thereof including cyclobutyl, cyclopentyl, cyclohexyl,
azitidinyl, pyrrolidinyl, piperidinyl, oxetanyl, tetrahydrofuranyl and tetrahydro-2H-pyranyl.

2 n

As used herein, unless stated otherwise, “treat”, "treating" or "treatment" in reference to a
disease means: (1) alleviating a disease, or alleviating one or more biological manifestations of a
disease, (2) interfering with (a) one or more points in a biological cascade that causes or contributes
to a disease, or (b) one or more biological manifestations of a disease, (3) alleviating one or more
symptoms or effects associated with a disease, and/or (4) slowing down a progression of a disease,
or one or more biological manifestations of a disease, and/or (5) reducing a severity of a disease,

or a likelihood of a biological manifestation of a disease.

As used herein, unless stated otherwise, "prevention" refers to a prophylactic administration

of a drug to reduce a likelihood or delay an occurrence of a disease or its biological manifestations.

As used herein, unless stated otherwise, "subject" refers to a mammalian subject (e.g., dog,

cat, horse, cow, sheep, goat, monkey, etc.), and especially a human subject.

As used herein, unless stated otherwise, "pharmaceutically acceptable salt" refers to a salt
that retains a desired biological activity of a subject compound and exhibits minimal undesired
toxicological effects. These pharmaceutically acceptable salts can be prepared in situ during the
final isolation and purification of the compound, or by separately reacting a free acid or free base

form of the purified compound with an appropriate base or acid, respectively.
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As used herein, unless stated otherwise, the term "therapeutically effective amount" refers to
an amount that results in the treatment or prevention of disease as compared to a corresponding
subject who does not receive the amount, but the amount is low enough within the scope of sound
medical judgment to avoid serious side effects (at a reasonable benefit/risk ratio). The
therapeutically effective amount of a compound will vary with the particular compound chosen
(e.g., taking into account the potency, efficacy, and half-life of the compound); route of
administration chosen; disease being treated; severity of disease being treated; age, size, weight
and physical condition of patient being treated: medical history of patient being treated; duration
of treatment; nature of concurrent treatment; desired therapeutic effect, etc., but can still be

determined in a routine manner by one skilled in the art.
Compound synthesis

It will be understood by those skilled in the art that if a substituent described herein is
incompatible with the synthetic methods described herein, the substituent may be protected with a
suitable protecting group that is stable under the reaction conditions. The protecting group can be
removed at a suitable point in the reaction sequence to yield the desired intermediate or target
compound. Suitable protecting groups and methods for protecting and deprotecting various
substituents using such suitable protecting groups are well known to those skilled in the art; and
examples of this can be found in, I. Greene and P. Wuts, Protecting Groups in Chemical Synthesis
(3rd ed.), John Wiley & Sons, NY (1999). In some cases, substituents that are reactive under the
reaction conditions employed can be specifically selected. In these cases, the reaction conditions
transform the selected substituent into another substituent that can be used as an intermediate

compound or another substituent that is a desired substituent in the target compound.

General Scheme:

The general scheme provides general synthetic routes for compounds of Formula 1.5 and 2.5,

wherein R1, Ro, Ry, U, X, Y, m, n, Q, A are as defined in formula (I),
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Step (i) can be used as a SNAr reaction, in which Compounds 1.1 and 1.2 are reacted by using
a suitable reagent (e.g., triethylamine) in a suitable solvent (e.g., acetonitrile) at a suitable
temperature (e.g., room temperature) to give Compound 1.3. In Step (ii), Compound 1.3 reacts
with a suitable reagent (e.g., triethylamine) and methanesulfonyl chloride or thionyl chloride at a
suitable temperature (e.g., 0°C or room temperature) to convert the hydroxyl to a mesylate or
chloride compound, then without purification, it further undergoes a ring-closing reaction in the
presence of a base (e.g., potassium carbonate) in a suitable solvent (e.g., acetonitrile) at reflux to
obtain Compound 1.4. In Step (iii), 1.4 reacts with a corresponding alcohol or amine HQ-(CH2)m-
A (Q is -O- or -NRyp-) in the presence of a suitable base (e.g., NaH or DIPEA) in a suitable solvent
(e.g., acetonitrile or 1,4-dioxane) to obtain the final product 1.5. Compound 2.5 is prepared starting
from alcohol 2.1 and a R;-substituted trichloropyrimidine. Variations in reaction conditions and
reactants will be apparent to those skilled in the art. When Q is -CHb»-, see Example 170 for a

specific synthesis scheme.

In addition, the general scheme provides general synthetic routes for compounds of Formula

1.5 and 2.5, wherein Ry, Rz, X, Y, m, n, A are as defined in formula (I')

HO cl o) o}
7 Hoo T Jiy JI§
X , HN™ N . NN NN
N° >N i [ i [ iii | /H\
X("Y'NH +C|)\%m_’ Sl N e —’x(n,NJﬁ/km — X NN 0T
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1.1 1.2 1.3 14 15
o}
OH cl Cl (e}
ﬁR@ HO )\ R, NXN R, N)LN
NN i Ry [ HN N i /,s(\ ‘ i [—[ G
X NH o+ — N — N —> x N o /mA
/ CIMCI X Cl X Cl "/
. \) R, —/ R4 R4
21 1.2 2.3 24 25

Step (i) can be used as a SNAr reaction, in which Compounds 1.1 and 1.2 are reacted by using
a suitable reagent (e.g., triethylamine) in a suitable solvent (e.g., acetonitrile) at a suitable
temperature (e.g., room temperature) to give Compound 1.3. In Step (ii), Compound 1.3 reacts
with a suitable reagent (e.g., triethylamine) and methanesulfonyl chloride or thionyl chloride at a
suitable temperature (e.g., 0°C or room temperature) to convert the hydroxyl to a mesylate or
chloride compound, then without purification, it further undergoes a ring-closing reaction in the
presence of a base (e.g., potassium carbonate) in a suitable solvent (e.g., acetonitrile) at reflux to
obtain Compound 1.4. In Step (ii1), 1.4 reacts with a corresponding alcohol HO-(CH2)m-A in the
presence of a suitable base (e.g., NaH) in a suitable solvent (e.g., acetonitrile) to obtain the final
product 1.5. Compound 2.5 is prepared starting from alcohol 2.1 and a Rj-substituted
trichloropyrimidine. Variations in reaction conditions and reactants will be apparent to those

skilled in the art.
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Use

The compounds of the present invention are Lp-PLA> inhibitors. Accordingly, these
compounds are useful in the treatment of diseases, for example treatment or prevention of diseases
associated with the activity of Lp-PLA>, which comprises treating a subject in need of such
treatment with a therapeutically effective amount of an Lp-PLA; inhibitor. Accordingly, one
aspect of the present invention relates to a method for treating or preventing a disease associated
with Lp-PLA; activity. As will be appreciated by those of skill in the art, a particular disease or
treatment thereof may involve one or more underlying mechanisms, including one or more of the

mechanisms described herein, which are related to Lp-PLA: activity.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of any of the diseases
disclosed in the following published patent applications: WO096/13484, W096/19451,
W097/02242, WO097/12963, WQ097/21675, WO097/21676, W097/41098, WO97/41099,
W099/24420, WO00/10980, WO00/66566, WO00/66567, WO00/68208, WO01/60805,
WO002/30904, W002/30911, WO03/015786, WO03/016287, W003/041712, WO03/042179,
WO003/042206, W0O03/042218, WO03/086400, WO03/87088, WO08/048867, US2008/0103156,
US2008/0090851,  US2008/0090852, WO08/048866, WO05/003118 (CA2530816Al),
WO006/063811, WO06/063813, W0O2008/141176, WO02013013503A1, WO2013014185A1,
WO02014114248A1, W0O2014114694A1, WO2016011930A1, JP200188847, US2008/0279846
A1, US2010/0239565 A1, and US 2008/0280829 Al.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment of an eye disease. The eye diseases
applicable in the present invention may be associated with disruption of the inner blood retinal
barrier (iBRB). Exemplary eye diseases relate to diabetic eye diseases, which include macular
edema, diabetic retinopathy, posterior uveitis, retinal vein occlusion, and the like. Additional eye
diseases include, but are not limited to, central retinal vein occlusion, branch retinal vein occlusion,
Irvine-Gass syndrome (post-cataract and post-surgery), retinitis pigmentosa, pars planitis, shotgun
retinochoroidopathy, retinal outer membrane, choroidal tumor, cystic macular edema, parafoveal
telangiectasia, traction maculopathy, vitreomacular traction syndrome, retinal detachment,
neuroretinitis, idiopathic macular edema, etc. More details on the use of Lp-PLA; inhibitors for
the treatment of eye diseases are provided in W0O2012/080497, which is incorporated herein by

reference.

Furthermore, some embodiments of the present invention provide a use of the compound of
the present invention in the manufacture of a medicament for the treatment or prevention of a
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diabetic macular edema in a subject. In some embodiments, the present invention provides a use

of the compound of the present invention for the treatment of a diabetic macular edema in a subject.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of a subject having
or at risk of having a macular edema. In some embodiments, the present invention provides a use
of the compound of the present invention in the manufacture of a medicament for the treatment of
a subject suffering from or at risk of developing a macular edema. In other embodiments, the
macular edema is associated with a diabetic eye disease, such as diabetic macular edema or

diabetic retinopathy. In other embodiments, the macular edema is associated with posterior uveitis.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of a glaucoma or
macular degeneration. In some embodiments, the present invention provides a use of the
compound of the present invention in the manufacture of a medicament for the treatment of a

glaucoma or macular degeneration.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of a disorder
associated with a disruption of blood retinal inner barrier in a subject in need of such treatment. In
some embodiments, the present invention provides a use of the compound of the present invention
in the manufacture of a medicament for the treatment of a disorder associated with a disruption of

blood retinal inner barrier in a subject in need of such treatment.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of any of the
following diseases involving endothelial dysfunction, for example, atherosclerosis (e.g., peripheral
vascular atherosclerosis and cerebrovascular atherosclerosis), diabetes, hypertension, angina

pectoris, conditions after ischemia and reperfusion.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of any of the
following diseases involving lipid oxidation associated with enzymatic activity, for example,
diseases other than diseases such as atherosclerosis and diabetes, and for example rheumatoid
arthritis, stroke, inflammatory disorders of brain (e.g., Alzheimer's disease), various
neuropsychiatric disorders (e.g., schizophrenia, autism), myocardial infarction, ischemia,

reperfusion injury, sepsis, and acute and chronic inflammation.
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In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for reducing a chance of a cardiovascular event (e.g.,

heart attack, myocardial infarction, or stroke) in a patient suffering from coronary heart disease.

In some embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the treatment or prevention of a disease as
follows, in which the disease involves an activated monocyte, macrophage or lymphocyte, as all
these cell types express Lp-PLA2, which includes a disease involving an activated macrophage
(e.g., M1, dendritic and/or other oxidative stress-producing macrophage). Exemplary disorders
include, but are not limited to, psoriasis, rheumatoid arthritis, wound healing, chronic obstructive
pulmonary disease (COPD), cirrhosis, atopic dermatitis, emphysema, chronic pancreatitis, chronic
gastritis, aortic aneurysm, atherosclerosis, multiple sclerosis, Alzheimer's disease and autoimmune

diseases such as lupus.

In other embodiments, the present invention provides a use of the compound of the present
invention in the manufacture of a medicament for the primary or secondary prevention of an acute
coronary event (e.g., caused by atherosclerosis); the prevention of restenosis adjuvant therapy; or
the delay of development of diabetes or hypertensive renal insufficiency. The prevention

comprises treatment of a subject at risk of such disorder.

In some embodiments, the present invention provides a method of treating or preventing a
nervous system disease associated with blood-brain barrier (BBB) dysfunction, inflammation,
and/or microglial activation in a subject in need of such treatment. In some embodiments, the
present invention provides a method for treating or preventing a nervous system disease associated
with blood-brain barrier (BBB) dysfunction, inflammation, and/or microglial activation in a
subject in need of such treatment. The method comprises administering to a subject a
therapeutically effective amount of the compound of the present invention. In other embodiments,
the BBB dysfunction is an osmotic BBB. In other embodiments, the disease is a neurodegenerative
disease. Such neurodegenerative disease is, for example, but not limited to, vascular dementia,
Alzheimer's disease, Parkinson's disease and Huntington's disease. In some embodiments, the
present invention provides a method for treating or preventing a disease associated with a blood-
brain barrier (BBB) leakage in a subject. In some embodiments, the present invention provides a
method for treating a disorder associated with blood-brain barrier (BBB) leakage in a subject.
Exemplary diseases include, but are not limited to, cerebral hemorrhage, cerebral amyloid
angiopathy. In some embodiments, the neurodegenerative disease is Alzheimer's disease. In
specific embodiments, the neurodegenerative disease is vascular dementia. In some embodiments,

the neurodegenerative disease is multiple sclerosis (MS).
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In some embodiments, the compound of the present invention is useful in the treatment or
prevention of a neurodegenerative disease in a subject. The method comprises administering the
compound of the present invention (e.g., in the form of pharmaceutical composition comprising
the compound of the present invention) to a subject in need of such treatment. In some
embodiments, the compound of the present invention is useful in the treatment of a
neurodegenerative disease in a subject. Exemplary neurodegenerative diseases include, but are not
limited to, Alzheimer's disease, vascular dementia, Parkinson's disease, and Huntington's disease.
In a specific embodiment, the neurodegenerative disease as mentioned in the present invention is
associated with an abnormal blood-brain barrier. In some embodiments, the subject to which the

agent that inhibits Lp-PLA> activity is administered is a human.

In some embodiments, the present invention provides a method for treating or preventing a
subject having or at risk of developing a vascular dementia. The method comprises administering
to a subject the compound of the present invention (e.g., a pharmaceutical composition comprising
a therapeutically effective amount of the compound of the present invention). In some
embodiments, the present invention provides a method for treating a subject having or at risk of
developing a vascular dementia. In a specific embodiment, the vascular dementia is associated

with Alzheimer's disease.

In some embodiments, the present invention relates to a method for treating or preventing a
metabolic bone disease by administering to a subject in need of such treatment a therapeutically
effective amount of the compound of the present invention. In some embodiments, the present
invention relates to a method for treating a metabolic bone disease by administering to a subject
in need of such treatment a therapeutically effective amount of the compound of the present
invention. Exemplary metabolic bone diseases include diseases associated with loss of bone mass
and bone density, including but not limited to osteoporosis and osteopenia. Exemplary
osteoporosis and osteopenia diseases include, but are not limited to, myeloid abnormality,
dyslipidemia, Paget's disease, type II diabetes, metabolic syndrome, insulin resistance,
hyperparathyroidism, and related diseases. In other embodiments, the subject in need of such

treatment is a human.

It is believed that the method for preventing osteoporosis and/or osteopenia described herein
may be influenced by inhibiting the expression of Lp-PLA:> and/or inhibiting the protein activity
of Lp-PLA:>. Accordingly, some embodiments of the present invention provide a method for
inhibiting Lp-PLA> by blocking enzymatic activity. In other embodiments, a method for inhibiting
Lp-PLA;> by reducing and/or down-regulating Lp-PLA> RNA expression is provided. In other

embodiments, preventing and/or reducing bone mass loss and/or bone density loss results in
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preventing or reducing a symptom associated with a metabolic bone disease such as osteoporosis

and/or osteopenia.

In specific embodiments, the method further comprises administering to a subject in need of
treatment an additional therapeutic agent for the treatment of metabolic bone disease. For example,
when the metabolic bone disease is osteoporosis, an additional therapeutic agent such as
bisphosphate (e.g., alendronate, ibandronate, risedronate, calcovarin, raloxifene), selective
estrogen modulator (SERM), estrogen therapy, hormone replacement therapy (ET/HRT), and

teriparatide can be used.

In some embodiments, systemic inflammatory diseases such as juvenile rheumatoid arthritis,
inflammatory bowel disease, Kawasaki disease, multiple sclerosis, sarcoidosis, polyarteritis,
psoriatic arthritis, reactive arthritis, systemic lupus erythematosus, Fuku-Koyanagi-Harada
syndrome, Lyme disease, Behcet disease, ankylosing spondylitis, chronic granulomatous disease,
enthesitis may be the root cause of posterior uveitis affecting the retina, and it may lead to macular
edema. The present invention relates to a method for treating or preventing posterior uveitis or any
one of these systemic inflammatory diseases by administering a therapeutically effective amount
of the compound of the present invention. In some embodiments, the present invention provides a
method for treating posterior uveitis or any one of these systemic inflammatory diseases by

administering a therapeutically effective amount of the compound of the present invention.

The treatment and/or prevention of a disease associated with Lp-PLA> activity can be
obtained by using the compounds of the present invention in monotherapy or in dual or multiple
combination therapy. For example, the compound of the present invention may be used in
combination with an antihyperlipidemic, antiatherosclerotic, antidiabetic, antianginal,
antiinflammatory or antihypertensive agent, or an agent for lowering lipoprotein (a) (Lp(a)) for the
treatment or prevention of the diseases described herein. Examples of such agents include, but are
not limited to, cholesterol synthesis inhibitor such as statins; antioxidant such as probucol; insulin
sensitizer; calcium channel antagonist and anti-inflammatory drug such as non-steroidal anti-
inflammatory drug (NSAID). The agents for lowering Lp(a) include phosphoramidates described
in WO 97/02037, WO 98/28310, WO 98/28311 and WO 98/28312. In some embodiments, the
compound of the present invention may be used with one or more statins. Statins are well known
cholesterol lowering agents and include atorvastatin, simvastatin, pravastatin, cerivastatin,
fluvastatin, lovastatin and rosuvastatin. In some embodiments, the compound of the present
invention may be used with an antidiabetic agent or insulin sensitizer. In some embodiments, the
compound of the present invention can be used with PPAR vy activator such as GI262570

(GlaxoSmithKline) and glitazone compound such as rosiglitazone, troglitazone and pioglitazone.
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The agent may be administered, for example, in a therapeutically effective amount known in the

art or in a smaller or greater amount than known in the art to provide effective treatment.

The combination therapy comprises administration of the therapeutic agents together in
separate dosage forms or in a single dosage form. The combination therapy may comprises
simultaneous or separate administration of the therapeutic agents, which may be substantially
simultaneous or substantially separated administration. Typically, the combination therapy
comprises administering each agent such that a therapeutically effective amount of each agent is

present in the subject for at least an overlapping period of time.
Method of use

The therapeutically effective amount of the compound of the present invention will depend
on many factors including, for example, the age and weight of the intended recipient, the precise
condition to be treated and its severity, the nature of the formulation and the route of administration,
and will ultimately depend on the prescribing physician's discretion. However, the therapeutically
effective amount of the compound of the present invention for the treatment of the diseases
described herein will generally be in the range of 0.1 to 100 mg/kg recipient body weight/day,
more usually 1 to 10 mg/kg body weight/day. Thus, for example, for a 70 kg adult mammal, the
actual amount per day is usually 70 to 700 mg, and this amount may be administered in a single
dose per day or in multiple sub-doses per day, such as two, three, four, five or six doses per day.
Or, the administration can be done intermittently, for example, every other day, once per week, or
once per month. It is anticipated that similar doses may be suitable for the treatment of the other

conditions described above.

The pharmaceutical compositions of the present invention may contain one or more
compounds of the present invention. In some embodiments, the pharmaceutical composition may
comprise more than one compound of the present invention. For example, in some embodiments,
the pharmaceutical composition may contain two or more compounds of the present invention. In
addition, the pharmaceutical composition may also optionally contain one or more additional

pharmaceutically active compounds.

"Pharmaceutically acceptable excipient" as used in the present invention refers to a
pharmaceutically acceptable raw material, component or carrier that participates in imparting form
or consistency to the pharmaceutical composition. When mixed, each excipient is compatible with
the other ingredients of the pharmaceutical composition, thereby avoiding an interaction that

would significantly reduce the efficacy of the compound of the present invention when
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administered to a subject and avoiding an interaction that would result in a pharmaceutically

unacceptable pharmaceutical ingredient.

The compound of the present invention and one or more pharmaceutically acceptable
excipients can be formulated into a dosage form suitable for administration to a subject by the
desired route of administration. For example, the dosage form comprises those suitable for the
following routes of administration: (1) for oral (including buccal or sublingual) administration,
examples including tablet, capsule, caplet, pill, lozenge, powder, syrup, brew, suspension, solution,
emulsion, sachet and cachet; (2) for parenteral (including subcutaneous, intramuscular,
intravenous or intradermal) administration, examples including sterile solution, suspension and
powder for reconstitution; (3) for transdermal administration, examples including transdermal
patch; (4) for rectal administration, examples including suppository; (5) for nasal inhalation,
examples including dry powder, aerosol, suspension and solution; and (6) for topical (including
buccal, sublingual, or transdermal) administration, examples including cream, ointment, lotion,
solution, paste, spray, foam, and gel. Such compositions can be prepared by any method known in
the art of pharmacy, for example by combining the compound of the above formulae with a carrier

or excipient.

The pharmaceutical composition suitable for oral administration may be presented as a
discrete unit such as capsule or tablet; powder or granule; solution or suspension in aqueous or
non-aqueous liquid form; edible foam or whip; oil-in-water liquid emulsion or water-in-oil liquid

emulsion.

The suitable pharmaceutically acceptable excipients may vary depending upon the particular
dosage form chosen. Furthermore, the appropriate pharmaceutically acceptable excipients can be
selected according to the particular function they serve in the composition. For example, some
pharmaceutically acceptable excipients may be selected for their ability to facilitate the production
of uniform dosage forms. Some pharmaceutically acceptable excipients may be selected for their
ability to facilitate the production of stable dosage forms. Certain pharmaceutically acceptable
excipients may be selected for their ability to facilitate the delivery or transport of one or more
compounds of the present invention from one organ or part of the body to another organ or part of
the body when administered to a subject. Some pharmaceutically acceptable excipients may be

selected for their ability to increase patient compliance.

The suitable pharmaceutically acceptable excipients include the following types of excipients:
diluent, filler, binder, disintegrant, lubricant, glidant, granulating agent, coating agent, wetting
agent, solvent, co-solvent, suspending agent, emulsifier, sweetener, flavoring agent, taste masking
agent, coloring agent, anti-caking agent, humectant, chelating agent, plasticizer, tackifier,
antioxidant, preservative, stabilizer, surfactant and buffer. It will be understood by those of skill
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in the art that some pharmaceutically acceptable excipients may provide more than one function,
and may provide an additional function depending on how much of the excipient is present in the

formulation and what other ingredient is present in the formulation.

The one skilled in the art possesses the knowledge and skill in the art to be able to select an
appropriate amount of an appropriate pharmaceutically acceptable excipient for use in the present
invention. In addition, the one skilled in the art has access to many resources that describe
pharmaceutically acceptable excipients and can be used to select an appropriate pharmaceutically
acceptable excipient. Examples include Remington's Pharmaceutical Sciences, Mack Publishing,
Inc., The Handbook of Pharmaceutical Additives, Gower Publishing, Inc., and Handbook of

Pharmaceutical Excipients, American Pharmaceutical Association and Pharmaceutical Press, Inc..

The pharmaceutical composition of the present invention is prepared using a technique and
method known to those skilled in the art. Some methods commonly used in the art are described

in Remington Pharmaceutical Sciences (Mack Press).

In one aspect, the present invention relates to a solid oral dosage form, such as tablet or
capsule, comprising a therapeutically effective amount of the compound of the present invention
and a diluent or filler. The suitable diluent and filler includes lactose, saccharide, dextrose,
mannitol, sorbitol, starch (e.g., corn starch, potato starch and pregelatinized starch), cellulose and
derivative thereof (e.g., microcrystalline cellulose), calcium sulfate and calcium hydrogen
phosphate. The oral solid dosage form may also comprise binder. The suitable binder includes
starch (e.g., corn starch, potato starch and pregelatinized starch), gelatin, acacia, sodium alginate,
alginic acid, xanthan gum, guar gum, povidone and cellulose and derivative thereof (e.g.,
microcrystalline cellulose). The oral solid dosage form may also comprise a disintegrant. The
suitable disintegrant includes crospovidone, sodium starch glycolate, croscarmelose, alginic acid
and sodium carboxymethylcellulose. The oral solid dosage form may also comprise a lubricant.

The suitable lubricant includes stearic acid, magnesium stearate, calcium stearate and talc.

In particular embodiments, the present invention relates to a pharmaceutical composition
comprising 0.01 mg to 1000 mg of one or more of the compounds of formulae described herein or
pharmaceutically acceptable salt thereof, and 0.01 g to 5 g of one or more pharmaceutically

acceptable excipients.

Intermediate 1

(1S, 4R)-4-(hydroxymethyl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxylic acid tert-butyl

ester
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(1S8,45)-5-tert-butoxycarbonyl-2-oxa-5-azabicyclo[2.2.1 ]heptane-4-carboxylic acid methyl
ester (0.88 g, 3.4 mmol, Chemistry Letters, 2017, 566-568) was added to anhydrous
tetrahydrofuran (30 mL), cooled to 0°C, slowly added with lithium borohydride (222 mg, 10.2
mmol), and stirred at room temperature overnight. The reaction solution was cooled to 0°C and
added with sodium sulfate decahydrate for quenching. The reaction solution was poured into
dichloromethane, dried over anhydrous sodium sulfate, filtered, and the filter cake was washed
with dichloromethane/methanol (20/1), and the filtrate was concentrated to obtain the crude title

compound (1.5 g).
LC-MS: m/z [M+H-tBu]* = 174.

((1S, 4R)-2-0xa-5-azabicyclo[2.2.1]hept-4-yl)methanol hydrochloride

H Hcl

HO/\E j

(@)

(1S,4R)-4-(hydroxymethyl)-2-oxa-5-azabicyclo[2.2.1 ]heptane-5-carboxylic acid tert-butyl
ester (1.5g of crude product) was dissolved in a mixed solvent of dichloromethane (5 mL) and
methanol (5 mL), a solution of hydrogen chloride in ethyl acetate (4.0 M, 5 mL) was added, and
the reaction mixture was stirred at 40-50°C overnight. The reaction solution was concentrated to
obtain the crude title compound (900 mg).

LC-MS: m/z [M+H]" = 130.

((1S, 4R)-5-(2, 6-dichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl)methanol
Cl

N7 N
‘—:N)\)\m

ONG

HO

((1S5,4R)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl)methanol hydrochloride (0.9 g, 5.4 mmol) was
dissolved in dichloromethane (50 mL); after cooling to 0°C, triethylamine (1.1 g, 1.5 mL, 10.8
mmol) and 2,4,6-trichloropyrimidine (1.2 g, 5.76 mmol) were sequentially added, and the mixture
was stirred at room temperature for 4 hours. The reaction was quenched with saturated sodium

bicarbonate solution, extracted with dichloromethane, the organic phase was concentrated, and
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purified by silica gel chromatography to obtain the title compound (0.36 g, yield 38% over three
steps).
LC-MS: m/z [M+H]" = 276.

(35, 11aR)-7-chloro-3, 4-dihydro-1H, 9H, 11H-3, 11a-methanopyrimido[6', 1':2, 3Jlimidazo|5,
1-C] [1, 4]oxazin-9-one

0]

A

Cl

((18,4R)-5-(2,6-dichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]heptan-4-yl)methanol
(360 mg, 1.3 mmol) and triethylamine (395 mg, 3.9 mmol) were added to anhydrous
tetrahydrofuran (10 mL) and cooled to 0°C. Methylsulfonyl chloride (229 mg, 2.0 mmol) was
added dropwise, and the mixture was stirred at 0°C for 30 minutes. The reaction solution was
concentrated, potassium carbonate (898 mg, 6.5 mmol) and acetonitrile (15 mL) were added, and
the mixture was stirred at 80°C overnight. The reaction solution was concentrated and separated
by preparative thin layer chromatography (dichloromethane/methanol = 20/1) to obtain the title
compound (230 mg, 74%).
LC-MS: m/z [M+H]" = 240.
'"H NMR (400 MHz, CDCls) 85.60 (s, 1H), 4.78 (br. s, 1H), 4.49 (d, J = 13.2 Hz, 1H), 4.09 - 3.88
(m, 3H), 3.61 (d, J = 9.8 Hz, 1H), 3.32 (d, / = 9.8 Hz, 1H), 2.10 (d, / = 10.8 Hz, 1H), 1.84 (d, J =
10.3 Hz, 1H).

Intermediate 2

(1R, 45)-4-(hydroxymethyl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxvlic acid tert-butyl

ester

(1R,4R)-5-tert-butoxycarbonyl-2-oxa-5-azabicyclo[2.2.1]heptane-4-carboxylic acid methyl
ester (430 mg, 1.67 mmol, Chemistry Letters, 2017, 566-568) was added to anhydrous
tetrahydrofuran (10 mL), cooled to 0°C, slowly added with lithium borohydride (430 mg, 1.67
mmol), and stirred at room temperature overnight. The reaction solution was cooled to 0°C and

added with water for quenching. The reaction solution was diluted with ethyl acetate, dried over
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anhydrous sodium sulfate, filtered, the filter cake was washed with ethanol, and the filtrate was
concentrated. Dichloromethane was added to dissolve the residue, filtered, and the filtrate was
concentrated to give the crude title compound (380 mg, 99%).

LC-MS: m/z [M+H-tBu]* = 174.
((1R, 45)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl)methanol

N
©TR

@)

(1R,45)-4-(hydroxymethyl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxylic acid tert-butyl
ester (380 mg, 1.67 mmol) was added to dichloromethane (10 mL) and trifluoroacetic acid (5 mL),
and stirred at room temperature overnight. The reaction solution was concentrated and purified by
column chromatography (dichloromethane/methanol = 20/1~2/1) to obtain the crude title
compound (800 mg).

LC-MS: m/z [M+H]" = 130.

((1R, 45)-5-(2, 6-dichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl)methanol

Cl
HO N7 |N
AN
)

2,4,6-Trichloropyrimidine (1055 mg, 5.76 mmol) was added to acetonitrile (30 mL) and
cooled to 0°C. ((1R,4S)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl)methanol (700 mg, 2.88 mmol) and a
solution of triethylamine (872 mg, 8.64 mmol) in acetonitrile (30 mL) was added dropwise, and
stirred at 0°C for 2 hours. The reaction solution was poured into water, extracted with ethyl acetate,
the organic phase was concentrated, and purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1~4/1) to obtain the title compound (120 mg, 15%).
LC-MS: m/z [M+H]" = 276.

(3R,11aS)-7-chloro-3, 4-dihydro-1H, 9H, 11H-3, 11a-methanopyrimido[6', 1':2, 3Jimidazo|[5,
1-C] [1, 4]oxazin-9-one
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((1R,45)-5-(2,6-dichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1 heptan-4-yl)methanol
(110 mg, 0.40 mmol) and triethylamine (121 mg, 1.20 mmol) were added to anhydrous
tetrahydrofuran (3 mL) and cooled to 0°C. Methylsulfonyl chloride (69 mg, 0.60 mmol) was added
dropwise, and the mixture was stirred at 0°C for 10 minutes. The reaction solution was
concentrated, and potassium carbonate (166 mg, 1.20 mmol) and acetonitrile (2 mL) were added,
and stirred at 90°C for 5 hours. The reaction solution was concentrated and separated by
preparative thin layer chromatography (dichloromethane/methanol = 20/1) to obtain the title
compound (50 mg, 52 %).
LC-MS: m/z [M+H]" = 240.
'"H NMR (400 MHz, CDCls) 85.60 (s, 1H), 4.78 (br. s, 1H), 4.49 (d, J = 12.7 Hz, 1H), 4.07 - 3.98
(m, 3H), 3.60 (d, /= 10.3 Hz, 1H), 3.32 (d, /= 9.8 Hz, 1H), 2.10 (d, J=9.8 Hz, 1H), 1.87 (d, J =
10.3 Hz, 1H).

Intermediate 3
(2-(2, 6-dichloropyrimidin-4-yl)-2-azabicyclo[2.1.1]hex-1-yl)methanol
Cl

O
NMCI

HO

(2-Azabicyclo[2.1.1]hex-1-yl)methanol (3.5 g, 30.98 mmol, Journal of Organic Chemistry,
2018, 83, 14350-14361) was added into acetonitrile (100 mL), added with sodium carbonate (12.6
g, 93 mmol), the reaction solution was cooled to below 0°C, 2,4,6-trichloropyrimidine (28.3 g,
154.9 mmol) was added dropwise, the reaction solution was stirred at room temperature overnight,
and the reaction solution was filtered through celite, the filtrate was concentrated and purified by
silica gel column chromatography to obtain the title compound (5.7 g, 71 %) as a white solid.

LC-MS: m/z [M+H]" = 260.

3-Chloro-7, 8-dihvdro-1H, 6H., 9H-7, 8a-methanopyrrolo[1', 2':3. 4l]imidazo[l, 2-

c]pyrimidin-1-one

(2-(2,6-Dichloropyrimidin-4-yl)-2-azabicyclo[2.1.1]hex-1-yl)methanol (5.1 g, 19.6 mmol)
was dissolved in dichloromethane (100 mL), added with thionylchloride (7 g, 58.8 mmol), stirred
at room temperature for 1 hour, the reaction solution was concentrated, the residue was dissolved

in acetonitrile (100 mL), potassium carbonate (8.11 g, 58.8 mmol) was added, stirred at 85°C
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overnight, the reaction solution was filtered through celite, the filtrate was concentrated, and
separated and purified by column chromatography to obtain the title compound (3.9 g, 89 %).
LC-MS: m/z [M+H]* = 224.

"H NMR (400 MHz, DMSO-de) 85.93 (s, 1H), 3.92 (s, 2H), 3.40 (s, 2H), 2.93 (br. s, 1H), 2.06 (br.
s, 2H), 1.66 - 1.61 (m, 2H).

Intermediate 4

(7-(2, 6-dichloropyrimidin-4-yl)-7-azabicvclo[2.2.1]heptan-1-yDmethanol
Cl

@,
N/vkm

HO

1-(Hydroxymethyl)-7-azabicyclo[2.2.1]heptane-7-carboxylic acid tert-butyl ester (4.3 g, 18.9
mmol, Tetrahedron Letters, 2010, 51, 6741-6744) was dissolved in a mixed solvent of
dichloromethane (20 mL) and methanol (20 mL), added with a solution of hydrogen chloride in
ethyl acetate (4.0 M, 20 mL), and stirred at 40-50°C overnight. The reaction solution was
concentrated. The residue was dissolved in dichloromethane (80 mL), cooled to 0°C, followed by
adding triethylamine (5.7 g, 7.8 mL, 56.7 mmol) and 2,4,6-trichloropyrimidine (6.9 g, 4.3 mL,
37.8 mmol) in sequence, stirred at room temperature for 4 hours. The reaction was quenched with
saturated sodium bicarbonate solution, extracted with dichloromethane, the organic phase was
concentrated, and purified by silica gel column chromatography to give the title compound (1.13
g, 21 %).

LC-MS: m/z [M+H]* = 274.

3-chloro-7,8-dihydro-1H,6H,9H-6,8a-ethanopyrrolo[1',2':3.4]imidazo[1,2-c] pyrimidin-1-

one

(7-(2,6-Dichloropyrimidin-4-yl)-7-azabicyclo[2.2.1]heptan-1-yl)methanol (360 mg, 1.3
mmol) was dissolved in dichloromethane (30 mL), cooled to 0°C. Thionyl chloride (4.56 g, 38.35
mmol) was added dropwise, and the mixture was stirred at room temperature for 1 hour. The
reaction solution was concentrated, the residue and potassium carbonate (3.18 g, 23.01 mmol)

were added to acetonitrile (30 mL), and the mixture was stirred at 80°C overnight. The reaction
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solution was filtered through celite, the filter cake was washed several times with ethyl acetate,
and the combined filtrates were concentrated to obtain the title compound (0.76 g, 94%).
LC-MS: m/z [M+H]* = 238.

"H NMR (400 MHz, CDCl5) 85.68 (s, 1H), 4.19 (t, J = 4.6 Hz, 1H), 4.03 (s, 2H), 2.10 (dd, J = 4.6,
10.5 Hz, 2H), 1.87 - 1.76 (m, 6H)..

Intermediate 5

(2-(2, 6-dichloropyrimidin-4-yl)-2-azabicyclo[2.2.2]oct-1-y])methanol
Cl

HO A
|
N)\)\CI

2,4,6-Trichloropyrimidine (584 mg, 3.19 mmol) was added to acetonitrile (5 mL) and cooled
to 0°C. (2-Azabicyclo[2.2.2]oct-1-yl)methanol (300 mg, 2.12 mmol, J. Org. Chem., 2007, 72,
3112 -3115) and a solution of triethylamine (429 mg, 4.25 mmol) in acetonitrile (5 mL) was added
dropwise, stirred at 0°C for 2 hours. The reaction solution was poured into water, extracted with
ethyl acetate, the organic phase was concentrated, and purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1~4/1) to obtain the title compound (198 mg,
32%).
LC-MS: m/z [M+H]" = 288.

3-chloro-6.7.8.9-tetrahydro-1H,10H-7.9a-ethanopyrido[1'.2':3.4]imidazo[1.2-c]pyrimidin-1-

one

(2-(2,6-Dichloropyrimidin-4-yl)-2-azabicyclo[2.2.2]oct-1-yl)methanol (198 mg, 0.69 mmol)
was added to dichloromethane (5 mL), cooled to O°C. Thionyl chloride (409 mg, 3.44 mmol) was
added dropwise, and the mixture was stirred at room temperature for 30 minutes. The reaction was
concentrated, and potassium carbonate (379 mg, 2.75 mmol) and acetonitrile (5 mL) were added,
stirred at 90°C overnight. The reaction solution was concentrated and separated by preparative thin
layer chromatography (dichloromethane/methanol = 20/1) to obtain the title compound (170 mg,
98 %).

LC-MS: m/z [M+H]* = 252.
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Intermediate 6

Benzylproline methyl ester

\O)QEN)

1-Boc-2-pyrrolidinecarboxylic acid methyl ester (25 g, 109.04 mmol) was added to a solution
of hydrogen chloride in ethyl acetate (4.0 M, 100 mL), and the mixture was stirred at room
temperature for 4 hours. The reaction solution was concentrated, and the residue, benzyl bromide
(22.38 g, 130.85 mmol), and anhydrous potassium carbonate (30.1 g, 218.08 mmol) were added
to acetonitrile (100 mL), and the mixture was heated to reflux and stirred overnight. The reaction
solution was poured into water, extracted with ethyl acetate, the combined organic phases were
concentrated, and purified by silica gel column chromatography (petroleum ether/ethyl acetate =
200/1~80/1) to obtain the title compound (18 g, 75%).
LC-MS: m/z [M+H]* = 220.

1-benzyl-2-methylpyrrolidine-2-carboxylic acid methyl ester

Benzylproline methyl ester (8 g, 36.48 mmol) was added to tetrahydrofuran (100 mL) and

cooled to -20°C under argon protection. lodomethane (15.5 g, 109.44 mmol) was added to the
reaction solution, the temperature was lowered to -50°C, the temperature was controlled between
-50°C and -40°C, and a solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 63.84 mL,
127.68 mmol) was added dropwise, after the dropwise addition was completed, the temperature
was controlled at -50°C to -40°C, and stirring was carried out for 3 hours. After adding methanol
(50 mL) to the reaction solution for quenching, the reaction solution was poured into water,
extracted with ethyl acetate, the organic phase was concentrated, and purified by silica gel column
chromatography (petroleum ether/ethyl acetate=200/1~100/1) to give the title compound (5 g,
59%).

LC-MS: m/z [M+H]* = 234.

(1-Benzyl-2-methylpyrrolidin-2-yl)methanol
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Lithium aluminum hydride (1.63 g, 42.90 mmol) was added to anhydrous tetrahydrofuran (25
mL), and the temperature was lowered to 0°C wunder argon protection. 1-benzyl-2-
methylpyrrolidine-2-carboxylic acid methyl ester (5 g, 21.45 mmol) in anhydrous tetrahydrofuran
(25 mL) was added dropwise, and stirred at room temperature overnight. Sodium sulfate
decahydrate (20 g) was added to the reaction solution to quench the reaction, and the mixture was
stirred at room temperature for 30 minutes. The reaction solution was filtered, and the filtrate was
concentrated to obtain the crude title compound (3.8 g, 86%).

LC-MS: m/z [M+H]* = 206.

(2-Methylpyrrolidin-2-yl)methanol

H

(1-Benzyl-2-methylpyrrolidin-2-yl)methanol (3.8 g, 18.52 mmol) and Pd/C (10%, 400 mg)
were added to methanol (40 mL). Hydrogenation was performed at 50°C under atmospheric
pressure overnight. The reaction solution was filtered, and the filtrate was concentrated to obtain
the crude title compound (2.16 g, 101%).

LC-MS: m/z [M+H]" = 116.

(1-(2, 6-Dichloropyvrimidin-4-yl)-2-methylpyrrolidin-2-yl)methanol
Cl

O
N)\/\CI

HO

2,4,6-Trichloropyrimidine (5.16 g, 28.15 mmol) and triethylamine (3.8 g, 37.54 mmol) were
added to acetonitrile (80 mL). After the reaction solution was cooled to 0°C, (2-methylpyrrolidin-
2-ylDmethanol (2.16 g, 18.77 mmol) was added, and the mixture was stirred at 0°C for 2 hours.
The reaction solution was poured into water, extracted with ethyl acetate, the organic phase was
concentrated, and purified by silica gel column chromatography (petroleum ether/ethyl acetate =
5/1~2/1) to obtain the title compound (2 g, 41%).
LC-MS: m/z [M+H]" = 262.
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3-Chloro-8a-methyl-7.8.8a,9-tetrahydro-1H,6 H-pyrrolo[1',2':3.4]imidazo[1,2-c]pyrimidin-

1-one

(1-(2,6-Dichloropyrimidin-4-yl)-2-methylpyrrolidin-2-yl)methanol (2 g, 7.67 mmol) was
added to dichloromethane (30 mL) and cooled to O°C. Thionyl chloride (4.56 g, 38.35 mmol) was
added dropwise, and the mixture was stirred at room temperature for 30 minutes. The reaction
solution was concentrated, and the concentrated residue and potassium carbonate (3.18 g, 23.01
mmol) were added to acetonitrile (30 mL), stirred at 90°C overnight. The reaction solution was
poured into water (100 mL), extracted with ethyl acetate and dichloromethane, respectively, and
the combined organic phases were concentrated to obtain the title compound (1.5 g, 88%).

"H NMR (400 MHz, DMSO-ds) 85.96 (s, 1H), 4.06 (d, J = 12.2 Hz, 1H), 3.79 (d, J = 12.2 Hz, 1H),
3.48 - 3.35 (m, 2H), 2.10 - 1.89 (m, 2H), 1.87 - 1.68 (m, 2H), 1.32 (s, 3H).

Intermediate 7

1-Benzyl-2-ethylpvyrrolidine-2-carboxyvlic acid methyl ester

AW

Benzylproline methyl ester (8 g, 36.48 mmol) was added to tetrahydrofuran (100 mL) and

0

cooled to -20°C under argon protection. lodoethane (17.1 g, 109.45 mmol) was added to the
reaction solution, cooled to -50°C. The temperature was controlled at -50°C to -40°C, and a
solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 63.84 mL, 127.68 mmol) was
added dropwise. After the dropwise addition was completed, the temperature was controlled at -
50°C to -40°C and stirring was carried out for 3 hours. After methanol was added to the reaction
solution for quenching, the reaction solution was poured into water, and extracted with ethyl
acetate. The combined organic phases were concentrated, and purified by silica gel column
chromatography (petroleum ether/ethyl acetate=200/1~100/1) to obtain the title compound (4.9 g,
54%).

LC-MS: m/z [M+H]" = 248.

(1-Benzyl-2-ethylpyrrolidin-2-yl)methanol
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e

Lithium aluminum hydride (1.51 g, 39.66 mmol) was added to anhydrous tetrahydrofuran (25
mL), and cooled to 0°C under argon protection. A solution of 1-benzyl-2-ethylpyrrolidine-2-
carboxylic acid methyl ester(4.9 g, 19.83 mmol) in dry tetrahydrofuran (25 mL) was added
dropwise. Stirring was carried out overnight at room temperature. Sodium sulfate decahydrate (5
g) was added to the reaction solution to quench the reaction, and the mixture was stirred at room
temperature for 30 minutes. The reaction solution was filtered, and the filtrate was concentrated to
obtain the crude title compound (3.5 g, 81%).

LC-MS: m/z [M+H]* = 220.

(2-Ethylpyrrolidin-2-yl)methanol

H
0
HO

(1-Benzyl-2-ethylpyrrolidin-2-yl)methanol (3.5 g, 15.97 mmol), Pd/C (10%, 350 mg) were
added to methanol (50 mL). Hydrogenation was performed at 50°C under atmospheric pressure
overnight. The reaction solution was filtered, and the filtrate was concentrated to obtain the crude
title compound (2.1 g, 100%).

LC-MS: m/z [M+H]* = 130.

(1-(2, 6-Dichloropyvrimidin-4-yl)-2-ethylpyrrolidin-2-yl)methanol
Cl

HO N)§N
|
N)\/\CI

2,4,6-Trichloropyrimidine (3.5 g, 19.16 mmol) and triethylamine (3.23 g, 31.94 mmol) were
added to acetonitrile (80 mL) and cooled to 0°C. (2-Ethylpyrrolidin-2-yl)methanol (2.1 g, 15.97
mmol) was added to the reaction solution, followed by stirring at 0°C for 2 hours. The reaction
solution was poured into water, extracted with ethyl acetate, the organic phase was concentrated,
and purified by column chromatography (petroleum ether/ethyl acetate = 5/1~2/1) to obtain the
title compound (1.5 g, 28%).
LC-MS: m/z [M+H]" = 276.
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3-Chloro-8a-ethyl-7.8.8a,9-tetrahydro-1H,6 H-pyrrolo|1',2':3.4limidazo[1,2-c]pyrimidin-1-

one

(1-(2,6-Dichloropyrimidin-4-yl)-2-ethylpyrrolidin-2-yl)methanol (1.5 g, 5.45 mmol) was
added to dichloromethane (30 mL) and cooled to O°C. Thionyl chloride (3.24 g, 27.27 mmol) was
added dropwise, and the mixture was stirred at room temperature for 30 minutes. The reaction
solution was concentrated, and the concentrated residue and potassium carbonate (2.26 g, 16.35
mmol) were added to acetonitrile (30 mL), and the mixture was stirred at 90°C overnight. The
reaction solution was poured into water (30 mL), extracted with ethyl acetate and dichloromethane,
respectively, the combined organic phases were concentrated, and separated by preparative thin
layer chromatography (dichloromethane/methanol=20/1) to obtain the title compound (260 mg,
20%).

LC-MS: m/z [M+H]* = 240.

Intermediate 8

N-Boc-2-methylpiperidine-2-carboxylic acid methyl ester

I_I%oc\O
N
@]

N-BOC-piperidine-2-carboxylic acid methyl ester (10.0 g, 41.15 mmol) and iodomethane
(16.2 g, 123.4 mmol) were added to tetrahydrofuran (60 mL), cooled to 0°C, and lithium
diisopropylamine in tetrahydrofuran (61.7 mL, 2.0 M, 123.4 mmol) was added dropwise. After
stirring for 3 hours, the reaction solution was poured into saturated ammonium chloride solution,
extracted with ethyl acetate, the organic phase was concentrated, and purified by column
chromatography (petroleum ether/ethyl acetate = 20/1) to obtain the title compound (10.0 g, 95
%).

LC-MS: m/z [M+H-Boc]* = 158.

(2-Methylpiperidin-2-yDmethanol

N
dAOH
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N-Boc-2-methylpiperidine-2-carboxylic acid methyl ester (5.0 g, 19.45 mmol) was dissolved
in dichloromethane (15 mL), hydrogen chloride in ethyl acetate (30 mL) was added, and the
reaction solution was concentrated after 20 minutes. Dichloromethane (20 mL) and solid sodium
carbonate were added to adjust the pH to 7-8. After filtration, the filtrate was concentrated to give
a crude product of 2-methylpiperidine-2-carboxylic acid methyl ester, which was dissolved in
tetrahydrofuran (20 mL). The solution was added dropwise to a solution of lithium aluminum
hydride in tetrahydrofuran (30 mL, 23.3 mmol) at 0°C, and after stirring at 0°C for 2 hours, the
reaction was quenched with sodium sulfate decahydrate, stirred at room temperature for 30
minutes, filtered, and the filtrate was concentrated to obtain the title compound (1.8 g, 72%).

LC-MS: m/z [M+H]* = 130.

(1-(2, 6-Dichloropyrimidin-4-yl)-2-methylpiperidin-2-yl) methanol
Cl
Z\!
|
&\1 \N)\CI

2,4,6-Trichloropyrimidine (3.8 g, 20.93 mmol) was added to acetonitrile (60 mL) and cooled

to 0°C. After adding sodium carbonate (2.95 g, 27.90 mmol) and stirring for 10 minutes, a solution
of (2-methylpiperidin-2-yl)methanol (1.8 g, 13.95 mmol) in acetonitrile (20 mL) was added
dropwise, and the mixture was stirred at room temperature overnight. After filtration, the filtrate
was concentrated, and purified by silica gel column chromatography (petroleum ether/ethyl acetate
= 10/1~5/1) to give the title compound (1.8 g, 47%).

LC-MS: m/z [M+H]* = 276.

3-Chloro-9a-methyl-6,7.8.9.9a,10-hexahydro-1H-pvyrido[1',2':3.4]imidazo[1,2-c]pyrimidin-

1-one

(1-(2,6-Dichloropyrimidin-4-yl)-2-methylpiperidin-2-yl)methanol (1.8 g, 6.54 mmol) was
added to dichloromethane (20 mL), and thionyl chloride (1.56 g, 13.0 mmol) was added dropwise
at room temperature. After stirring at room temperature for 10 minutes, the reaction solution was
concentrated, and potassium carbonate (2.7 g, 19.62 mmol) and acetonitrile (40 mL) were added.

Stirring was carried out overnight at 85°C. The reaction solution was filtered, the filtrate was
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concentrated, and purified by column chromatography (dichloromethane/methanol = 20/1) to
obtain the title compound (1.2 g, 77%).

LC-MS: m/z [M+H]" = 240.

'"H NMR (400 MHz, CDCl3) 85.47 (s, 1H), 3.91 - 3.78 (m, 2H), 3.40 (dd, J = 3.2, 13.5 Hz, 1H),
3.25-3.07 (m, 1H), 1.98 - 1.56 (m, 7H), 1.51 (dd, J =4.2, 9.0 Hz, 2H).

Intermediate 9

N-Boc-2-ethylpiperidine-2-carboxvylic acid methyl ester

Boc

N ~
(@)

N-BOC-piperidine-2-carboxylic acid methyl ester (5.1 g, 20.98 mmol) and iodoethane (3.2
mL, 41.0 mmol) were added to tetrahydrofuran (60 mL), cooled to 0°C, and a solution of lithium
diisopropylamine in tetrahydrofuran (21.0 mL, 2.0 M, 42.0 mmol) was added. After stirring at 0°C
for 0.5 hours, the reaction solution was poured into saturated ammonium chloride solution (100
mL), extracted with ethyl acetate, the organic phase was concentrated, and purified by column
chromatography (petroleum ether/ethyl acetate = 20/1~10/1 ) to give the crude title compound (4.0
g, 70%).
LC-MS: m/z [M+H-Boc]* = 172.

2-Ethyl-2-hydroxymethylpiperidine-1-carboxvlic acid tert-butyl ester

N-Boc-2-ethylpiperidine-2-carboxylic acid methyl ester (3.0 g, 11.0 mmol) was dissolved in
tetrahydrofuran (30 mL), and lithium aluminum hydride (970 mg, 25.5 mmol) was added in
batches at 0°C. After stirring at the temperature for 15 minutes, sodium sulfate decahydrate was
added to quench the reaction, the mixture was stirred at room temperature for 30 minutes, filtered,
the filtrate was concentrated, and purified by column chromatography (petroleum ether/ethyl
acetate = 10/1) to obtain the title compound (300 mg , 11%).

LC-MS: m/z [M+H-Boc]* = 144.

(1-(2, 6-Dichloropyrimidin-4-vyl)-2-ethylpiperidin-2-yl)methanol
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2-Ethyl-2-hydroxymethylpiperidine- 1-carboxylic acid tert-butyl ester (400 mg, 1.65 mmol)
was added to dichloromethane (3 mL), and a solution of hydrogen chloride in ethyl acetate (4.0 M,
6 mL) was added. After stirring at room temperature for 10 minutes, the mixture was concentrated
to give (2-ethylpiperidin-2-yl)methanol (320 mg). (2-Ethylpiperidin-2-yl)methanol (320 mg, 1.10
mmol) and 2,4,6-trichloropyrimidine (600 mg, 3.33 mmol) were sequentially added to acetonitrile
(16 mL), cooled to 0°C. Sodium carbonate (530 mg, 5.01 mmol) and (2-ethylpiperidin-2-
yl)methanol obtained above were added separately, and the reaction mixture was stirred at room
temperature overnight. After filtration, the filtrate was concentrated, and separated by preparative
thin layer chromatography (petroleum ether/ethyl acetate = 5/1) to give the title compound (200
mg, 41 %).

LC-MS: m/z [M+H]* = 290.

3-Chloro-9a-ethvl-6.7.8.9.9a,10-hexahydro-1H-pyrido[1'.2':3.4]imidazo[1.2-c]pyrimidin-1-

one

(1-(2,6-Dichloropyrimidin-4-yl)-2-ethylpiperidin-2-yl)methanol (50 mg, 0.17 mmol) was added
to dichloromethane (6 mL), thionyl chloride (40 mg, 0.34 mmol) was added dropwise at room
temperature, and the reaction solution was stirred at room temperature for 5 minutes after the
addition. The reaction solution was concentrated, potassium carbonate (70 mg, 0.51 mmol) and
acetonitrile (6 mL) were added, and the mixture was stirred at 85°C overnight. The reaction
solution was filtered, the filtrate was concentrated, and separated by preparative thin-layer
chromatography (dichloromethane/methanol = 10/1) to obtain the title compound (30 mg, 77 %).
LC-MS: m/z [M+H]" = 254.

"H NMR (400 MHz, CDCls): 85.49 (s, 1H), 3.95 (d, J = 12.2 Hz, 1H), 3.75 (d, J = 12.2 Hz, 1H),
3.41(d,J=13.7 Hz, 1H), 3.13 (t,J = 13.0 Hz, 1H), 1.70 - 2.05 (m, 6H), 1.52 (d, J = 12.7 Hz, 2H),
0.89 (t, J=7.3 Hz, 3H);

Intermediate 10

N-Boc-morpholine-3-carboxvlic acid methyl ester
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N-Boc-morpholine-3-carboxylic acid (10 g, 43.3 mmol) was dissolved in dichloromethane
(200 mL) and methanol (20 mL), and trimethylsilyldiazomethane (43 mL, 2.0 M in n-hexane
solution, 86.7 mmol) was added in batches. After the addition, the mixture was stirred at room
temperature for 1 hour, and the reaction solution was directly concentrated to obtain the crude title

compound (11.4 g).
LC-MS: m/z [M+H-Boc]* = 146.

N-Boc-3-methyl-morpholine-3-carboxylic acid methyl ester
I|30c (0]
XY

o)

N-Boc-morpholine-3-carboxylic acid methyl ester (11 g, 44.9 mmol) was dissolved in
tetrahydrofuran (120 mL), and iodomethane (10.5 g, 67.3 mmol) was added under argon protection.
The temperature of the reaction solution was cooled to below 0°C, and a solution of sodium
bis(trimethylsilyl)amide in tetrahydrofuran (2.0 M, 45 mL, 89.8 mmol) was added dropwise. After
the addition, the mixture was stirred at room temperature for 3 hours, and methanol was added
dropwise to quench the reaction. The reaction solution was poured into water, extracted with ethyl
acetate, the combined organic phases were dried, filtered, and the filtrate was concentrated and
separated by column chromatography to obtain the title compound (8.6 g, 74%).

LC-MS: m/z [M+H-Boc]* = 160.

3-Hvdroxymethyl-3-methyl-morpholine-4-carboxylic acid tert-butyl ester

Elioc
N

[ j<\OH
(0]

N-Boc-3-methylmorpholine-3-carboxylic acid methyl ester (1 g, 3.86 mmol) was dissolved

in tetrahydrofuran (10 mL), and the reaction solution was cooled to below 0°C. Lithium aluminum
hydride (220 mg, 5.8 mmol) was added in batches, and stirred at room temperature for 30 minutes.
The reaction solution was added with sodium sulfate decahydrate for quenching, stirred at room
temperature for 0.5 hours, dried over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated and purified by column chromatography to obtain the title compound (550 mg, 61%).

LC-MS: m/z [M+H-Boc]* = 132.
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(3-Methyl-morpholin-3-yDmethanol hydrochloride
H HCI

[ZJCOH

3-Hydroxymethyl-3-methyl-morpholine-4-carboxylic acid tert-butyl ester (3.2 g, 13.85 mmol)

was dissolved in dichloromethane (50 mL), and a solution of hydrogen chloride in ethyl acetate
(4.0 M, 50 mL) was added under argon protection, stirred at room temperature for 1 hour, and the
reaction solution was concentrated to obtain the crude title compound (1.7 g).

LC-MS: m/z [M+H]" = 132.

(4-(2, 6-Dichloropyvrimidin-4-vl)-3-methyl-morpholin-3-yl)methanol
Cl

HO N)\|N
?ZN)\)\CI

0]

(3-Methylmorpholin-3-yl)methanol hydrochloride (1.5 g, 11.45 mmol) was dissolved in
acetonitrile (50 mL), sodium carbonate (3.64 g, 34.35 mmol) was added, and the reaction solution
was cooled to below 0°C. 2,4,6-Trichloropyrimidine (10.5 g, 57.25 mmol) was added dropwise,
stirred at 50°C overnight, filtered through celite, the filtrate was concentrated, and purified by
column chromatography to obtain the title compound (2.1 g, 66%).

LC-MS: m/z [M+H]" = 278.

7-Chloro-11a-methyl-3.4.11,11a-tetrahvdro-1H.9H-pyrimido[6'.1':2.3]imidazo]|5.1-

c][1.4]oxazin-9-one

@)
O\_/N N -

(4-(2,6-Dichloropyrimidin-4-yl)-3-methyl-morpholin-3-yl)methanol (1.6 g, 5.76 mmol) was
dissolved in dichloromethane (50 mL), thionyl chloride (2.05 g, 17.3 mmol) was added, stirred at
room temperature for 1 hour, the reaction solution was concentrated, the concentrated residue was
dissolved in acetonitrile (50 mL), potassium carbonate (2.1 g, 15.2 mmol) was added. After stirring
at 85°C overnight, the reaction solution was filtered through celite, the filtrate was concentrated,
and purified by silica gel column chromatography to obtain the title compound (1.2 g, 98%).
LC-MS: m/z [M+H]" = 242.

"H NMR (400 MHz, DMSO-dc) 65.99 (s, 1H), 3.79 (d, J = 7.3 Hz, 1H), 3.73 (s, 2H), 3.66 - 3.58
(m, 2H), 3.57 - 3.50 (m, 1H), 3.47 - 3.39 (m, 2H), 1.47 (s, 3H);
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Intermediate 11
((1S, 4R)-2-0xa-5-azabicyclo[2.2.1]hept-4-yl)methan-d2-ol

p.? H
HO>I\E]
o

(1S5,45)-5-tert-butoxycarbonyl-2-oxa-5-azabicyclo[2.2.1]heptane-4-carboxylic acid methyl

ester (470 mg, 1.83 mmol, Chemistry Letters, 2017, 566 - 568) was added to a solution of hydrogen
chloride in ethyl acetate (4.0 M, 10 mL), and the reaction mixture was stirred at room temperature
for 5 hours. The reaction solution was concentrated, acetonitrile (20 mL) and sodium carbonate (1
g) were added, and the mixture was stirred at room temperature for 1 hour. The reaction solution
was filtered and concentrated. Anhydrous tetrahydrofuran (15 mL) and lithium aluminum
deuteride (138.9 mg, 3.66 mmol) were added to the residue, and the mixture was stirred at room
temperature overnight. The reaction solution was added with sodium sulfate decahydrate for
quenching, filtered, and the filtrate was concentrated to obtain the crude title compound (200 mg).

LC-MS: m/z [M+H]* = 132.

(((1S, 4R)-5-(2, 6-dichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1Thept-4-yl)methan-d2-ol

cl
HoL DfN
|
Q:N N/)\CI
oy

Triethylamine (307 mg, 3.04 mmol) and 2,4,6-trichloropyrimidine (335.6 mg, 1.83 mmol)
were added to acetonitrile (20 mL), and cooled to 0°C. ((15,4R)-2-oxa-5-azabicyclo[2.2.1]hept-4-
yD)methan-d2-ol (200 mg, 1.52 mmol) was slowly added to the reaction system, and the reaction
solution was stirred at room temperature overnight. The reaction solution was concentrated and
purified by silica gel column chromatography to obtain the title compound (130 mg, 31 %).
LC-MS: m/z [M+H]" = 278.

(3S.11aR)-7-chloro-3.4-dihydro-1H,9H,11H-3.11a-methanopyrimido[6'.1':2.3]imidazo[5.1-c]
[1, 4 Joxazin-9-one-11,11-d2

pD O
NEN

o |
O-L/NM

N
Cl



((185,4R)-5-(2,6-dichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1 ]heptan-4-yl) methan-d2-
ol (130 mg, 0.47 mmol) was added to dichloromethane (10 mL) and cooled to 0°C. Thionyl
chloride (279.6 mg, 2.35 mmol) was added dropwise, and the mixture was stirred at 0°C for 30
minutes. The reaction solution was concentrated, and potassium carbonate (194.6 mg, 1.41 mmol)
and acetonitrile (15 mL) were added, and the mixture was stirred at reflux overnight. The reaction
solution was diluted with water and extracted with dichloromethane. The organic phase was
washed with saturated brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was separated by preparative thin layer chromatography (dichloromethane/methanol = 20/1) to
give the title compound (63 mg, 74 %).
LC-MS: m/z [M+H]* = 242.

Intermediate 12

((1S5.,4R)-5-(2,6-dichloro-5-fluoropyrimidin-4-vl)-2-oxa-5-azabicyclo[2.2.1Thept-4-
yDmethanol

Cl

HO )§N

Syl

S F

2,4,6-Trichloro-5-fluoropyrimidine (872 mg, 4.4 mmol) and triethylamine (795 mg, 7.9
mmol) were added to tetrahydrofuran (10 mL) and cooled to 0°C. ((1S,4R)-2-oxa-5-
azabicyclo[2.2.1]hept-4-yl)methanol (650 mg, 4.0 mmol) was added to the reaction solution, and
the mixture was stirred at 0°C for 2 hours. The reaction solution was concentrated and purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 5/1~2/1) to obtain the title
compound (700 mg, 60%).

LC-MS: m/z [M+H]" = 294.

(3S.11aR)-7-chloro-6-fluoro-3.4-dihydro-1H,9H.,11H-3.11a-

methanopyrimido[6',1':2,3]imidazo[5,1-c] [1, 4]Joxazin-9-one

((18,4R)-5-(2,6-dichloro-5-fluoropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1 |hept-4-
yl)methanol (700 mg, 2.4 mmol) was added to thionyl chloride (10 mL) and stirred at room
temperature for 30 minutes. The reaction solution was concentrated, and potassium carbonate (660

mg, 4.8 mmol) and acetonitrile (20 mL) were added. Stirring was carried out overnight at 80°C.
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The reaction solution was concentrated, and separated by preparative thin layer chromatography
to obtain the title compound (560 mg, 91 %).

LC-MS: m/z [M+H]* = 258.

"H NMR (400 MHz, CDCl3) 84.80 (br. s, 1H), 4.53 (d, J = 12.7 Hz, 1H), 4.15 - 4.06 (m, 1H), 4.05
- 3.95 (m, 2H), 3.80 (d, J = 10.3 Hz, 1H), 3.67 (d, J = 10.8 Hz, 1H), 2.22 - 2.13 (m, 1H), 2.12 -
2.05 (m, 1H).

Intermediate 13
((1S, 4R)-5-(2,5,6-trichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl )methanol
Cl

HO A
0]

N™ SN

I
LA

Cl

a

Perchloropyrimidine (333 mg, 1.71 mmol) was dissolved in acetonitrile (16 mL), solid
sodium carbonate (362 mg, 3.42 mmol) and ((1S,4R)-2-oxa-5-azabicyclo[2.2.1]hept-4-
yl)methanol hydrochloride (200 mg, 1.14 mmol) were added in sequence, stirred at room
temperature overnight. After filtration, the filtrate was concentrated, and purified by preparative
thin layer chromatography (petroleum ether/ethyl acetate = 4/1) to give the title compound (280
mg).

LC-MS: m/z [M+H]" = 310.

(3S.11aR)-6.,7-dichloro-3.4-dihydro-1H,9H,11H-3.11a-

methanopyrimido[6'.1':2.3]imidazo[5.1-c] [1, 4]Joxazin-9-one
(@)

N

N~ 'N

O/\E(N\/V\CI

Cl

((185,4R)-5-(2,5,6-trichloropyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]hept-4-yl)methanol

(280 mg, 0.9 mmol) and thionyl chloride (650 mg, 4.5 mmol) were added to dichloromethane (8
mL) and stirred for 30 minutes. The reaction solution was concentrated, potassium carbonate (620
mg, 4.8 mmol) and acetonitrile (16 mL) were added, and the mixture was stirred at 90°C overnight.
The reaction solution was filtered, the filtrate was concentrated, and separated and purified by
preparative thin layer chromatography (dichloromethane/methanol=25/1) to obtain the title
compound (160 mg, 65%).

LC-MS: m/z [M+H]* = 274.

61



"H NMR (400 MHz, CDCl3) 84.78 (br. s, 1H), 4.51 (d, J = 13.2 Hz, 1H), 4.08 (d, J = 7.3 Hz, 1H),
3.95 -4.04 (m, 2H), 3.89 (s, 2H), 1.96 - 2.29 (m, 2H).

Intermediate 14

((1S.4R)-5-(2, 6-dichloro-5-methyl-pyrimidin)-4-yl-2-oxa-5-azabicyclo[2.2.1]hept-4-
yDmethanol
|
HO

)
N)\(km

2,4,6-Trichloro-5-methylpyrimidine (113 mg, 0.4 mmol) was dissolved in acetonitrile (8§ mL),

and solid sodium carbonate (130 mg, 1.2 mmol) and ((15,4R)-2-oxa-5-azabicyclo[2.2.1]hept-4-
ylD)methanol hydrochloride (70 mg, 0.6 mmol) were added separately, stirred at room temperature
overnight. After filtration, the filtrate was concentrated, and purified by preparative thin layer
chromatography (petroleum ether/ethyl acetate = 4/1) to give the title compound (80 mg).
LC-MS: m/z [M+H]* = 290.

(35,11aR)-7-chloro-6-methyl-3.4-dihvdro-1H,9H,11H-3.11a-

methanopyrimido[6',1':2,3]imidazo|5, 1-c] [1, 4]Joxazin-9-one

1)
O&NJ\H\CI

((18,4R)-5-(2,6-dichloro-5-methylpyrimidin)-4-yl-2-oxa-5-azabicyclo[2.2.1 ]hept-4-

yl)methanol (80 mg, 0.27 mmol) and thionyl chloride (160 mg, 1.35 mmol) were added to
dichloromethane (3 mL) and stirred for 30 minutes. The reaction solution was concentrated, and
potassium carbonate (112 mg, 0.81 mmol) and acetonitrile (12 mL) were added, and the mixture
was stirred at 90°C overnight. The reaction solution was filtered, the filtrate was concentrated, and
separated by preparative thin-layer chromatography (dichloromethane/methanol = 25/1) to obtain
the title compound (20 mg, 29 %).

LC-MS: m/z [M+H]" = 254.

Intermediate 15

5-Formyl-2-(3-(trifluoromethyl)phenoxy)benzonitrile
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(@) CF

2-Fluoro-5-formyl-benzonitrile (15.0 g, 0.1 mol), 3-(trifluoromethyl)phenol (16.0 g, 0.1 mol)

3

and potassium carbonate (13.8 g, 0.1 mol) were added to N,N-dimethylformamide(100.0 mL).
After reacting at 105°C for 8 hours, the reaction solution was poured into water, extracted with
dichloromethane, the organic phase was concentrated, and the concentrated residue was slurried
with ethanol to obtain the title compound (22.1 g, 75.5 %).

'"H NMR (400 MHz, DMSO-ds) 89.96 (s, 1H), 8.49 (s, 1H), 8.14 (br. s, 1H), 7.88 (br. s, 2H), 7.47
(br. s, 2H), 7.19 (br. s, 1H).

5-(Hydroxymethyl)-2-(3-(trifluoromethyl)phenoxy)benzonitrile
@) CF
5-Formyl-2-(3-(trifluoromethyl)phenoxy)benzonitrile (24.3 g, 83.44 mmol) was added to
methanol (250.0 mL), and sodium borohydride (4.86 g, 127.9 mmol) was added in batches. After

3

reacting at room temperature for 0.5 hours, the reaction solution was poured into water, extracted
with dichloromethane, and the organic phase was concentrated to obtain the title compound (24.2
g, 99%).

"H NMR (400 MHz, DMSO-ds) 87.80 (s, 1H), 7.73 - 7.53 (m, 3H), 7.52 - 7.27 (m, 2H), 7.09 (s,
1H), 5.41 (s, 1H), 4.51 (s, 2H).

Referring to the table below, the following intermediates were prepared with reference to the
method for the preparation of Intermediate 15, except that the starting materials described in the

column "starting materials" were used in place of the corresponding starting materials.

Interme
diate Intermediate name Structural formula IHNMR (400MHz) Starting materials
No.

(3,5-Difluoro-4-((2- DMSO0- 3.4.5-

F : -
(trifluoromethyl)pyridi HO Z "N d5:58.68(d./=5.9Hz, 1H), 7. trifluorobenzaldehyde
16 n-d- ~ 60(d,J=2.4Hz,1H),7.32(s,1 : 4-hydroxy-2-
yl)oxy)phenyl)methano o CFs | H),7.29(s,1H),7.27(dd,/=2. (trifluoromethyl)pyrid
i F 4,59Hz,1H),5.57(t,J=5.6H ine
z,1H),4.57(d,J=5.4Hz,2H)

F |
(4-(4-chloro-3- HO c DMSO- 34,5
17 (trifluoromethyl)pheno o CF de:87.70(d,J=8.8Hz,1H),7. | trifluorobenzaldehyde
3
F

xy)-3,5- 47(d,J=2.0Hz,1H),7.27(d,J | ; 4-chloro-3-
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difluorophenyl)methan =9.3Hz,3H),5.53(br.s,1H), | (trifluoromethyl)phen
ol 4.55(d,J=2.9Hz,2H) ol
(4-((2-chloropyridin-4- | 5 F - N CDCl3:88.28(br.s,1H),7.11 | 3,4,5-
18 yl)oxy)-3,5- /\©: . | (d,J=8.3Hz,2H),6.85(br.s,2 | trifluorobenzaldehyde
difluorophenyl)methan (e} Cl | H),4.85- ; 2-chloro-4-
ol F 4.67(m,2H),2.09(br.s,1H) hydroxypyridine
(3,5-difluoro-4-((2- F _N_ _CFs 3,4,5-
(trifluoromethyl)pyrimi HO/\@[ and CDCl5:88.56(br.s.,2H),7.1 | trifluorobenzaldehyde
19 din-5- o N 3(d,J=8.8Hz,2H),4.77(br.s. | ; -
yl)oxy)phenyl)methano E ,2H),2.08(br.s.,1H) (trifluoromethyl)pyri
1 midin-5-ol
(3,5-difluoro-4-((5- 3,4,5-
(trifluoromethylpyridi | HO N CDCl3:88.61(br.s, IH).8.55 | iy o robenzaldehyde
20 3. - \ (br.s,1H),7.42(br.s,1H),7.1 | . 3-hydroxy-S5.
yl)oxy)phenyl)methano o CFs | 0(d,/=8.3Hz,2H)4.75(brs, itriﬂuoromethyl)pyrid
i F 2H),2.47(br.s,1H) ine
(3,5-difluoro-4-((6- F N_ CFs CDCl5:88.48(br.s,1H),7.64 | 3,4,5-
(trifluoromethyl)pyridi HO - | (d,J=8.3Hz,1H),7.30(d,J=7 | trifluorobenzaldehyde
21 n-3- o NN .8Hz,1H),7.10(d,J=8.8Hz,2 | ; 3-hydroxy-6-
yloxy)phenyl)methano H),4.74(br.s,2H), trifluoromethylpyridin
i F 2.33(br.s,1H) e
. F CDCl3:88.40-
(3,5-difluoro-4-((2- HO ZON | 8.26(m,1H),7.09(dJ=8.3H | S
methyl-pyridin-4- | trifluorobenzaldehyde
2 yl)oxy)phenyl)methano 0 X 2,2H),6.67(s,1H),6.70(s,1H | . 4-hydroxy-2-methyl-
| )4.74(br52H)2.52(brs3 | * O Y
F H),2.39(br.s, 1H) Py
(3,5-difluoro-4-((1- HO F N/ CDCl3:87.25(br.s,1H),7.20 | 3,4,5-
23 methyl-1H-pyrazol-4- /[/\N (br.s,1H),7.00(d,J/=7.8Hz,2 | trifluorobenzaldehyde
yl)oxy)phenyl)methano o Z H),4.68(br.s,2H),3.82(br.s, | ; 1-methyl-4-hydroxy-
1 E 3H) 1H-pyrazole
DMSO-
3-(2-fluoro-4- - -4-
(h;droxymethyl)benzyl ™ d5:38.06(br.s, 1H),7.77 (brs, iyfclllrlcc)))t(})/bétenzaldehyde
” 5- HO F 1H),7.62(br.s,1H),7.44- : s Fluors.
(trifluoromethyl)benzo 7.27(m,2H),7.23(d,J=7.8H (trifluoromethyl)benz
nitrile O CF; | z,1H),5.47(br.s,1H),4.53(d, onitrile
J=4.9Hz,2H)
DMSO-
(3-fluoro-4-((2- d6:08.64 (d,J=5.4Hz, 1H | 3,4-
(trifluoromethyDpyridi | o F - N ), 7.44 (br. s., 1H), 7.42 - 7. | difluorobenzaldehyde;
25 n-4- /\©i - \ 35 (m, 2H), 7.28 (d, /= 8.3 | 4-hydroxy-2-
yl)oxy)phenyl)methano (e] CF3 Hz, 1H),7.16 (d, /=34 (trifluoromethyl)pyrid
1 Hz, 1H), 5.44 (br. s., 1H), ine
4.57 (br. s., 2H)
DMSO- 3,4-
E?r-igllglrl(l)?;;ﬁ;fl)pheno HO F Cl de:87.70(d,J=8.8Hz,1H),7. | difluorobenzaldehyde;
26 xy)-3- /\C[ /@: 45- 4-chloro-3-
(@) CFs | 7.19(m,5H),5.39(br.s,1H),4 | (trifluoromethyl)phen
fluorophenyl)methanol 52(br.s.2H) ol
DMSO-
(4-((2- d6:88.62(d,J=5.4Hz,1H),7. | p-
(trifluoromethyl)pyridi HO ZN 46(d,J=7.8Hz,2H),7.37(br. | fluorobenzaldehyde;
27 n-4- /\Q | s,1H),7.21(d,J=8.3Hz,2H), | 4-hydroxy-2-
yl)oxy)phenyl)methano o CF3 | 7.13(d,J=3.4Hz,1H),5.29(t, | (trifluoromethyl)pyrid
1 J=5.4Hz,1H),4.54(d,J=5.4 | ine
Hz,2H).
DMSO- P
(4-(4-chloro-3- o ci | do0TONAI=BEHLIEDT. | fuorobenzaldenyde:
28 (trifluoromethyl)pheno /\©\ /@[ y 4-chloro-3-
xy)phenyl)methanol O CF 7:32(m,3H),7.24(d,J=8.3H (trifluoromethyl)phen
3 | 2,1H),7.09(d,J=8.3Hz,2H), ol
5.23(br.s,1H).4.51(br.s,2H)
DMSO-
(6-(4-fluoro-3- 4-fluoro-3-
29 (triﬂuqrgmethyl)pheno HO | = /@: F ‘=167 8881_12?{?_;) ?7’1;_,15) (’Z,Jgj édé{—l ( tr.iﬂuoromethyl) phen
xy)pyridin-3- N/ o CFs ol; 6-

yl)methanol

z,3H),7.09(d,J=7.8Hz,1H),
5.29(br.s,1H),4.48(br.s,2H)

chloronicotinaldehyde
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>-(4-chloro-3- CDCE:87 T35, 17530, [ 4 oo s
(trifluoromethyl)pheno CN Cl J=8.8Hz,1H),7.57(d,/=8.8 cyanobenzaldehyde;
HO Hz,1H),7.40(d,J=2.4Hz,1H ’
30 w-s )7.18(ddJ=2.4.8.8Hz, 1 H), | -chloro-3-
(}}yflroxymethyl)benzo O CF3; 6.95(d.J=8 3Hz 1H) 4.74(b (trifluoromethyl)phen
nitrile ol
r.s,2H)
DMSO-
2-(4-chloro-3- " CN Cl | d6:67.78(br.s,1H).7.62(br.s | *-1uoro-3- ,
31 fluorophenoxy)-5 HO 2H).7.32(bt-s. 1 D)7 12(b cyanobenzaldehyde;
(hydroxymethyl)benzo ,2H),7.32(br.5,1H),7.12(br. 4-chloro-3-
b, 0 Fo | S1H.697(rs )5 410r | o0 m0 0
.s,1H),4.50(br.s,2H)
DMSO-ds:87.89- 4-fluoro-3-
afhydroxymethyl)-z- HO/\©ici©/CFs 7.73(m,3H),7.67(s,1H),7.3 | cyanobenzaldehyde;
32 . - 4-
g%ﬂgg;zﬂfﬁﬁzl)phm o 7.12(m,3H),5.44(s,1H),4.5 | (trifluoromethyl)phen
Y 3(s.2H) ol
DMSO-
d6:68.71(d,J=5.4Hz,1H),7. | 4-fluoro-3-
?(-((;-ydroxymethyl)-Z- H O/\©:Ci©N\ 90(br.s,1H),7.77(d,J=8.3H | cyanobenzaldehyde;
33 . L \ z,1H),7.61(br.s,1H),7.46(d, | 4-hydroxy-2-
N . .
ffrj‘ﬂul‘;gi“‘)e;mﬁylgﬁz o CF3 | J=8.3Hz,1H),7.30(d,J=3.4 | (trifluoromethyl)pyrid
yUORy Hz.1H),5.50(t./=5.6Hz,1H | ine
),4.58(d,J=5.4Hz,2H).

Intermediate 34

4-(Benzyloxy)-2-(trifluoromethoxy)pyridine

N

(0]

L

N~ OCFs

4-(Benzyloxy)pyridin-2-ol (1.91 g, 9.48 mmol) and 1-trifluoromethyl- 1,2-benziodoxol-

3(H)-one (1 g, 3.16 mmol) were added into nitromethane (25 mL) and stirred at 100°C overnight.

The reaction solution was concentrated, and the residue was purified by column chromatography

(petroleum ether/ethyl acetate = 10/1) to obtain the title compound (530 mg, 47%).
LC-MS: m/z [M+H]* = 270.

2-(Trifluoromethoxy)pyridin-4-ol

OH
X

Pz
N~ "OCF;

4-(Benzyloxy)-2-(trifluoromethoxy)pyridine (530 mg, 1.97 mmol) and Pd/C (10%, 125 mg)

were added to methanol (20 mL) at 60°C, stirred overnight under hydrogen atmosphere at a

pressure of 3.0 bar. The reaction solution was filtered, and the filtrate was concentrated to obtain

the crude title compound (330 mg, 94%).
LC-MS: m/z [M+H]* = 180.

(3, 5-Difluoro-4-((2-(trifluoromethoxy)pyridin-4-yl)oxy)phenyl)methanol
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’ O/\@F 7N
o X" 0CF,
F

3.4,5-Trifluorobenzaldehyde (294.4 mg, 1.84 mol), 2-(trifluoromethoxy)pyridin-4-ol (330
mg, 1.84 mol) and potassium carbonate (330.6 mg, 2.39 mol) were added to N,N-
dimethylformamide (10 mL), stirred at 120°C for 2 hours. The reaction solution was poured into
water, extracted with ethyl acetate, and the organic phase was concentrated to obtain 3,5-difluoro-
4-((2-(trifluoromethoxy)pyridin-4-yl)oxy)benzaldehyde as a crude product, the crude product was
added to ethanol (250.0 mL), sodium borohydride (69.61 mg, 1.84 mmol) was added, and the
mixture was stirred at room temperature for 1 hour. The reaction was quenched with water,
extraction was performed with ethyl acetate, and the organic phase was dried and concentrated to
give the title compound (400 mg, 68%).
LC-MS: m/z [M+H]* = 322.
"H NMR (400 MHz, DMSO-ds) 88.30 (d, J = 5.9 Hz, 1H), 7.29 (d, J = 9.3 Hz, 2H), 7.07 (d, J =
3.9 Hz, 1H), 6.95 (s, 1H), 5.56 (br. s, 1H), 4.56 (d, J = 4.9 Hz, 2H).

Intermediate 35

4-((2-(Trifluoromethyl)pyridin-4-yl)oxy)benzaldehyde

N
N~ 0

CF;

2-(Trifluoromethyl)pyridin-4-ol (1.0 g, 5.6 mmol), 4-fluorobenzaldehyde (0.7 g, 5.5 mmol)
and potassium carbonate (1.7 g, 12.0 mmol) were added to N,N-dimethylformamide (10.0 mL).
After stirring at 120°C for 14 h, the reaction solution was poured into water, extracted with ethyl
acetate, the organic phase was concentrated, and purified by silica gel column to obtain the title
compound (0.8 g, 54 %).
LC-MS: m/z [M+H]" = 268.

2-(Trifluoromethyl)-4-(4-vinylphenoxy)pyridine

4-((2-(Trifluoromethyl)pyridin-4-yl)oxy)benzaldehyde (0.8 g, 29 mmol) and
methyltriphenylphosphonium bromide (1.28 g, 3.6 mmol) were added to tetrahydrofuran (20 mL),

sodium hydride (173 mg, 7.2 mmol, 60%) was added to the system, and the mixture was stirred
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for 16 h under argon protection. The reaction solution was poured into ice water, extracted with
dichloromethane, the organic phase was concentrated, and purified by column chromatography to
obtain the title compound (0.2 g, 26%).

LC-MS: m/z [M+H]" = 266.

2-(4-((2-(Trifluoromethyl)pyridin-4-yl)oxy)phenyl)ethan-1-ol

NZ OH

CF;

At 0°C, 2-(trifluoromethyl)-4-(4-vinylphenoxy)pyridine (0.2 g, 0.75 mmol) was dissolved in
tetrahydrofuran (2 mL), and a solution of 9-borabicyclo[3.3.1]nonane in tetrahydrofuran (0.5 M,
15 mL, 7.5 mmol) was added, naturally warmed to room temperature and stirred for 16 h. Water
(1 mL), hydrogen peroxide (30 %, 5 mL), sodium hydroxide aqueous solution (3.0 M, 10 mL)
were added to the reaction solution, and the reaction was carried out at 50°C for 2 h. The reaction
solution was diluted with water, extracted with dichloromethane, the combined organic phases
were concentrated, and separated by preparative thin layer chromatography to obtain the title
compound (116 mg, 55%).

LC-MS: m/z [M+H]" = 284.

'"H NMR (400 MHz, DMSO-ds) 88.61 (d, J = 5.4 Hz, 1H), 7.38 (br. s, 2H), 7.35 (br. s, 1H), 7.16
(d, J=8.3 Hz, 2H), 7.12 (d, J = 3.4 Hz, 1H), 4.67 (t, J = 4.9 Hz, 1H), 3.71 - 3.55 (m, 2H), 2.77 (t,
J=6.6 Hz, 2H).

Referring to the table below, the following intermediates were prepared with reference to the
method for the preparation of Intermediate 35, except that the starting materials described in the

"Starting materials" column were used in place of the corresponding starting materials.

Iin;; r;l::d Intermediate name Structural formula H NMR (400 MHz) Starting materials
CDCl3: 87.41 (d, J = 8.8 Hz, 1H),
2-(4-(4-chloro-3- 7.31 (br. s, 1H), 7.25 (br. s, 1H), | 4-chloro-3-

16 (trifluoromethyl)phe “OV\Q /C[CI 7.23 (br. s, 1H), 7.05 (d, J = 6.8 Hz, | (trifluoromethyl)phen
noxy)phenyl)ethan- o CFy 1H), 6.96 (d, J = 8.3 Hz, 2H), 3.87 | ol; 4-

1-ol (t, J=5.6 Hz, 2H), 2.87 (t, J = 6.4 | fluorobenzaldehyde
Hz, 2H)

2-(3,5-difluoro-4- 345

((2- HO Fo DMSO-ds: 68.65 (br. s, 1H), 7.56 | .

37 (trifluoromethyl)pyri V\@ @ (br. s, 1H), 7.22 (s, 2H), 7.25 (s, Trfl‘:"é?gf“_z;_ldehyde
din-4- o CFa | 1H), 4.69 (br. s, 1H), 3.65 (br. s, Etﬁﬂzomnith Dpyrid
yl)oxy)phenyl)ethan- 2H), 2.76 (br. s, 2H) ine yopy
1-ol

DMSO-ds: 88.70 (d, J = 54 Hz, | , £y
;:E?;.lymoxyethyn- HO CcN 1H), 7.87 (br. s, 1H), 7.69 (d, J = iyfilrl:glr)c;nialdehyde'
) . ZN 8.3 Hz, 1H), 7.61 (br. s, 1H), 7.41 ’
| - .

38 fitirrllf_]ztoromethyl)Pyrl w@:O/Q\CF:i (d, J=8.8 HZ, 1H), 7.26 (d, J=29 ir?glig?.zi/ngthyl)pynd

yDoxy)benzonitrile Hz, 1H), 4.75 - 4.67 (m, 1H), 3.66 ine
(br. s, 2H), 2.81 (t, J= 6.1 Hz, 2H)
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Referring to the table below, the following intermediates were prepared with reference to the

preparation method of Intermediate 13, except that the starting materials described in the column

"Starting materials" were used in place of the corresponding starting materials.

Intermed . LC-MS . .
iate No. Intermediate name Structural formula (m/z Starting materials
[M+H]")
O
(3S,11aR)-7-chloro-6-ethyl- 2,4,6-trichloro-5-ethylpyrimidine;

39 3,4-dihydro-1H,9H,11H-3,11a- 268 ((1S,4R)-2-0xa-5-
methanopyrimido[6',1":2,3]imi _\ azabicyclo[2.2.1]hept-4-yl)methanol
dazo[5,1-c][1,4]oxazin-9-one \:,/ /'\ik hydrochloride
(3S,11aR)-7-chloro-6- .
isopropyl-3,4-dihydro- 2, 4, 6-trichloro-5- )

40 1H.9H.11H-3,11a- 282 1sopropylpyr1m1d1ne, ((1S,4R)-2-0xa-
methanopyrimido[6',1':2,3Jimi :\ S-azablcyclio[Z.Z. 1]hept-4-yl)methanol
dazo[5,1-c][1,4]oxazin-9-one \-’/ hydrochloride

Referring to the table below, the following intermediates were prepared with reference to the

method for the preparation of Intermediate 15, except that the starting materials described in the

column "Starting materials" were used in place of the corresponding starting materials.

Interme Spectrum: '"H NMR
diate Intermediate name Structural formula (400MHz) or LC-MS (m/z Starting materials
No. [M+H]*)
(2-fluoro-4-((2- F CDCls: 88.56 (br. s, 1H), 7.54 | 2,4-
(trifluoromethyl)pyrid (t, J =7.8 Hz, 1H), 7.22 (br. s, | difluorobenzaldehyd
41 | in4- HOﬁ Q 1H), 6.99 (br. s, 1H), 6.92 (d.J | e;  4-hydroxy-2-
yl)oxy)phenyl)methan o CFs | = 7.8 Hz, 1H), 6.85 (d, / = 9.8 | (trifluoromethyl)pyri
ol Hz, 1H), 4.79 (br. s, 2H) dine
(3-fluoro-4-((6- CDCls: 88.41 (d, J = 2.9 Hz, | 3.4-
(trifluoromethyl)pyrid HO F_N._CFs | 1H), 7.62 (d, J = 8.3 Hz, 1H), | difluorobenzaldehyd
42 in-3- /\C[ LJ/ 7.32-724 (m,2H),7.21-7.12 | ¢; 6-
yl)oxy)phenyl)methan (0] X (m, 2H), 4.72 (d, J = 4.9 Hz, | (trifluoromethyl)pyri
ol 2H) dine-3-ol
(3-fluoro-4-((5- 3,4-
(trifluoromethyl)pyrid HO F N difluorobenzaldehyd
43 in-3- /\©: J;J\ 288 e; 5-
yDoxy)phenyl)methan O CF3 (trifluoromethyl)pyri
ol dine-3-ol
CDCl3: 88.24 (d, J = 5.9 Hz,
(3-fluoro-4-((2- Fo~N | 1H). 724 (0, 7= 49 Hz, 1), | >
methyl-pyridin-4- HO difluorobenzaldehyd
“ iylpidnd: A@ /Q\ 7.18 - 7.07 (m, 2H), 6.67 - 6.58 e 2-methvl-pyridin-
y)oxy)pheny o (m, 2H), 471 (s, 2H), 2.47 (s, | & yepy
ol 4-ol
3H)
(4-((2-chloropyridin- E 3,4-
45 4-yloxy)-3- HO/\C[ Q difluorobenzaldehyd
| 254 oy
fluorophenyl)methano o X cl e; 2-chloropyridin-4-
1 ol
DMSO-ds: 68.04 (s, 1H), 7.51 | 3,4-
(3-fluoro-4-(3- HO F -7.43 (m, 1H), 7.37 (d, J=7.8 | difluorobenzaldehyd
46 (trifluoromethyl)phen /\@[ /@\ Hz, 1H), 7.34 - 7.21 (m, 2H), | e; 3-
oxy)phenyl)methanol (¢} CF3 | 7.21 - 7.09 (m, 3H), 4.76 (s, | (trifluoromethyl)phe
2H) nol
F CDCls: 87.46 - 7.39 (m, 1H), | 3.4,5-
(3,5-difluoro-4-(3- HO 7.38 -7.31 (m, 1H), 7.19 (br. s, | trifluorobenzaldehyd
47 (trifluoromethyl)phen /\i;[O/QCF 1H), 7.12 (d, J = 8.3 Hz, 1H), | €; m-
oxy)phenyl)methanol £ ® | 7.07 (d, J = 8.3 Hz, 2H), 4.73 | trifluoromethylphen
(s, 2H) ol
(3.5-difluoro-4-(4- HO F CF; | CDCls: 87.58 (d, J = 8.3 Hz, 3.4.5-
48 (trifluoromethyl)phen /©/ 2H), 752 (t, J = 7.8 Hz, 1H), trifluorobenzaldehyd
(6} 7.11 - 6.99 (m, 3H), 4.73 (s, | _.
oxy)phenyl)methanol E 2H) €; 4-
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(trifluoromethyl)phe
nol
) 34-
(3-fluoro-4-(4- HO F CF3 CDCls: 87.62 - 7.48 (m, 2H), difluorobenzaldehyd

“ Gfuoroddt /\©i /©/ 7.29-7.23 (m, 1H), 7.18 - 7.09 | .

oxy)phenyl)methanol (0] (m, 2H), 7.04 - 6.98 (m, J=8.3 (trifluoromethyl)phe
Hz, 2H), 4.72 (s, 2H) ol
. CDCl3: 87.31 (t, J = 8.3 Hz, | 3.4,5-
(3,5-difluoro-4-(3- HO F /@\ 1H), 7.28 (s, 1H), 7.25 (m, 1H), | trifluorobenzaldehyd
(trifluoromethoxy)phe )

50 noxy)phenyl)methano o OCE 7.07 (d, J = 8.3 Hz, 1H), 6.95 | ¢; 3-

[orypheny I | (d,J=8.3Hz 1H), 6.90 - 6.77 | (trifluoromethoxy)ph
(m, 1H), 4.72 (s, 2H) enol
(4-(3- F CDCL: 87.37 (4, J = 8.1 Hz, | >ih>

” Eil}fll)l_l;)r;rnethyl)phen HO/\Q: /@\ 1H). 7.20 (d. J = 7.3 Hy, 1H). ;r.lﬂuorobenzaldehysfi_

diﬂuor’ophenyl)metha © CHF | 7.12-6.97 (m, 4H), 6.77 - 6.41 (c,iifluoromethyl)phe
F (m, 1H), 4.67 (s, 1H)

nol nol

(3,5-difluoro-4-(4- HO F F | CDCls: §7.07 - 6.95 (m, 4H), | 34,5

52 fluorophenoxy)phenyl o 6.94 - 6.87 (m, 2H), 4.69 (s, | trifluorobenzaldehyd
)methanol E 2H) e; 4-fluorophenol
(3.5-difluoro-4-(3- HO F CDCl3: 87.25 - 7.19 (m, 1H), 3.4.5-

53 fluorophenoxy)phenyl 7.05(d, /= 7.8 Hz, 2H), 6.83 - trifluorobenzaldehyd
)methanol o F 6.71 (m, 2H), 6.66 (d, J =9.8 e; 3-fluorophenol

F Hz, 1H), 4.71 (s, 2H) ’
((fitl(it)phenoxy)ﬁ s. | HO F /@:F CDCl3: 87.15 - 7.01 (m, 3H), | 34,5

54 diﬂuorophenyl)met}’la o F 6.85 - 6.75 (m, 1H), 6.67 (d, J | trifluorobenzaldehyd
ol F =8.8 Hz, 1H), 4.71 (s, 2H) e; 3,4-difluorophenol
(4-(3.4- F F| CDClL: 8723 d, J=11.2Hz, | 5,

55 difluorophenoxy)-3- HO 1H), 7.15 - 7.02 (m, 3H), 6.85 dfﬂ b ldehvd

ifluorobenzaldehy
fluorophenyl)methano - 6.75 (m, 1H), 6.69 (d, J = 8.8 e: 3 4-difluorophenol
1 o F| Hz, 1H), 4.69 (s, 2H) o p
%:r'lgf%‘;;"r;jl‘)metha HO/\Q:[F @ CDCl3: §7.36 - 7.28 (m, 2H), | 3.4,5-

56 1 o 7.12 - 6.99 (m, 3H), 6.96 (d, J | trifluorobenzaldehyd
1o [ =7.8 Hz, 2H), 4.68 (s, 2H) e; phenol
(4-(4-chloro-3- HO F Cl | CDCls: &7.34 - 7.30 (m, 1H), | 3,4,5-

57 fluorophenoxy)-3,5- /\E;E /@: 7.29 - 7.26 (m, 1H), 7.06 (d, J | trifluorobenzaldehyd
difluorophenyl)metha 0 F = 8.3 Hz, 2H), 6.81 - 6.65 (m, | e; 4-chloro-3-
nol F 2H), 4.71 (s, 2H). fluorophenol
(3-fluoro-4-(((2- 34-
(trifluoromethyl)pyri HO F /NYCFa CDCls: 88.53 (s, 2H), 7.33 (d, | difluorobenzaldehyd

58 midin-5- /\C[ L/' J=11.7 Hz, 1H), 7.24 - 7.21 | e; -
yl)oxy)phenyl)methan (0] XN (m, 2H), 4.76 (s, 2H) (trifluoromethyl)pyri
ol midin-5-ol

Referring to the table below, the following intermediates were prepared with reference to the
method for the preparation of Intermediate 34, except that the starting materials described in the

"Starting materials" column were used in place of the corresponding starting materials.

Interme . LC-MS (m/z . .
diate No. Intermediate name Structural formula [M+H]*) Starting materials
(3-fluoro-4-(((2- F . .
59 (trifluoromethoxy)pyridin- HO/\Q Q 304 3,‘}hd1ﬂuorob§nzaldehy§e, 2-
4-yl)oxy)phenyDmethanol o OCF4 (trifluoromethoxy)pyridin-4-ol

Referring to the table below, the following intermediates were prepared with reference to the
method for the preparation of Intermediate 35, except that the starting materials described in the

"Starting materials" column were used in place of the corresponding starting materials.
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h;tti r;l:dl Intermediate name Structural formula IH NMR (400 MHz) Starting materials
DMSO-ds: 87.63 - 7.54 (m, 1H),
2-(4-(3- 7.44 (d, J =7.3 Hz, 1H), 7.32 -
(trifluoromethyl)phe o CFs 1 7.19 (m, 4H), 7.01 (d, J = 7.8 | 3-(trifluoromethyl)phenol;
60 noxy)phenyl)ethan- HO/\/© \©/ Hz, 2H), 4.65 (t,J=4.6 Hz, 1H), | 4-fluorobenzaldehyde
1-0l 3.62 (q,J=5.9 Hz, 2H), 2.73 (t,
J=6.8 Hz, 2H)
DMSO-ds: 87.64 - 7.55 (m, 1H),
2-(3-fluoro-4-(3- 7.46 (d, J = 7.3 Hz, 1H), 7.36 -
(trifluoromethyl)phe °© CFs | 7.16 (m, 4H), 7.12 (d, J = 8.3 | 3-(trifluoromethyl)phenol;
61 noxy)phenyl)ethan- HOA/@F\Q Hz, 1H), 4.68 (t, J=4.9 Hz, 1H), | 3,4-difluorobenzaldehyde
1-0l 3.65 (q, J=5.9 Hz, 2H), 2.76 (t,
J=6.6 Hz, 2H)
DMSO-ds: 67.69 (d, J = 8.8 Hz,
2-(4-(4-chloro-3- 1H), 7.47 - 7.38 (m, 1H), 7.30
(trifluoromethyl)phe ° cr, | (d,J=122Hz, 1H),7.26 - 7.17 | 3,4-difluorobenzaldehyde;
62 | noxy)-3- _ LT | (m, 2H), 7.13 (, J = 8.3 Hz, | 4-chloro-3-
fluorophenyl)ethan- Ho F c 1H), 4.68 (t, J = 5.1 Hz, 1H), | (trifluoromethyl)phenol
1-0l 3.64 (q, J= 6.4 Hz, 2H), 2.76 (t,
J=6.6 Hz, 2H)

Intermediate 63
2.4-Dichloro-6-((1S.4R)-4-((hydroxymethyl)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl)pyrimidine-

5-carbonitrile
|

HO
g
LA
0z CN

2,4,6-Trichloropyrimidine-5-carbonitrile (400 mg, 1.94 mmol) was dissolved in acetonitrile
(12 mL), 3.0 mmol) and ((1S,4R)-2-o0xa-5-
azabicyclo[2.2.1]hept-4-yl)methanol hydrochloride (166 mg, 1.0 mmol) were added in sequence,

then solid sodium carbonate (318 mg,

stirred at room temperature overnight. After filtration, the filtrate was concentrated, and purified
by preparative thin layer chromatography (petroleum ether/ethyl acetate = 4/1) to obtain the title
compound (40 mg, 13%).

LC-MS: m/z [M+H]* = 301.

(35,11aR)-7-chloro-9-0x0-3.4-dihydro-1H,9H,11H-3,11a-

methanopyrimido[6'.1':2.3]imidazo[5.1-c] [1, 4]Joxazine-6-carbonitrile

//( \ IN
O\::NJ\KKC'

CN

2,4-Dichloro-6-((15,4R)-4-((hydroxymethyl)-2-oxa-5-azabicyclo[2.2.1]hept-5-
yD)pyrimidine-5-carbonitrile (40 mg, 0.12 mmol) and thionyl chloride (0.2 mL) were added to

dichloromethane (3 mL), and stirred at room temperature for 20 min. The reaction solution was
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concentrated, and sodium carbonate (40 mg, 0.37 mmol) and acetonitrile (6 mL) were added and
stirred overnight at 85°C. The reaction solution was filtered, the filtrate was concentrated, and
separated by preparative thin layer chromatography (dichloromethane/methanol=25/1) to obtain
the title compound (30 mg, 91 %).

LC-MS: m/z [M+H]" = 265.

Referring to the table below, the following intermediates were prepared with reference to the
preparation method of Intermediate 63, except that the starting materials described in the column

"Starting materials" were used in place of the corresponding starting materials.

Inter

media Intermediate name Structural formula LC-MS (m/z Starting materials
[M+H])
te No.
(e} 2,4,6-trichloro-5-
(3S,11aR)-7-chloro-6-methoxy- )J\ methoxypyrimidine;

64 3,4-dihydro-1H,9H,11H-3,11a- //(\ N IN 270 ((18,4R)-2-0xa-5-
methanopyrimido[6',1":2,3]imidaz o :\‘ N&/‘\CI azabicyclo[2.2.1]hept-4-
o[5,1-c][1,4]oxazin-9-one N/ yl)methanol

O hydrochloride

Intermediate 65

(2-(2, 6-Dichloro-5-methoxyprimidin-4-yl)-2-azabicyclo[2.1.1]hex-1-yl) methanol

Cl
HO N)%N
[
g
_0
(2-Azabicyclo[2.1.1]hex-1-yl)methanol (500 mg, 4.42 mmol, Journal of Organic Chemistry,
2018, 83, 14350-14361) was dissolved in acetonitrile (10 mL), and sodium carbonate (3.64 g,

34.35 mmol) was added. The reaction solution was cooled to 0°C, and 2.4,6-trichloro-5-
methoxypyrimidine (1.4 g, 6.46 mmol) was added. The reaction solution was reacted overnight at
room temperature, and the reaction solution was filtered through celite, the filtrate was
concentrated, and separated and purified by silica gel column chromatography to obtain the title
compound (1.1 g, 72 %) as a white solid.

LC-MS: m/z [M+H]* = 290.

3-Chloro-4-methoxy-7,8-dihydro-1H,6 H,9H-7.8a-methanopyrrolo[1',2':3.4]imidazo[1,2-

c¢]pyrimidin-1-one




(2-(2,6-Dichloro-5-methoxypyrimidin-4-yl)-2-azabicyclo[2.1.1]hex-1-yl)methanol (1.1 g,
3.79 mmol) was dissolved in dichloromethane (10 mL), thionyl chloride (1.35 g, 11.38 mmol) was
added, and the reaction was carried out at room temperature for 4 hours. The reaction solution was
concentrated and dissolved in acetonitrile (10 mL), and potassium carbonate (1.5 g, 10.9 mmol)
was added. The mixture was stirred at 85°C overnight, the reaction solution was cooled to room
temperature, filtered through celite, and the filtrate was concentrated and purified by
chromatography to obtain the solid title compound (230 mg, 25%).
LC-MS: m/z [M+H]" = 254.
'"H NMR (400 MHz, CDCl3) 84.03 (s, 2H), 3.74 (s, 3H), 3.67 (s, 2H), 3.07 (br. s, 1H), 2.13 (br. s,
2H), 1.75 (d, J = 4.4 Hz, 2H).

Intermediate 66
(3-Oxa-8-azabicyclo[3.2.1]octan-1-v)methanol hydrochloride
HHCI

0]

1-(Hydroxymethyl)-3-oxa-8-azabicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester (200
mg, 0.82 mmol, Tetrahedron Letters, 2016, 57, 599 — 602) was dissolved in dichloromethane (5
mL), a solution of hydrogen chloride in ethyl acetate (4.0 M, 50 mL) was added under argon
protection, and the mixture was stirred at room temperature for 3 hours. The reaction solution was
concentrated to obtain the crude title compound (140 mg).

LC-MS: m/z [M+H]" = 144.

(8-(2, 6-Dichloropyrimidin-4-vl)-3-oxa-8-azabicyclo[3.2.1]oct-1-yl)methanol

Cl N Cl
\ﬁ NS
Ly

)

(3-Oxa-8-azabicyclo[3.2.1]octan-1-yl)methanol hydrochloride (140 mg, 0.98 mmol) was
dissolved in acetonitrile (10 mL), and sodium carbonate (311 mg, 2.94 mmol) was added under
stirring. The reaction solution was cooled to below 0°C, 2.4,6-trichloropyrimidine (537 mg, 2.94
mmol) was added dropwise, and the mixture was stirred at 50°C overnight. The reaction solution
was cooled to room temperature and filtered through celite. The filtrate was concentrated and
purified by silica gel column chromatography to obtain the title compound (190 mg, 67%).
LC-MS: m/z [M+H]* = 290.
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7-Chloro-3.4-dihydro-1H.9H,11H-4.11a-ethanopyrimido[6',1':2.3]limidazo[5,1-

c]j1.4Joxazin-9-one

(8-(2,6-Dichloropyrimidin-4-yl)-3-oxa-8-azabicyclo[3.2.1]oct-1-yl)methanol (110 mg, 0.59
mmol) was dissolved in dichloromethane (2 mL), thionyl chloride (209 mg, 1.76 mmol) was added
dropwise under stirring, and the mixture was stirred at room temperature for 3 hours. The reaction
solution was concentrated, acetonitrile (10 mL) and potassium carbonate (243 mg, 1.76 mmol)
were sequentially added to the residue, and the mixture was stirred at 85°C overnight. The reaction
solution was cooled to room temperature and filtered through celite. The filtrate was concentrated
and purified by silica gel column chromatography to obtain the title compound (85 mg, 57 %).
LC-MS: m/z [M+H]" = 254.

'"H NMR (400 MHz, CDCls) 85.69 (s, 1H), 4.27 (d, J = 12.2 Hz, 1H), 4.05 (d, J = 6.4 Hz, 1H),
3.95 (d, J=10.3 Hz, 1H), 3.75 (br. s, 4H), 2.41 - 2.26 (m, 1H), 2.20 - 2.05 (m, 1H), 1.94 (td, J =
6.2, 12.0 Hz, 1H), 1.82 - 1.68 (m, 1H).

Intermediate 67

(1R.45)-1-(hydroxymethyl)-2-azabicyclo[2.2.1]heptane-2-carboxylic acid benzyl ester

0 _©O
Y
N

.
‘7
i,

HO

2-Benzyl-1-methyl(1R,45)-2-azabicyclo[2.2.1]heptane-1,2-dicarboxylate (300 mg, 1.04
mmol, Tetrahedron, 2009, 1433-1436 ) was added to a mixed solvent of anhydrous
tetrahydrofuran (10 mL) and methanol (1 mL), sodium borohydride (117.8 mg, 3.11 mmol) was
slowly added, and the mixture was stirred at room temperature for 2 hours. Lithium borohydride
(67.74 mg, 3.11 mmol) was added and stirred at room temperature overnight. The reaction solution
was quenched with saturated aqueous ammonium chloride solution and extracted with ethyl
acetate. The organic phase was concentrated and purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 7/1~1/1) to obtain the title compound (230 mg, 85%).

LC-MS: m/z [M+H]* = 262.
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((1R, 45)-2-azabicyclo[2.2.1]hept-1-yvDmethanol

N
HO

,/
G
iy,

(1R,45)-1-(hydroxymethyl)-2-azabicyclo[2.2.1]heptane-2-carboxylic acid benzyl ester (230
mg, 0.88 mmol) and Pd/C (10%, 25 mg) were added to methanol (1 mL), and hydrogenation was
performed at room temperature under atmospheric pressure for 2 hours. The reaction solution was
filtered, and the filtrate was concentrated to obtain the crude title compound (230 mg).

LC-MS: m/z [M+H]* = 128.

((1R.45)-2-(2, 6-dichloropyrimidin-4-yl)-2-azabicyclo[2.2.1]hept-1-yl)methanol

((1R,4S5)-2-azabicyclo[2.2.1]hept-1-yl)methanol (125 mg, crude) was added to acetonitrile
(10 mL) and cooled to 0°C under stirring, and triethylamine (197.96 mg, 1.96 mmol) and 2.,4,6-
trichloropyrimidine (215.7 mg, 1.18 mmol) were added to the reaction solution in sequence, and
stirred at room temperature overnight. The reaction solution was concentrated, and separated by
preparative thin layer chromatography (petroleum ether/ethyl acetate = 2/1) to give the title
compound (140 mg, 58% yield over two steps).
LC-MS: m/z [M+H]" = 274.

(75.9aR)-3-chloro-6.7.8.9-tetrahydro-1H.,10H-7.9a-methanopyrido|1',2':3.4limidazo[1,2-
c]pyrimidin-1-one

((1R,45)-2-(2,6-dichloropyrimidin-4-yl)-2-azabicyclo[2.2.1]hept-1-yl)methanol (140 mg,
0.51 mmol) was added in dichloromethane (5 mL) and cooled to 0°C. Thionyl chloride (303.77
mg, 0.19 mL, 2.0 mmol) was added dropwise, and the mixture was stirred at 0°C for 1 hour. The
reaction solution was concentrated, potassium carbonate (422.28 mg, 3.06 mmol) and acetonitrile
(10 mL) were sequentially added to the residue, and the mixture was refluxed and stirred overnight.
The reaction solution was quenched by adding water, extracted with dichloromethane, the organic
phase was concentrated, and separated by preparative thin layer chromatography
(dichloromethane/methanol = 25/1) to obtain the title compound (110 mg, 91 %).

LC-MS: m/z [M+H]* = 238.
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"H NMR (400 MHz, CDCI3) 85.54 (s, 1H), 4.37 (d, J = 12.7 Hz, 1H), 3.92 (d, J = 12.7 Hz, 1H),
3.21 (s, 2H), 2.77 (br. s, 1H), 2.04 - 1.86 (m, 3H), 1.69 - 1.54 (m, 3H).

Intermediate 68
(2-Benzyl-4-fluoro-2-azabicyclo[2.1.1]hex-1-yl)methanol

F

@\/OH

N

o

2-Benzoyl-4-fluoro-2-azabicyclo[2.1.1]hexane-1-carboxylic acid methyl ester (880 mg, 3.35

mmol, Journal of Organic Chemistry, 2017, 8831-8841) was dissolved in tetrahydrofuran (10 mL)
and cooled to 0°C, lithium aluminum hydride (381 mg, 10.04 mmol) was added in batches; after
the addition was completed, the mixture was stirred at 50°C for 3 hours. The reaction solution was
quenched by adding sodium sulfate decahydrate. After filtration, the filtrate was concentrated, and
purified by silica gel column chromatography to obtain the title compound (370 mg, 50%).
LC-MS: m/z [M+H]" = 222.

(4-Fluoro-2-azabicyclo[2.1.1]hex-1-yl)methanol

F

=
N
H

(2-Benzyl-4-fluoro-2-azabicyclo[2.1.1]hex-1-yl)methanol (370 mg, 1.67 mmol) was
dissolved in methanol (100 mL), Pd/C (10 %, 74 mg) was added, and hydrogenation was
performed at 50°C under atmospheric pressure overnight. The reaction solution was filtered, and
the filtrate was concentrated to obtain the crude title compound (220 mg, 100%).

LC-MS: m/z [M+H]" = 132.

(2-(2,6-Dichloropyrimidin-4-vl)-4-fluoro-2-azabicyclo[2.1.1]hex-1-yl)methanol
Cl
F

(4-Fluoro-2-azabicyclo[2.1.1]hex-1-yl)methanol (210 mg, 1.59 mmol), 4,6-dichloro-2-

methoxypyrimidine (427 mg, 2.39 mmol) and solid sodium carbonate (674 mg, 6.36 mmol) were

added to isopropanol (10 mL), and stirred at 85°C for 3 days. The reaction solution was filtered,
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the filtrate was concentrated, and purified by silica gel column chromatography to obtain the title
compound (432 mg, 99%).
LC-MS: m/z [M+H]" = 275.

3-Chloro-7-fluoro-7.8-dihydro-1H.6 H.9H-7.8a-methanopyrrolo[1'.2':3.4]imidazo[1.2-

c]pyrimidin-1-one

(2-(2,6-Dichloropyrimidin-4-yl)-4-fluoro-2-azabicyclo[2.1.1]hex-1-yl)methanol (332 mg,
1.21 mmol) was added to dichloromethane (5 mL), thionyl chloride (288 mg, 2.42 mmol) was
added dropwise under stirring, and the mixture was stirred at room temperature for 1 hour. The
reaction solution was concentrated, the residue was added to water, adjusted to pH=14 with a 15%
sodium hydroxide aqueous solution under stirring, and stirred at room temperature for 10 minutes.
After extraction with dichloromethane, the organic phase was concentrated, and purified by silica
gel column chromatography to obtain the title compound (213 mg, 73 %).

LC-MS: m/z [M+H]" = 242.

Intermediate 69

(5-Chloromethyl-2-0x0-3-oxabicyclo[3.1.1]heptan-1-yl)carbamic acid tert-butyl ester

Cl Elioc
\<>LNH
o 0

5-Chloromethyl-2-oxo-3-oxabicyclo[3.1.1]heptane-1-carboxylic acid (4.0 g, 19.5 mmol,
Tetrahedron Letters, 2014, 466-468) was added to toluene (60 mL) ), triethylamine (3.9 g, 39.0
mmol) and diphenylphosphoryl azide (8.0 g, 29.2 mmol) were sequentially added under stirring,
and the mixture was stirred at room temperature for 2 hours. The reaction solution was
concentrated and purified by silica gel column chromatography (petroleum ether/ethyl acetate =
10/1) to obtain a yellow oil (3.8 g). The oily substance was added to tert-butanol (80 mL), di-tert-
butyl dicarbonate (21.9 g, 97.5 mmol) was added under stirring, and the mixture was stirred at
90°C overnight. The reaction solution was concentrated and purified by column chromatography
(petroleum ether/ethyl acetate = 10/1) to obtain the title compound (2.8 g, 52%).
LC-MS: m/z [M+H-Boc]* = 176.

2-(tert-Butoxycarbonyl)-4-hydroxymethyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid
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(5-Chloromethyl-2-0x0-3-oxabicyclo[3.1.1]hept-1-yl)carbamic acid tert-butyl ester (4.5 g,
16.3 mmol) was added to dichloromethane (20 mL), a solution of hydrogen chloride in ethyl
acetate (4.0 M, 40 mL) was added under stirring, and the mixture was stirred at room temperature
for 1.5 hours. The reaction solution was concentrated, sodium hydroxide aqueous solution (0.6 M,
140 mL) was added to the residue, and the mixture was stirred at 95°C for 0.5 hour. The reaction
solution was cooled to room temperature and adjusted to pH=7 with hydrochloric acid (6.0 M).
The reaction solution was concentrated, tetrahydrofuran (40 mL) and sodium hydroxide aqueous
solution (5%, 35 mL) were added to the residue, di-tert-butyl dicarbonate (10.6 g, 48.9 mmol) was
added under stirring, and the mixture was stirred at room temperature overnight. The reaction
solution was concentrated, the residue was poured into water, the pH of the reaction solution was
adjusted to 2 with concentrated hydrochloric acid; after extraction with ethyl acetate, the organic
phase was concentrated, and purified by silica gel column chromatography
(dichloromethane/methanol=50/1~10/1) to obtain the title compound (1.6 g, 38 %).

LC-MS: m/z [M+H-Boc]* = 158.

2-tert-Butoxycarbonyl-4-hydroxymethyl-2-azabicyclo[2.1.1]lhexane-1-carboxylic acid

methyl ester

2-(tert-Butoxycarbonyl)-4-hydroxymethyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid (1.6
g, 6.22 mmol) and solid potassium carbonate (2.57 g, 18.66 mmol) ) were added to N,N-
dimethylformamide (30 mL), and stirred at room temperature for 15 minutes under argon
protection. lodomethane (2.65 g, 18.66 mmol) was added to the reaction solution, and the mixture
was stirred at room temperature overnight. The reaction solution was poured into water, extracted
with ethyl acetate, the organic phase was concentrated, and purified by silica gel column
chromatography (dichloromethane/methanol = 50/1~10/1) to obtain the title compound (1.1 g,
65%).
LC-MS: m/z [M+H-Boc]* = 172.

2-tert-Butoxycarbonyl-4-methoxymethyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid
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methyl ester

Boc

N/
—d o

SN

2-tert-Butoxycarbonyl-4-hydroxymethyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid
methyl ester (400 mg, 1.47 mmol) was added to N,N-dimethylformamide (16 mL), sodium hydride
(60%, 177 mg, 4.43 mmol) was added under stirring at room temperature, and after stirring at
room temperature for 15 minutes, iodomethane (630 mg, 4.43 mmol) was added, and the mixture
was stirred at room temperature for 3 hours. The reaction solution was poured into water, extracted
with ethyl acetate, the organic phase was concentrated, and purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1~3/1) to obtain the title compound (290 mg,
69%).
LC-MS: m/z [M+H-Boc]* = 186.

(4-(Methoxymethyl)-2-azabicyclo[2.1.1]hex-1-yl)methanol

é NH
—0 OH

2-tert-Butoxycarbonyl-4-methoxymethyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid ester

(290 mg, 1.02 mmol) was added to dichloromethane (2 mL), a solution of hydrogen chloride in
ethyl acetate (4.0 M, 6 mL) was added under stirring, and the mixture was stirred at room
temperature for 0.5 h. The reaction solution was concentrated, tetrahydrofuran (6 mL) and lithium
aluminum hydride (76 mg, 2.0 mmol) were added to the residue, and the mixture was stirred at
room temperature for 1 hour. The reaction solution was quenched by adding sodium sulfate
decahydrate, stirred at room temperature for 0.5 hours, filtered, and the filtrate was concentrated
to obtain the title compound (155 mg, 97%).

LC-MS: m/z [M+H]" = 158.

(2-(6-Chloro-2-methoxyprimidin-4-yl)-4-(methoxymethyl)-2-azabicyclo[2.1.1]hex-1-
yDmethanol

>0

HO N)\N
|
N
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(4-(Methoxymethyl)-2-azabicyclo[2.1.1]hex-1-yl)methanol (155 mg, 1.0 mmol), 4,6-
dichloro-2-methoxypyrimidine (267 mg, 1.5 mmol) and solid sodium carbonate (318 mg, 3.0
mmol) were added to isopropanol (10 mL) and stirred at reflux overnight. The reaction solution
was cooled to room temperature, filtered, and the filtrate was concentrated, and separated by
preparative thin layer chromatography (dichloromethane/methanol = 50/1) to give the title
compound (260 mg, 87 %).

LC-MS: m/z [M+H]* = 300.

3-Chloro-7-(methoxymethyl)-7.8-dihvdro-1H,6H,9H-7.8a-

methanopyrrolo[1'.2':3.4]imidazo[1.2-c]pyrimidin-1-one

(2-(6-Chloro-2-methoxypyrimidin-4-yl)-4-(methoxymethyl)-2-azabicyclo[2.1.1]hex-1-
yl)methanol (260 mg, 0.87 mmol) was added to dichloromethane (4 mL), thionyl chloride (154
mg, 1.3 mmol) was added dropwise under stirring, and the mixture was stirred at room temperature
for 0.5 hours. The reaction solution was concentrated, water (4 mL) and sodium hydroxide aqueous
solution (1.0 M, 4 mL) were sequentially added to the residue, and the mixture was stirred at room
temperature for 0.5 hours. After extraction with dichloromethane, the combined organic phases
were concentrated to give the title compound (180 mg, 78 %).

LC-MS: m/z [M+H]" = 268.

Intermediate 70

2-tert-Butoxycarbonyl-4-formyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid methyl ester

2-tert-Butoxycarbonyl-4-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-1-carboxylic acid
methyl ester (400 mg, 1.47 mmol) was added to dichloromethane (20 mL), Dess-Martin reagent
(1.23 g, 2.94 mmol) was added under stirring, and the mixture was stirred at room temperature
overnight. After filtration, the filtrate was poured into saturated sodium bicarbonate solution,

extracted with dichloromethane, the organic phase was concentrated, and purified by silica gel
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column chromatography (dichloromethane/methanol = 50/1) to obtain the title compound (250 mg,
63%).
LC-MS: m/z [M+H-Boc]* = 170.

2-tert-Butoxycarbonyl-4-(difluoromethyl)-2-azabicyclo[2.1.1]hexane-1-carboxylic acid

methyl ester

2-(tert-Butoxycarbonyl)-4-formyl-2-azabicyclo[2.1.1]hexane-1-carboxylic acid methyl ester
(250 mg, 0.86 mmol) was added to dichloromethane (12 mL), cooled to 0°C, diethylaminosulfur
trifluoride (741 mg, 4.6 mmol) was added, stirred at 0°C for 2 hours, and stirred at room
temperature overnight. The reaction solution was poured into saturated sodium bicarbonate
solution, extracted with dichloromethane, the organic phase was concentrated, and purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 5/1) to obtain the title
compound (150 mg, 56%).
LC-MS: m/z [M+H-Boc]* = 192.

(4-(Difluoromethyl)-2-azabicyclo[2.1.1]hex-1-yl)methanol

R NH
F

HO

2-(tert-Butoxycarbonyl)-4-(difluoromethyl)-2-azabicyclo[2.1.1]hexane-1-carboxylic  acid
methyl ester (150 mg, 0.51 mmol) was added to dichloromethane (4 mL), a solution of hydrogen
chloride in ethyl acetate (4.0 M, 6 mL) was added under stirring, and the mixture was stirred at
room temperature for 0.5 h. The reaction solution was concentrated, tetrahydrofuran (6 mL) and
lithium aluminum hydride (286 mg, 0.75 mmol) were sequentially added to the residue, and the
mixture was stirred at room temperature for 1 hour. The reaction solution was quenched by adding
sodium sulfate decahydrate, and stirred at room temperature for 0.5 hours. After filtration, the
filtrate was concentrated to obtain the crude title compound (100 mg).

LC-MS: m/z [M+H]* = 164.

2-(6-Chloro-2-methoxyprimidin-4-yl)-1-(difluoromethyl)-4-(methoxymethyl)-2-

azabicyclo[2.1.1]hexane
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(4-(Difluoromethyl)-2-azabicyclo[2.1.1]hex-1-yl)methanol (100 mg, 0.61 mmol), 4,6-
dichloro-2-methoxypyrimidine (163 mg, 0.92 mmol) and solid sodium carbonate (190 mg, 1.83
mmol) were added to isopropanol (10 mL) and stirred at reflux overnight. The reaction solution
was cooled to room temperature, filtered, and the filtrate was concentrated and separated by
preparative thin layer chromatography (petroleum ether/ethyl acetate = 2/1) to obtain the title
compound (60 mg, two-step yield: 38%).

LC-MS: m/z [M+H]* = 306.

3-Chloro-7-(difluoromethyl)-7.8-dihvdro-1H.,6H.,9H-7.8a-

methanopyrrolo[1'.2':3.4]imidazo[1, 2-c]pyrimidin-1-one

2-(6-Chloro-2-methoxypyrimidin-4-yl)-1-(difluoromethyl)-4-(methoxymethyl)-2-

azabicyclo[2.1.1]hexane (60 mg, 0.20 mmol) was added to dichloromethane (4 mL), thionyl
chloride (47 mg, 0.40 mmol) was added dropwise under stirring, and the mixture was stirred at
room temperature for 0.5 hours. The reaction solution was concentrated, water (2 mL) and sodium
hydroxide aqueous solution (1.0 M, 0.5 mL) were sequentially added to the residue, and the
mixture was stirred at room temperature for 0.5 hours. The reaction solution was extracted with
dichloromethane, and the organic phase was concentrated to obtain the title compound (45 mg, 82
%).

LC-MS: m/z [M+H]* = 274.

Intermediate 71

2-(tert-Butoxycarbonyl)-4-(((methylsulfonyDoxy)methyl)-2-azabicyclo[2.1.1]hexane-1-

carboxyvlic acid methyl ester
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2-(tert-Butoxycarbonyl)-4-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-1-carboxylic  acid
methyl ester (270 mg, 1.0 mmol) and triethylamine (300 mg, 3.0 mmol) were added to
dichloromethane (10 mL), cooled to 0°C, methanesulfonyl chloride (3434 mg, 3.0 mmol) was
added dropwise, and the mixture was stirred at room temperature overnight. The reaction solution
was poured into saturated sodium bicarbonate solution, extracted with dichloromethane, the
organic phase was concentrated, and purified by preparative thin layer chromatography
(dichloromethane/methanol = 20/1) to obtain the title compound (180 mg, 52 %).
LC-MS: m/z [M+H-Boc]* =250

2-(tert-Butoxycarbonyl)-4-(morpholinomethyl)-2-azabicyclo][2.1.1]hexane-1-carboxylic acid

§ -
(N//%O

2-(tert-Butoxycarbonyl)-4-(((methylsulfonyl)oxy)methyl)-2-azabicyclo[2.1.1]hexane-1-

methyl ester

carboxylic acid methyl ester (180 mg, 0.52 mmol), morpholine (226 mg, 2.6 mmol), solid
potassium carbonate (215 mg, 1.56 mmol), potassium iodide (17 mg, 0.1 mmol) were added to
acetonitrile (12 mL), and stirred at 85°C overnight. The reaction solution was cooled to room
temperature, filtered, the filtrate was concentrated, and purified by thin-layer preparative
chromatography (dichloromethane/methanol = 20/1) to obtain the title compound (140 mg, 80%).
LC-MS: m/z [M+H]" = 341

(4-(Morpholinomethyl)-2-azabicyclo][2.1.1]hex-1-y)methanol

e
N
J OH
)

2-(tert-Butoxycarbonyl)-4-(morpholinomethyl)-2-azabicyclo[2.1.1]hexane-1-carboxylic

acid methyl ester (140 mg, 0.41 mmol) was added to dichloromethane (3 mL), hydrogen chloride

in ethyl acetate (4.0 M, 3 mL) was added under stirring, and the mixture was stirred at room
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temperature for 0.5 hours. The reaction solution was concentrated, tetrahydrofuran (6 mL) and
lithium aluminum hydride (31 mg, 0.82 mmol) were sequentially added to the residue, and the
mixture was stirred at room temperature for 0.5 hours. The reaction solution was quenched by
adding solid sodium sulfate decahydrate, and stirred at room temperature for 0.5 hours. After
filtration, the filtrate was concentrated to obtain the crude title compound (80 mg).

LC-MS: m/z [M+H]* = 213.

(2-(6-Chloro-2-methoxyprimidin-4-yl)-4-(morpholinomethyl)-2-azabicyclo[2.1.1]hex-1-
yDmethanol

~

O
N)§

(4-(Morpholinomethyl)-2-azabicyclo[2.1.1]hex-1-yl)methanol (80 mg, 0.38 mmol), 4,6-
dichloro-2-methoxypyrimidine (135 mg, 0.76 mmol) and solid sodium carbonate (120 mg, 1.14
mmol) were added to isopropanol (12 mL) and stirred at reflux overnight. The reaction solution
was cooled to room temperature, filtered, and the filtrate was concentrated and separated by
preparative thin layer chromatography (petroleum ether/ethyl acetate = 2/1) to obtain the title
compound (80 mg, two-step yield: 55%).

LC-MS: m/z [M+H]* = 355.

3-Chloro-7-(morpholinomethyl)-7.8-dihydro-1H,6 H.9H-7.8a-

methanopyrrolo[1',2':3.4]imidazo[1, 2-c]pyrimidin-1-one

(2-(6-Chloro-2-methoxypyrimidin-4-yl)-4-(morpholinomethyl)-2-azabicyclo[2.1.1]hex-1-
yl)methanol (80 mg, 0.23 mmol) was added to dichloromethane (3 mL), thionyl chloride (81 mg,
0.69 mmol) was added dropwise under stirring, and the mixture was stirred at room temperature
for 0.5 hours. The reaction solution was concentrated, water (3 mL) and sodium hydroxide aqueous

solution (1.0 M, 3 mL) were sequentially added to the residue, and the mixture was stirred at room
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temperature for 0.5 hours. After extraction with dichloromethane, the organic phase was
concentrated to obtain the title compound (45 mg, 61 %).

LC-MS: m/z [M+H]* = 323.

Intermediate 72

2-(tert-Butoxycarbonyl)-4-((((tert-butyldimethylsilyl)oxy)methyl)-2-

azabicyclo[2.1.1]hexane-1-carboxvlic acid methyl ester

,Boc

N
O
TBSO

o<

2-(tert-Butoxycarbonyl)-4-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-1-carboxylic  acid
methyl ester (1.0 g, 3.69 mmol) was added to dichloromethane (10 mL), imidazole (0.5 g, 7.35
mmol) and tert-butyldimethylsilyl chloride (0.66 g, 4.37 mmol) were sequentially added under
stirring, and the mixture was stirred at room temperature for 2 hours. The reaction solution was
poured into saturated aqueous ammonium chloride solution, extracted with ethyl acetate, the
organic phase was concentrated, and purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to obtain the title compound (1.2 g, 84%).
LC-MS: m/z [M+H-Boc]* = 286.

4-((((tert-Butyldimethylsilyl) oxy)methyl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-

carboxyvlic acid tert-butyl ester

Boc

N/
TBSO

OH

2-(tert-Butoxycarbonyl)-4-((((tert-butyldimethylsilyl)oxy)methyl)-2-

azabicyclo[2.1.1]hexane-1-carboxylic acid methyl ester (1.2 g, 3.11 mmol) was added to methanol
(15 mL), the temperature of the reaction solution was increased to 65°C, sodium borohydride (1.18
g, 31.16 mmol) was added in batches, and the mixture was stirred at 65°C for 0.5 hours. The
reaction solution was cooled to room temperature, the reaction solution was quenched with
saturated aqueous ammonium chloride solution, extracted with ethyl acetate, the organic phase
was concentrated, and purified by silica gel column chromatography (petroleum ether/ethyl
acetate=5/1) to obtain the title compound (1 g, 90%).

LC-MS: m/z [M+H-Boc]* = 258.

1-((Benzyloxy)methyl)-4-((((tert-butyldimethylsilyl)oxy)methyl)-2-azabicyclo[2.1.1]hexane-
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2-carboxylic acid tert-butyl ester

/Boc
N

e

4-((((tert-Butyldimethylsilyl)oxy)methyl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-
carboxylic acid tert-butyl ester (1.0 g, 2.80 mmol) was added to N,N-dimethylformamide (16 mL),
the temperature was lowered to 0°C under argon protection, and sodium hydride (60%, 224 mg,
5.60 mmol) was added under stirring; after stirring at room temperature for 10 minutes, benzyl
bromide (718 mg, 4.20 mmol) was added, and the mixture was stirred at room temperature
overnight. The reaction solution was poured into water, extracted with ethyl acetate, and the
organic phase was concentrated to obtain the title compound (1.2 g, 96%).

LC-MS: m/z [M+H-Boc]* = 348.

1-((Benzyloxy)methyl)-4-(hvdroxymethyl)-2-azabicyclo[2.1.1]Thexane-2-carboxylic acid tert-

butyl ester

1-((Benzyloxy)methyl)-4-((((tert-butyldimethylsilyl)oxy)methyl)-2-

azabicyclo[2.1.1]hexane-2-carboxylic acid tert-butyl ester (1.2 g, 2.68 mmol) was added to
tetrahydrofuran (10 mL), a solution of tetrabutylammonium fluoride in tetrahydrofuran (1.0 M, 4
mL) was added under stirring, and stirred at room temperature for 2 hours. The reaction solution
was poured into saturated aqueous ammonium chloride solution, extracted with ethyl acetate, the
organic phase was concentrated, and purified by silica gel column chromatography
(dichloromethane/methanol=20/1) to obtain the title compound (600 mg, 67%).

LC-MS: m/z [M+H-Boc]* = 234.

1-((Benzyloxy)methyl)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic acid

/Boc

N
Os\/ 7\\/ o)
R
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1-((Benzyloxy)methyl)-4-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid
tert-butyl ester (600 mg, 1.80 mmol) was dissolved in acetone (6 mL), slowly dropped into Jones
reagent (2.0 M, 2 mL), and stirred at room temperature for 0.5 h. Isopropanol (6 mL) was added
to the reaction solution, stirred at room temperature for 10 minutes, filtered, and the filtrate was
concentrated. The residue was dissolved in water, the pH was adjusted to weakly alkaline with
saturated sodium bicarbonate solution, and then adjusted to pH=2 with hydrochloric acid (6.0 M),
extracted with ethyl acetate, the organic phase was concentrated, and purified by preparative thin
layer chromatography to obtain the crude title compound (400 mg, 64%).
LC-MS: m/z [M+H-Boc]* = 248.

2-(tert-Butoxycarbonyl)-1-((benzyloxy)methyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic acid

methyl ester

Boc

1-((Benzyloxy)methyl)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic

acid (400 mg, 1.15 mmol) and solid potassium carbonate (476 mg, 3.45 mmol) were added to N,N-
dimethylformamide (5 mL). After stirring at room temperature for 10 minutes, iodomethane (326
mg, 2.30 mmol) was added, and stirred at room temperature overnight. The reaction solution was
poured into water, extracted with ethyl acetate, and the organic phase was concentrated, and
purified by thin layer preparative chromatography (petroleum ether/ethyl acetate = 5/1) to obtain
the title compound (230 mg, 56%).

LC-MS: m/z [M+H-Boc]* = 262.

2-(tert-Butoxycarbonyl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic acid

methyl ester

2-(tert-Butoxycarbonyl)-1-((benzyloxy)methyl)-2-azabicyclo[2.1.1 ]hexane-4-carboxylic
acid methyl ester (230 mg, 0.64 mmol) and Pd /C (10%, 25 mg) were added to methanol (10 mL),
and hydrogenation was performed at room temperature under atmospheric pressure overnight.
After filtration, the filtrate was concentrated to give the title compound (150 mg, 96%).
LC-MS: m/z [M+H-Boc]* = 172.
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2-(2,6-Dichloropyrimidin-4-yl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic

acid methyl ester

o

HO N&
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2-(tert-Butoxycarbonyl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic  acid
methyl ester (80 mg, 0.29 mmol) was added to a solution of hydrogen chloride in dioxane (4.0 M,
6 mL), and stirred at 50°C for 30 min. The reaction solution was concentrated, and 4,6-dichloro-
2-methoxypyrimidine (103 mg, 0.58 mmol), solid sodium carbonate (92 mg, 0.87 mmol) and
acetonitrile (6 mL) were sequentially added to the residue, stirred at 85°C overnight. The reaction
solution was cooled to room temperature and filtered. The filtrate was concentrated and purified
by preparative thin layer chromatography (dichloromethane/methanol = 30/1) to give the title
compound (60 mg, 66%).
LC-MS: m/z [M+H]* = 314.

3-Chloro-1-oxo0-1H,6H.,9H-7.8a-methanopyrrolo[1',2':3.4Jimidazo[1,2-c]pyrimidine-

7(8H)-carboxvlic acid methyl ester

O
N)l\lN
@)
/O

2-(2,6-Dichloropyrimidin-4-yl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-
carboxylicacid methyl ester (60 mg, 0.87 mmol) was added to dichloromethane (3 mL), then
thionyl chloride (154 mg, 1.3 mmol) was added dropwise, and the mixture was stirred at room
temperature for 0.5 hours. The reaction solution was concentrated. Water (4 mL) and sodium
hydroxide aqueous solution (1.0 M, 2 mL) were sequentially added to the residue, and the mixture
was stirred at room temperature for 0.5 hours. After extraction with dichloromethane, the organic
phase was concentrated to give the title compound (30 mg, 56%).

LC-MS: m/z [M+H]* = 282.
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3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H,6 H,9H-7,

8a-methanopyrrolo[1'.2':3.4]imidazo[1.2-c]pyrimidine-7(8H)-carboxvylic acid methyl ester

)?\
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3-Chloro-1-oxo-1H,6H,9H-7,8a-methanopyrolo[1',2":3,4]imidazo[1,2-c]pyrimidine-7(8H)-

carboxylic acid methyl ester (30 mg, 0.106 mmol), (3-fluoro-4-((2-(trifluoromethyl)pyridin-4-
yl)oxy)phenyl)methanol (45 mg, 0.156 mmol) and cesium carbonate (103 mg, 0.318 mmol) were
added to toluene (6 mL), and the mixture was stirred at 130°C for 4 hours. The reaction solution
was cooled to room temperature, filtered, and the filtrate was concentrated, and purified by
preparative thin layer chromatography (dichloromethane/methanol = 20/1) to obtain the title
compound (20 mg, 35 %).

LC-MS: m/z [M+H]" = 533.

3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H.,6 H.9H-7, 8a-

methanopyrrolo[1', 2 ':3, 4]imidazo[1, 2-c]pyrimidine-7(8H)-carboxylic acid
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3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H,6H,9H-7,8a-

methanopyrrolo[1',2":3,4]imidazo[1,2-c]pyrimidine-7(8H)-carboxylic acid methyl ester (1.1 g,
2.07 mmol) was added into acetonitrile (10 mL) and sodium hydroxide aqueous solution (1.0 M,
20 mL), and stirred at room temperature for 1 hour. The pH of the reaction solution was adjusted
to 3-4 with aqueous hydrochloric acid (1.0 M). After extraction with dichloromethane, the organic
phase was concentrated to obtain the title compound (1.07 g, 100%).

LC-MS: m/z [M+H]*=519.

(3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H,6 H.9H-7,

S8a-methanopyrrolo[1',2':3.4]imidazo[1,2-c]pyrimidine-7(8H)-yl)carbamic acid tert-butyl

ester
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3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H,6H,9H-7,8a-

methanopyrrolo[1',2":3,4]imidazo[1,2-c]pyrimidine-7(8H)-carboxylic acid (1.07 g, 2.07 mmol)
and triethylamine (418 mg, 4.14 mmol) were added to dichloromethane (20 mL) and cooled to
0°C, diphenylphosphoryl azide (628 mg, 2.28 mmol) was added, and the mixture was stirred at
room temperature for 4 hours. The reaction solution was concentrated, di-tert-butyl dicarbonate
(1.35 g, 6.21 mmol) and tert-butanol (20 mL) were sequentially added to the residue, and the
mixture was stirred at 90°C overnight. The reaction solution was concentrated and purified by
column chromatography (dichloromethane/methanol=200/1~50/1) to obtain the title compound
(350 mg, 29%).

LC-MS: m/z [M+H]" = 590.

Intermediate 73

4-Aminoformyl-1-(hydroxymethyl)-2-azabicyclo]|2.1.1]hexane-2-carboxylic acid tert-butyl

ester
HoN

N—Boc
@)

OH

4-Methoxycarbonyl-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid tert-
butyl ester (200 mg, 0.74 mmol) was added to methanol (3 mL) and ammonia (6 mL), stirred at
room temperature for 3 hours. The reaction solution was concentrated to obtain the title compound
(120 mg, 63%).
LC-MS: m/z [M+H-Boc]* = 157.

4-Cyano-1-(hydroxymethyl)-2-azabicvclo[2.1.1]hexane-2-carboxylic acid tert-butyl ester

Nc\ﬁNgBoc

OH

4-Aminoformyl-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid tert-butyl
ester (220 mg, 0.86 mmol) was added to dichloromethane (16 mL), triethylamine (434 mg, 4.30

mmol) and trifluoroacetic anhydride (722 mg, 3.44 mmol) were sequentially added under stirring,
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and the mixture was stirred at room temperature for 1 hour. The reaction solution was poured into
ethyl acetate, the organic phase was washed successively with saturated ammonium chloride
solution and saturated sodium carbonate solution, the organic phase was concentrated, and purified
by preparative thin layer chromatography (petroleum ether/ethyl acetate=5/1) to obtain the title
compound (100 mg, 49%).

LC-MS: m/z [M+H-Boc]* = 139.

2-(6-Chloro-2-methoxyprimidin-4-yl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-

carbonitrile
~

(0]
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|
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4-Cyano-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid tert-butyl ester
(100 mg, 0.42 mmol) was added to dichloromethane (4 mL), hydrochloric acid/dioxane (4.0 M, 3
mL) was added under stirring, and the mixture was stirred at 50°C for 30 minutes. The reaction
solution was concentrated, and 4,6-dichloro-2-methoxypyrimidine (146 mg, 0.82 mmol), solid
sodium carbonate (133 mg, 1.26 mmol) and acetonitrile (8 mL) were sequentially added to the
residue, and stirred at 90°C overnight. The reaction solution was cooled to room temperature,
filtered, and the filtrate was concentrated and purified by preparative thin layer chromatography
(petroleum ether/ethyl acetate = 4/1) to obtain the title compound (20 mg, 17%).
LC-MS: m/z [M+H]" = 281.

3-Chloro-1-ox0-1H.6H.9H-7.8a-methanopyrrolo[1',2':3.4]imidazo[1.2-c]pyrimidine-7(8H)-

carbonitrile

2-(6-Chloro-2-methoxypyrimidin-4-yl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-
carbonitrile (20 mg, 0.07 mmol ) was added to dichloromethane (2 mL), thionyl chloride (42 mg,
0.35 mmol) was added under stirring, and the mixture was stirred at room temperature for 0.5
hours. The reaction solution was concentrated, the residue was added to water, adjusted to pH=10

with solid potassium carbonate, and stirred at room temperature for 0.5 hours. The reaction
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solution was extracted with dichloromethane, and the organic phase was concentrated to obtain
the title compound (12 mg, 69 %).
LC-MS: m/z [M+H]" = 249.

Intermediate 74

4-(Benzylcarbamoyl)-1-((benzyloxy)methyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid

tert-butyl ester

1-((Benzyloxy)methyl)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.1.1]hexane-4-carboxylic
acid (750 mg, 2.16 mol), benzylamine (347.4 mg, 3.24 mmol), HATU (1.64 g, 4.32 mmol) and
triethylamine (873 mg, 8.64 mmol) were added to dichloromethane (20 mL) and stirred at room
temperature for 2 hours. The reaction solution was concentrated and purified by column
chromatography (dichloromethane/methanol=20/1) to obtain the title compound (800 mg, 85%).
LC-MS: m/z [M+H]* = 437.

4-(Benzylcarbamoyl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid tert-
butyl ester

@)

\

Boc

4-(Benzylcarbamoyl)-1-((benzyloxy)methyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid
tert-butyl ester (800 mg, 1.83 mmol) and Pd/C (10 %, 80 mg) were added to methanol (10 mL),
and the reaction solution underwent hydrogenation at 60°C under normal pressure overnight. The
reaction solution was filtered, and the filtrate was concentrated to obtain the crude title compound
(480 mg).
LC-MS: m/z [M+H-tBu]* = 291.

N-Benzyl-2-(2.6-dichloropyrimidin-4-yl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-
carboxamide

HO ka
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4-(Benzylcarbamoyl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-2-carboxylic acid tert-
butyl ester (480 mg, 1.39 mmol) was added to hydrochloric acid/dioxane (4.0 M, 5 mL) and stirred
at room temperature for 1 hour. The reaction solution was concentrated, 2,4,6-trichloropyrimidine
(254.5 mg, 1.39 mmol), solid sodium carbonate (294.7 mg, 2.78 mmol) and acetonitrile (10 mL)
were sequentially added to the residue, and the mixture was stirred at room temperature for 2 hours.
The reaction solution was poured into water, extracted with ethyl acetate, the organic phase was
concentrated, and purified by column chromatography (petroleum ether/ethyl acetate = 1/1) to
obtain the title compound (150 mg, two-step yield: 27%).
LC-MS: m/z [M+H]" = 393.

N-Benzyl-3-chloro-1-oxo0-1H,6H.9H-7.8a-methanopvrrolo|1'.,2':3.4]limidazo[1.2-

c]pyrimidine-7(8H)-carboxamide

N-Benzyl-2-(2,6-dichloropyrimidin-4-yl)-1-(hydroxymethyl)-2-azabicyclo[2.1.1]hexane-4-
carboxamide (150 mg , 0.38 mmol) was added to dichloromethane (6 mL), thionyl chloride (2 mL)
was added dropwise under stirring, and the mixture was stirred at room temperature for 30 minutes.
The reaction solution was concentrated, potassium carbonate (263.4 mg, 1.91 mmol) and
acetonitrile (15 mL) were sequentially added to the residue, and the mixture was stirred under
reflux overnight. The reaction solution was poured into water, extracted with dichloromethane, the
organic phase was concentrated, and purified by column chromatography
(dichloromethane/methanol = 20/1) to obtain the title compound (25 mg, 18%).

LC-MS: m/z [M+H]* = 357.

Intermediate 75

1-(tert-Butoxycarbonyl)- (4R)-4-((trimethylsilyl)oxy)pvrrolidine-2-carboxylic acid methyl

ester
O /Boc
OTMS

1-(tert-Butoxycarbonyl)-(4R)-4-hydroxypyrrolidine-2-dicarboxylic acid methyl ester (5 g,
20.39 mmol) and triethylamine (2.88 g, 28.55 mmol) were added to dichloromethane (50 mL).
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The temperature was lowered to 0°C under argon protection, trimethylchlorosilane (2.88 g, 26.51
mmol) was added dropwise, and the mixture was stirred at room temperature overnight. The
reaction solution was poured into dichloromethane, and the organic phase was washed
successively with water and saturated sodium bicarbonate solution. The organic phase was
concentrated to give the title compound (6.34 g, 98%).

LC-MS: m/z [M+H-tBu]* = 262.

1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-((trimethylsilyl) oxy)pyrrolidine-2-

carboxyvlic acid methyl ester

1-(tert-Butoxycarbonyl)-(4R)-4-((trimethylsilyl)oxy)pyrrolidine-2-carboxylic acid methyl
ester (6.5 g, 20.5 mmol) and benzyl chloromethyl ether (6.4 g, 41 mmol) was dissolved in
tetrahydrofuran (100 mL). Under argon protection, the temperature was lowered to 0°C and a
solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 20 mL, 40 mmol) was added
dropwise. After stirring at room temperature for 3 hours, the reaction solution was quenched with
methanol, poured into water, and extracted with ethyl acetate. The organic phase was concentrated
and purified by silica gel column chromatography to give the title compound (3.6 g, 40%).
LC-MS: m/z [M+H]" = 438.

1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-hydroxypyvrrolidine-2-carboxylic

acid methyl ester

1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-((trimethylsilyl)oxy)pyrrolidine-2-
carboxylic acid methyl ester (3 g, 6.86 mmol) was added to a solution of citric acid in methanol
(10%, 10 mL), and stirred at room temperature for 3 hours. The reaction solution was filtered, and
the filtrate was concentrated to obtain the title compound (2.3 g, 89%).

LC-MS: m/z [M+H]" = 366.
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1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-((methylsulfonyl)oxy)pyrrolidine-2-

carboxylic acid methyl ester

)

/Boc
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1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-hydroxypyrrolidine-2-carboxylic
acid methyl ester (2.3 g, 6.3 mmol) and triethylamine (1.28 g, 12.6 mmol) were added to
dichloromethane (15 mL) in sequence. The reaction solution was cooled to 0°C, methanesulfonic
anhydride (2.2 g, 10.1 mmol) was dissolved in dichloromethane (15 mL) and dropped into the
reaction solution, and the mixture was stirred at room temperature overnight. The reaction solution
was poured into saturated sodium bicarbonate solution and extracted with dichloromethane. The
organic phase was concentrated to give the title compound (2.6 g, 100%).

LC-MS: m/z [M+H]" = 444.

1-(tert-Butoxycarbonyl)-(4S5)-4-(benzylamino)-2-((benzyloxy)methyl)pyrrolidine-2-

carboxyvlic acid methyl ester

/Boc
™ N

e
>y

1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-((methylsulfonyl)oxy)pyrrolidine-2-
carboxylic acid methyl ester (2.6 g, 5.87 mmol) was dissolved in benzylamine (5 mL) and stirred
at 85°C overnight, and purified by silica gel column chromatography to obtain the title compound
(2.32 g, 87%).
LC-MS: m/z [M+H-Boc]* = 355.

(1R.45)-5-Benzyl-1-((benzyloxy)methyl)-6-0x0-2.5-diazabicyclo][2.2.1]heptane-2-carboxylic

acid tert-butyl ester
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1-(tert-Butoxycarbonyl)-(45)-4-(benzylamino)-2-((benzyloxy)methyl)pyrrolidine-2-

carboxylic acid methyl ester (519 mg, 114 mmol) and lithium hydroxide (54.8 mg, 2.28 mmol)
were added to water (2 mL) and methanol (10 mL), and the mixture was stirred at 30°C for 2 days.
The reaction solution was concentrated, HATU (865 mg, 2.28 mmol), triethylamine (460 mg, 4.56
mmol) and N,N-dimethylformamide (35 mL) were sequentially added to the residue, and the
mixture was stirred at room temperature overnight. The reaction solution was poured into ethyl
acetate, washed successively with water and saturated brine, and dried over anhydrous sodium
sulfate. The organic phase was concentrated, and purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 20/1) to obtain the title compound (150 mg, 31 %).

LC-MS: m/z [M+H-Boc]* = 323.

(1S5.4R)-2-Benzyl-4-(hyvdroxymethyl)-2, 5-diazabicyclo[2.2.1]heptan-3-one

:
o 1)
O~ N

(1R,45)-5-Benzyl-1-((benzyloxy)methyl)-6-ox0-2,5-diazabicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester (150 mg, 0.36 mmol) and Pd/C (10 %, 20 mg) were added to
methanol (10 mL), and underwent hydrogenation at 40°C under atmospheric pressure overnight.
The reaction solution was filtered and concentrated. The residue was added with a solution of
hydrogen chloride in dioxane (4.0 M, 5 mL) and stirred at room temperature for 2 hours. The
reaction solution was concentrated to obtain the crude title compound, which was directly used in

the next step.

LC-MS: m/z [M+H]* = 233.

(15.4R)-2-Benzyl-5-(2,6-dichloropyrimidin-4-yl)-4-(hydroxymethyl)-2,5-

diazabicyclo[2.2.1]heptan-3-one
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(1S,4R)-2-Benzyl-4-(hydroxymethyl)-2,5-diazabicyclo[2.2.1]heptan-3-one  (crude) was
dissolved in acetonitrile (10 mL), cooled to 0°C. Triethylamine (71 mg, 0.71 mmol) and 2,4,6-
trichloropyrimidine (98 mg, 0.53 mmol) were added sequentially, and the mixture was stirred at
room temperature overnight. The reaction solution was concentrated, and separately by preparative
thin layer chromatography (petroleum ether/ethyl acetate = 2/1) to obtain the title compound (40
mg, 30% yield for two steps).

LC-MS: m/z [M+H]" = 379.

(3S.11aR)-2-Benzyl-7-chloro-3.4-dihydro-9H,11H-3.11a-

methanopyrazino[1',2':3.4]imidazo[1, 2-c]pyrimidine-1,9(2H)-dione
(0]
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(1S,4R)-2-Benzyl-5-(2,6-dichloropyrimidin-4-yl)-4-(hydroxymethyl)-2,5-

diazabicyclo[2.2.1]heptane-3-one (40 mg, 0.11 mmol) was added to dichloromethane (5 mL).
After cooling to 0°C, thionyl chloride (0.5 mL) was added dropwise, and the mixture was stirred
at 0°C for 0.5 hours. The reaction solution was concentrated, and potassium carbonate (45.54 mg,
0.33 mmol) and acetonitrile (5 mL) were added, and the mixture was refluxed and stirred overnight.
The reaction solution was poured into water, extracted with dichloromethane, the organic phase
was concentrated, and separated by preparative thin layer chromatography
(dichloromethane/methanol = 25/1) to obtain the title compound (15 mg, 40 %).

LC-MS: m/z [M+H]* = 343.

Intermediate 76

1-(tert-Butoxycarbonyl)-(45)-2-((benzyloxy)methyl)-4-((3,5-

dimethoxybenzyl)amino)pyrrolidine-2-carboxvlic acid methyl ester
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1-(tert-Butoxycarbonyl)-(4R)-2-((benzyloxy)methyl)-4-((methylsulfonyl)oxy)pyrrolidine-2-
carboxylic acid methyl ester (100 g) , 0.23 mol) was added to 2,4-dimethoxybenzylamine (200
mL), and stirred at 90°C overnight. The reaction solution was directly purified by column
chromatography to obtain the title compound (75.8 g, 64%).
LC-MS: m/z [M+H]" = 515.

(1R.45)-1-((Benzyloxy)methyl)-5-(3.5-dimethoxybenzyl)-6-0x0-2,5-

diazabicyclo[2.2.1]heptane-2-carboxvlic acid tert-butyl ester
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1-(tert-Butoxycarbonyl)-(4S5)-2-((benzyloxy)methyl)-4-((3,5-

dimethoxybenzyl)amino)pyrrolidine-2-carboxylic acid methyl ester (75.8 g, 0.148 mol) and
sodium hydroxide (17.76 g, 0.444 mol) were added to a mixed solvent of water (28 mL) and
methanol (280 mL), and stirred at 40°C overnight. The reaction solution was concentrated to dry,
HATU (112.26 g, 0.296 mol), triethylamine (59.8 g, 0.592 mol) and N,N-dimethylformamide (90
mL) were sequentially added to the residue, and the mixture was stirred at room temperature
overnight. The reaction solution was poured into water, extracted with ethyl acetate, the organic
phase was concentrated, and purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 5/1) to obtain the title compound (23 g, 32%).

LC-MS: m/z [M+H-Boc]* = 383.

(1R.45)-1-((Benzyloxy)methyD)-6-0x0-2.5-diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-

I?oc
N
SASE
O~ N
H
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(1R,45)-1-((benzyloxy)methyl)-5-(3,5-dimethoxybenzyl)-6-ox0-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (21 g, 0.044 mol) and DDQ (29.63 g,
0.13 mol) were added to dichloromethane (100 mL) and water (5 mL), and stirred at room
temperature overnight. The reaction solution was poured into water and extracted with
dichloromethane. The organic phase was concentrated and purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 1/1) to obtain the title compound (5.6 g, 38%).
LC-MS: m/z [M+H-Boc]* = 233.

(1R.45)-1-((Benzyloxy)methyD-5-methyl-6-0x0-2, 5-diazabicyclo[2.2.1]heptane-2-carboxylic

I?oc
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(1R,45)-1-((Benzyloxy)methyl)-6-0x0-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic acid

acid tert-butyl ester

tert-butyl ester (1.8 g, 5.42 mmol) was added to tetrahydrofuran (20 mL), and cooled to 0°C under
argon protection. Under stirring, Sodium hydride (325 mg, 8.12 mmol) was added to the reaction
solution, and the mixture was stirred at 0°C for 30 minutes. lodomethane (1.15 g, 8.12 mmol) was
added dropwise to the reaction solution, and the mixture was stirred at room temperature overnight.
The reaction solution was poured into water and extracted with ethyl acetate. The organic phase
was concentrated and purified by silica gel column chromatography (dichloromethane/methanol
= 15/1) to obtain the title compound (800 mg, 43 %).

LC-MS: m/z [M+H]" = 247.

(1R.45)-1-(Hydroxymethyl)-5-methyl-6-ox0-2,5-diazabicyclo][2.2.1]heptane-2-carboxylic

acid tert-butyl ester
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(1R,4S)-1-((Benzyloxy)methyl)-5-methyl-6-ox0-2,5-diazabicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester (800 mg, 2.3 mmol) and Pd/C (10 %, 80 mg) were added to
methanol (8 mL), and the reaction solution underwent hydrogenation at 60°C under atmospheric
pressure overnight. The reaction solution was filtered, and the filtrate was concentrated to the crude
title compound (700 mg).

LC-MS: m/z [M+H]* = 257.
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(1S5.4R)-5-(6-Chloro-2-methoxyprimidin-4-yl)-4-(hydroxymethyl)-2-methyl-2,5-

diazabicyclo[2.2.1]heptan-3-one

~o

N)\lN
N)\)\m

o T
Jg_/o
N\

\

/N <

(1R,45)-1-(hydroxymethyl)-5-methyl-6-ox0-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic
acid tert-butyl ester (700 mg, 2.7 mmol) was added to trifluoroacetic acid (5 mL) and
dichloromethane (5 mL), and stirred at room temperature for 2 hours. The reaction solution was
concentrated, 4,6-dichloro-2-methoxypyrimidine (489.4 mg, 2.7 mmol), solid sodium carbonate
(1.43 g, 13.5 mmol) and acetonitrile (15 mL) were sequentially added to the residue, and the
mixture was stirred under reflux for 3 days. The reaction solution was poured into water, extracted
with ethyl acetate, and the organic phase was concentrated, and purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 2/1) to obtain the title compound (520 mg, 75%
yield over two steps).

LC-MS: m/z [M+H]* = 299.

(3R,10aR)-6-Chloro-2-methyl-2,3.4.4a-tetrahyvdro-10H-3,10a-

methanopyrido[4',3':3.4lpyrrolo][1.2-c]pyrimidin-1, 8-dione

(@) N)J\lN
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(1S,4R)-5-(6-Chloro-2-methoxypyrimidin-4-yl)-4-(hydroxymethyl)-2-methyl-2,5-

diazabicyclo[2.2.1]heptan-3-one (420 mg, 1.4 mmol) was added to dichloromethane (7 mL), and
thionyl chloride (836 mg, 7.0 mmol) was slowly dropped into the system, and stirred at room
temperature for 1 hour. The reaction solution was concentrated, the residue was added to saturated
aqueous sodium bicarbonate solution, extracted with dichloromethane, and the organic phase was
concentrated to obtain the title compound (220 mg, 59%).

LC-MS: m/z [M+H]* = 267.

Intermediate 77

(1R.45)-1-((Benzyloxy)methyl)-5-((1-methyl-1H-pyrazol-3-yl)methyl)-6-o0x0-2.5-

diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester
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(1R,45)-1-((Benzyloxy)methyl)-6-0x0-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic acid
tert-butyl ester (1 g, 3 mmol) and 3-(chloromethyl)-1-methyl-1H-pyrazole (600 mg, 4.5 mmol)
were added to tetrahydrofuran (20 mL). Sodium hydride (200 mg, 4.5 mmol) was added to the
reaction solution under stirring, and the mixture was stirred at 50°C for 3 days. The reaction
solution was poured into water, extracted with ethyl acetate, the organic phase was concentrated,
and purified by column chromatography (petroleum ether/ethyl acetate = 1/1) to obtain the title
compound (800 mg, 62%).

LC-MS: m/z [M+H-Boc]* = 327.

(1R.45)-1-(Hydroxymethyl)-5-((1-methyl-1H-pyrazol-3-yl)methyl)-6-o0x0-2,5-

diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester
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(1R,45)-1-((Benzyloxy)methyl)-5-((1-methyl-1H-pyrazol-3-yl)methyl)-6-0x0-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (800 mg, 1.88 mmol) and Pd/C (10%,
180 mg) were added to methanol (15 mL), the reaction solution underwent hydrogenation at 60°C
under atmospheric pressure overnight. The reaction solution was filtered, and the filtrate was

concentrated to obtain the crude title compound (600 mg).

LC-MS: m/z [M+H-Boc]* = 237.

(15.,4R)-5-(6-Chloro-2-methoxyprimidin-4-vl)-4-(hydroxymethyl)-2-((1-methyl-1H-pyrazol-
3-yDmethyl)-2, 5-diazabicyclo[2.2.1]heptan-3-one

/

)
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(1R,45)-1-(Hydroxymethyl)-5-((1-methyl-1H-pyrazol-3-yl)methyl)-6-ox0-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (300 mg, 1.88 mmol) was added to
hydrochloric acid/ethyl acetate (4.0 M, 6 mL) and ethyl acetate (5 mL), and stirred at room
temperature for 3 hours. The reaction solution was concentrated, 4,6-dichloro-2-
methoxypyrimidine (159.3 mg, 0.89 mmol), solid sodium carbonate (471.7 mg, 4.45 mmol) and
acetonitrile (15 mL) were sequentially added to the residue, and the mixture was stirred under
reflux for 3 days. The reaction solution was poured into water, extracted with ethyl acetate, and
the organic phase was concentrated, and purified by column chromatography (petroleum
ether/ethyl acetate = 1/1) to obtain the title compound (220 mg, two-step yield: 65%).

LC-MS: m/z [M+H]* = 379.

(3R,10aR)-6-Chloro-2-((1-methyl-1H-pyrazol-4-yDmethyl)-2.3.4.4a-tetrahydro-10H-3,10a-

methanopyrazino [4', 3':3, 4]pyrrolo[1, 2-c]pyrimidin-1, 8-dione
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(1S,4R)-5-(6-Chloro-2-methoxypyrimidin-4-yl)-4-(hydroxymethyl)-2-((1-methyl-1H-

pyrazol-3-yl)methyl)-2,5-diazabicyclo[2.2.1]heptan-3-one (220 mg, 1.4 mmol) was added to
dichloromethane (10 mL), and methanesulfonyl chloride (99.65 mg, 0.87 mmol) was slowly
dropped into the system, and stirred at room temperature for 2 hours. The reaction solution was
concentrated, the residue was added to saturated aqueous sodium bicarbonate solution, extracted
with dichloromethane, and the organic phase was concentrated to obtain the title compound (120
mg, 60%).

LC-MS: m/z [M+H]* = 347.

Intermediate 78

(1R.45)-1-((Benzyloxy)methyD)-5-(bicyclo[1.1.1]pent-1-ylmethyl)-6-0x0-2,5-

diazabicyclo[2.2.1]heptane- 2-carboxylic acid tert-butyl ester

I?,oc
N
SAPE
O N

(1R,45)-1-((Benzyloxy)methyl)-6-0x0-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic acid
tert-butyl ester (1 g, 3 mmol) and 1-(chloromethyl)bicyclo[1.1.1]pentane (1.05 g, 9.0 mmol) were
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added to tetrahydrofuran (20 mL). Under stirring, sodium hydride (600 mg, 15 mmol) was added
to the reaction solution, and the mixture was stirred at S0°C for 3 days in a stuffy tank. The reaction
solution was poured into water and extracted with ethyl acetate. The organic phase was
concentrated and purified by column chromatography (petroleum ether/ethyl acetate = 5/1) to give
the title compound (780 mg, 63%).

LC-MS: m/z [M+H -Boc]" = 313.

(1R.45)-5-(bicyclo[1.1.1]pent-1-ylmethyl)-1-(hydroxyvmethyl)-6-o0xo-2,5-

diazabicyclo[2.2.1]heptane-2-carboxvlic acid tert-butyl ester

IT%oc
N
T
(0] N

(1R,45)-1-((benzyloxy)methyl)-5-(bicyclo[1.1.1]pent-1-ylmethyl)-6-0x0-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (780 mg, 1.9 mmol) and Pd/C (10%,

200 mg) were added to methanol (20 mL), and the reaction solution was hydrogenated (70°C, 0.5
MPa) overnight. The reaction solution was filtered, and the filtrate was concentrated to obtain the
crude title compound (430 mg).

LC-MS: m/z [M+H-tBu]* = 267.

(15.,4R)-2-(bicyclo[1.1.1]pent-1-ylmethyl)-5-(2,6-dichloropyrimidin-4-yl)-4-

(hydroxymethyl-2.5-diazabicyclo][2.2.1]heptan-3-one
Cl

HO

N "N
ok
S
(1R,45)-5-(bicyclo[1.1.1]pent-1-ylmethyl)-1-(hydroxymethyl)-6-oxo0-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester (480 mg, 1.88 mmol) was added to
hydrochloric acid/dioxane (4.0 M, 5 mL) and dichloromethane (5 mL), and stirred at room
temperature for 30 minutes. The reaction solution was concentrated, 2,4,6-trichloropyrimidine
(372.2 mg, 1.44 mmol), solid sodium carbonate (458 mg, 4.32 mmol) and acetonitrile (15 mL)
were sequentially added to the residue, and the mixture was stirred at room temperature overnight.
The reaction solution was filtered, the filtrate was concentrated, and purified by column
chromatography (petroleum ether/ethyl acetate = 1/1) to obtain the title compound (175 mg, two-
step yield: 33%).
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LC-MS: m/z [M+H]" = 369.

(3S.11aR)-2-(Bicyclo[1.1.1]pent-1-ylmethyl)-7-chloro-3.4-dihydro-9H.,11H-3.11a-

methanopyrazino[1',2':3.4]imidazo[1,2-c]pyrimidin-1,9(2H)-dione

O
0 N/ﬂ\N
A,

(1S,4R)-2-(bicyclo[1.1.1]pentyl-1-ylmethyl)-5-(2,6-dichloropyrimidin-4-yl)-4-

(hydroxymethyl)-2,5-diazabicyclo[2.2.1]heptan-3-one (50 mg, 1.4 mmol) was added to
dichloromethane (6 mL), and thionyl chloride (2 mL) was added dropwise under stirring, and
stirred at room temperature for 30 minutes. The reaction solution was concentrated, sodium
carbonate (43.2 mg, 0.41 mmol) and acetonitrile (10 ml) were sequentially added to the residue,
and the mixture was refluxed and stirred overnight. The reaction solution was poured into water,
extracted with dichloromethane, the organic phase was concentrated, and purified by column
chromatography (dichloromethane/methanol = 20/1) to obtain the title compound (42 mg, 93%).
LC-MS: m/z [M+H]* = 333.

Intermediate 79

(15.45)-2-Benzyl-5-(tert-butoxycarbonyl)-2.5-diazabicyclo[2.2.1]heptane-1-carboxvlic acid
ﬁ N Boc

/Nr

O~ OH

Bn

(15,45)-5-Benzyl-4-cyano-2,5-diazabicyclo[2.2.1 ]heptane-2-carboxylic acid tert-butyl ester
(6.3 g, 20 mmol, Synthesis, 2015, 1123 - 1130), sodium hydroxide aqueous solution (1.0 M, 50
mL) and solid sodium hydroxide (8.3 g, 207 mmol) were added to methanol (150 mL), and stirred
at 100°C overnight. The reaction solution was concentrated to remove methanol, and the residue
was adjusted to pH=3.8~4.4 with aqueous hydrochloric acid (1.0 M), extracted with
dichloromethane, and the organic phase was concentrated to give the title compound (5.4 g, 81%).

LC-MS: m/z [M+H]" = 333.

(15.45)-5-Benzyl-4-(hydroxymethyl)-2, 5-diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-

butyl ester

[ oN-Bec

OH
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(15,45)-2-Benzyl-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1 ]heptane-1-carboxylic acid
(3.0 g, 9 mmol) and a solution of borane-dimethyl sulfide complex in tetrahydrofuran (2.0 M, 9
mL, 18 mmol) were added to tetrahydrofuran (30 mL), and stirred at 80°C overnight. The reaction
solution was quenched with methanol, concentrated, and purified by silica gel column
chromatography to obtain the title compound (2.0 g, 70 %).
LC-MS: m/z [M+H]* = 319.

(15.45)-4-(Hydroxymethyl)-2, 5-diazabicyclo[2.2.1]heptane-2-carboxvylic acid tert-butyl

ester

[~ >N-Boc

HNzy

OH
(15,4S5)-5-Benzyl-4-(hydroxymethyl)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic acid tert-
butyl ester (1.7 g 5.3 mmol) and Pd/C (10 %, 100 mg) were added to methanol (17 mL), and
hydrogenated at room temperature under atmospheric pressure overnight. The reaction solution

was filtered through celite, and the filtrate was concentrated to give the crude title compound (1.4

g, 115%), which was used in the next step without further purification.

(15.45)-5-(2,6-Dichloropyrimidin-4-yl)-4-(hydroxymethyl)-2.5-diazabicyclo[2.2.1]heptane-

2-carboxylic acid tert-butyl ester

Cl

HO PR

(15,45)-4-(Hydroxymethyl)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic  acid tert-butyl
ester (1.4 g, 6.1 mmol), solid sodium carbonate (1.3 g, 12 mmol) and 2,4,6-trichloropyrimidine
(1.5 g, 8.0 mmol) were added to acetonitrile (14 mL) and stirred at room temperature overnight.
The reaction solution was filtered, the filtrate was concentrated, and purified by silica gel column
chromatography to obtain the title compound (1.3 g, 56%).

LC-MS: m/z [M+H]* = 374.

(35,11aR)-7-Chloro-9-0x0-3,4-dihydro-9H,11H-3.11a-
methanopyrazino[1',2':3.4]imidazo[1,2-c]pyrimidine-2(1H)-carboxyvlic (1H)-carboxylic acid

tert-butyl ester
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PIg
< NN
Boc—N/?:\T(NM

(15,45)-5-(2,6-Dichloropyrimidin-4-yl)-4-(hydroxymethyl)-2,5-diazabicyclo[2.2.1 ]heptane-

Cl

2-carboxylic acid tert-butyl ester (1.3 g, 3.5 mmol) and triethylamine (700 mg, 7.0 mmol) were
added to dichloromethane (13 mL), cooled to 0°C, then added with methanesulfonic anhydride
(900 mg, 5.2 mmol), and stirred at room temperature for 1 hour. The reaction solution was
concentrated, the residue and solid potassium carbonate (970 mg, 7.0 mmol) were added to
acetonitrile (13 mL), and the mixture was stirred at 80°C overnight. The reaction solution was
poured into water, extracted with dichloromethane, and concentrated to obtain the title compound
(1.1 g, 97 %).

LC-MS: m/z [M+H]* = 339.

'"H NMR (400 MHz, CDCls) 85.59 (br. s, 1H), 4.45 (d, J = 12.7 Hz, 1H), 3.99 (br. s, 1H), 3.65 -
3.54 (m, 3H), 3.32 (d, / = 8.8 Hz, 1H), 3.17 - 3.06 (m, 1H), 2.09 - 1.98 (m, 1H), 1.86 (d,J=9.3
Hz, 1H), 1.49 (br. s, 9H).

(35,11aR)-7-(((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-9-0x0-3.4-
dihydro-9H.11H-3.11a-methanopyrazino|1',2':3.4limidazo[1.2-c]pyrimidine-2(1H)-

carboxylic acid tert-butyl ester

(3S,11aR)-7-Chloro-9-ox0-3,4-dihydro-9H,11H-3,1 1a- methanopyrazino
[1',2":3,4]imidazo[1,2-c]pyrimidine-2(1H)-carboxylic acid tert-butyl ester (1.1 g, 3.4 mmol), (3-
fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenyl)methanol (1.2 g, 4.4 mmol) and solid
cesium carbonate (3.3 g, 10 mmol) were added to toluene (11 mL), and stirred at 120°C overnight.
The reaction solution was filtered, and the filtrate was concentrated and purified by silica gel
column chromatography to obtain the title compound (1.3 g, 65%).

LC-MS: m/z [M+H]" = 590.

"H NMR (400 MHz, CDCls) 88.58 (d, J = 5.4 Hz, 1H), 7.33 (d, J = 11.2 Hz, 1H), 7.27 - 7.16 (m,
3H), 6.96 (d, J =4.9 Hz, 1H), 5.44 (d, J =4.9 Hz, 2H), 5.15 - 5.06 (m, 1H), 4.43 (d, J/ = 12.7 Hz,
1H), 4.02 - 3.90 (m, 1H), 3.66 - 3.47 (m, 4H), 3.23 (d, / = 9.8 Hz, 1H), 1.96 (d, J = 10.3 Hz, 1H),
1.71 (d, J=9.8 Hz, 1H), 1.49 (br. s, 9H).
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Intermediate 80

2-Fluoro-4-(2-hydroxyethyl)phenol

F

HO\/ﬁ\(i:S;
OH

2-(3-Fluoro-4-hydroxyphenyl)acetic acid (2 g, 11.6 mmol) was added to tetrahydrofuran (10
mL), borane-dimethyl sulfide complex (3.5 mL, 34.8 mmol) was added under stirring, and the
mixture was stirred at room temperature for 3 hours, the reaction solution was concentrated and
diluted with water, extracted with ethyl acetate, and the organic phase was concentrated to obtain
the crude title compound (2.2 g, 120%).

LCMS: m/z [M+H]" = 157.

2-(3-Fluoro-4-(((2-(trifluoromethyl)pyridin-4-yDoxy)phenyl)ethan-1-ol

F X
HO\/\@ Q\
o 7 TCFy

2-Fluoro-4-(2-hydroxyethyl)phenol (2.1 g, 13.29 mmol), 4-chloro-2-

(trifluoromethyl)pyridine (2.35 g, 13.29 mmol) and potassium carbonate (3.67 g, 26.58 mmol)
were added to N,N-dimethylformamide (20 mL) and stirred at 120°C for 3 hours. The reaction
solution was poured into water, extracted with ethyl acetate, the organic phase was concentrated,
and separated by silica gel column chromatography to obtain the title compound (1.63 g, 40.6%).
LCMS: m/z [M+H]" = 302.

Intermediate 81

4-Bromo-2-(difluoromethyl)pvyridine

~ "N

U

Br CHF,

4-Bromopyridylaldehyde (10 g, 53.76 mmol) was added to dichloromethane (100 mL), and
the temperature was lowered to 0°C. Under stirring, diethylaminosulfur trifluoride (17.3 g, 107.52
mmol) was added dropwise to the reaction solution, and the mixture was stirred at room
temperature overnight. The reaction solution was slowly dropped into water, extracted with
dichloromethane, and the organic phase was concentrated to obtain the crude title compound,

which was directly used in the next reaction.
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LC-MS: m/z [M+H]" = 208.

2-(Difluoromethyl)-4-methoxypyridine

Z "N

|
07 " CHE,

4-Bromo-2-(difluoromethyl)pyridine (11.18 g, 53.76 mmol), sodium methoxide (5.81 g,
107.52 mmol) were added to methanol (100 mL), and stirred at 90°C overnight. The reaction
solution was cooled to room temperature, poured into water (300 mL), and extracted with ethyl
acetate. The organic phase was concentrated to obtain the crude title compound, which was directly
used in the next reaction.

LC-MS: m/z [M+H]* = 160.

2-(Difluoromethyl)pyridin-4-ol

Z N

s

HO CHF,

2-(Difluoromethyl)-4-methoxypyridine (9.54 g, 59.95 mmol) was added to hydrobromic acid
(40% aqueous solution, 58 mL), and stirred at 90°C for 2 days. The reaction solution was
concentrated, the residue was diluted with water, solid sodium bicarbonate was added under
stirring until no bubbles were generated in the system; after extraction with ethyl acetate, the
organic phase was concentrated, and purified by column chromatography (petroleum ether/ethyl
acetate=10/1~1 /1) to obtain the title compound (2.5 g, 26% overall yield over three steps).
LC-MS: m/z [M+H]" = 146.

4-((2-(Difluoromethyl)pyridin-4-yl)oxy)benzaldehyde

HJ\©\ =z IN
(@) X CHF,

4-Fluorobenzaldehyde (200 mg, 1.6 mmol), 2-(difluoromethyl)pyridin-4-ol (289 mg, 1.8

mmol) and solid potassium carbonate (441 mg, 3.2 mmol) were added to N,N-dimethylformamide
(5 mL), stirred at 100°C overnight, and separated by preparative thin layer chromatography to
obtain the title compound (180 mg, 45%).

LC-MS: m/z [M+H]" = 250.

(4-((2-(Difluoromethyl)pyridin-4-yDoxy)phenyl)methanol
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HO/\©\ /IN
0" X" CHF,

4-((2-(Difluoromethyl)pyridin-4-yl)oxy)benzaldehyde (180 mg, 0.7 mmol) was added to
absolute ethanol (5 mL), and sodium borohydride (41 mg, 1 mmol) was added under stirring, and
stirred at room temperature for 2 hours. The reaction solution was poured into water, extracted
with dichloromethane, and the organic phase was concentrated to obtain the title compound (100
mg, 62 %).
LC-MS: m/z [M+H]" = 252.

Referring to the table below, the following intermediates were prepared with reference to the
method for the preparation of Intermediate 81, except that the starting materials described in the

"starting materials" column were used in place of the corresponding starting materials.

Intermedi Spectrum:'H NMR (400 Startin
Intermediate name Structural formula MHz) or LC-MS(m/z . g
ate No. materials
[M+H]")
(4-((2- CDCls: 68.51 (d, J=54 3.4.,5-
(difluoromethyl)pyridin-4- HO F /@\L Hz, 1H), 7.16 (s, 1H), 7.10 | trifluorobenzaldeh
82 TDoxy)3.5. yopY o Newr, | (d,J=83Hz 2H),695 | yde: 4-
diﬂuoropflenyl)methanol 3 (d, J=4.4Hz, 1H), 6.75 - | bromopyridylaldeh
6.45 (m, 1H), 4.74 (s, 2H) | yde
3,4-
(4-((2- ;

83 (difluoromethyl)pyridin-4- Ho F s N 70 dgil.ﬂz‘o_robenzaldeh
yDoxy)-3- o X CHF, yees .
fluorophenyl)methanol bromopyridylaldeh

yde

Intermediate 84:

4-(4-Bromophenoxy)-2-(trifluoromethyl)pyridine

Br
Oy
N
0 CF4

4-Bromophenol (9.4 g, 54.53 mmol), 4-chloro-2-(trifluoromethyl)pyridine (9 g, 49.58 mmol)

and potassium carbonate (13.7 g, 99.16 mmol) were added to N,N-dimethyl acetamide (100 mL),
stirred at 120°C for 2 hours, the reaction solution was poured into water, extracted with ethyl
acetate, the organic phase was concentrated, and purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 10/1) to obtain the title Compound (4.3 g, 25 %).

LCMS: m/z [M+H]*=318.

2-(Trifluoromethyl)-4-(4-((trimethylsilyl)ethynyl)phenoxy)pyridine
TMS
A
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4-(4-Bromophenoxy)-2-(trifluoromethyl)pyridine 4.3 g, 13.52 mmol),
ethynyltrimethylsilane (3.32 g, 33.8 mmol), tetrakis(triphenylphosphine)palladium (1.56 g, 1.352
mmol) and cuprous iodide (275 mg, 1.352 mmol) were added to a mixed solvent of
diisopropylethylamine (15 mL) and toluene (30 mL). The reaction solution was filtered, the filtrate
was poured into water, extracted with ethyl acetate, the organic phase was concentrated, and
purified by silica gel column chromatography (petroleum ether/ethyl acetate = 100/1~20/1) to
obtain the title compound (1.5 g, 33%).
LCMS: m/z [M+H]* = 336.

4-(4-Ethynylphenoxy)-2-(trifluoromethyl)pyridine
N
\©\ _ N
0N '

2-(Trifluoromethyl)-4-(4-((trimethylsilyl)ethynyl)phenoxy)pyridine (1 g, 2.98 mmol) and

CF3

potassium carbonate (822.9 mg, 5.96 mmol) were added into methanol (10 mL) and stirred at room
temperature overnight. The reaction solution was quenched with water, extracted with ethyl acetate,
and the organic phase was concentrated to obtain the title compound (750 mg, 96 %).

LCMS: m/z [M+H]* = 264.

Intermediate 85:

(3.4-Difluorobenzyl)carbamic acid tert-butyl ester

BOC\N/\E;[F
H
F

(3,4-Difluorophenyl)methanamine (1.0 g, 6.99 mmol), di-tert-butyl dicarbonate (2.3 g, 10.5

mmol) and triethylamine (1.4 g, 14.0 mmol) were added to dichloromethane (10 mL) and stirred
at room temperature overnight. The reaction solution was concentrated and purified by silica gel
column chromatography to obtain the title compound (1.6 g, 94%).

LCMS: m/z [M+H-Boc]* = 144.

1-(3.4-Difluorophenyl)-N-methyl-methylamine
H
F

(3,4-Difluorobenzyl)carbamic acid tert-butyl ester (300 mg, 1.2 mmol) and lithium aluminum

tetrahydride (47 mg, 1.2 mmol) were added to tetrahydrofuran (3 mL), the temperature was raised

to reflux and stirred for 1 hour. The reaction solution was quenched with sodium sulfate
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decahydrate, filtered, and the filtrate was concentrated to obtain the title compound (170 mg, 88
%).

"H NMR (400 MHz, DMSO-ds) 87.63 (t, J = 9.5 Hz, 1H), 7.56 - 7.45 (m, 1H), 7.37 (br. s, 1H),
4.15 (br. s, 1H), 3.88 (s, 2H), 2.52 (s, 3H).

Examples

Example 1
Method A

(35.11aR)-7-((3,5-difluoro-4-((2-(trifluoromethyl)pvridin-4-yl)oxy)benzyl)oxy)-3,5-
difluorobenzyl)oxy)-3.4-dihydro-1H,9H,11H-3,11a-

methanopyrimido|[6'-.1':2.3]imidazo[5.1-c][1.4]oxazin-9-one

(3,5-Difluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenyl)methanol (51 mg, 0.167 mmol)
was dissolved in dry tetrahydrofuran (4 mL), lithium hexamethyldisilazide (0.167 mL, 1.0 M
solution in tetrahydrofuran, 0.167 mmol) was added at room temperature, and the mixture was
stirred for 15 minutes. (3S,11aR)-7-chloro-3,4-dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]imidazo[5,1-c][1,4]oxazin-9-one (20 mg, 0.083 mmol) was added, the
reaction mixture was stirred at 120°C for 16 hours, added with methanol to quench the reaction,
and separated by preparative thin layer chromatography to obtained the title compound (10.7 mg,
25%).
LC-MS: m/z [M+H]" = 509.
'"H NMR (400 MHz, DMSO-ds) 88.68 (d, J = 4.4 Hz, 1H), 7.65 (br. s, 1H), 7.45 (d, J = 8.8 Hz,
2H), 7.30 (br. s, 1H), 5.34 (br. s, 2H), 5.31 (br. s, 1H), 4.68 (br. s, 1H), 4.29 (d, J = 11.7 Hz, 1H),
3.99 -3.76 (m, 3H), 3.32 - 3.22 (m, 2H), 1.90 (d, / = 9.3 Hz, 1H), 1.79 (d, / = 9.8 Hz, 1H).

Example 2
Method B

5-(((1-Oxo0-7,8-dihvdro-1H,6H,9H-6,8a-ethanopyrrolo[1',2':3.4]imidazo[1,2-c]pyrimidin-3-

yDoxy)methyl)-2-(3-(trifluoromethyl)phenoxy)benzonitrile
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5-(Hydroxymethyl)-2-(3-(trifluoromethyl)phenoxy)benzonitrile (233 mg, 0.80 mmol) was
dissolved in acetonitrile (12 mL), cooled to 0°C, and sodium hydride (42 mg, 1.06 mmol, 60 %)
and 3-chloro-7,8-dihydro-1H,6H,9H-6,8a-ethanopyrrolo[1',2":3,4]imidazo[1,2-c]pyrimidin-1-one
(125 mg, 0.53 mmol) were added, and stirred for 0.5 h. The reaction was quenched with saturated
ammonium chloride solution and extracted with ethyl acetate. The organic phase was washed with
saturated brine and dried over anhydrous sodium sulfate. The organic phase was concentrated and
separated by preparative thin layer chromatography (dichloromethane/methanol = 25/1) to give
the title compound (128 mg, 49 %).
LC-MS: m/z [M+H]" = 495.
'"H NMR (400 MHz, DMSO-ds) §7.98 (s, 1H), 7.79 - 7.40 (m, 5H), 7.10 (d, J = 8.8 Hz, 1H), 5.44
(s, 1H), 5.27 (s, 2H), 4.27 (br. s, 1H), 3.88 (s, 2H), 1.92 (d, J = 7.8 Hz, 2H), 1.81 - 1.55 (m, 6H).

Examples 4 to 168 listed in the table below were prepared by steps similar to those described

in Examples 1 and 2, starting from the corresponding intermediates:

Exa

Metho 'H NMR
mﬁle Name Structure d used m/z (400 MHz)
CDCls: 87.42 (d, J = 8.8 Hz, 1H),
(38,11aR)-7-((4-(4-chloro-3- 7.30 (br. s, 1H), 7.09 (d, J = 7.8
(trifluoromethyl)phenoxy)- i Hz, 2H), 7.02 (d, J = 7.8 Hz, 1H),
3,5-difluorobenzyl)oxy)-34- | < NN 5.50 - 5.29 (m, 2H), 5.12 (s, 1H),
4 | dihydro-1H,9H,11H-3,11a- LpA F o B 542 | 4.75 (br. s, 1H), 4.47 (d, J = 12.2
methanopyrimido[6'-,1:2,3]i ﬁo //@[ Hz, 1H), 4.09 - 3.86 (m, 3H), 3.59
midazo(5,1-c][1,4]oxazin-9- ¢ CFs (d,J=9.8Hz, 1H),3.25(d,/=9.8
one Hz, 1H), 2.05 (d, J = 8.8 Hz, 1H),
1.75 (d, J = 10.3 Hz, 1H)
. CDCls: 88.21 (d, J = 5.4 Hz, 1H),
f(s(zll aR)-7-((3.3-difluoro- 7.12(d, J = 8.3 Hz, 2H), 6.82 (d, J
(trifluoromethoxy)pyridin-4- 2 <44 Hz, 1H), 650 (s, 1H), 5.34 -
Doxy)benzyl)oxy)-3.4- ﬁfu 5.51 (m, 2H), 5.12 (s, 1H), 4.75
5 z. y)benzyJoxy)-3, AN F B 525 | (br. s, 1H), 4.48 (d, J = 12.2 Hz,
ihydro-1H,9H,11H-3,11a- ﬁ O TH). 408 3,89 (m. 3H. 3.5 (d
methanopyrimido[6',1":2,3]i 07N\ CFy > : ’ > ’
midazo[5,1-c][1,4]oxazin-9- F J =98 Hz, 1H), 3.26 (d, J = 9.3
one ’ ’ Hz, 1H), 2.05 (d, J = 9.3 Hz, 1H),
1.75 (d, J = 9.8 Hz, 1H)
CDCls: 88.28 (d, J = 4.4 Hz, 1H),
(38,11aR)-7-((4-((2- 7.12 (d, J = 7.8 Hz, 2H), 6.85 (br.
chloropyridin-4-yl)oxy)-3,5- jz s, 2H), 5.42 (d, J = 6.8 Hz, 2H),
difluorobenzyl)oxy)-3,4- /—(U 5.13 (br. s, 1H), 4.75 (br. s, 1H),
6 | dihydro-1H,9H,11H-3,11a- | QSN > P B 475 | 447 (d,J=12.2 Hz, 1H), 4.09 -
methanopyrimido[6',1":2,3]i n /@ 3.89 (m, 3H), 3.59 (d, J = 9.8 Hz,
midazo[5,1-c][1,4]oxazin-9- g © cl 1H), 3.26 (d, J = 9.3 Hz, 1H),
one 2.05 (d, J= 9.8 Hz, 1H), 1.75 (d,
J=9.8 Hz, 1H)
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(35,11aR)-7-((3,5-difluoro-
4-((2-
(trifluoromethyl)pyrimidin-
5-yl)oxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

~

510

DMSO-ds: §9.28 - 8.70 (m, 2H),
7.44 (d,J=9.3 Hz, 2H), 5.32 (d, J
= 10.8 Hz, 3H), 4.72 - 4.60 (m,
1H), 429 (d, J = 11.7 Hz, 1H),
4.03 - 3.73 (m, 3H), 3.57 (br. s,
1H), 3.22 - 3.09 (m, 1H), 1.90 (d,
J=88Hz 1H), 1.79 (d, J = 9.3
Hz, 1H)

(3S,11aR)-7-((3,5-difluoro-
4-((5-
(trifluoromethyl)pyridin-3-
yl)oxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1':2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

509

DMSO-ds: 88.76 (s, 2H), 7.92 (br.
s, 1H), 7.41 (d, J = 8.8 Hz, 2H),
5.38 - 5.24 (m, 3H), 4.68 (br. s.,
1H), 428 (d, J = 12.2 Hz, 1H),
3.97 - 3.80 (m, 3H), 3.39 (br. s.,
1H), 3.27 - 3.19 (m, 1H), 1.94 -
1.76 (m, 2H)

(38,11aR)-7-(((3,5-difluoro-
4-((6-
(trifluoromethyl)pyridin-3-
yl)oxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1':2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

509

DMSO-de: 88.66 (br. s, 1H), 7.89
(d,J=8.8Hz, 1H),7.61 (d,/=8.3
Hz, 1H), 7.42 (d, J = 9.3 Hz, 2H),
5.37 - 5.25 (m, 3H), 4.67 (br. s,
1H), 427 (d, J = 12.2 Hz, 1H),
3.96 - 3.77 (m, 3H), 3.36 (br. s,
1H), 3.25 (br. s, 1H), 1.89 (d, J =
9.8 Hz, 1H), 1.77 (d, J = 9.8 Hz,
1H)

10

(3S,11aR)-7-((3,5-difluoro-
4-((2-methyl-pyridin-4-
yloxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

455

CDCls: 88.37 (d, J = 5.9 Hz, 1H),
7.09 (d, J = 8.3 Hz, 2H), 6.73 -
6.62 (m, 2H), 5.48 - 5.36 (m,
2H), 5.12 (s, 1H), 4.75 (s, 1H),
4.47 (d, J = 12.7 Hz, 1H), 4.05 -
3.90 (m, 3H), 3.59 (d, J = 10.3
Hz, 1H), 3.25 (d, J = 9.8 Hz, 1H),
2.52 (s, 3H), 2.05 (d, J = 9.8 Hz,
1H), 1.75 (d, J = 9.8 Hz, 1H)

11

(38,11aR)-7-((3,5-difluoro-
4-((1-methyl-1H-pyrazol-4-
yl)oxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazol[5,1-c][1,4]oxazin-9-
one

444

DMSO-ds: 87.60 (s, 1H), 7.35 -
7.21 (m, 3H), 5.27 (br. s, 3H), 4.68
(br. s, 1H), 4.27 (d, J = 12.2 Hz,
1H), 3.98 - 3.79 (m, 3H), 3.72 (s,
3H), 3.39 (br. s, 1H), 3.29 - 3.25
(m, 1H), 1.92 - 1.75 (m, 2H)

12

3-(2-fluoro-4-((((((3S,11aR)-
9-0x0-3,4-dihydro-
1H,9H,11H-3,11a-
methanopyrimido[6',1':2,3]i
midazol5,1-c][1,4]oxazin-7-
yl)oxy)methyl)phenoxy)-5-
(trifluoromethyl)benzonitrile

(o}
NAN
g 7 NMO
F
o
NAN
o J N/\/'K

515

CDCls: 87.61 (br. s, 1H), 7.45 (br.
s, 1H), 7.37 - 7.28 (m, 3H), 7.17
(d, J = 7.8 Hz, 1H), 5.44 (br. s,
2H), 5.12 (br. s, 1H), 4.74 (br. s,
1H), 447 (d, J = 12.2 Hz, 1H),
4.01 - 3.93 (m, 3H), 3.58 (d, J =
9.8 Hz, 1H), 3.24 (d, J = 9.3 Hz,
1H), 2.04 (d, J=9.3 Hz, 1H), 1.75
- 1.73 (m, 1H)

13

(3S,11aR)-7-((3-fluoro-4-
((2-(trifluoromethyl)pyridin-
4-yl)oxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1':2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

491

CDCls: 88.58 (d, J = 5.9 Hz, 1H),
7.33(d, J = 10.8 Hz, 1H), 7.28
(br. s, 1H), 7.25 - 7.15 (m, 2H),
6.96 (dd, J = 2.0, 5.4 Hz, 1H),
5.52 -5.39 (m, 2H), 5.12 (s, 1H),
4.75 (s, 1H), 4.48 (d, J = 12.7 Hz,
1H), 4.05 - 3.91 (m, 3H), 3.59 (d,
J=103Hz, 1H),3.24 (d, J=9.3
Hz, 1H), 2.05 (d, J = 8.8 Hz, 1H),
1.74 (d, J = 9.8 Hz, 1H)

14

(35,11aR)-7-((4-(4-chloro-3-
(trifluoromethyl)phenoxy)-
3-fluorobenzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

524

CDCls: 87.42 (d, J = 8.3 Hz, 1H),
7.28 (d, J = 12.7 Hz, 2H), 7.20 (d,
J =78 Hz, 1H), 7.13 - 6.99 (m,
2H), 5.48 - 5.34 (m, 2H), 5.09 (s,
1H), 4.74 (br. s, 1H), 4.46 (d, J =
12.2 Hz, 1H), 4.06 - 3.90 (m, 3H),
3.57(d, J=9.8 Hz, 1H),3.23 (d,J
=9.8 Hz, 1H), 2.04 (d, J=9.8 Hz,
1H), 1.73 (d, J = 9.8 Hz, 1H)
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(35,11aR)-7-((4-((2-
(trifluoromethyl)pyridin-4-
yloxy)benzyl)oxy)-3,4-

CDCls: 88.56 (d, J = 5.4 Hz, 1H),
7.52 (d, J =7.8 Hz, 2H), 7.24 (br.
s., 1 H),7.17-6.92 (m, 3 H), 5.44
(br. s., 2H), 5.10 (s, 1H), 4.74 (br.

15 | dihydro-1H9H,11H-3,11a- | O o 473 | s., 1H), 4.47 (d, J = 12.7 Hz, 1H),
methanopyrimido[6',1":2,3]i b - N 4.07 - 3.86 (m, 3H), 3.57 d, J =
midazo[5,1-c][1,4]oxazin-9- 0N CF3 9.8 Hz, 1H), 3.23 (d, J = 9.8 Hz,
one 1H), 2.04 (d, /=9.3 Hz, 1H), 1.73

(d,J=9.8 Hz, 1H)
(35.11aR)-7-((4-(4-chloro-3- DMSO-ds: 87.76 - 7.66 (m, 1H),
. 7.46 (d, J = 6.8 Hz, 3H), 7.28 (br.
(trifluoromethyl)phenoxy)be O
nzyl)oxy)-3,4-dihydro- —~ N s 1H), 7.14 (d, J =17.3 Hz, 2H),
’ d SR 5.35 - 5.20 (m, 3H), 4.67 (br. s.,

16 1H,9H,11H-3,11a- ) o 506
methanopyrimido[6',1':2,3]i D /©:CI IH), 428 @ J = 11.7 Hz, 1H),
midazo[5. 1-c][1.4]oxazin-9- 0N e, 397 - 3.77 (m, 3H), 3.45 - 3.37
one ’ ’ (m, 1H), 3.28 (br. s., I H), 1.88 (br.

s., 1H), 1.78 (d, J = 9.3 Hz, 1H)
CDCls: 88.18 (br. s., 1H), 7.83 (d,
(38.112R)-T-((6-(4-fluoro-3- J = 6.4 Hz, 1H), 745 - 7.29 (m,
. o 1H), 7.26 - 7.12 (m, 1H), 6.96 (d,
(trifluoromethyl)phenoxy)py
tidin-3-ymethoxy)-3.4- : NJL’N J =83 Hz, 1H), 5.51 - 5.24 (m,

17 | dihydro-1HOH,1TH-3,11a- | S A 491 | 2H), 5.04 (s, 1H), 4.78 - 4.77 (m,
methanopyrimido[6',1':2,3]i [ /@:F 1H), 4.73 (br. s., 1H), 4.45 (d, J =
midazo[5.1-c][ 1 4Joxazin-9- N0 N, 12.7Hz, 1H), 4.09 - 3.82 (m, 3H),
one ’ ’ 3.56 (d, J=9.8 Hz, 1H),3.21 (d,J

=9.8 Hz, 1H), 2.03 (d, J = 8.8 Hz,
1H), 1.72 (d, J = 9.8 Hz, 1H)
5-((((3S.11aR)-9-0x0-3 4- DMSO-ds: §7.97 (s, 1H), 7.80 (d,
. J =8.8 Hz, 1H), 7.72 (br. s., 2H),
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1-2,31i i 7.50 (d,J=6.4Hz, 1H),7.16 (d,J
. o < NN = 8.8 Hz, 1H), 5.29 (s, 2H), 5.26
midazo[5,1-c][1,4]oxazin-7- | 4 : NM

18 yDoxy)methyl)-2-(4-chloro- Y. o cN o 531 | (s, 1H), 4.67 (br. s., 1H), 4.27 (d,
3 U/@: J=12.2Hz, 1H),391(d,J=12.2
(trifluoromethyl)phenoxy)be ° cFs Hz, 1H), 3.88 - 3.74 (m, 2H), 3.30
nzonitrile - 3.19 (m, 2H), 1.89 (d, / = 10.3

Hz, 1H), 1.78 (d, J = 10.3 Hz, 1H)
CDCl3: 87.74 (br. s., 1H), 7.64 -
5-((((3S,11aR)-9-0x0-3.,4- 7.44 (m, 3H), 7.34 (br. s., 1H),
dihydro-1H,9H,11H-3,11a- i 7.27 (br. s., 1H), 6.90 (d, J = 8.3
methanopyrimido[6',1":2,3]i /_fN N Hz, 1H), 5.52 - 5.31 (m, 2H), 5.09

19 midazo[5,1-c][1,4]oxazin-7- O\QNMO oN 497 | (s, 1H), 4.75 (br. s., 1H), 4.46 (d,
yl)oxy)methyl)-2-(3- U | J=12.2 Hz, 1H), 4.11 - 3.86 (m,
(trifluoromethyl)phenoxy)be ° CF3 3H), 3.58 (d, /=9.8 Hz, 1H), 3.24
nzonitrile (d,J=9.8 Hz, 1H),2.04 (d,7=9.8

Hz, 1H), 1.75 (d, J = 9.8 Hz, 1H)
DMSO-ds: 87.96 (br. s., 1H),
A . 7.76 - 7.62 (m, 2H), 7.41 (d, J =
ﬁlfirghﬁfoi 5. o 10.3 Hz, 1H), 7.15 (d, J = 8.8 Hz,
paenory Az 1H), 7.05 (d, J = 8.3 Hz, 1H),
(135, T1aR5-0x0-3.4- A 5.35 - 5.20 (m, 3H), 4.67 (br. s
. _ _ _ 0 SN . -J. . , . .S,
20 | dihydro-1H9H,11H 3| 6 o oN_ 4 481 | 10 457 (d. = 12.2 Hz, 1H),
methanopyrimido[6',1':2,3]i
. : 3.96 - 3.79 (m, 3H), 3.40 (br. s.,
midazol[5,1-c][1,4]oxazin-7- O F
yl)oxy)methyl)benzonitrile LH), 3.28 (br. s., 1H), 1.89 (d, /=
9.8 Hz, 1H), 1.78 (d, / = 9.8 Hz,
1H)
5-((((((3S.11aR)-9-0x0-3 4- DMSO-ds: 67.99 (br. s., 1H), 7.89
. -7.70 (m, 3H), 7.31 (d, /= 8.3 Hz,
dihydro-1H,9H,11H-3,11a- o
. V1 AT gy 2H), 7.23 (d, J=8.3 Hz, 1H), 5.40
methanopyrimido[6',1":2,3]i /_(\N N
. . B j - 5.19 (m, 3H), 4.68 (br. s., 1H),
21 midazo[5,1-c][1,4]oxazin-7- oSN Mo N 497
Doxy)methyl)-2-(4- : @ J@/Ca 4.28 (d, J = 12.2 Hz, 1H), 3.97 -
E/triﬂuoromethyl)phenoxy)be o 3.77 (m, 3H), 3.48 - 3.36 (m, 1H),
onitile 3.26 (br. s., 1H), 1.89 (d, J = 9.3
Hz, 1H), 1.78 (d, J = 9.8 Hz, 1H)
5-((((38,11aR)-9-0x0-3,4- CDCls: 88.66 (d, J = 5.4 Hz, 1H),
dihydro-1H,9H,11H-3,11a- o 7.81 (br. s., 1H), 7.72 (d, J = 8.3
methanopyrimido[6',1":2,3]i - NA’N Hz, 1H), 7.30 (br. s., 1H), 7.18 (d,
22 midazo[5,1-c][1,4]Joxazin-7- | Q. NM 498 | J=8.8 Hz, 1H), 7.05 d, J =34

yl)oxy)methyl)-2-((2-
(trifluoromethyl)pyridin-4-
yl)oxy)benzonitrile

Hz, 1H),5.47 (d, J=11.2 Hz, 2H),
5.12 (s, 1H), 4.76 (br. s., 1H), 4.48
(d, J =122 Hz, 1H), 3.89 - 4.07
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(m, 3H), 3.60 (d, J =9.3 Hz, 1H),
3.26 (d,/=9.8 Hz, 1H),2.06 (d, J
=9.8 Hz, 1H), 1.76 (d, J =9.8 Hz,
1H)

(3S,11aR)-7-(4-(4-chloro-3-
(trifluoromethyl)phenoxy)ph
enethoxy)-3,4-dihydro-

DMSO-ds: 87.68 (d, J = 6.8 Hz,
1H), 7.40 (br. s., 1H), 7.39 - 7.27
(m, 2H), 7.24 (br. s., 1H), 7.06 (br.
s., 2H), 5.14 (br. s., 1H), 4.65 (br.

23 1H,9H,11H-3,11a- 520 | s., 1H), 4.39 (br. s., 2H), 4.26 (d, J
methanopyrimido[6',1":2,3]i =11.7 Hz, 1H), 3.84 (d, J = 15.7
midazo[5,1-c][1,4]oxazin-9- Hz, 3H), 3.25 (br. s., 2H), 2.97 (br.
one s., 2H), 1.87 (br. s., 1H), 1.80 -

1.65 (m, 1H)
(3S,11aR)-7-((3,4,5- 1% DMSO-ds: 87.37 (br. s., 2H),
trifluorobenzyl)oxy)-3,4- /f(NJLN 5.28 (br. s., 1H), 5.25 (br. s., 2H),
24 dihydro-1H,9H,11H-3,11a- o NMO . 366 4.67 (br.s., 1H),4.27 (d, J=11.2
methanopyrimido[6',1":2,3]i : Hz, 1H), 3.98 - 3.73 (m, 3H),
midazol[5,1-c][1,4]oxazin-9- ﬁF 3.29 - 3.15 (m, 2H), 1.88 (br. s.,
one F 1H), 1.79 (br. s., 1H)
(3S,11aR)-7-((3,4- o DMSO-ds: 87.58 - 7.35 (m, 2H),
trifluorobenzyl)oxy)-3,4- ﬁ(\N/U\N 7.27 (br. s., 1H), 5.25 (br. s., 3H),
25 dihydro-1H,9H,11H-3,11a- g g NM 348 4.67 (br.s., 1H), 427 (d, J=12.2
methanopyrimido[6',1":2,3]i =/ ) F Hz, 1H), 4.00 - 3.71 (m, 3H), 3.33
midazo[5,1-c][1,4]oxazin-9- /U -3.12 (m, 2H), 1.89 (d, /=9.8 Hz,
one = 1H), 1.78 (d, / = 10.3 Hz, 1H)
(3R,11a8)-7-((3,5-difluoro- DMSO-ds: 88.68 (d, J = 5.4 Hz,
4-((2- o 1H), 7.67 (br. s., 1H), 7.45 (d, J =
(trifluoromethyl)pyridin-4- NJ(N 9.3 Hz, 2H), 7.31 (d, J = 2.9 Hz,
26 y%)oxy)benzyl)oxy)—3,4— O%Mo . 509 1H), 5.34 (s, 2H), 5.32 (s, 1H),
dihydro-1H,9H,11H-3,11a- ﬁ /@ 4.68 (br.s., 1H), 429 (d, J=12.2
methanopyrimido[6',1":2,3]i o\ CF, Hz, 1H), 4.06 - 3.77 (m, 3H), 3.40
midazol[5,1-c][1,4]oxazin-9- F - 3.35 (m, 1H), 3.27 (br. s., 1H),
one 1.93 - 1.72 (m, 2H)
DMSO-ds: 87.70 (d, J = 8.8 Hz,
(3R,11aS)-7-((4-(4-chloro-3- 1H), 7.52 (br. s., 1H), 7.40 (d, J =
(trifluoromethyl)phenoxy)- i 8.8 Hz, 2H), 7.28 (d, /= 8.3 Hz,
3,5-difluorobenzyl)oxy)-3,4- (f“‘ N 1H), 5.38 - 5.26 (m, 3H), 4.68
27 dihydro-1H,9H,11H-3,11a- Q NMO F ol 542 | (br.s., 1H),4.28 (d, J=12.2 Hz,
methanopyrimido[6',1":2,3]i UO/@ 1H), 3.98 - 3.75 (m, 3H), 3.41
midazo[5,1-c][1,4]oxazin-9- F CFs (br. s., 1H), 3.27 (br. s., 1H), 1.90
one (d,J=93Hz, 1H),1.79(d, J =
9.8 Hz, 1H)
CDCls: 88.27 (br. s., 1H), 7.12 (d,
crRS@ | 7275 B 2. 555 (o 1. 2
difluorobenzyloxy). 3 4. . 542 (d,J = 6.4 Hz, 2H), 5.12 (br.
28 | dihydro-1H,9H,1TH-3,1Ta- O@Nﬁ’\/&o : 475 | S 11D, 4.75 (br.s.. 1), 4.47(d. J
methanopyrimido[6',1':2,3]i ﬁ /C’l o2 He, 1H), 402 - 390 (m,
midazo[5.1-c][1 4]07’4azir’1—9— 07N 3H), 3.59 (d, /=9.3 Hz, 1H), 3.25
one ’ ’ F (d,J=9.3Hz, 1H),2.05(d,/=9.3
Hz, 1H), 1.75 (d, J=9.3 Hz, 1H)
(3R,11a8)-7-((3,5-difluoro- CDCl3: 88.78 - 8.44 (m, 2H), 7.42
4-((5- ° (br. s., 1H), 7.13 (d, J = 8.3 Hz,
(trifluoromethyl)pyridin-3- NJLN 2H), 5.52 - 5.35 (m, 2H), 5.12 (s,
29 y%)oxy)benzyl)oxy)—3,4— O%Mo . 509 1H), 4.75 (br. s., 1H), 4.47 (d, J =
dihydro-1H,9H,11H-3,11a- b: /N’ 12.2 Hz, 1H), 4.08 - 3.90 (m, 3H),
methanopyrimido[6',1":2,3]i 07NNk, 3.59(d,J=9.8Hz, 1H),3.25(d,J
midazo[5,1-c][1,4]oxazin-9- F =9.8 Hz, 1H), 2.05 (d, J = 9.8 Hz,
one 1H), 1.75 (d, /= 10.3 Hz, 1H)

. CDCls: 88.49 (br. s., 1H), 7.64 (d,
f_f(g_laS)'7'((3’5'd‘ﬂ”°r°' . J =88 Hz, 1H), 7.30 (d, J = 8.3
(trifluoromethyl)pyridin-3- A Lo 1), 702 (4 7 =85 Hr. 2,

Doxy)benzyl)oxy)-3,4- O%M 50~ 5.33 (m, 2H), 5.12 (s, 1H),
30 y FN__cr, 509 | 4.75 (br. s., 1H), 447 (d, J =12.7

dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1':2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

Hz, 1H), 4.07 - 3.89 (m, 3H), 3.59
(d,7=9.8Hz, 1H),3.25(d,J=9.8
Hz, 1H), 2.05 (d, J = 9.3 Hz, 1H),
1.75 (d, J = 10.3 Hz, 1H)
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3-(2-fluoro-4-

DMSO-de: 88.11 (br. s., 1H), 7.86
(br. s., 1H), 7.72 (br. s., 1H), 7.50

(((((((BR,11a85)-9-0x0-3,4- i (d, J =11.7 Hz, 1H), 7.39 - 7.30
dihydro-1H,9H,11H-3,11a- N N o (m, 2H), 5.39 - 5.17 (m, 3H), 4.68
31 methanopyrimido[6',1':2,3]i | @ N’K/ko F 515 | (br.s., 1H), 4.28 (d, J = 11.7 Hz,
midazol[5,1-c][1,4]oxazin-7- U /@\ 1H), 4.04 - 3.71 (m, 3H), 3.37 (br.
yl)oxy)methyl)phenoxy)-5- © CFs s., 1H), 3.29 (br. s., 1H), 1.90 (d, J
(trifluoromethyl)benzonitrile =9.8 Hz, 1H), 1.78 (d, /= 9.8 Hz,
1H)
(3R.11a8)-7-((6-(4-fluoro-3- DMSO-ds: 88.20 (br. s., 1H), 7.95
(rifluoromethyl)phenoxy)py o (d, J=8.3Hz, 1H), 7.66 - 7.53 (m,
ridin-3-yl)methoxy)-3,4- NJLN 3H), 7.14 (d, J=8.8 Hz, 1H), 5.29
. ’ d I - 5.18 (m, 3H), 4.66 (br. s., 1H),
32 dihydro-1H,9H,11H-3,11a- o 491
methanopyrimido[6',1':2,3]i ’ ? /©:F 1270 7= 12.2 Hz. 1H), 394 -
midazo[5.1-c][1 4]o>’cazir’1-9- N o - 3.79 (m, 3H), 3.39 (br. s., 1H),
’ ’ 3.27 (br. s., 1H), 1.91 - 1.75 (m,
one
2H)
DMSO-ds: 67.97 (br. s., 1H), 7.77
- 7.67 (m, 2H), 7.67 - 7.61 (m,
5-((((((3R,11a85)-9-0x0-3,4- 1H), 7.56 (br. s., 1H), 7.46 (d, J =
dihydro-1H,9H,11H-3,11a- i 7.3 Hz, 1H), 7.10 (d, J = 8.3 Hz,
methanopyrimido[6',1":2,3]i N N 1H), 5.45 - 5.15 (m, 3H), 4.67 (br.
33 midazo[5,1-c][1,4]oxazin-7- | @ NMO CN 497 | s., 1H), 4.28 (d, J = 12.2 Hz, 1H),
yl)oxy)methyl)-2-(3- U /@\ 3.96 - 3.77 (m, 3H), 3.57 - 3.41
(trifluoromethyl)phenoxy)be © CF3 (m, 1H), 3.28 - 3.22 (m, 1H), 1.89
nzonitrile (d,J=9.3Hz,1H),1.78 (d,/=9.8
Hz, 1H)
5-((3R.11a8)-9-0x0-3 A- CDCl3: 87.83 - 7.51 (m, 4H), 7.16
. (br. s., 2H), 6.97 (br. s., 1H), 5.41
dihydro-1H,9H,11H-3,11a- o}
- Ve 2T gy (d, J = 13.2 Hz, 2H), 5.09 (br. s.,
methanopyrimido[6',1":2,3]i NN 1H). 4.75 (b 1H), 4.47 (d, J =
34 midazo[5,1-c][1,4]oxazin-7- oﬁ*\)& 497 > L. 8., > N
o CN CF3 11.7 Hz, 1H), 4.12 - 3.89 (m, 3H),
yl)oxy)methyl)-2-(4- -
(trifluoromethyl)phenoxy)be O 3.58 (d, /=8.3 Hz, 1H), 325 (d, J
nzonitrile =8.3 Hz, 1H), 2.05 (d, J=7.8 Hz,
1H), 1.75 (d, J = 8.3 Hz, 1H)
(3R 11aS)-7-((3.4.5- /lci DMSO-ds: 67.38 (t, J = 7.6 Hz,
trifluorobenzyl)oxy)-3,4- N™ N ZH), 5.28 (s, 1H), 5.25 (s, 2H),
35 | dihydro-THOH IHS, 2 | o /- 1 | 67 . 1), 427 (@, T = 12.2
methanopyrimido[6',1':2,3]i 0 F Hz, 1H), 3.95 - 3.78 (m, 3H), 3.39
midazo[5,1-c][1,4]oxazin-9- - 3.37 (m, 1H), 328 - 3.25 (m,
one F 1H), 1.93 - 1.74 (m, 2H)
F
3-((3.5-difluoro-4-((2- o DMSO-ds: 88.69 (br. s., 1H), 7.66
) L (br.s., 1H), 7.45 (d, J = 9.3 Hz,
(trifluoromethyl)pyridin-4- J
I)oxy)benzylJoxy)-7.8- Q/(U 2H), 7.31 (br. s., 1H), 5.33 (br. s.,
36 | Y orybenzy Jory) NN F 493 | 3H), 3.87 (br. 5., 2H), 2.95 (br. s.,
dihydro-1H,6H,9H-7,8a- ZN
A AT L 1H), 2.05 (br. s., 2H), 1.58 (br. s.,
methanopyrrolo[1',2":3,4]imi o CFs 2H). 1.23 (b 2H)
dazo[1,2-c]pyrimidin-1-one F T L. 8-,
3-((3,5-difluoro-4-((2- o DMSO-ds: 88.27 (d, J = 5.4 Hz,
(trifluoromethoxy)pyridin-4- N )LN 1H), 7.38 (d, /= 8.8 Hz, 2H), 7.05
37 | YDoxy)benzyloxy)-7.8- @f B i s00 | (@ 7 =44 Hz, 1H), 6.93 (br s,
dihydro-1H,6H,9H-7,8a- Q/\Q: : N o 1H), 5.30 (br. s., 3H), 3.84 (s, 2H),
methanopyrrolo[1',2":3,4]imi [ o o 3.30 (s, 2H), 2.91 (br. s., 1H), 2.02
dazo[1,2-c]pyrimidin-1-one (br. s., 2H), 1.55 (br. s., 2H)
3-((4-((2-chloropyridin-4- o DMSO-ds: 88.60 - 8.40 (m, 1H),
yloxy)-3,5- N)kN 7.41 (br. s., 2H), 7.24 (br. s., 1H),
38 d¥ﬂuorobenzyl)oxy)-7,8- ﬁ)\)\o oy 459 7.08 (br. s., 1H), 5.32 (br. s., 3H),
dihydro-1H,6H,9H-7,8a- /\©: < 3.87 (br. s., 2H), 3.30 (br. s., 2H),
methanopyrrolo[1',2":3,4]imi I o cl 2.94 (br. s., 1H), 2.04 (br. s., 2H),
dazo[1,2-c]pyrimidin-1-one 1.58 (br. s., 2H)
?trggui riﬂ:to;;’l)iy(fml din. DMSO-de: 88.92 (s, 2H), 7.40 (d,
5-yloxy)benzylJoxy)-7,8- J =9.3 Hz, 2H), 5.34 - 5.27 (m,
39 ’ 494 | 3H), 3.85 (s, 2H), 3.31 (br. s., 2H),

dihydro-1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

2.92 (br. s, 1H), 2.02 (br. s., 2H),
1.55 (br. s., 2H)
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3-((3,5-difluoro-4-((5-

DMSO-ds: 88.72 (s, 1H), 8.77 (s,

(trifluoromethylpyridin-3- e 1H), 7.90 (br. s., 1H), 7.39 (d, J =
40 | YDoxy)benzyloxy)-7.8- @f UO g 493 | 8:8 Hz 2H), 5.30 (br. s., 3H), 3.85
dihydro-1H,6H,9H-7,8a- ﬁ g (br. 5., 2H), 3.15 (br. 5., 2H), 2.93
methanopyrrolo[1',2":3,4]imi ¢ © CFa (br. s., 1H), 2.02 (br. s., 2H), 1.56
dazo[1,2-c]pyrimidin-1-one (br. s., 2H)
o DMSO.de 195 ., 1,17
(trifluoromethyT)phenoxy)- Vo 2H), 7.48 (d, J = 8.8 Hz, 1H), 7.14
s | SU-0x0-7.8-dihydro- Q@\/Ko on 515 | (d, J = 8.8 Hz, 1H), 5.26 (br. s
1H,6H,9H-7.8a- U o e e
methanopyrrolo[1',2":3,4]imi O/@(;Fa 313)2’ ?584 (S’lzl-IH))’ZSLOZZ9 ((Er " %g;’
dazo[1,2-¢]pyrimidin-3- Iss (b;' > i £ S SH,
yloxy)methyl)benzonitrile ’
5-((((1-oxo-7,8-dihydro- DMSO-ds: 67.95 (s, 1H), 7.74 -
1H,6H,9H-7,8a- 0 7.64 (m, 2H), 7.64 - 7.58 (m, 1H),
methanopyrrolo[1',2":3,4]imi N)Hq 7.55 (s, 1H), 7.45 (d, J = 7.8 Hz,
42 | dazo[l,2-c]pyrimidin-3- g@\vk oN 481 | 1H),7.08 (d, J = 8.8 Hz, 1H), 5.27
yl)oxy)methyl)-2-(3- O/\©:O/© (s, 3H), 3.84 (s, 2H), 3.29 (s, 2H),
(trifluoromethyl)phenoxy)be CFs 2.92 (br. s., 1H), 2.01 (br. s., 2H),
nzonitrile 1.55(d, J=3.4 Hz, 2H)
CDCls: 88.65 (d, J =5.9 Hz, 1H),
5-((((1-ox0-7,8-dihydro- 7.81 (d, J=1.5Hz, 1H), 7.71 (dd,
1H,6H,9H-7,8a- o} J=2.0,88Hz, 1H), 7.29 (d, J =
methanopyrrolo[1',2":3,4]imi NXN 2.4 Hz, 1H), 7.16 (d, J = 8.3 Hz,
43 | dazo[l,2-c]pyrimidin-3- @@\V‘Ko oN_ . 482 | 1H),7.04 (dd,J=2.4,5.4 Hz, 1H),
yloxy)methyl)-2-((2- /\CE 5.46 (s, 2H), 5.15 (s, 1H), 4.00 (s,
(trifluoromethyl)pyridin-4- 07N 2H), 3.35 (s, 2H), 3.04 (br. s., 1H),
yl)oxy)benzonitrile 2.08 (br.s.,2H), 1.70 (dd, J = 1.5,
4.9 Hz, 2H)
O DMSO-ds: 87.47 (t, J = 7.3 Hz,
3-((2-fluorobenzyl)oxy)-7,8- )J\ 1H), 7.43 - 7.35 (m, 1H), 7.25 -
44 | dihydro-TH.6H.OH-7 8a- Qf N" N F 314 | 716 (m, 2H), 5.28 (s, 2H), 5.25 (s,
methanopyrrolo[1',2":3,4]imi NJ\/kO/\@ 1H), 3.84 (s, 2H), 3.29 (s, 2H),
dazo[1,2-c]pyrimidin-1-one 2.92 (br. s., 1H), 2.01 (br. s., 2H),
1.57 - 1.52 (m, 2H)
DMSO-ds: 87.41 (q, J = 8.8 Hz,
3-((2,3-difluorobenzyl)oxy)- i 1H), 7.33 - 7.26 (m, 1H), 7.25 -
45 | 7:8-dihydro-1H.6H.9H-7.8a- @ﬁu F 330 | 7:17 (m, 1H), 5.32 (s, 2H), 5.26 (s,
methanopyrrolo[1',2":3,4]imi NN F 1H), 3.84 (s, 2H), 3.29 (br. s., 2H),
dazo[1,2-c]pyrimidin-1-one 2.92 (br. s., 1H), 2.01 (br. s., 2H),
1.56 (br. s., 2H)
3-((3,5-difluoro-4-((2- DMSO-ds: 88.68 (d, J = 4.9 Hz,
(trifluoromethyl)pyridin-4- SL Ny 1H), 7.66 (br. s., 1H), 7.46 (d, J =
46 y%)oxy)benzyl)oxy)—7,8— S\/’\\L ) CFs 507 9.3 Hz, 2H), 7.30 (br. s., 1H), 5.49
dihydro-1H,6H,9H-6,8a- é =70 o (s, 1H), 5.32 (br. s., 2H), 4.30 (br.
ethanopyrrolo[1',2":3,4]imid F s., 1H), 3.89 (br. s., 2H), 1.94 (br.
azo[1,2-c]pyrimidin-1-one s., 2H), 1.88-1.38 (m, 6H)
3-((3,5-difluoro-4-((2-
(tr(ifﬂuommethyl)py(ﬁimi din. o o DMSO-ds: 88.96 (br. 5., 2H), 7.45
5-yl)oxy)benzyl)oxy)-7.8- N)LN Fe (br. s., 2H), 5.48 (br. s., 1H), 5.31
a7 | o é MO%Q ~ 508 | (br. s., 2H), 4.30 (br. s., 1H), 3.89
ihydro-1H,6H,9H-6,8a- N o]

A - (br. s., 2H), 1.93 (br. s., 2H), 1.89-
ethanopyrrolo[1',2":3,4]imid F 1.23 (m, 6H)
azo[1,2-c]pyrimidin-1-one ) ’
3-((3,5-difluoro-4-((1- DMSO-ds: 87.59 (s, 1H), 7.41 -
methyl-1H-pyrazol-4- Q . hﬁ 7.11 (m, 3H), 5.45 (s, 1H), 5.25

Doxy)benzyl)oxy)-7,8- NN PN br. s., 2H), 4.28 (br. s., 1H), 3.88
48 zihyd};o-lH,}éH,QI};-QSa- é‘)s/\koﬂo)/\// 442 Es, 2H), 3.)72 (s, 3$H), 1.92 zbr. S.,
ethanopyrrolo[1',2":3,4]imid F 2H), 1.72 (d,J=5.9 Hz, 4H), 1.64

azo[1,2-c]pyrimidin-1-one (d, J=10.3 Hz, 2H)
DMSO-ds: 68.20 (br. s., 1H), 7.95

3-((6-(4-fluoro-3-
( tr(ii,lugmme thyDphenoxy)py . i (d,J=8.3Hz, 1H), 7.69 - 7.42 (m,
ridin-3-yl)methoxy)-7,8- oy Q 3H), 7.14 (d, J = 8.8 Hz, 1H), 5.39
49 dihvdro-1H.6H 9H—6é ) é“\\ oﬂ CFs 489 | (s, 1H), 5.24 (br. s., 2H), 4.26 (br.
ydro-1H,6H, ,8a N o

ethanopyrrolo[1',2':3 4]imid N s., 1H), 3.87 (br. s., 2H), 1.92 (br.
azo[1,2-c]pyrimidin-1-one ?d ZJH_)’l (1).§2H—Zl.26£)(m, 4H), 1.64
5-(((1-0x0-7,8-dihydro- q ¢ DMSO-ds: §7.97 (br. s., 1H), 7.79
50 1H,6H,9H-6,8a- 529 | (d,J=8.8Hz, 1H),7.73(d,J=9.3

ethanopyrrolo[1',2":3,4]imid

Hz, 1H), 7.70 (br. s., 1H), 7.49 (d,




azo[1,2-c]pyrimidin-3-
yl)oxy)methyl)-2-(4-chloro-
3-
(trifluoromethyl)phenoxy)be
nzonitrile

J=83Hz 1H), 7.15 , J = 8.8
Hz, 1H), 5.43 (s, 1H), 5.27 (s, 2H),
4.27 (br. s., 1H), 3.88 (s, 2H), 1.92
(br. s., 2H), 1.83 - 1.67 (m, 4H),
1.64 (d, J = 11.2 Hz, 2H)

5-((((1-0x0-7,8-dihydro-
1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid

DMSO-ds: 88.72 (d, J = 5.4 Hz,
1H), 8.06 (s, 1H), 7.85 (d, J = 8.8
Hz, 1H), 7.69 (s, 1H), 7.50 (d, J =

51 azo[1,2-c]pyrimidin-3- 496 | 8.3 Hz, 1H), 7.36 (d, J = 3.4 Hz,
yl)oxy)methyl)-2-((2- 1H), 5.47 (s, 1H), 5.33 (s, 2H),
(trifluoromethyl)pyridin-4- 4.29 (br. s., 1H), 3.89 (s, 2H), 1.93
yl)oxy)benzonitrile (br. s., 2H), 1.80 - 1.58 (m, 6H)
3-((3,4,5- o DMSO-ds: 67.39 (d, J = 6.8 Hz,
trifluorobenzyl)oxy)-7,8- F 2H), 5.46 (d, J=5.4 Hz, 1H), 5.22

52 dihydro-1H,6H,9H-6,8a- éMOﬂF 364 | (br.s., 2H), 4.28 (br. s., 1H), 3.87
ethanopyrrolo[1',2":3,4]imid L (br. s., 2H), 1.93 (br. s., 2H), 1.73
azo[1,2-c]pyrimidin-1-one (br. s., 4H), 1.65 (br. s., 2H)
3-((3,5-difluoro-4-((2- CDCls: 88.61 (d, J =4.9 Hz, 1H),
(trifluoromethyl)pyridin-4- N )‘i 7.31 - 7.27 (m, 1H), 7.14 d, J =

53 yl)oxy)benzyl)oxy)-6,7,8.9- @MO . 521 8.8 Hz, 2H), 6.99 (br. s., 1H), 5.43
tetrahydro-1H,10H-7,9a- /\C[ Q (s, 2H), 4.97 (s, 1H), 3.78 (s, 2H),
ethanopyrido[1',2":3,4]imida I o N er, 3.37 (br. s., 2H), 2.15 - 1.73 (m,
zo[1,2-c]pyrimidin-1-one 9H)

DMSO-ds: 88.68 (d, J = 5.1 Hz,
3-((3,5-difluoro-4-((2- 1H), 7.66 (br. s., 1H), 7.45 (d, J =
(trifluoromethyl)pyridin-4- o 9.1 Hz, 2H), 7.30 (br. s., 1H), 5.43
yl)oxy)benzyl)oxy)-8a- N)LN - 5.25 (m, 3H), 4.03 (d, J = 11.6

54 | methyl-7,8,8a,9-tetrahydro- \ifMo F o 495 | Hz, 1H),3.73(d, J= 11.6 Hz, 1H),
1H,6H- A(;O eR 3.38 - 3.35 (m, 1H), 3.30 - 3.26
pyrrolo[1',2":3.4]imidazo[1,2 F (m, 1H), 1.98 (br. s., 2H), 1.87 -
-c]pyrimidin-1-one 1.76 (m, 1H), 1.65 (d, J=11.0 Hz,

1H), 1.31 (s, 3H)

CDCls: 88.21 (d, J = 5.4 Hz, 1H),
3-((3,5-difluoro-4-((2- 7.11 (d, J = 7.8 Hz, 2H), 6.82 (br.
(trifluoromethoxy)pyridin-4- o s., 1H), 6.50 (br. s., 1H), 5.41 (d, J
yl)oxy)benzyl)oxy)-8a- NJ\N = 4.9 Hz, 2H), 5.13 (br. s., 1H),

55 | methyl-7,8,8a,9-tetrahydro- \i@\*o F A 511 | 4.17 (d, J = 11.7 Hz, 1H), 3.96 -
1H,6H- ﬁo e 3.79 (m, 1H), 3.53 - 3.23 (m, 2H),
pyrrolo[1',2":3.4]imidazo[1,2 F 2.12 (br. s., 2H), 1.94 (br. s., 1H),
-c]pyrimidin-1-one 1.68 - 1.59 (m, 1H), 1.39 (br. s.,

3H)
3-((3,5-difluoro-4-((2- CDCls: 88.56 (br. s., 2H), 7.15 (d,
(trifluoromethyl)pyrimidin- JOL J = 8.3 Hz, 2H), 5.50 - 5.33 (m,
5-yl)oxy)benzyl)oxy)-8a- NN 2H), 5.13 (s, 1H),4.17 (d, J=11.7

56 methyl-7,8,8a,9-tetrahydro- iva\o FLN\‘(CFa 496 | Hz, 1H),3.88 (d,J=11.7 Hz, 1H),
1H,6H- A@o SN 3.51 - 3.26 (m, 2H), 2.13 (br. s.,
pyrrolo[1',2":3.4]imidazo[1,2 F 2H), 1.94 (d,J=2.9 Hz, 1H), 1.76
-c]pyrimidin-1-one - 1.67 (m, 1H), 1.40 (br. s., 3H)

CDCls: 87.27 (s, 1H), 7.18 (s, 1H),

. 7.02 (d, J = 8.3 Hz, 2H), 543 -
3-((3,3-difluoro-4-((1- 0 5.28 (m, 2H), 5.10 (s, 1H), 4.16 (d,
methyl-1H-pyrazol-4- L -

Ioxy)benzyl)oxy)-8a- NN . N/ J=12.2Hz, 1H), 3.86(d, J=12.2

57 | Yo%y NS \ 430 | Hz, 1H), 3.81 (s, 3H), 3.47 - 3.38
methyl-7,8,8a,9-tetrahydro- A@i LN
1H,6Hpyrrolo[1'2":3,4Jimid o (m, 1H), 3.37 - 3.24 (m, 1H), 2.10
azo[1,2-c]pyrimidin-1-one F (d,J=8.8Hz,2H),1.94 (d,/=8.8

’ Hz, 1H), 1.71 (br. s., 1H), 1.39 (s,
3H)

CDCls: 88.19 (br. s., 1H), 7.84 (d,
3-((6-(4-fluoro-3- J =728 Hz, 1H), 7.45 - 7.29 (m,
(trifluoromethyl)phenoxy)py o 2H), 7.26 - 7.18 (m, 1H), 6.96 (d,
ridin-3-yl)methoxy)-8a- oy J = 8.3 Hz, 1H), 5.45 - 5.31 (m,

58 methyl-7,8,8a,9-tetrahydro- \i( P F 477 | 2H), 5.05 (s, 1H),4.16 (d,J=12.2
1H,6H- NMO@QQCF Hz, 1H), 3.86 (d, /= 12.2 Hz, 1H),
pyrrolo[1',2":3.4]imidazo[1,2 N ’ 3.50 - 3.23 (m, 2H), 2.10 (br. s.,
-c]pyrimidin-1-one 2H), 1.94 (d, J=9.8 Hz, 1H), 1.77

- 1.67 (m, 1H), 1.38 (s, 3H)
5-(((8a-methyl-1-oxo- 0 CDCls: 87.74 (br. s., 1H), 7.44 -

so | 7:8:8a.9-tetrahydro-1H,6H- \ifm 4g3 | 762 (m, 3H), 7.34 (br. 5., 1H),

pyrrolo[1',2":3,4]imidazo[1,2
-c]pyrimidin-3-

CN
LU
o CF3

7.25 (br. s., 1H), 6.90 (d, J = 8.3
Hz, 1H), 5.31 - 5.48 (m, 2H), 5.10
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yl)oxy)methyl)-2-(3-
(trifluoromethyl)phenoxy)be
nzonitrile

(s, 1H), 4.16 (d, J = 11.7 Hz, 1H),
3.87 (d, J = 12.2 Hz, 1H), 3.39 -
3.49 (m, 1H), 3.26 - 3.36 (m, 1H),
2.05 - 2.19 (m, 2H), 1.89 - 1.99
(m, 1H), 1.70 - 1.75 (m, 1H), 1.39
(s, 3H)

5-(((8a-methyl-1-oxo-
7,8,8a,9-tetrahydro-1H,6H-
pyrrolo[1',2":3,4]imidazo[1,2

CDCls: 87.75 (s, 1H), 7.66 (d, J =
8.3 Hz, 2H), 7.58 (d, J = 8.8 Hz,
1H), 7.15 (d, /= 8.3 Hz, 2H), 6.96
(d, J =83 Hz, 1H), 540 (q, J =
12.7 Hz, 2H), 5.10 (s, 1H), 4.16

N N
gltriﬂu);romet);lyl)phenoxy)be © 11.7 Hz, 1H), 3.51 - 3.25 (m, 2H),
nzonitrile 2.11 (d, J = 8.3 Hz, 2H), 2.01 -
1.89 (m, 1H), 1.76 - 1.66 (m, 1H),
1.39 (s, 3H)
DMSO-ds: 67.68 (d, J = 8.8 Hz,
1H), 7.40 (br. s., 1H), 7.37 - 7.31
(m, 2H), 7.23 (d, J = 8.8 Hz, 1H),
3-(4-(4-chloro-3- 7.10 - 7.02 (m, 2H), 5.14 (s, 1H),
(trifluoromethyl)phenoxy)ph o 4.65 (s, 1H), 4.38 (d, J = 4.4 Hz,
61 enethoxy)-8a-methyl- N)LN o CFs 506 2H), 4.24 (d, J = 12.2 Hz, 1H),
7,8,8a,9-tetrahydro-1H,6H- i{&)\ow \@C, 3.89-3.79 (m, 3H),3.39(d, J =
pyrrolo[1',2":3,4]imidazo[1,2 3.9 Hz, 1H), 3.25 - 3.21 (m, 1 H),
-c]pyrimidin-1-one 2.96 (t,J = 6.6 Hz, 2H), 1.87 (d, J
=9.8 Hz, 1H), 1.74 (d, J=10.3
Hz, 1H)
CDCl3: 87.26 - 7.21 (m, 1H),
) o ) 7.17 -7.09 (m, 2H), 5.34 (d, J =
g (3 4-difluorobenzyloxy) Q 9.3 Hz, 2H), 5.08 (s, 1H), 4.16 (d,
a-methyl-7.8,8a,9- S F J=11.7Hz, 1H),3.86 (d, J =
62 | tetrahydro-1H,6H- M 334 | 07 fL A HE AT, 2,051, =
pyrrolo[1',2:3 4limidazo[1,2 N0 F 11.7Hz, 1H), 349 - 3.24 (m,
-c]pyrirnic’lin- l —one ’ 2H), 2.09 (d, J = 8.8 Hz, 2H),
1.92 (d, J = 2.9 Hz, 1H), 1.65 (br.
s., 1H), 1.38 (s, 3H)
3-((3.5-difluoro-4-((2- DMSO-ds: 88.68 (d, J = 5.4 Hz,
(rifluoromethy)pyridin-4- o 1H), 7.66 (br. s., 1H), 7.45 (d, J =
yDoxy)benzyloxy)-8a- oy 9.3 Hz, 2H), 7.31 (br. s., 1H), 5.37
_ ; i A F (s, 1H), 5.32 (br. s., 2H), 3.95 -
63 t;tgyélg_,S,Sa,Q tetrahydro E{ oA@O 2N . 509 397 (m. 2H), 339 (br. 5., 1H),
pyr’rolo[l' 23 Alimidazo[1.2 s ’ 3.26 (br. s., 1H), 2.05 - 1.85 (m,
-c]pyrirnic’lin-l’-one ’ 3H), 1.70 - 1.51 (m, 3H), 0.86 (t, J
= 6.8 Hz, 3H)
3-((3,5-difluoro-4-((2- CDCls: 88.56 (br. s., 2H), 7.15 (d,
(trifluoromethyl)pyrimidin- )Ok J =17.8 Hz, 2H), 5.50 - 5.35 (m,
5-yl)oxy)benzyl)oxy)-8a- NN 2H), 5.14 (br. s., 1H), 4.07 - 3.94
64 | ethyl-7,8,8a,9-tetrahydro- EQJV\OA@F LNT(CFS 510 | (m, 2H), 3.36 (d, J = 5.4 Hz, 2H),
1H,6H- o N 2.07 (br. s., 3H), 1.73 - 1.64 (m,
pyrrolo[1',2":3 4]imidazo[1,2 F 3H), 0.97 (br. s., 3H)
-c]pyrimidin-1-one
DMSO-ds: 88.11 (br. s., 1H), 7.86
3-(4-((((8a-ethyl-1-oxo- (br. s., 1H), 7.72 (br. s., 1H), 7.50
7,8,8a,9-t‘etr'ahyd‘r0-.1H,6H- o (d, J =112 Hz, 1H), 7.45 - 7.18
s p}irrolf)[l‘(,l.Z :33,4]1m1dazo[1,2 /Ndj“\ NG 515 (rr;, 62;—12 5.525 —)530;18&?{) 3H), 4110)3
-c]pyrimidin-3- E/f\ F - 3. m, 2H), 3. r. s., 1H),
yl)oxy)methyl)-2- OA@&/@CFB 3.27 (br. s., 1H), 1.92 (br. s., 3H),
fluorophenoxy)-5- 1.70-1.52 (m, 3H), 0.86 (t,/=17.1
(trifluoromethyl)benzonitrile Hz, 3H)
3-((3,5-difluoro-4-((2- DMSO-ds: 88.66 (d, J = 4.9 Hz,
(trifluoromethyl)pyridin-4- 0 1H), 7.64 (br. s., 1H), 7.42 (d, J =
yl)oxy)benzyl)oxy)-9a- A 9.3 Hz, 2H), 7.28 (br. s., 1H), 5.30
66 methyl-6,7,8,9,9a,10- 509 | (br. s., 3H), 3.78 - 3.64 (m, 2H),

hexahydro-1H-
pyrido[1',2":3,4]imidazo[1,2-
c]pyrimidin-1-one

CFy

3.52(d, J = 12.7 Hz, 1H), 3.12 (¢,
J=13.0 Hz, 1H), 1.78 - 1.46 (m,
SH), 1.37 (br. s., 4H)
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3-((3,5-difluoro-4-((2-
(trifluoromethyl)pyrimidin-
5-yl)oxy)benzyl)oxy)-9a-

DMSO-ds: 88.96 (s, 2H), 7.43 (d,
J =9.3 Hz, 2H), 5.31 (br. s., 3H),
3.71 (br. s, 2H), 3.54 (d, J=12.2

N~ °N
|
67 | methyl-6,7,8,9,9a,10- éf)\vko F ji\( 510 | Hz, 1H), 3.13 (t, J=12.5 Hz, 1H),
hexahydro-1H- o N 1.73 - 1.53 (m, 5H), 1.39 (br. s.,
pyrido[1',2":3,4]imidazo[1,2- F 4H)
c]pyrimidin-1-one
3-((3,5-difluoro-4-((1- DMSO-ds: 67.59 (br. s., 1H), 7.37
methyl-1H-pyrazol-4- i - 7.19 (m, 3H), 5.36 - 5.21 (m,
yDoxy)benzyl)oxy)-9a- NN / 3H), 3.84 - 3.64 (m, 5H), 3.53 (d,
68 methyl-6,7,8,9,9a,10- NJ\)\O I N\N 444 | J=12.7Hz, 1H), 3.12 (t, J=12.7
hexahydro-1H- A@ I Hz, 1H), 1.79 - 1.52 (m, 5H), 1.38
pyrido[1',2"3,4]imidazo[1,2- F (br. s., 4H)
c]pyrimidin-1-one
3-((6-(4-fluoro-3- DMSO-ds: 88.19 (br. s., IH), 7.94
(trifluoromethyl)phenoxy)py i (d,J=8.3Hz, 1H), 7.67 - 7.50 (m,
ridin-3-yl)methoxy)-9a- NN 3H), 7.19 - 7.07 (m, 1H), 5.34 -
69 methyl-6,7,8,9,9a,10- 6&/&0 N F 491 | 5.15 (m, 3H), 3.78 - 3.63 (m, 2H),
hexahydro-1H- ' o o 3.50 (d, J = 12.7 Hz, 1H), 3.10 (t,
pyrido[1,2":3,4]imidazo[1,2- : J=13.0 Hz, 1H), 1.79 - 1.47 (m,
c]pyrimidin-1-one 5H), 1.37 (br. s., 4H)
2-(4-chloro-3- DMSO-ds: 67.96 (br. s., IH), 7.79
(trifluoromethyl)phenoxy)- (br. s., 1H), 7.71 (br. s., 2H), 7.49
5-(((-9a-methyl-1-oxo- )OL (br. s., 1H), 7.16 (d, J = 7.3 Hz,
- - N
70 ?,1_7118,9,9&10 hexahydro d&ﬁ(}&@m\i@m 531 ;IH-I;, §§(7) EE; z., ?g;, g?i (((lirjs_,
pyrido[1',2":3,4]imidazo[1,2- o CFs 13.2 Hz, 1H), 1.75 - 1.50 (m, 5H),
c]pyrimidin-3- 1.38 (br. s., 4H)
yl)oxy)methyl)benzonitrile
5-(((-9a-methyl-1-oxo- DMSO-ds: 87.96 (br. s., 1H), 7.80
6,7,8,9,9a,10-hexahydro- -7.38 (m, 5H), 7.10 (d, J = 8.3 Hz,
1H- i 1H), 5.36 - 5.19 (m, 3H), 3.83 -
71 pyrido[1',2":3 4]imidazo[1,2- C(U\ o 497 3.60 (m, 2H), 3.52 (d, J = 12.7 Hz,
c]pyrimidin-3- N Oﬁ /@L 1H), 3.11 (t, J = 12.7 Hz, 1H),
yloxy)methyl)-2-(3- o CFs 1.79 - 1.51 (m, 5H), 1.38 (br. s.,
(trifluoromethyl)phenoxy)be 4H)
nzonitrile
DMSO-ds: 67.95 (br. s., 1H), 7.78
ﬁéirﬁgﬁoiy)s (Oa- -7.59 (m, 2H), 7.40 (d, J = 9.3 Hz,
Q 1H), 7.15 (d, J = 8.3 Hz, 1H), 7.04
methyl-1-0x0-6,7,8,9,9a,10- L
72 | hexahydro-1H- AL oN O ag1 | (& /=7.8Hz 1H). 541 3.08 (m,
pyridoy[l' 2':3 4]imidazo[1.2- N7 oﬁ /@ 3H), 3.69 (br. s., 2H), 3.52 (d, J =
o] rimi(,iin.—’j’— ’ o} F 12.2 Hz, 1H), 3.12 (t, /= 12.2 Hz,
py . 1H), 1.75 - 1.50 (m, 5SH), 1.38 (br.
yl)oxy)methyl)benzonitrile .. 4H)

DMSO-ds: 87.69 (d, J = 8.3 Hz,
?t-r(iéi’tl-lii;(c)lrllllzgl)}_j)-phenoxy)ph LH), 7.18 - 7.48 (m, 4H), 7.07 (d,
enethoxy)-9a-methyl- )Ok o J="7.8 Hz, 2H), 5.16 (s, 1H), 4.37

i : NN ¢ (br. s., 2H), 3.59 - 3.78 (m, 2H),

73 ?,1189,%,10 hexahydro dM\O O\@ig 520 3.51 (d. J = 127 Hz, 1H), 3.09 (t.

. VAR AT ) J=13.0Hz, 1H), 2.96 (br. s., 2H),

pyrido[1'.2':3.4]imidazo[ 1,2 1.46 - 1.68 (m, 5H), 1.37 (br. .,
c]pyrimidin-1-one 4H)

3-((3 4-difluorobenzyl)oxy)- o DMSO-ds: 67.49 - 7.39 (m, 2H),

9a- ) ) e 7.26 (br. s., 1H), 5.35 - 5.16 (m,

a-methyl-6,7,8,9,9a,10 N

74 hexahydro-1H- /U\ . 348 3H), 3.78 - 3.59 (m, 2H), 3.52 (d,

pyrido[1',2":3,4Jimidazo[1,2- NN J=13.7Hz, 1H), 3.11 (t, J= 13.0

c]pyrimi(’iin.—l,—one ’ E Hz, 1H), 1.76 - 1.51 (m, 5H), 1.44

- 1.30 (m, 4H)

DMSO-ds: 88.66 (d, J = 4.9 Hz,
3-((3,5-difluoro-4-((2- 1H), 7.64 (br. s., 1H), 7.43 (d, J =
(trifluoromethyl)pyridin-4- JOL 9.3 Hz, 2H), 7.29 (br. s., 1H), 5.41
yl)oxy)benzyl)oxy)-9a- N -5.21 (m, 3H), 3.75(d, J =117

75 ethyl-6,7,8,9,9a,10- 523 | Hz, 1H), 3.63 - 3.49 (m, 2H), 3.04

hexahydro-1H-
pyrido[1',2":3,4]imidazo[1,2-
c]pyrimidin-1-one

(t, J = 13.0 Hz, 1H), 1.93 - 1.82
(m, 1H), 1.76 - 1.46 (m, 6H), 1.35
(d, J =132 Hz, 1H), 0.78 (t, J =
6.8 Hz, 3H)
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3-((3,5-difluoro-4-((6-
(trifluoromethyl)pyridin-3-
yl)oxy)benzyl)oxy)-9a-

ss
NMO F _N__CFy
avds
F

DMSO-ds: 68.68 (br. s., 1H), 7.90
(d,/=8.8Hz, 1H),7.62(d, J=8.3
Hz, 1H), 7.42 (d, J = 9.3 Hz, 2H),
5.31(d,/=59Hz 3H),3.76 (d,J

76 ethyl-6,7,8,9,9a,10- 523 | = 11.7 Hz, 1H), 3.66 - 3.51 (m,
hexahydro-1H- 2H), 3.11 - 2.97 (m, 1H), 1.94 -
pyrido[1',2":3.4]imidazo[1,2- 1.80 (m, 1H), 1.78 - 1.50 (m, 6H),
c]pyrimidin-1-one 1.45-1.33 (m, 1H),0.80 (t,/=7.1

Hz, 3H)

. ) e DMSO-ds: 67.97 (br. s., 1H), 7.77
o u(Oa ge;hly(l)_:];);‘;ly o -7.59 (m, 3H), 7.56 (br. 5., 1H),
1H— T o 7.46 (d,J=7.8 Hz, 1H), 7.10 (d, J

. V212 AT ) N = 8.8 Hz, 1H), 5.27 (br. s., 3H),

7| Bmidina afuo on S11 | 375 (d, J = 11.2 Hz, 1H), 3.60 (d,

Py A@i /@CF J=11.7Hz, 2H), 3.04 (t, J = 13.5
yloxy)methyl)-2-(3- o s
(trifluoromethyl)phenoxy)be Hz, 1H), 1.94 - 1.82 (m, 1H), 1.77
nzonitrile - 1.47 (m, 6H), 1.44 - 1.27 (m,

1H), 0.79 (t, J = 6.8 Hz, 3H)
7-((3,5-difluoro-4-((2- DMSO-ds: 88.66 (d, J = 5.4 Hz,
(trifluoromethyl)pyridin-4- i 1H), 7.63 (br. s., 1H), 7.42 (d, J =
yl)oxy)benzyl)oxy)-11a- N 9.3 Hz, 2H), 7.34 - 7.22 (m, 1H),

78 | methyl-3.4,11,11a- A FQ 511 | 5.39 (s, 1H), 5.31 (s, 2H), 3.84 -
tetrahydro-1H,9H- o cFs 3.68 (m, 2H), 3.68 - 3.59 (m, 2H),
pyrimido[6',1":2,3]imidazo[5 F 3.51 - 343 (m, 2H), 3.43 - 3.40
,1-c][1,4]oxazin-9-one (m, 2H), 1.46 (s, 3H)
7-((3,5-difluoro-4-((2- DMSO-ds: 88.35 (d, J = 5.4 Hz,
methyl-pyridin-4- i 1H), 7.39 (d, J = 9.3 Hz, 2H), 6.87
yl)oxy)benzyl)oxy)-11a- /)(/NUN\ . (br. s., 1H), 6.81 (br. s., 1H), 5.40

79 thyl-3,4,11,11a- N 7N 457 , 1H), 5.31 (s, 2H), 3.85 - 3.67
?elfralfydro-lH,QI-?- OAQ/\O/Q\ Efn, 4H)), 3.64 (((si, J =)1 1.7 Hz, 2H),
pyrimido[6',1":2,3]imidazo[5 F 3.59 - 3.47 (m, 2H), 2.42 (s, 3H),
,1-c][1,4]oxazin-9-one 1.48 (br. s., 3H)
7-((3,5-difluoro-4-((5-

(trifluoromethyl)pyridin-3- i DMSO-ds: 88.77 (s, 1H), 8.73 (s,
yl)oxy)benzyl)oxy)-11a- 1H), 7.90 (br. s., 1H), 7.40 (d, J =

80 | methyl-3.4,11,11a- e J\AOA@F /@ 511 | 9.3 Hz, 2H), 5.39 (s, IH), 5.31 (br.
tetrahydro-1H,9H- 0 CR s., 2H), 3.82 - 3.63 (m, 4H), 3.53 -
pyrimido[6',1:2,3]imidazo[5 F 3.41 (m, 4H), 1.48 (br. s., 3H)
,1-c][1,4]oxazin-9-one
7-((3,5-difluoro-4-((6-

(trifluoromethyl)pyridin-3- )OL DMSO-ds: 88.66 (br. s., 1H), 7.89

31 | s Aoy Y St | F0. 741 @, 7.8 Hr 2H), 538
tetrahydro-1H,9H- Aﬂio ~ (br. s., 1H), 5.30 (br. s., 2H), 3.89
pyrimido[6',1:2,3]imidazo[5 F -3.44 (m, 8H), 1.46 (br. s., 3H)
,1-c][1,4]oxazin-9-one
7-((4-(4-chloro-3-

(tr(ii’lug)roine(zlrl(;l)phenoxy)- DMSO-ds: 87.69 (d, J = 8.8 Hz,
3,5-difluorobenzyl)oxy)- X 1H), 7.51 (br. s., 1H), 7.39 (d, J =

82 11a-methy1-3,4,11,lla- M\ /@ cl 544 9.3 Hz, ZH)s 7.27 (d, J = 8.3 Hz,

1H), 5.39 (s, 1H), 5.30 (s, 2H),
tetrahydro-1H,9H- o CFs
. A A £ 3.80 - 3.62 (m, 4H), 3.55 - 3.41
pyrimido[6',1:2,3]imidazo[5 (m. 4H), 1.48 (s, 3H)
,1-c][1,4]oxazin-9-one m, P S
3-Q2-fluoro-4-((((1 1a- DMSO-de: 88.09 (s, 1H), 7.83 (br.
methyl-9-0x0-3,4,11,11a-
o s., 1H), 7.69 (br. s., 1H), 7.48 (d, J
tetrahydro-1H,9H- s NG
. A e NN = 11.2 Hz, 1H), 7.37 - 7.28 (m,
83 pyrimido[6',1":2,3]imidazo[5 Af/g)\ F 517
. Q_ o 2H), 5.35 (s, 1H), 5.27 (s, 2H),
,1-c][1,4]oxazin-7- ﬁ cF
o s 3.77 - 3.59 (m, 4H), 3.51 - 3.36
yloxy)methyl)phenoxy)-5- (m, 4H), 1.45 (s, 3H)
(trifluoromethyl)benzonitrile m, » 1S,
i}ﬁﬁfﬁﬂﬁfﬁiﬂyl)phenmy)_ DMSO-ds: 87.94 (br. s., 1H), 7.78
5-(((((11a-methyl-9-oxo- o (d,J=8.3Hz, 1H), 7.74 - 7.66 (m,
3.4.11,1 la-tetrahydro- N)k“ 2H),7.47 (d,J=7.8 Hz, 1H), 7.14
84 o /A( 533 | (d, J = 8.3 Hz, 1H), 5.33 (br. s.,
/

1H,9H-
pyrimido[6',1":2,3]imidazo[5
,1-c][1,4]oxazin-7-
yl)oxy)methyl)benzonitrile

1H), 5.26 (br. s., 2H), 3.80 - 3.60
(m, 4H), 3.60 (br. s., 1H), 3.55 -
3.40 (m, 3H), 1.45 (br. s, 3H)
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5-(((((11a-methyl-9-oxo-
3,4,11,11a-tetrahydro-
1H,9H-

DMSO-d6: §7.96 (br. s., 1 H),
7.72 (br. s., 2 H), 7.66 - 7.60 (m,
1 H), 7.55 (br. s, 1 H), 7.47 (br.

- A A J s., 1 H),7.10 (d,J =7.8 Hz, 1 H),
85 | P dazeld O%UKOA@C@ 499 | 5.41-533 (m, 1 H),5.28 (br. s.,
’}’l)oxy),methyl)-Z-(S- e o CF4 2H),3.77(d,J=7.8 Hz, 1 H),
(trifluoromethyl)phenoxy)be 3.73 - 3.61 (m, 3 H), 3.50 (br. 5.,
onitile 4 H), 1.47 (br. s., 3 H)
11a-methyl-7-(((3.4,5- o
trifluorobenzyl)oxy]- o DMSO-ds: 87.42 - 7.26 (m, 2H),
86 3,4,11,11a-tetrahydro- f{/@ F 368 5.40 - 5.32 (m, 1H), 5.25 - 5.17
1H,9H- Q_/ Oﬁ (m, 2H), 3.79 - 3.58 (m, 4H), 3.52
pyrimido[6',1":2,3]imidazo[5 F -3.33 (m, 4H), 1.46 (s, 3H)
,1-c][1,4]oxazin-9-one F

. CDCls: 88.61 (d, J = 5.4 Hz, 1H),
O o G T
trifluoromethyl)pyridin-4- 0 e S e NG
;l)oxy)benzyl)yoipyy)_ . o X, 5.9 Hz, 2H), 4.77 (br. 5., 1H), 4.48

88 | fluoro-34-dihydro- NN F sp7 | (/= 12.2 Hz, 1), 4.08 -4.05
fuoro-3 & ity dro ! /\@[0 < N (m, 1H), 4.02 - 3.94 (m, 2H), 3.79
methanopyrimido[6',1:2,3]i I 3 (d, J =10.3 Hz, 1H), 3.61 (br. s.,
midazo[5,1-c][1,4]oxazin-9- 1H), 2.11 (d, J=9.8 Hz, 1H), 1.90
one -1.90 (m, 1H), 1.88 (d, /=9.8 Hz,

1H)

CDCls: 88.37 (d, J = 4.4 Hz, 1H),
(38,11aR)-7-(((3,5-difluoro- 7.13 (d, J= 8.3 Hz, 2H), 6.69 (d, J
4-((2-methyl-pyridin-4- o =7.3Hz,2H), 5.47 (d, J = 8.3 Hz,
yl)oxy)benzyl)oxy)-6- N)LN 2H), 4.77 (br. s., 1H), 4.48 (d, J =

89 fluoro-3,4-dihydro- O//‘:{Jﬁ/ko F_ 473 12.2 Hz, 1H), 4.06 (d, J = 6.8 Hz,
1H,9H,11H-3,11a- (A /\@[ - N 1H), 4.01 - 3.94 (m, 2H), 3.78 (d,
methanopyrimido[6',1':2,3]i o J=10.3 Hz, 1H), 3.60 (d,J=10.3
midazo[5,1-c][1,4]oxazin-9- F Hz, 1H), 2.52 (br. s., 3H), 2.11 (d,
one J=9.8 Hz, 1H), 1.88 (d, J = 9.8

Hz, 1H)

CDCls: 87.62 (s, 1H), 7.45 (br. s.,
3-(2-fluoro-4-(((((3S.11aR)- 1H), 7.38 (d, J = 10.8 Hz, 1H),
6-fluoro-9-oxo-3,4-dihydro- . 7.32 (br. s., 2H), 7.20 - 7.15 (m,
THLOH. 11H-3.11a- I 1H), 5.50 (d, /= 6.8 Hz, 2H), 4.76

e . R ﬁ(N ‘N N (br. s., 1H), 4.48 (d, J = 12.2 Hz,

90 | methanopyrimido[6',1:2,3]i | /3 NJﬁ/Lo F 533 1D, 4.08 - 4.04 LHD). 401 -
midazol[5,1-c][1,4]oxazin-7- N /\C[ ), 4. 04 (m, 1H), 4.
yloxy)methyl)phenoxy)-5- 0 CF3 3.94 (m, 2H), 3.78 (d, /= 10.3 Hz,
(trifluoromethyl)benzonitrile 1H), 3.59 (d, J = 10.3 Hz, 1H),

2.10(d,J=9.8 Hz, 1H), 1.87 (d, J

=10.3 Hz, 1H)
(3S,11aR)-7-((3,5-difluoro- DMSO-ds: 88.68 (d, J = 5.9 Hz,
4-((2- 1H), 7.68 (br. s., 1H), 7.45 (d, J =
(trifluoromethyl)pyridin-4- o 8.8 Hz, 2H), 7.32 (br. s., 1H), 5.42
yl)oxy)benzyl)oxy)-6- ﬁ(\NJ\‘N (s, 2H), 4.68 (br. s., 1H), 4.31 (d,

91 | chloro-34-dihydro- d NN o F oy 543 | J=122Hz, 1H),3.95 (d, /= 12.2
1H,9H,11H-3,11a- a /\(;[o g CF; Hz, 1H), 3.88 (q, / = 7.3 Hz, 2H),
methanopyrimido[6',1':2,3]i F 3.79(d,J=9.8 Hz, 1H),3.62 (d, J
midazo[5,1-c][1,4]oxazin-9- = 10.3 Hz, 1H), 2.06 (d, J = 9.8
one Hz, 1H), 1.98 - 1.87 (m, 1H)

. CDCls: 88.56 (d, J =5.9 Hz, 1H),
23_(5(’21_13"?)'7'((3’5'd‘ﬂ”°r0' 7.24 - 7.23 (m, 1H), 7.08 (d, J =
(rifluoromethyl)pyridin-4- o 8.3 Hz, 2H), 7.00 - 6.92 (m, 1H),

e 5.40 (d, J = 5.4 Hz, 2H), 4.68 (s,
yDoxy)benzyljoxy)-6- ~ 1H), 4.43 (d, J = 12.2 Hz, 1H)

92 | methyl-3,4-dihydro- d 3 Nﬁ/&, F 523 o &0 (G, J = 188 HZ, 1T,
oM TH3 i o “@[g S 401 - 391 (m, 2H);13.85 @ J=
methanopyrimido[6',1':2,3]i F 112_1)2 13{?21 (I(;I),J?:794 S(I-izj II-?) 82%22’
midazo[5,1-c][1,4]oxazin-9- > T i T
one (d, J = 8.3 Hz, 1H), 1.93 (s, 3H),

1.77 (d, J=10.3 Hz, 1H)
f_(s(’zl_laR)'7'(((3’5'dlﬂ“°r°' oo CDCl:: 88.61 (d, J = 5.4 Hz, 1H),
(trifluoromethyl)pyridin-4- : NJL/N 7.27 - 722 (m, 1H), 7.14 (d, J =

93 | yloxy)benzyhoxy)-3.- o AL sy | 78 Hz, 2H), 7.00 (br. 5., 1H), 5.43

dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1';2,3]i
midazo[5,1-c][1,4]oxazin-9-

(d, J = 5.4 Hz, 2H), 5.13 (s, 1H),
4.76 (br. s., 1H), 4.01 (br. s, 2H),
3.59(d,J=9.8Hz, 1H),3.25(d,J
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one-11,11-d>

=9.8 Hz, 1H),2.06 (d, J=9.8 Hz,
1H), 1.75 (d, /=10.3 Hz, 1H)

;égyi‘fﬁ‘;"yr;jol«i )it DMSO-de: 87.57 (s, 1H), 7.33 -
yhoxy)benzyloxy)-7.5- M , 7.18 (m, 3H), 5.29 (s, 1H), 5.23 (s,
94 dihy dro_leH,gH_Z’ga_ NN F -~ 428 | 2H), 3.84 (s, 2H), 3.70 (s, 3H),
methanopyrrolo[1',2":3,4]imi OLN ?1;382&221_%) %2? EE; SS" 2111__11))’ 201
dazo[1,2-c]pyrimidin-1-one F U P T
3-(2-fluoro-4-((((1-o0xo0-7,8- o DMSO-ds: 88.09 (br. s., 1H), 7.83
dihydro-1H,6H,9H-7,8a- Ay N (br. s., 1H), 7.70 (br. s., 1H), 7.48
methanopyrrolo[1',2":3,4]imi E]{ | (d,J=11.7Hz, 1H), 7.32 (q, J =
95 dazo[1,2-c]pyrimidin-3- NJ\AO“@F /(S\ 498 156 Hz, 2H), 5.28 (s, 3H), 3.84 (s,
yl)oxy)methyl)phenoxy)-5- o CFs 2H), 3.28 (s, 2H), 2.92 (br. s., 1H),
(trifluoromethyl)benzonitrile 2.01 (br. s., 2H), 1.55 (br. s., 2H)
DMSO-ds: 88.64 (d, J = 5.9 Hz,
1H), 7.62 (t, J = 8.3 Hz, 1H), 7.49
(35,11aR)-7-((2-difluoro-4- (7= 20 e 11 T30 6. =
: . 7, 105 Hz, 1H), 7.22 (dd, J =
ffz'l()mﬂ‘)‘grom‘f)hyl)%“fm' )it 2.0, 5.4 Hz, 1H), 7.12 d, J = 8.3
“YDOXy)Denzyl)oxy)-3.%- NTON F CFs Hz, 1H), 5.31 (br. s., 2H), 5.23 (s,
96 | dihydro-1H9H,11H-3,11a- oﬁ\f&/‘ko AN O, 4.%5 s, 11(4), 426 (d), J= 12(.2
methanopyrimido[6'-,1":2,3]i < Hz. 1H), 3.92 - 3.83 (m, 2H). 3.83
midazo[5,1-c][1,4]oxazin-9- 0 i 3’77 (’m' 1H) '3 13 ’ 333 ('m
one 1H), 3.27 - 3.21 (m, 1H), 1.87 (d.
J=93Hz 1H), 1.77 (d, J = 9.8
5 Hz, 1H)
. DMSO-ds: 87.53 - 7.33 (m, 2H),
?é(fhi;ﬁ“c{ﬁ%eﬁzgyg?gi NJ%N 7.24 (br. s., 1H), 5.28 - 5.18 (m,
97 | methanopymrolo[I'2'3 4)imi NJ\/kO . 332 | 3H), 3.83 (br. s., 2H), 3.28 (br. s.,
e o X 210,291 .. 11, 200 5.
5 £ , 1L s,
3-((3.4,5- Py DMSO-ds: 87.35 (t, J = 7.6 Hz,
trifluorobenzyl)oxy)-7,8- M 2H), 5.28 (s, 1H), 5.21 (s, 2H),
98 | dihydro-1H,6H,9H-7,8a- [N F 350 | 3.83 (s, 2H), 3.28 (br. s., 2H), 2.92
methanopyrrolo[1',2":3,4]imi /\©: (br. s., 1H), 2.01 (br. s., 2H), 1.55
dazo[1,2-c]pyrimidin-1-one I F (br. s., 2H)
CDCls: 88.60 (br. s., 1H), 7.25 -
(3S,11aR)-7-(3,5-difluoro-4- 7.21 (m, 1H), 6.98 (d, J = 6.4 Hz,
((2-(trifluoromethyl)pyridin- 3H), 5.01 (br. s., 1H), 4.73 (br. s.,
4-yl)oxy)phenethoxy)-3,4- )OL F 1H), 4.60 (br. s., 2H), 4.45 (d, J =
99 | dihydro-1H,9H,11H-3,11a- ~ JN\/’NK ﬂO N\ -CFs 523 | 12.2 Hz, 1H), 4.09 - 3.84 (m, 3H),
methanopyrimido[6'-,1":2,3]i o N o ,:\Q/\Nr 3.56(d,J=9.3Hz, 1H),3.22(d,J
midazo[5,1-c][1,4]oxazin-9- = 9.3 Hz, 1H), 3.05 (br. s., 2H),
one 2.02(d, J=9.3Hz, 1H), 1.71 (d, J
=9.8 Hz, 1H)
DMSO-ds: 88.61 (d, J = 5.9 Hz,
1H), 7.43 (s, 1H), 7.41 (s, 1H),
7.40 (d, J = 2.4 Hz, 1H), 7.21 (s,
(35,11aR)-7-(4-2- 1H), 7.19 (s, 1H), 7.12 (dd, J =
(trifluoromethyl)pyridin-4- 2.2.5.6 Hz, 1H), 5.16 (s, 1H)
yloxy)phenethoxy)-34- A 471 -4.63 (m, 1H), 4.51 - 4.34
100 dlhydro—lH,‘9H,l1H'—3,'11a— . OﬁNf o Wgoﬁca 487 (0. 20, 4.26 (d. J = 12.2 Ho,
methanopyrimido[6'-,1:2,3]i | o ZN 1H), 4.01 - 3.72 (m, 3H), 3.36 d
midazo[5,1-c][1,4]oxazin-9- J= ’11'2 Hy .IH) 3’28 - 3 2'3 (rn’
one 1H), 3.01 (t, J = 6.8 Hz, 2H),
1.95-1.83 (m, 1H), 1.76 (d, J =
9.8 Hz, 1H)
CDCls: 88.65 (d, J = 5.4 Hz, 1H),
7.63 (s, 1H), 7.57 (d, J = 8.3 Hz,
5-(2-(((3S,11aR)-9-0x0-3,4- 1H), 7.27 - 7.27 (m, 1H), 7.13 (d,
dihydro-1H,9H,11H-3,11a- J = 8.3 Hz, 2H), 7.02 (br. s., 2H),
methanopyrimido[6'-,1":2,3]i NiN O~ CFs 5.01 (s, 1H), 4.73 (br. s., 1H), 4.65
101 | midazo[5,1-c][1,4]oxazin-7 OQQ MON@W\CN( 512 | - 4.59 (m, 1H), 4.44 d, J = 12.7

yloxy)ethyl)-2-((2-
(trifluoromethyl)pyridin-4-
yl)oxy)benzonitrile

Hz, 1H), 3.98 (br. s., 1H), 3.91 (d,
J=122Hz, 1H),3.57 (d, J=9.8
Hz, 1H), 3.23 (d, J = 9.8 Hz, 1H),
3.13 - 3.03 (m, 2H), 2.02 (d, J =
9.3 Hz, 1H), 1.73 (s, 1H)

122




(3S,11aR)-7-((3,5-difluoro-
(2
(trifluoromethyl)pyridin-4-

DMSO-ds: 88.62 (d, J = 4.9 Hz,
1H), 7.26 - 7.24 (m, 1H), 7.18 (d,
J =8.3 Hz, 2H), 6.99 (br. s., 1H),

yl)oxy)benzyl)oxy)-6- //(\NX‘N 5.56 - 5.42 (m, 2H), 4.85 (br. s.,
102 | cyano-3,4-dihydro- Yo F o 534 | 1H), 4.48 (d, J = 12.7 Hz, 1H),
1H,9H,11H-3,11a- ] CN /\@[o NCE, 4.20 - 3.97 (m, 3H), 3.95 - 3.87
methanopyrimido[6',1":2,3]i F (m, 1H), 3.81 (d,/=10.3 Hz, 1H),
midazol5,1-c][1,4]oxazin-9- 2.22(d,J=9.3Hz, 1H), 1.89(d, J
one =10.3 Hz, 1H)
3-(4-fluoro-3- o] CDCls: 87.79 - 7.54 (m, 2H), 7.20
cyanobenzyl)oxy)-7,8- NAN (t,J=8.3 Hz, 1H), 5.54 - 5.33 (m,
103 | dihydro-1H,6H,9H-7,8a- NM\O CN 339 | 2H), 5.12 (s, 1H), 3.99 (s, 2H),
methanopyrrolo[1',2':3,4]imi m 3.34 (br. s., 2H), 3.03 (br. s., 1H),
dazo[1,2-c]pyrimidin-1-one F 2.08 (br. s., 2H), 1.70 (br. s., 2H)
(38,11aR)-7-((3,5-difluoro- DMSO-ds: 88.68 (d, J = 5.4 Hz,
4-((2- 1H), 7.67 (br. s., 1H), 7.42 (d, J =
(trifluoromethyl)pyridin-4- o 8.8 Hz, 2H), 7.31 (br. s, 1H), 5.38
yl)oxy)benzyl)oxy)-6-ethyl- //(\NJ\‘N (s, 2H), 4.67 (br. s., 1H), 4.27 (d,
104 | 3.4-dihydro-1H9H,11H- ) NJ\KKO F o 537 | J = 122 Hz, 1H), 4.04 - 3.75 (m,
3,11a- ‘ /\@o A 3H), 3.65 (d, J=9.3 Hz, 1H), 3.53
methanopyrimido[6',1":2,3]i F (d,J=9.3Hz, 1H), 2.44 -2.23 (m,
midazo[5,1-c][1,4]oxazin-9- 2H), 1.93 (br. s., 2H), 1.07 (t, J =
one 7.1 Hz, 3H)
DMSO-ds: 88.63 (d, J = 5.4 Hz,
3-((2-fluoro-4-((2- o 1H), 7.61 (t, J = 8.3 Hz, 1H), 7.48
(trifluoromethyl)pyridin-4- N )LN i (br. s., 1H), 7.29 (d, J = 10.3 Hz,
yl)oxy)benzyl)oxy)-7,8- d \ 1H), 7.21 (d, J=3.4 Hz, 1H), 7.12
1051 Sihydro-1H.6H,9H-7,8a- NMO“@ A 475 1 (4,7 = 83 Hz, 1H), 5.30 (s, 2H),
methanopyrrolo[1',2":3,4]imi o ' CFs 5.25 (s, 1H), 3.84 (s, 2H), 3.29 (s,
dazo[1,2-c]pyrimidin-1-one 2H), 2.91 (br. s., 1H), 2.01 (br. s.,
2H), 1.55 (br. s., 2H)
(38,11aR)-7-((3,5-difluoro-
4-((2- DMSO-ds: 88.68 (d, J = 5.4 Hz,
(trifluoromethyl)pyridin-4- o 1H), 7.67 (s, 1H), 7.46 (d, J = 8.8
yl)oxy)benzyl)oxy)-6- ﬁ(\NJ\.N Hz, 2H), 7.31 (d, J = 3.4 Hz, 1H),
106 | methoxy-3,4-dihydro- 4 NJ\H\O Fr N 539 | 5.39 (s, 2H), 4.67 (br. s., 1H), 4.27
1H,9H,11H-3,11a- N ~ A@[o N, (d, J =12.2 Hz, 1H), 4.00 - 3.81
methanopyrimido[6',1':2,3]i F (m, 3H), 3.62 (s, 3H), 3.55(d, J =
midazo[5,1-c][1,4]oxazin-9- 5.9 Hz, 2H), 2.05 - 1.83 (m, 2H)
one
. CDCls: 88.61 (d, J = 5.4 Hz, 1H),
23_;%21_1‘113)'7'((3’5'd‘ﬂ“0r°' 7.27 (s, 1H), 7.15 (d, J = 8.3 Hz,
(trifluoromethyl)pyridin-4- o 2H), 6.9 (d, J=3.4 Hz, 1H), 5.66
AU - 5.36 (m, 2H), 4.72 (br. s., 1H),
yloxy)benzyl)oxy)-6- //(\N N = ’
107 | isopropyl-3,4-dihydro- d NN F o 551 | 446 (d.J =127 Hz, 1H), 4.14
A L o/ T “@[ @ 3.93 (m, 2H), 3.91 - 3.78 (m, 2H),
me;hariopyrin’lido[ﬂ 1235 I 0 CFs 3.41 (d, J=9.3 Hz, 1H), 2.79 (td,
midazo[5.1-c][1 4]0)’(&“’1_9_ J=6.7,13.6 Hz, 1H), 2.06 (d, J =
one ’ ’ 9.8 Hz, 1H), 1.82 (d, J = 9.8 Hz,
1H), 1.29 (t, / = 8.3 Hz, 6H)
Efrfﬁluljﬁ;g;‘lgiﬂ dind. DMSO-ds: 38.63 (d, J = 5.4 Hz,
yDoxy)benzyoxy)-6- o 1H), 7.56 (d, J = 8.3 Hz, 2H), 7.44
hvl-3 4-dihvdro- NJkN (s, 1H), 7.28 (d, J = 8.3 Hz, 2H),
108 Ilnet oo,y ﬁf g 487 | 7.16 (d, J = 3.4 Hz, 1H), 5.35 (s,
H.9H,11H-3, 1 1a- A JYKO/\@ Q 2H), 4.65 (br. s., 1H), 4.27 (d, J =
methanopyrimido([6',1':2,3]i 0" " cF, > oo D N
midazo[5.1-c][1.4]oxazin-9- 12.2 Hz, 1H), 3.92 - 3.79 (m, 3H),
one ’ ’ 3.61 (s, 2H), 1.95 - 1.82 (m, 5SH)
DMSO-ds: 88.60 (d, J = 5.4 Hz,
3-((4-((2- o 1H), 7.56 - 7.48 (m, J = 8.3 Hz,
(trifluoromethyl)pyridin-4- P 2H), 7.40 (br. s., 1H), 7.28 - 7.22
109 yl)oxy)benzyl)oxy)-7,8- 5/&)‘”\ CF3 457 (m, J=8.3Hz, 2H), 7.14 d, J =
dihydro-1H,6H,9H-7,8a- N7 o/\©\ ! 2.9 Hz, 1H), 5.31 - 5.25 (m, 3H),
methanopyrrolo[1',2":3,4]imi oSN : 3.84 (s, 2H), 3.29 (br. s., 2H), 2.92
dazo[1,2-c]pyrimidin-1-one (br. s., 1H), 2.01 (br. s., 2H), 1.55
(br. s., 2H)
ZT((((3R’“‘1S)'9'°X°'3’4' DMSO-de: 88.73 (br. s., 1H), 8.05
ihydro-1H,9H,11H-3,11a- (br. s.. 1H), 7.84 (d. J = 7.8 Hz
110 methanopyrimido[6',1":2,3]i 498 . i § ) ?

midazo[5,1-c][1,4]oxazin-7-
yhoxy)methyl)-2-((2-

1H), 7.69 (br. s., 1H), 7.50 (d, J =
7.3 Hz, 1H), 7.35 (br. s., 1H), 5.42




(trifluoromethyl)pyridin-4-

- 5.23 (m, 3H), 4.68 (br. s., 1H),

yl)oxy)benzonitrile 428 (d, J =11.7 Hz, 1H), 3.98 -

3.77 (m, 3H), 3.56 - 3.47 (m, 1H),

321 -3.15 (m, 1H), 1.90 (d, J =

8.8 Hz, 1H), 1.78 (d, J = 9.3 Hz,

1H)

CDCls: 88.50 (d, J = 4.9 Hz, 1H),
3-(4-((2- 7.33 - 7.26 (m, J = 7.8 Hz, 2H),
(trifluoromethyl)pyridin-4- )OL 7.17 (br. s., 1H), 7.02 - 6.96 (m, J

m yl)oxy)phenethoxy)-7,8- 5}\/"\& /\UO\O 471 | = 8.3 Hz, 2H), 6.94 - 6.86 (m, 1H),
dihydro-1H,6H,9H-7,8a- NTN"g _N 5.02 (s, 1H), 4.54 (t, J = 6.4 Hz,
methanopyrrolo[1',2":3,4]imi FaC 2H), 3.93 (s, 2H), 3.27 (s, 2H),
dazo[1,2-c]pyrimidin-1-one 3.07 - 2.94 (m, 3H), 2.01 (br. s.,

2H), 1.63 (br. s., 2H)

DMSO-ds: 88.58 (d, J = 5.4 Hz,

1H), 7.24 (s, 1H), 7.11 (d, J = 8.3
7-((3,5-difluoro-4-((2- Hz, 2H), 6.97 (d, J = 3.9 Hz, 1H),
(trifluoromethyl)pyridin-4- JOL 5.40 (s, 2H), 5.21 (s, 1H), 4.23 (d,
yl)oxy)benzyl)oxy)-3,4- NN J=11.7Hz, 1H),3.99 (d,J=5.9

112 | dihydro-1H,9H,11H-4,11a- O@Mo F 523 | Hz, 1H),3.91(d,J=10.3 Hz, 1H),
ethanopyrimido[6',1":2,3]imi /\@[o \' cF, 3.75 - 3.70 (m, 3H), 3.68 (d, J =
dazo[5,1-c][1,4]oxazin-9- F 12.2 Hz, 1H), 2.37 - 2.21 (m, 1H),
one 2.10 - 2.01 (m, 1H), 1.94 (dd, J =

6.1,12.0Hz, 1H), 1.70 (dt, J=3.7,

12.3 Hz, 1H)
?trggugr‘ﬁgztﬁyﬁ%yﬁ dind o DMSO-ds: 88.65 (br. s., 1H),
yhoxy benzyl)oxy)-7.8- NX‘N 7.90-6.96 (m, 5H), 5.32 (br. s.,

13 | ot ﬁA\AOA@[F - 475 | 3H).387 (. 5. 21,322 (5.
methanopyrrolo[1',2":3,4]imi 0" " cF, ), 2.94 (br. s., 1H), 2.04 (br. s.,
dazo[1,2-c]pyrimidin-1-one 2H), 1.57 (br. 5., 2H)
(3S,11aR)-7-((3,4,5- 0
trifluorobenzyl)oxy)-6- )k DMSO-ds: 87.45 - 7.32 (m, 2H),
methoxy-3,4-dihydro- //__(\N |N 5.29 (s, 2H), 4.66 (s, 1H), 4.26 (d,

114 | 1H9H,11H-3,11a- 3 H N&)\O F 396 | J=12.2 Hz, 1H), 3.94 - 3.82 (m,
methanopyrimido[6',1":2,3]i NS 0 /\@[ 3H), 3.58 (s, 3H), 3.54 (d, /=54
midazo[5,1-c][1,4]oxazin-9- - F Hz, 2H), 2.04 - 1.86 (m, 2H)
one F
(3S,11aR)-7-((3,4- DMSO-ds: 87.51 - 7.40 (m, 2H),
difluorobenzyl)oxy)-6- Q 7.29 (br.s., 1H), 5.28 (s, 2H), 4.64
methoxy-3,4-dihydro- N)kN (s, 1H), 4.24 (d, J = 12.2 Hz, 1H),

115 1H,9H,11H-3,11a- //4(\&)\ F 378 | 3.94 - 3.81 (m, 3H), 3.55 (s, 3H),
methanopyrimido[6',1":2,3]i O@N O/\©i 3.51 (d, J =49 Hz, 2H), 2.02 -
midazo[5,1-c][1,4]oxazin-9- 0 E 1.84 (m, 2H)
one

DMSO-ds: 88.65 (d, J = 5.4 Hz,
(3R,11aS)-7-((3-fluoro-4- 1H), 7.58 - 7.44 (m, 3H), 7.38 (d,
((2-(trifluoromethyl)pyridin- ° J=8.3Hz, 1H), 7.19 (br. s., 1H),
4-yl)oxy)benzyl)oxy)-3,4- N)kN 5.43 - 5.23 (m, 3H), 4.68 (br. s.,

116 | dihydro-1H,9H,11H-3,11a- ojMo Fay 491 | 1H), 4.28 (d, J = 12.2 Hz, 1H),
methanopyrimido[6',1":2,3]i /\C[o L oF 3.88 - 3.88 (m, 3H), 3.40 - 3.37
midazo[5,1-c][1,4]oxazin-9- ° (m, 1H), 3.28 (d, / = 9.8 Hz, 1H),
one 1.90 (d, /=8.8 Hz, 1H), 1.79 (d, J

=9.8 Hz, 1H)
3-((3-fluoro-4-((6- CDCl3: 88.48 (br. s., 1H), 7.62 (d,
(trifluoromethyl)pyridin-3- Q J = 8.8 Hz, 1H), 7.34 - 7.27 (m,
yloxy)benzyl)oxy)-7,8- N)k‘N 2H), 7.24 (d, J=8.3 Hz, 1H), 7.20

117 dihydro-1H.6H,9H-7,8a- ﬁ)\/ko F NG CF,s 475 | - 7.11 (m, 1H), 5.42 (s, 2H), 5.15
methanopyrrolo[I',2':3,4Jimi /\C[ | (s, 1H), 4.00 (s, 2H), 3.34 (s, 2H),
dazof[1 2—c]pyrimi(’1in.—1’—one © 3.03 (br. s., 1H), 2.08 (br. s., 2H),

’ 1.70 (d, J = 4.9 Hz, 2H)

CDCls: 88.58 (d, J =5.9 Hz, 1H),
3-((3-fluoro-4-((2- 7.34 (d, J = 10.8 Hz, 1H), 7.30 -
(trifluoromethyl)pyridin-4- 7.27 (m, 1H), 7.24 (s, 1H), 7.20 (d,

118 yl)oxy)benzyl)oxy)-7,8- 489 J =78 Hz, 1H), 6.96 (d, J = 3.9

dihydro-1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

Hz, 1H), 5.4 (s, 2H), 5.21 (s, 1H),
4.13 (t, J = 4.4 Hz, 1H), 4.02 (s,
2H), 2.11 (br. s., 2H), 1.82 - 1.77
(m, 6H)

124




119

3-((3-fluoro-4-((2-methyl-
pyridin-4-
yl)oxy)benzyl)oxy)-7,8-
dihydro-1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

421

CDCl3: 88.34 (d, J = 5.4 Hz, 1H),
7.34 - 725 (m, 1H), 7.24 - 7.18
(m, 1H), 7.18 - 7.09 (m, 1H), 6.71
- 6.61 (m, 2H), 5.41 (s, 2H), 5.14
(s, 1H), 3.99 (s, 2H), 3.33 (s, 2H),
3.02 (br. s., 1H), 2.49 (s, 3H), 2.07
(br. s., 2H), 1.74 - 1.63 (m, 2H)

120

3-((3-fluoro-4-((2-methyl-
pyridin-4-
yl)oxy)benzyl)oxy)-7,8-
dihydro-1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

435

CDCls: 88.35 (d, J = 4.4 Hz, 1H),
7.31 (br. s., 1H), 7.25 - 7.13 (m,
2H), 6.68 (br. s., 2H), 5.41 (br. s.,
2H), 5.20 (br. s., 1H), 4.12 (br. s.,
1H), 4.01 (br. s., 2H), 2.51 (br. s.,
3H), 2.10 (br. s., 2H), 1.78 (br. s.,
6H)

121

3-((3-fluoro-4-((6-
(trifluoromethyl)pyridin-3-
yl)oxy)benzyl)oxy)-7,8-
dihydro-1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

488

CDCl3: 88.48 (br. s., 1H), 7.61 (s,
1H), 7.33 (br. s., 1H), 7.30 (br. s.,
1H), 7.23 (br. s., 1H), 7.16 (br. s.,
1H), 5.41 (s, 2H), 5.19 (s, 1H),
4.12 (br. s., 1H), 4.01 (s, 2H), 1.78
(br. s., 8H)

122

3-((3-fluoro-4-((2-
(trifluoromethyl)pyrimidin-
5-yl)oxy)benzyl)oxy)-7,8-
dihydro-1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

476

CDCls: 88.53 (br. s., 2H), 7.34 (d,
J =93 Hz, 1H), 7.27 (br. s., 1H),
7.21 (br. s., 1H), 5.43 (br. s., 2H),
5.14 (br. s., 1H), 4.00 (br. s., 2H),
3.34 (br. s., 2H), 3.03 (br. s., 1H),
2.08 (br. 5., 2H), 1.70 (br. s., 2H)

123

(78,9aR)-3-((3,5-difluoro-4-
((2-(trifluoromethyl)pyridin-
4-yl)oxy)benzyl)oxy)-
6,7,8,9-tetrahydro-1H,10H-
7,9a-
methanopyrido[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

507

CDCls: 88.60 (d, J = 5.9 Hz, 1H),
7.27 (s, 1H), 7.13 (d, J = 8.3 Hz,
2H), 6.99 (dd, J=2.2, 5.6 Hz, 1H),
542 (d, J = 3.9 Hz, 2H), 5.07 (s,
1H), 437 (d, J = 12.2 Hz, 1H),
3.90 (d, J = 12.7 Hz, 1H), 3.24 -
3.13 (m, 2H), 2.74 (br. s., 1H),
1.98 (d, J = 14.7 Hz, 3H), 1.68 (d,
J = 5.9 Hz, 1H), 1.60 - 1.56 (m,
1H), 1.54 - 1.48 (m, 1H)

124

3-((3-fluoro-4-(3-
(trifluoromethyl)phenoxy)be
nzyl)oxy)-7,8-dihydro-
1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

474

DMSO-ds: 87.70 - 7.55 (m, 1H),
7.55 - 741 (m, 2H), 7.36 - 7.19
(m, 4H), 5.36 - 5.23 (m, 3H), 3.87
(s, 2H), 3.32 (br. s., 2H), 2.94 (br.
s., 1H), 2.04 (br. s., 2H), 1.66 -
1.52 (m, 2H)

125

3-((3-fluoro-4-(4-chloro-3-
(trifluoromethyl)phenoxy)be
nzyl)oxy)-7,8-dihydro-
1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

508

DMSO-ds: 87.70 (d, J = 8.8 Hz,
1H), 7.55 - 7.42 (m, 2H), 7.38 -
7.22 (m, 3H), 5.30 (d, J = 4.4 Hz,
3H), 3.86 (s, 2H), 3.32 (br. s., 2H),
2.94 (br. s., 1H), 2.04 (br. s., 2H),
1.57 (d, J = 2.9 Hz, 2H)

126

3-((3-fluoro-4-(3-
(trifluoromethyl)phenoxy)be
nzyl)oxy)-7,8-dihydro-
1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

488

DMSO-ds: 87.68 - 7.57 (m, 1H),
7.49 (d, J = 9.8 Hz, 2H), 7.36 -
7.20 (m, 4H), 5.45 (s, 1H), 5.28 (s,
2H), 4.28 (t, J = 4.2 Hz, 1H), 3.88
(s, 2H), 1.92 (d, J = 7.8 Hz, 2H),
1.79 - 1.52 (m, 6H)

127

3-((3-fluoro-4-(4-chloro-3-
(trifluoromethyl)phenoxy)be
nzyl)oxy)-7,8-dihydro-
1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

522

DMSO-ds: 57.71 (d, J = 8.8 Hz,
1H), 7.58 - 7.41 (m, 2H), 7.38 -
7.21 (m, 3H), 5.45 (s, 1H), 5.28 (s,
2H), 4.28 (t, J = 4.2 Hz, 1H), 3.88
(s, 2H), 1.92 (d, J = 7.3 Hz, 2H),
1.78 - 1.54 (m, 6H)

128

3-((3-fluoro-4-((2-
(trifluoromethyl)pyrimidin-
5-yl)oxy)benzyl)oxy)-7,8-
dihydro-1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

490

CDCl3: 88.53 (s, 2H), 7.35 (d, J =
10.8 Hz, 1H), 7.29 (br. s., 1H),
7.23 (d, J = 7.8 Hz, 1H), 5.43 (s,
2H), 5.20 (s, 1H), 4.13 (br. s., 1H),
4.01 (s, 2H), 2.10 (br. s., 2H), 1.84
- 1.74 (m, 6H)

129

3-((3-fluoro-4-(4-
(trifluoromethyl)phenoxy)be
nzyl)oxy)-7,8-dihydro-
1H,6H,9H-7,8a-

474

DMSO-de: 87.76 - 7.66 (m, J = 8.3
Hz, 2H), 7.47 (d,J= 11.2 Hz, 1H),
7.37 - 7.28 (m, 2H), 7.15 - 7.08
(m, J = 8.3 Hz, 2H), 5.29 (d, J =




methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

3.9 Hz, 3H), 3.85 (s, 2H), 3.31 (br.
s., 2H), 2.93 (br. s., 1H), 2.02 (br.
s., 2H), 1.56 (d, /= 3.4 Hz, 2H)

130

3-((3-fluoro-4-(4-
(trifluoromethyl)phenoxy)be
nzyl)oxy)-7,8-dihydro-
1H,6H,9H-6,8a-
ethanopyrrolo[1',2":3,4]imid
azo[1,2-c]pyrimidin-1-one

488

DMSO-ds: 87.77 - 7.65 (m, J = 8.3
Hz, 2H),7.48 (d,J=11.7 Hz, 1H),
7.37 - 7.28 (m, 2H), 7.16 - 7.07
(m, J = 8.8 Hz, 2H), 5.44 (s, 1H),
5.27 (s, 2H), 4.27 (t, J = 4.2 Hz,
1H), 3.87 (s, 2H), 1.98 - 1.84 (m,
2H), 1.75 - 1.67 (m, 4H), 1.63 (d,
J=11.7 Hz, 2H)

131

(3S,11aR)-2-benzyl-7-((3,5-
difluoro-4-((2-
(trifluoromethyl)pyridin-4-
yloxy)benzyl)oxy)-3,4-
dihydro-9H,11H-3,11a-
methanopyrazino[1',2":3,4]i
midazo[1,2-c]pyrimidin-
1,9(2H)-dione

611

CDCls: 88.61 (d, J =5.4 Hz, 1H),
7.37 (br. s., 3H), 7.31 - 7.27 (m,
3H), 7.12 (d, /= 8.3 Hz, 2H), 6.99
(br. s., 1H), 547 - 5.32 (m, 2H),
5.13 (s, 1H), 4.67 (d, J = 14.7 Hz,
1H), 4.54 - 431 (m, 3H), 4.21 (br.
s., 1H), 3.33 - 3.08 (m, 2H), 2.12
(d,J=8.3Hz, 1H),1.87(d,/=9.3
Hz, 1H)

132

(3S.11aR)-7-(4-(3-
(trifluoromethyl)phenoxy)ph
enethoxy)-3,4-dihydro-
1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

486

DMSO-ds: 87.65 - 7.54 (m, 1H),
7.46 (d,J=7.8 Hz, 1H), 7.34 (d, J
=7.8 Hz, 1H), 7.30 - 7.20 (m, 2H),
7.04 (d, J = 8.3 Hz, 2H), 5.19 (s,
1H), 4.45 - 4.44 (m, 1H), 4.38 (t,
= 6.6 Hz, 2H), 3.84 (s, 2H), 3.29
(s, 2H), 2.97 (t, J = 6.6 Hz, 2H),
2.93 (br. s., 1H), 2.03 (br. s., 2H),
1.55 (d, J = 3.4 Hz, 2H)

133

3-(4-(3-
(trifluoromethyl)phenoxy)ph
enethoxy)-7,8-dihydro-
1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

470

DMSO-ds: §7.65 - 7.54 (m, 1H),
7.46 (d,J=7.8 Hz, 1H), 7.34 (d, J
=7.8 Hz, 1H), 7.30 - 7.20 (m, 2H),
7.04 (d, J = 8.3 Hz, 2H), 5.19 (s,
1H), 4.45 - 4.44 (m, 1H), 4.38 (t, J
= 6.6 Hz, 2H), 3.84 (s, 2H), 3.29
(s, 2H), 2.97 (t, J = 6.6 Hz, 2H),
2.93 (br. s., 1H), 2.03 (br. s., 2H),
1.55 (d, J = 3.4 Hz, 2H)

134

(35,11aR)-7-(((3-fluoro-4-
((2-(trifluoromethyl)pyridin-
4-yl)oxy)benzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one-11,11-d>

493

CDCls: 88.65 (d, J = 5.4 Hz, 1H),
7.60 - 7.43 (m, 3H), 7.38 (d, J =
8.3 Hz, 1H), 7.19 (d, J = 3.4 Hz,
1H), 5.45 - 5.15 (m, 3H), 4.68 (br.
s., 1H), 3.95 - 3.76 (m, 2H), 3.39 -
3.36 (m, 1H), 3.30 - 3.24 (m, 1H),
1.89 (d, J=9.3 Hz, 1H), 1.79 (d, J
=10.3 Hz, 1H)

135

(3S,11aR)-7-((3,5-difluoro-
4-phenoxybenzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

440

CDCl3: §7.26 - 7.20 (m, 2H), 7.02
(d,J=7.8Hz,3H),6.89 (d,/=7.8
Hz, 2H), 5.50 - 5.23 (m, 2H), 5.07
(s, 1H), 4.68 (br. s., 1H), 4.42 (d,
J =127 Hz, 1H), 4.11 - 3.79 (m,
3H), 3.52 (d,J =9.3 Hz, 1H), 3.19
(d,J=9.8Hz, 1H),1.99 (d,/=9.8
Hz, 1H), 1.69 (d, J = 10.3 Hz, 1H)

136

(3S,11aR)-7-(((4-(3.4-
difluorophenoxy)-3,5-
difluorobenzyl)oxy)-3,4-
dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1':2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

476

CDCl3: §7.13 - 6.99 (m, 3H), 6.84
-6.72 (m, 1H), 6.65 (d, J = 8.3 Hz,
1H), 5.44 - 5.31 (m, 2H), 5.09 (s,
1H), 4.73 (br. s., 1H), 4.45 (d, J =
12.7 Hz, 1H), 4.07 - 3.87 (m, 3H),
3.56 (d, J=9.8 Hz, 1H),3.23 (d,J
=9.8 Hz, 1H), 2.03 (d, /=9.8 Hz,
1H), 1.73 (d, J = 10.3 Hz, 1H)

137

(38,11aR)-7-(((3,5-difluoro-
4-(3-
fluorophenoxy)benzyl)oxy)-
3,4-dihydro-1H,9H,11H-
3,11a-
methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

458

CDCl3: §7.26 - 7.17 (m, 1H), 7.07
(d,J=8.3Hz, 2H), 6.87 - 6.69 (m,
2H), 6.65 (d, J=9.8 Hz, 1H), 5.56
-5.27 (m, 2H), 5.11 (br. s., 1H),
4.74 (br. s., 1H), 447 (d, J = 12.2
Hz, 1H), 4.15 - 3.83 (m, 3H), 3.58
(d,7=9.3Hz, 1H),3.24 (d,7=9.8
Hz, 1H), 2.04 (d, J = 9.3 Hz, 1H),
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1.74 (d,J=9.8 Hz, 1H)

3-((3-fluoro-4-((2-
(trifluoromethyl)pyridin-4-
yl)oxy)benzyl)oxy)-7-

CDCls: 88.54 (d, J = 5.4 Hz, 1H),
7.30 (d, J=10.8 Hz, 1H), 7.22 (d,
J =93 Hz, 2H), 7.19 - 7.11 (m,
1H), 6.93 (d, J=4.4 Hz, 1H), 5.40

138 g.nethoxymethyl)'7’8' S19| (6, 2H), 5.12 (s, 1H), 3.98 (s, 2H),
ihydro-1H,6H,9H-7,8a- y @
methanopyrrolo[1',2':3 4]imi <y CFs 3.59 (s, 2H), 3.35 (s, 3H), 3.27 (s,
d Lo '_ ’_ 2H), 1.96 (br. s., 2H), 1.77 (br. s.,
azo[1,2-c]pyrimidin-1-one 2H)
7-(difluoromethyl)-3-((3- CDCls: 88.58 (br. s., 1H), 7.33 (d,
fluoro-4-((2- ())L J =10.8 Hz, 2H), 7.25 - 7.15 (m,
(trifluoromethyl)pyridin-4- L/'\L /\©/\F 2H), 6.96 (br. s., 1H), 6.24 - 5.81
139 | ylhoxy)benzyl)oxy)-7,8- ﬁ; =70 0 525 | (m, 1H), 5.44 (br. s., 2H), 5.20 (br.
dihydro-1H,6H,9H-7,8a- FHC @\ s., 1H), 4.06 (br. s., 2H), 3.46 (br.
methanopyrrolo[1',2":3,4]imi <N~ CFs s., 2H), 2.22 (br. s., 2H), 1.93 (br.
dazo[1,2-c]pyrimidin-1-one s., 2H)
3-((4-((2- CDCls: 68.51 (d, J = 5.4 Hz, 1H),
(difluoromethyl)pyridin-4- 7.36 (d, J=10.8 Hz, 1H), 7.31 (br.
yl)oxy)-3- i s., 1H), 7.22 - 7.12 (m, 2H), 6.91
140 fluorobenzyl)oxy)-4- 5“ N 487 (d,J=3.4Hz, 1H), 6.76 - 6.41 (m,
methoxy-7,8-dihydro- NJYKO/\@F ZN 1H), 5.49 (s, 2H), 4.00 (br. s., 2H),
1H,6H,9H-7,8a- o~ 0 N"cHF, 3.73 (s, 3H), 3.62 (s, 2H), 3.04 (br.
methanopyrrolo[1',2":3,4]imi s., 1H), 2.07 (br. s., 2H), 1.83 -
dazo[1,2-c]pyrimidin-1-one 1.72 (m, 2H)
CDCls: 67.48 (s, 1H), 7.35(d, J =
3-fluoro-5-((((3S,11aR)-9- 0 9.3 Hz, 1H), 7.30 (br. s., 1H), 5.52
0x0-3,4-dihydro- MNJLN - 5.36 (m, 2H), 5.11 (s, 1H), 4.75
141 | THOH.ITH-3,11a- d> N 355 | (5 1H), 4.46 (d,J = 12.7 Hz, 1H),
methanopyrimido[6',1':2,3]i N °© F 4.04 - 3.90 (m, 3H), 3.59 d, J =
midazol[5,1-c][1,4]oxazin-7- 9.8 Hz, 1H), 3.26 (d, J = 9.8 Hz,
yl)oxy)methyl)benzonitrile NC 1H), 2.05 (d, J = 10.3 Hz, 1H),
1.75 (d, J=10.3 Hz, 1H)
ig‘ﬁ?)i"yi_%gj%f_ﬁy%m_ 1 CDCls: §7.71 (br. s., 2H), 7.25 -
{F OF 113 11a- NN 7.16 (m, 1H), 5.56 - 5.33 (m, 2H),
142 e . Y A s o] N’S/K 385 | 3.99 (s, 2H), 3.69 (s, 3H), 3.61 (s,
methanopyrimido[6',1":2,3]i (6] CN
. : 4 2H), 3.04 (br. s., 1H), 2.07 (br. s.,
midazo[5,1-c][1,4]oxazin-7- N ﬁ 2H). 1.93 - 1.73 (m, 2H)
yDoxy)methyl)benzonitrile F o ) ’
CDCls: 87.34 - 7.30 (m, 1H), 7.08
glfog ;llfg;lz)')f;‘)‘:g‘_"cm"r"'} 0 (d,J=8.3 Hz, 2H), 6.81 - 6.66 (m,
oo aa. Ay 2H), 5.40 (d, J = 7.8 Hz, 2H), 5.11
uorobenzyhoxy)-3.4 ey 1H), 4.75 (br. s., 1H), 447 (d
143 | dihydro-IH.OH,11H-3,11a- | & NS . 492 | (& 1H), 4.75 (br. 5., 1H), 447 (d,
A /\©\/ /©:q J=11.7 Hz, 1H), 4.08 - 3.91 (m,
midazo[5.1-c][1 4]0)’(azir’1—9— I o . 3H), 3.59 (d, J=9.3 Hz, 1H), 3.25
one ’ ’ (d,J=9.3Hz, 1H),2.05(d,/=8.3
Hz, 1H), 1.75 (d, J = 9.8 Hz, 1H)
(3S,11aR)-7-((3,5-difluoro- CDCls: 67.57 (d, J = 8.3 Hz, 2H),
4-(4- o 7.14 - 6.96 (m, 4H), 5.48 - 5.32
(trifluoromethyl)phenoxy)be /_(NJ(N (m, 2H), 5.12 (s, 1H), 4.75 (br. s.,
144 nzyl)oxy)-3,4-dihydro- o\i/NMo . 508 1H), 4.47 (d, J = 12.2 Hz, 1H),
1H,9H,11H-3,11a- : @: /@/CFa 4.07 - 3.90 (m, 3H), 3.59 (d, J =
methanopyrimido[6°1":2,3]i o 9.8 Hz, 1H), 3.25 (d, J/ = 9.3 Hz,
midazo[5,1-c][1,4]oxazin-9- F 1H), 2.05 (d, /=9.8 Hz, 1H), 1.75
one (d, J=10.3 Hz, 1H)

. CDCls: 87.34 - 7.29 (m, 1H), 7.08
f_fé}laR”'(G’S -difluoro- (d,J=8.3 Hz, 2H),6.95 (d,J=7.8
(trifluoromethoxy)phenoxy) i Hz, 1H), 6.89 - 6.79 (m, 2H), 5.40
benzyloxy)-3 4-dihydro- /—(JN\/’NK (d, J =9.3 Hz, 2H), 5.12 (s, 1H),

145 ¥ IRy Oy NN F 524 | 475 (br. s., 1H), 447 (d, J = 12.2
IFLOHLITH-3, 1la- ﬁ Q. Hz, 1H), 4.07 - 3.89 (m, 3H), 3.59
methanopyrimido[6°,1":2,3]i o OCF ? e . i P
midazo[5,1-c][1,4]oxazin-9- F ° (d,J=9.3Hz, 1H),3.25(d,J=9.3
one ’ ’ Hz, 1H), 2.05 (d, J = 9.3 Hz, 1H),

1.75(d, J=10.3 Hz, 1H)
(3S,11aR)-7-((4-(3,4- CDCls: 87.25 (s, 1H), 7.19 - 7.00
difluorophenoxy)-3- o (m, 3H), 6.80 (dt, J =3.4, 7.1 Hz,
fluorobenzyl)oxy)-3.,4- N)LN 1H), 6.69 (d, J =8.8 Hz, 1H), 5.45

146 | dihydro-1H,9H,11H-3,11a- O@{)\/‘LO F F 458 | - 5.32 (m, 2H), 5.09 (s, 1H), 4.73
methanopyrimido[6',1":2,3]i N /\C[O/C[F (s, 1H), 4.46 (d, J = 12.7 Hz, 1H),

midazo[5,1-c][1,4]oxazin-9-
one

4.04 - 3.87 (m, 3H), 3.57 (d, J =
9.8 Hz, 1H), 3.23 (d, J = 9.8 Hz,
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1H), 2.03 (d, J=9.8 Hz, 1H), 1.74
(br. s., 1H)

(35,11aR)-7-(((3,5-difluoro-
4-(4-
fluorophenoxy)benzyl)oxy)-
3,4-dihydro-1H,9H,11H-

CDCls: 87.05 (d, J = 7.8 Hz, 2H),
7.02 - 6.94 (m, 2H), 6.94 - 6.87
(m, 2H), 5.44 - 5.33 (m, 2H), 5.11
(s, 1H), 4.74 (s, 1H), 4.47 (d, J =

‘ F
1471 5 1a o ”)\/ko“@[ r P8 | 122 Hy, 1H), 402 -3.93 (m, 3H),
methanopyrimido[6',17:2,3]i I o 3.58(d,J=9.8Hz, 1H), 3.24 (d, J
midazo[5,1-c][1,4]oxazin-9- =9.8 Hz, 1H), 2.04 (d, J =9.8 Hz,
one 1H), 1.74 (d, J = 10.3 Hz, 1H)

CDCls: 68.57 (br. s., 1H), 8.51 (br.
3-((3-fluoro-4-((5- s., 1H), 7.37 (br. s., 1H), 7.28 (d, J
(trifluoromethyl)pyridin-3- )OL =11.2 Hz, 1H), 7.21 (d, J = 8.3
yl)oxy)benzyl)oxy)-7,8- NN F N Hz, 1H), 7.12 (d, J = 7.8 Hz, 1H),

148 | Sihydro-1H.6H,9H-7,8a- @FNA\/\LOA@ L ek, 475 1538 (s, 2H), 5.11 (s, 1H), 3.96 (s,
methanopyrrolo[1',2":3,4]imi 2H), 3.30 (s, 2H), 2.99 (br. s., 1H),
dazo[1,2-c]pyrimidin-1-one 2.04 (br. s., 2H), 1.72 - 1.60 (m,

2H)

CDCls: 68.56 (br. s., 1H), 8.50 (br.
3-((3-fluoro-4-(2- s., 1H), 7.36 (br. s., 1H), 7.27 (d, J
(trifluoromethyl)pyridin-4- o

o F/ = 10.8 Hz, 1H), 7.20 (d, J = 7.8
149 | YDoxy)benzyDoxy)-7.8- N ~cr 489 | Hz, 1H), 7.12 (d, J = 7.8 Hz, 1H)
dihydro-1H.6H.9H-6,8a- é (L : » 1H), 7.12 (d, ] = 7.8 Hz, 1H),
ethanopyrrolo[ 1',2':3 4]imid 5.36 (br. s., 2H), 5.16 (s, 1H), 4.08
az0[1.2 elpyrimidin 1one (br. s., 1H), 3.96 (s, 2H), 2.04 (br.
’ s., 2H), 1.73 (br. s., 6H)
3-((3,4-difluorobenzyl)oxy)- Q CDCls: 87.26 (br. s., 1H), 7.19 -
4-methoxy-7,8-dihydro- N)LN F 7.08 (m, 2H), 5.39 (s, 2H), 3.97 (s,
150 | 1H,6H,9H-7,8a- d %Oﬁ 362 | 2H), 3.67 (s, 3H), 3.59 (s, 2H),
methanopyrrolo[1',2":3,4]imi N F 3.01 (br. s., 1H), 2.05 (br. s., 2H),
dazo[1,2-c]pyrimidin-1-one 0 1.70 - 1.64 (m, 2H)
4-methoxy-3-(((3,4,5- 3\ CDCls: 67.06 (t, J = 7.1 Hz, 2H),
trifluorobenzyl)oxy)-7,8- N. N F 5.37 (s, 2H), 3.97 (s, 2H), 3.69 (s,
151 | dihydro-1H,6H,9H-7,8a- )Q(\LO 380 | 3H),3.60 (s, 2H), 3.02 (br. s., 1H),
methanopyrrolo[1',2":3,4]imi N F 2.05 (br. s., 2H), 1.71 - 1.66 (m,
dazo[1,2-c]pyrimidin-1-one O F 2H)

CDCls: 88.55 (d, J = 5.4 Hz, 1H),

7.31 (d, J=10.8 Hz, 1H), 7.25 (d,
7-((3-fluoro-4-((2- J=28.3 Hz, 1H), 7.20 (br. s., 1H),
(trifluoromethyl)pyridin-4- o 7.20 - 7.14 (m, 1H), 6.94 d, J =
yl)oxy)benzyl)oxy)-3,4- Sy F /N 3.9 Hz, 1H), 5.41 (s, 2H), 5.20 (s,

152 | dihydro-1H,9H,11H-4,11a- uo/\@ cr, 505 | 1H), 4.23 (d, J = 11.2 Hz, 1H),
ethanopyrimido[6',1':2,3]imi | & \ M ° 4.00 - 3.88 (m, 2H), 3.75 - 3.65
dazo[5,1-c][1,4]oxazin-9- (m, 4H), 2.32 - 2.23 (m, 1H), 2.08
one -2.00 (m, 1H), 1.92 (dd, J = 5.9,

11.7 Hz, 1H), 1.70 (dt, J = 3.4,

12.2 Hz, 1H)

CDCls: 88.17 (d, J = 5.4 Hz, 1H),
3-((3-fluoro-4-(((2- 7.31(d,J=11.2Hz, 1H), 7.26 (br.
(trifluoromethoxy)pyridin-4- gL s., 1H), 7.20 - 7.13 (m, 1H), 6.78
yl)oxy)benzyl)oxy)-7,8- NN F N (d, J =49 Hz, 1H), 6.46 (s, 1H),

153 | Gihydro-1H.6H,9H-7,8a- 6&%#@ Lo L1541 (s, 2H), 5.14 (s, 1H), 3.99 (s,
methanopyrrolo[1',2":3,4]imi 2H), 3.33 (s, 2H), 3.02 (br. s., 1H),
dazo[1,2-c]pyrimidin-1-one 2.07 (br. s., 2H), 1.71 - 1.67 (m,

2H)

CDCls: 88.17 (br. s., 1H), 7.36 -
?trggugrli)(i;oetﬁo(g)pyridinA— o 7:28 (m, 1H). 7.27 - 721 (m, 1HD),
yDoxy)benzyl)oxy)-7,8- N)LN FONL o 7.17 (br. s., 1H), 6.78 (br. s., 1),

154 dihydro-1H.6H.9H-6,8a- éMOA@o e 505 | 6.45 (br. s., 1H), 5.40 (br. s., 2H),
ethanopyrrolo[1'.2':3 4]imid 5.19 (br. s., 1H), 4.11 (br. s., 1H),
az0[1.2 elpyrimidin 1-one 4.00 (br. s., 2H), 2.08 (br. s., 2H),

’ 1.77 (br. s., 6H)
.. CDCls: 88.20 (d, J = 5.4 Hz, 1H),
3i)((()f')(_(g_'cm(’mpyndm"" 7.27 (d, J = 10.8 Hz, 1H), 7.21 (d,
fnorobonzyl)oxy)-7.8- J=83Hz 1H), 7.12 (. J = 7.8
155 YIOXY)- I, 441 | Hz, 1H), 6.84 - 6.67 (m, 2H), 5.38

dihydro-1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imi
dazo[1,2-c]pyrimidin-1-one

(s, 2H), 5.11 (s, 1H), 3.96 (s, 2H),
3.30 (s, 2H), 2.99 (br. s., 1H), 2.03
(br. s., 2H), 1.66 (br. s., 2H)
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(3S,11aR)-7-(3-fluoro-4-((2-
(trifluoromethyl)pyridin-4-
yl)oxy)phenethyl)-3,4-

DMSO-ds: 88.63 (d, J = 5.9 Hz,
1H), 7.52 - 7.32 (m, 3H), 7.24 (d,
J =83 Hz, 1H), 7.18 - 7.09 (m,
1H), 5.17 (s, 1H), 4.65 (br. s., 1H),
4.53 - 434 (m, 2H), 425 d, J =

J=73Hz, 1H),394 d,J=12.7

. A
156 | dihydro-1H.9H,11H-3,11a- g w@oﬁcpa 505 | 15 Hy, 1H), 3.95 - 3.75 (m, 3H),
m@thanopyrlmldo[6,l :2,3]1 o F SN 3.32 (br. 5., 1H). 328 - 3.18 (m
midazo[5,1-c][1,4]oxazin-9- l'H) 3 0'2 (.t, J=’6 I.HZ ZH) 1 88’
one (d, J =98 Hz, 1H), 1.74 (d, J =

10.3 Hz, 1H)

CDCls: 88.55 (d, J = 5.4 Hz, 1H),
7-fluoro-3-((3-fluoro-4-((2- 0 7.31(d,J=10.8 Hz, 1H),7.24 (br.
(trifluoromethyl)pyridin-4- N 5., 1H), 7.22 - 7.13 (m, 2H), 6.94

157 | SO e o /ﬁ&*o P 493 | (d, J =44 Hz, 1H), 5.42 (s, 2H),
y DL | F A@\; A 5.17 (s, 1H), 4.11 (s, 2H), 3.43 (s,
methanopyrrolo[1',2":3,4]imi v ¢ 2H), 2.33 (br. s., 2H), 2.20 (br. s
dazo[1,2-c]pyrimidin-1-one 2H)’ ’ T > Tt
3-((3,5-difluoro-4-((2-
(trifluoromethyl)pyridin-4- o CDCls: 88.58 (d, J = 5.4 Hz, 1H),
yl)oxy)benzyl)oxy)-7- N)LN 7.24 (br. s., 1H), 7.11 (d, J = 8.3
155 | fluoro-7.8-dihydro- /ﬁ AL . sy | Hz 2H), 7.00-6.92 (m, 1H), 5.40
1H,6H,9H-7,8a- F °A@[ ~) (s, 2H), 5.18 (s, 1H), 4.10 (s, 2H),
methanopyrrolo[1',2":3,4]imi I o CFs 3.44 (s,2H), 2.34 (br. s., 2H), 2.20
dazo[1,2-c]pyrimidine-1- (br. s., 2H)
one
3-fluoro-S-(((((7-flucro-1- 1 CDCls: 87.48 (s, 1H), 7.35 (d, J =
oxo-7,8-dihydro-1H,6H,9H- NN 8.8 Hz, 1H), 7.30 (br. s., 1H), 5.42
159 | 78 e e NJ\/KO CN 357 | (s, 2H), 5.18 (s, 1H), 4.11 (s, 2H),
methanopyrrolo[1',2":3,4]imi F 345 (3. 2H). 2.35 (br. 5., 2H). 2.22
dazo[1,2-c]pyrimidin-3- (l; ’2H) > T >
yl)oxy)methyl)benzonitrile F TS
gxﬂ“;)rgo(i}f(ggflﬁog; 19H 2 CDCls: §7.95 (br. s., 1H), 7.81 (br.
2 Sya -y O N7 N s., 1H), 7.53 (br. s., 1H), 5.36 (br.
160 o e AT ! 357 | s., 1H), 5.28 (br. s., 2H), 4.00 (br.
methanopyrrolo[1',2':3 4]imi NJ\)\O“@W 2 ZH; gsg Eb; : ZH; 2.(3)(7) Eb;
dazo[1,2-c]pyrimidin-3- F o 2H)’ 214 (br. s ,2H),
yl)oxy)methyl)benzonitrile F N > Y
3-((A-((2- DMSO-ds: 68.57 (s, 1H), 7.53 (s,
. . 2H), 7.28 - 7.20 (m, 2H), 7.18 -
(difluoromethyl)pyridin-4- o 7.13 (m, 1H), 7.10 - 7.03 (m, 1H)
161 gi;}ozyrz)b?gé%o;g; 88a L/'\LOAQ . 439 | 696 - 6.75 (m, 1H), 5.32 - 5.29
y L A A (m, 3H), 3.86 (s, 3H), 3.31 (s, 2H),
methanopyrrolf)[l‘ ,2.3,4]1m1 2.97 - 2.90 (m. 1H), 2.09 - 2.01
dazo[1,2-c]pyrimidin-1-one (I.n 2H) '1 57 (l;r ¢ ’lH') ’

CDCls: 88.50 (d, J = 5.4 Hz, 1H),
3-((4-((2- 7.33 (d, J = 10.8 Hz, 1H), 7.25
(difluoromethyl)pyridin-4- )OL (br. s., 1H), 7.22 - 7.11 (m, 2H),

162 yl)oxy)-3-fluorobenzyloxy)- U 457 6.91 (d, /=3.9 Hz, 1H), 6.80 -
7,8-dihydro-1H,6H,9H-7,8a- NS o/\@F AN 6.41 (m, 1H), 5.43 (s, 2H), 5.16
methanopyrrolo[1',2":3,4]imi o CHF, (s, 1H), 4.01 (s, 2H), 3.34 (s, 2H),
dazo[1,2-c]pyrimidin-1-one 3.04 (br. s., 1H), 2.08 (br. s., 2H),

1.71 (br. s., 2H)
2-fluoro-5-(((1-0x0-7,8- Q CDCls: 87.67 (br. s., 2H), 7.19 (t,
dihydro-1H,6H,9H-6,8a- N)LN J=38.1Hz, 1H), 5.38 (br. s., 2H),

163 | ethanopyrrolo[1',2":3,4]imid /\J\O 353 | 5.17 (br. s., 1H), 4.12 (br. s., 1H),
azo[1,2-c]pyrimidin-3- N F 3.99 (br. 5., 2H), 2.09 (br. s., 2H),
yl)oxy)methyl)benzonitrile CN 1.78 (br. s., 6H)

CDCls: 88.58 (d, J=4.9 Hz, 1H),

i AL 7.33(d, J=11.2 Hz, 1H), 7.26 -
(35,11aR)-7-((3-fluoro-4- 7.08 (m, 3H), 6.96 (br. 5., 1H),
((2-(trifluoromethyl)pyridin- 5.63 - 5.36 (m, 2H), 4.74 (br. 3
4-yl)oxy)benzyl)oxy)-6- ? : ) ’ g U

: A 1H), 4.46 (d, J = 12.7 Hz, 1H),

164 | (ifluoromethyl)-3.4- KA 559 | 4.07(d,J =7.3 Hz, 1H), 400 d

dihydro-1H,9H, 11H-3,11a- o@NJYo“@F @ T T e e TN
N
O

methanopyrimido[6',1":2,3]i
midazo[5,1-c][1,4]oxazin-9-
one

Hz, 1H), 3.82 (d, J = 10.3 Hz,
1H), 3.51 (d, /= 10.3 Hz, 1H),
2.13(d, /=103 Hz, 1H), 1.88
(d, J=10.3 Hz, 1H)
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3-((3-fluoro-4-((2-
(trifluoromethyl)pyridin-4-
yloxy)benzyl)oxy)-6,7,8,9-

CDCl3: 88.56 (d, J = 4.9 Hz, 1H),
7.32(d, J = 10.8 Hz, 1H), 7.24
(br. s., 1H), 7.22 (br. s., 1H), 7.20
-7.14 (m, 1H), 6.99 - 6.90 (m,
1H), 5.48 - 5.34 (m, 2H), 5.18 (s,
1H), 4.38 (d, J = 12.7 Hz, 1H),

tetrahydro-9H,11H-3,11a-
methanopyrazino[1',2":3,4]i
midazo[1,2-c]pyrimidine-7-
yl)oxy)methyl)benzonitrile

N
- -8.9a- N ~/"CF3
165 flter;haﬁm IH,10H-8,9 @;)*/L °ﬂo 489\ 394 (. J= 127 Hz, 1H). 3.72
pyrido[1',2':3 4limidazo[1,2- (d,J=12.2 Hz, IH), 3.62 - 3.48
e oyrimidin. | one ’ (m, 1H), 2.93 (br. 5., 1H), 2.55 -
py 2.42 (m, 1H), 2.39 - 2.25 (m,
1H), 2.22 - 2.09 (m, 1H), 1.37 -
1.31 (m, 1H), 1.28 (br. s., 2H)
CDCls: 88.59 (d, J=4.9 Hz, 1H),
3-((3-fluoro-4-((2- 3\ 7.35(d, J=11.2 Hz, 1H), 7.30 -
(trifluoromethyl)pyridin-4- NN F 7.28 (m, 1H), 7.25 (s, 1H), 7.23 -
yl)oxy)be.nzyl)oxy)—7— N)Jo/\@o 7.16 (m, 1H), 7.01 - 6.89 (m,
166 | (morpholinomethyl)-7,8- ) 574 | 1H), 5.45 (s, 2H), 5.16 (s, 1H),
dihydro-1H,6H,9H-7,8a- ¢ e, 4.01 (s, 2H), 3.71 (br. 5., 4H),
methanopyrrolo[1',2":3,4]imi &} N 3.34 (br. s., 2H), 2.78 - 2.66 (m,
dazo[1,2-c]pyrimidin-1-one 2H), 2.47 (br. s., 4H), 1.97 (br. s.,
2H), 1.81 (br. s., 2H)
(35, 11aR)-7-(3,5-difluoro- CDCls: 87.26 - 7.23 (m, 1H),
4-((1-methyl-1H-pyrazol-4- o
JDoxy)benzyl)oxy)-2- o 1 7.19 (br. s., 1H), 7.01 (d, /=73
: S NN Hz, 2H), 5.46 - 5.24 (m, 2H),
methyl-3,4-dihydro- ENEA Y
167 5 o Py 471 | 5.14 (s, 1H), 4.43 - 4.15 (m, 3H),
9H,11H-3,11a- N
methanopyrazino[1'2':3 AJi I N 3.82 (s, 3H), 3.50 - 3.28 (m, 2H),
o dazo[lpyz-c]pyrim} G ° 2.96 (s, 3H), 2.13 (d, J =9.3 Hz,
1 9(2H)—(iione 1H), 1.88 (d, /=9.3 Hz, 1H)
2-(4-chloro-3- CDCls: 67.74 (s, 1H), 7.62 - 7.50
(trifluoromethyl)phenoxy)- (m, 2H), 7.41 (br. s., 1H), 7.18 (d,
[}
5—((((3S,11aR)—2—methyl— OWN)LN J=83Hz, 1H), 691 (d, J=8.3
168 | 1:9-dioxo-1.2.34- S AU ssg | Hz 1H), 5.52-531 (m, 2H),

5.14 (s, 1H), 4.41 - 4.28 (m, 2H),
4.23 (br. s., 1H), 3.48 - 3.32 (m,

2H), 2.96 (s, 3H), 2.14 (d, J = 9.8
Hz, 1H), 1.89 (d, J = 9.8 Hz, 1H)

Example 169
Method C

3-(3.5-Difluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenethoxy)-7.8-dihydro-

1H,6H.9H-7, 8a-methanopyrrolo[1’', 2':3, 4]Jimidazo|1, 2-c]pyrimidin-1-one

0 F
L A/Ej[o CFs
N N X
@f&\ko FU

3-Chloro-7,8-dihydro-1H,6H,9H-7,8a-methanopyrrolo[1',2":3,4]imidazo[1,2-c]pyrimidin-1-

one (80 mg, 0.359 mmol), 2-(3,5-difluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenyl) ethan-

1-ol (137 mg, 0.43 mmol) and cesium carbonate (233 mg, 0.718 mmol) were added to toluene (10

mL) and stirred at 120°C for 16 hours. The reaction solution was concentrated and purified by thin

layer chromatography to obtain the title compound (68 mg, 37 %).
LC-MS: m/z [M+H]" = 507.
'"H NMR (400 MHz, CDCls) 88.58 (d, J = 5.4 Hz, 1H), 7.24 (br. s., 1H), 6.96 (d, J = 8.3 Hz, 3H),
5.04 (s, 1H), 4.57 (t, J = 5.9 Hz, 2H), 3.96 (s, 2H), 3.31 (s, 2H), 3.03 (t, / = 6.4 Hz, 3H), 2.04 (br.
s., 2H), 1.81 (br. s., 2H).
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Example 170
Method D

(35,11aR)-6-Methoxy-7-((4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenyl)ethynyl)-3.4-
dihydro-1H.,9H,11H-3,11a-methanopyrimido[6',1':2,3]limidazo|5,1-c][1,4]oxazin-9-one

0
. NJ\,N
0 NN
\ / O \\
~
N
o CF,

4-(4-Ethynylphenoxy)-2-(trifluoromethyl)pyridine (195.66 mg, 0.74 mmol) was dissolved in
anhydrous tetrahydrofuran (10 mL), and the temperature was lowered to -50°C under argon
protection, a solution of n-butyllithium in tetrahydrofuran (2 M, 0.74 mL, 1.44 mmol) was added
dropwise, the reaction solution was stirred for 15 minutes, then heated to 0°C, and zinc chloride
(150.96 mg, 1.11 mmol) was added. After the reaction solution was stirred for 30 minutes,
(3S,11aR)-7-chloro-6-methoxy-3,4-dihydro-1H,9H,11H-3,11a-
methanopyrimido[6',1":2,3]imidazo[5,1-c][1,4]oxazin-9-one (200 mg, 0.742 mmol), Pdx(dba);
(67.76 mg, 0.074 mmol) and 2-dicyclohexylphosphine-2,4,6-triisopropyl-biphenyl (70.6 mg,
0.148 mmol) were added, and the reaction solution was heated to 120°C and stirred for 2 hours.
The reaction solution was diluted with water and extracted with ethyl acetate. The organic phase
was  concentrated, and purified by preparative thin layer = chromatography
(dichloromethane/methanol = 20/1) to obtain the title compound (25 mg, 7 %).
LCMS: m/z [M+H]* = 497.

(35,11aR)-6-Methoxy-7-(4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenethyl)-3.4-dihydro-
1H,9H,11H-3.11a-methanopyrimido[6',1':2.3]imidazo][5,1-c] [1.,4]oxazin-9-one
(0]

=< 8,

O \

(3S,11aR)-6-Methoxy-7-((4-((2-(trifluoromethyl)pyridin-4-yl)oxy)phenyl)ethynyl)-3,4-
dihydro-1H,9H,11H-3,11a-methanopyrimido[6',1":2,3Jimidazo[5,1-c][1,4]oxazin-9-one (25 mg,

CF,

0.05 mmol) and Pd/C (10%, 5 mg) were added to methanol (5 mL) and hydrogenated at room

temperature under atmospheric pressure for 1 hour. The reaction solution was filtered, and the
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filtrate was concentrated, and purified by preparative thin layer chromatography
(dichloromethane/methanol = 20/1) to obtain the title compound (8 mg, 32 %).

LCMS: m/z [M+H]" = 501.

'"H NMR (400 MHz, CDCls) 88.55 (d, J = 5.4 Hz, 1H), 7.34 (d, J = 7.8 Hz, 2H), 7.19 (s, 1H),
7.02 (d, J=8.3 Hz, 2H), 6.96 (d, J =3.9 Hz, 1H), 4.74 (br. s., 1H), 4.52 (d, J = 12.7 Hz, 1H),
4.09 - 3.96 (m, 3H), 3.72 (s, 2H), 3.57 (s, 3H), 3.18 - 3.03 (m, 2H), 2.98 - 2.84 (m, 2H), 2.09 (d,
J=9.8Hz, 1H), 1.86 (d, J = 9.8 Hz, 1H).

Example 171
Method E

(35.11a5)-7-((3-Fluoro-4-((2-(trifluoromethylpyridin-4-yl)oxy)benzyl)oxy)-2-methyl-
1.2.3.4-tetrahydro-9H.11H-3.11a-methanopyrazino[1', 2':3, 4limidazo|[1l, 2-c¢]pyrimidin-9-

one

)

e

N™ °N
|
—N= N
Q
|
N
0O CF4

(3S,11aR)-7-(((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-9-o0xo0-3,4-
dihydro-9H,11H-3,11a-methanopyrazino[1',2":3,4]imidazo[1,2-c]pyrimidine-2(1H)-carboxylic
acid tert-butyl ester (36 mg, 0.06 mmol) and trifluoroacetic acid (8.4 mg, 0.07 mmol) were added
to dichloromethane (1 mL) and stirred at room temperature for 1 hour. The reaction solution was
concentrated, and the residue was added with aqueous formaldehyde (37%, 5 mg, 0.06 mmol),
sodium cyanoborohydride (12 mg, 0.18 mmol) and methanol (1 mL), and stirred at room
temperature for 1 hour. The reaction solution was concentrated and purified by preparative thin
layer chromatography (13 mg, 41 %).

LCMS: m/z [M+H]" = 504.

"H NMR (400 MHz, CDCls) 88.59 (br. s., 1H), 7.27 (br. s., 4H), 6.97 (br. s., 1H), 5.45 (br. s.,
2H), 5.11 (br. s., 1H), 4.37 (br. s., 1H), 3.84 (br. s., 1H), 3.75 - 3.57 (m, 2H), 3.19 (d, /= 1.5 Hz,
1H), 2.73 (br. s., 1H), 2.50 (br. s., 3H), 2.00 (br. s., 1H), 0.87 (br. s., 2H).

Example 172
Method F

(35,11a5)-7-(((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-2-(oxetan-3-yl)-
1,2.3.4-tetrahydro-9H,11H-3,11a-methanopyrazino[1',2':3.4]imidazo[1,2-c]pyrimidin-9-one
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(3S,11aR)-7-(((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-9-oxo-3,4-
dihydro-9H,11H-3,11a-methanopyrazino[1',2":3,4]imidazo[1,2-c]pyrimidine-2(1H)-carboxylic
acid tert-butyl ester (80 mg, 0.14 mmol) was added to a solution of hydrogen chloride in ethyl
acetate (4.0 M, 1 mL) and dichloromethane (11 mL), and stirred at room temperature for 1 hour.
The reaction solution was concentrated, and oxetanone (20 mg, 0.28 mmol), sodium
cyanoborohydride (17 mg, 0.28 mmol) and methanol (1 mL) were added to the residue, and stirred
at room temperature for 1 hour. The reaction solution was concentrated and purified by preparative
thin layer chromatography to obtain the product (60 mg, 81 %).

LCMS: m/z [M+H]* = 546.

1H NMR (400MHz, CDCl3) 88.57 (d, J = 5.4 Hz, 1H), 7.32 (d, J = 10.8 Hz, 1H), 7.27 - 7.16 (m,
3H), 6.96 (d, J =4.4 Hz, 1H), 5.49 - 5.38 (m, 2H), 5.09 (s, 1H), 4.75 (t, / = 6.4 Hz, 2H), 4.62 (t, J
=5.6 Hz, 1H), 4.56 (t, /=5.9 Hz, 1H), 4.40 (d, J=12.2 Hz, 1H), 4.04 (t, /= 5.9 Hz, 1H), 3.89 (d,
J=12.2 Hz, 1H), 3.62 (br. s., 1H), 3.43 (d, /= 9.8 Hz, 1H), 3.16 (d, /= 9.3 Hz, 1H), 3.10 (d, J =
9.8 Hz, 1H), 3.00 (d, /= 9.3 Hz, 1H), 1.97 (d, / = 9.8 Hz, 1H), 1.62 (d, / = 9.8 Hz, 1H).

Example 173
Method G

(35.11a5)-7-(((3-fluoro-4-((2-(trifluoromethyl)pyridin-4-vl)oxy)benzyl)oxy)-2-(2,2,2-
trifluoroethyl)-1,2.3.4-tetrahydro-9H,11H-3,11a-methanopyrazino[1',2':3.4]imidazo[1,2-

c]pyrimidin-9-one

[N
< T oy
L

0 CF4

(3S,11aR)-7-(((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-9-oxo0-3,4-
dihydro-9H,11H-3,11a-methanopyrazino[1',2":3,4]imidazo[1,2-c]pyrimidine-2(1H)-carboxylic
acid tert-butyl ester (80 mg, 0.14 mmol) was added to a solution of hydrogen chloride in ethyl
acetate (4.0 M, 1 mL) and dichloromethane (1 mL), and stirred at room temperature for 1 hour.
The reaction solution was concentrated, and 2,2,2-trifluoroethyl trifluoromethanesulfonate (49 mg,
0.21 mmol), triethylamine (140 mg, 1.4 mmol) and toluene (1 mL) were added, stirred at 80°C
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overnight. The reaction solution was poured into saturated ammonium chloride solution, extracted
with dichloromethane, the organic phase was concentrated, and purified by preparative thin layer
chromatography (25 mg, 32 %).

LCMS: m/z [M+H]*=572.

'"H NMR (400 MHz, CDCl3) 88.58 (d, J = 5.4 Hz, 1H), 7.33 (d, J = 10.8 Hz, 1H), 7.25 - 7.16 (m,
3H), 6.96 (br. s., 1H), 5.49 - 5.41 (m, 2H), 5.11 (s, 1H), 4.40 (d, /= 12.2 Hz, 1H), 3.88 (d, J = 12.7
Hz, 1H), 3.78 (br. s., 1H), 3.61 (d, J = 10.3 Hz, 1H), 3.44 (d, /= 9.3 Hz, 1H), 3.26 - 3.13 (m, 3H),
290 (d,J=9.3Hz, 1H), 2.04 (d, / =9.3 Hz, 1H), 1.67 (d, /= 9.8 Hz, 1H).

Example 174
Method H

(35.11aS)-2-Benzoyl-7-(((3-fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-
1,2.3.4-tetrahydro-9H,11H-3,11a-methanopyrazino[1',2':3.4]imidazo[1,2-c]pyrimidin-9-one

0
o F

=N

S

NJJ\N
(0]

CF3

(3S,11aR)-7-(((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-9-oxo-3,4-
dihydro-9H,11H-3,11a-methanopyrazino[1',2":3,4]imidazo[1,2-c]pyrimidine-2(1H)-carboxylic
acid tert-butyl ester (80 mg, 0.14 mmol) was added to a solution of hydrogen chloride in ethyl
acetate (4.0 M, 1 mL) and dichloromethane (1 mL), and stirred at room temperature for 1 hour.
The reaction solution was concentrated, and triethylamine (42 mg, 0.42 mmol), benzoyl chloride
(29.4 mg, 0.21 mmol) and dichloromethane (1 mL) were added to the residue, stirred at room
temperature overnight. The reaction solution was poured into saturated ammonium chloride
solution, extracted with dichloromethane, and the organic phase was concentrated, and purified by
thin layer chromatography to obtain the compound (52 mg, 65 %).

LCMS: m/z [M+H]" = 594.

"H NMR (400 MHz, CDCls) 88.57 (d, J = 5.4 Hz, 1H), 8.08 (d, J = 7.3 Hz, 1H), 7.55 (d, J = 5.4
Hz, 2H), 7.50 - 7.44 (m, 1H), 7.32 (d, J = 10.8 Hz, 1H), 7.27 - 7.14 (m, 4H), 6.95 (d, J = 3.9 Hz,
1H), 5.46 - 5.38 (m, 2H), 5.14 (d, J = 7.3 Hz, 1H), 4.61 (br. s., 1H), 4.51 - 4.42 (m, 1H), 4.08 (d,
J=12.2 Hz, 1H), 3.96 (d, J/ = 10.8 Hz, 1H), 3.82 (d, /= 9.3 Hz, 1H), 3.69 - 3.58 (m, 1H), 3.32 (d,
J=10.3 Hz, 1H), 2.12 - 2.03 (m, 1H), 1.86 - 1.75 (m, 1H).

Example 175
Method 1

134



(35,11aR)-7-((3,4-Difluorobenzyl)amino)-6-methoxy-3.4-dihydro-1H,9H,11H-3,11a-

methanopyrimido[6’', 1':2, 3limidazo[5.1-c] [1, 4]Joxazin-9-one

F

(3S,11aR)-7-Chloro-6-methoxy-3,4-dihydro-1H,9H,11H-3,11a-

methanopyrimido[6',1':2,3]imidazo[5,1-c][1,4]oxazin-9-one (100 mg, 0.37 mmol), (3,4-

difluorophenyl)methanamine (110 mg, 0.74 mmol) and diisopropylethylamine (480 mg, 3.7 mmol)
were added to 1,4-dioxane (1 mL) and stirred at 120°C overnight. The reaction solution was poured

into dichloromethane, washed with saturated ammonium chloride aqueous solution, the organic

phase was concentrated, and purified by preparative thin layer chromatography to obtain the title

compound (120 mg, 86 %).

LCMS: m/z [M+H]*=377.

'"H NMR (400 MHz, CDCls) §7.20 - 7.03 (m, 3H), 5.52 (br. s., 1H), 4.79 - 4.68 (m, 2H), 4.66 -

4.57 (m, 1H), 4.42 (d, J = 12.2 Hz, 1H), 4.04 - 3.95 (m, 2H), 3.86 (d, J = 12.2 Hz, 1H), 3.70 - 3.65

(m, 1H), 3.64 - 3.59 (m, 4H), 2.02 (d, / = 9.8 Hz, 1H), 1.82 (d, / = 10.3 Hz, 1H).

Examples 176 to 200 listed in the table below were prepared by procedures similar to those

described in Examples 169 to 175, starting from the corresponding intermediates:

# Name Structure Method used m/z 1H NMR

1
Ex;r(r:'ple Name Structure M'fst::l)d m/z ( 41(;10%5)
3-((4-((2-
(difluoromethyl)pyridin- o CDCls: 88.49 (d, J=5.4 Hz, 1H),
4-yl)oxy)-3,5- N)LN 7.18 -7.01 (m, 3H), 6.91 (d, J=3.9
difluorobenzyl)oxy)-7,8- 5 g Hz, 1H), 6.76 - 6.40 (m, 1H), 5.39 (s,
1761 dihydro-1H,6H,9H-7,8a- NM°“@[F j@l C 1475 | 2m), 514 (s, 1H), 3.97 (5. 2H), 3.32
methanopyrrolo[1',2":3,4]i I 07N Nchr, (s, 2H), 3.00 (br. s., 1H), 2.05 (br. s.,
midazo[1,2-c]pyrimidin- 2H), 1.67 (d, J = 3.9 Hz, 2H)
1-one
CDCls: 88.57 (d, J = 5.4 Hz, 1H),
(38,11a8)-2-cyclobutyl-7- 7.32(d,J=10.8 Hz, 1H), 7.26 - 7.13
((3-fluoro-4-((2- (m, 3H), 6.95 (d, J = 3.9 Hz, 1H),
(trifluoromethyl)pyridin- ° 5.42 (br. s., 2H), 5.07 (s, 1H), 4.36
4-yl)oxy)benzyl)oxy)- /T(\NAN (d,J=122Hz, 1H),3.84 (d,J=12.2
177 | 1.2,34-tetrahydro- O, P F | 544 | Hz, 1H),3.63 (br. s., IH), 3.55 (d, J =
9H,11H-3,11a- UO N 8.8 Hz, 1H), 3.30 - 3.21 (m, 1H),
methanopyrazino[1',2':3 4 o 3.09-3.01 (m, 1H),2.78 (d, J = 9.3
Jimidazo[1,2-c]pyrimidin- Hz, 1H), 2.05 (d, J = 7.8 Hz, 2H),
9-one 1.97 - 1.67 (m, 6H), 1.55 (d, J=9.8
Hz, 1H)
(38,11a8)-2-benzyl-7-((3- CDCls: 88.58 (d, J=5.4 Hz, 1H),
fluoro-4-((2- NjN 7.39 - 7.31 (m, 5H), 7.27 (br. s., 3H),
(trifluoromethyl)pyridin- A 7.23 (br. s., 1H), 7.22 - 7.15 (m, 1H),
178 4-yl)oxy)benzyl)oxy)- d — MO“@(F Q F 380 | 696 (d,J=4.4Hz, 1H),5.44 (d,J =
1,2,3,4-tetrahydro- 07NN 3.9 Hz, 2H), 5.11 (s, 1H), 4.37 (d, J =
9H,11H-3,11a- 12.2 Hz, 1H), 3.82 (s, 2H), 3.75 (d, J
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methanopyrazino[1',2":3,4
Jimidazo[1,2-c]pyrimidin-
9-one

=9.8 Hz, 1H), 3.68 (br. s., 1H), 3.21
-3.05 (m, 2H), 2.76 (d, J =9.3 Hz,
1H), 2.03 (d, /= 9.8 Hz, 1H), 1.60
(d,J=9.8 Hz, 1H)

179

(38,11aR)-7-((4-(3-
(difluoromethyl)phenoxy)
-3,5-difluorobenzyloxy)-
3,4-dihydro-1H,9H,11H-
3,11a-
methanoprimido[6',1":2,3]
imidazol[5,1-
c][1,4]oxazin-9-one

490

CDCl3: §7.42 - 7.32 (m, 1H), 7.20 (d,
J=17.8Hz, 1H), 7.12 - 6.93 (m, 4H),
6.78 - 6.39 (m, 1H), 5.49 - 5.27 (m,
2H), 5.10 (s, 1H), 4.72 (br. s., 1H),
4.45(d, J = 12.2 Hz, 1H), 4.02 - 3.89
(m, 3H), 3.56 (d, J = 9.8 Hz, 1H),
3.23(d,J=9.8 Hz, 1H),2.02 (d, J =
9.8 Hz, 1H), 1.73 (d, J = 10.3 Hz,
1H)

180

(3S,11aR)-7-((3,4-
difluorobenzyl)(methyl)a
mino)-6-methoxy-3,4-
dihydro-1H,9H,11H-
3,11a-
methanopyrimido[6',1":2,
3]imidazol[5,1-
c][1,4]oxazin-9-one

391

CDCl3: §7.12 - 7.02 (m, 2H), 6.97 (br.
s., 1H), 4.89 (d, J = 15.7 Hz, 1H), 4.75
- 4.64 (m, 2H), 435 (d, J = 11.7 Hz,
1H), 4.00 - 3.92 (m, 2H), 3.86 (d, J =
12.2 Hz, 1H), 3.66 - 3.61 (m, 1H),
3.59 - 3.53 (m, 1H), 3.46 (s, 3H), 3.11
(s, 3H), 2.00 (d, J = 9.3 Hz, 1H), 1.82
(d,J=9.8 Hz, 1H)

181

(3S,11aR)-7-(3-fluoro-4-
(3-
(trifluoromethyl)phenoxy)
phenethoxy)-3,4-dihydro-
1H,9H,11H-3,11a-
methanopyrimido[6',1":2,
3]imidazol[5,1-
c][1,4]oxazin-9-one

504

DMSO-ds: 87.67 - 7.54 (m, 1H), 7.47
(d,J=73Hz 1H), 738 (d,J=11.7
Hz, 1H), 7.27 (br. s., 1H), 7.25 - 7.12
(m, 3H), 5.17 (s, 1H), 4.66 (br. s., 1H),
4.42 (d, J = 5.4 Hz, 2H), 4.26 (d, J =
12.2 Hz, 1H), 3.97 - 3.76 (m, 3H),
3.39 (br. s., 1H), 3.24 (d, /= 10.3 Hz,
1H), 3.00 (t, J = 6.4 Hz, 2H), 1.88 (d,
J=9.8Hz, 1H), 1.75 (d, J = 103 Hz,
1H)

182

3-(3-fluoro-4-(3-
(trifluoromethyl)phenoxy)
phenethoxy)-7,8-dihydro-
1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]i
midazo[1,2-c]pyrimidin-
1-one

o
)J\ 3

488

CDCls: 87.47 - 7.38 (m, 1H), 7.32 (d,
J=7.8 Hz, 1H), 7.20 (br. s., 1H), 7.12
(d,J = 11.2 Hz, 2H), 7.03 (br. 5., 2H),
5.06 (s, 1H), 4.58 (t, J = 6.4 Hz, 2H),
3.98 (s, 2H), 3.32 (s, 2H), 3.08 - 2.96
(m, 3H), 2.06 (br. s., 2H), 1.68 (d, J =
4.4 Hz, 2H)

183

3-(3-fluoro-4-(3-
(trifluoromethyl)phenoxy)
phenethoxy)-4-methoxy-
7,8-dihydro-1H,6H,9H-
7,8a-
methanopyrrolo[1',2":3,4]i
midazo[1,2-c]pyrimidin-
1-one

o
X

F LT
_0

518

CDCls: 87.41 (br. s., 1H), 7.32 (br. s.,
1H), 7.15 (br. 5., 2H), 7.06 (br. s., 3H),
4.62 (br. s., 2H), 3.96 (br. s., 2H), 3.69
- 3.50 (m, 5H), 3.20 - 2.96 (m, 3H),
2.04 (br. s., 2H), 1.67 (br. s., 2H)

184

4-methoxy-3-(4-(3-
(trifluoromethyl)phenoxy)
phenethoxy)-7,8-dihydro-
1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]i
midazo[1,2-c]pyrimidin-
1-one

o]
_0

500

CDCls: §7.45 - 7.36 (m, 1H), 7.32 -
7.23 (m, 3H), 7.16 (br. s., 1H), 7.10 (d,
J =83 Hz, 1H), 6.94 (d, J = 7.8 Hz,
2H), 4.60 (t, J = 6.6 Hz, 2H), 3.94 (s,
2H), 3.55 (s, SH), 3.07 (t, J = 6.6 Hz,
2H), 2.98 (br. s., 1H), 2.01 (br. s., 2H),
1.65 (d, J = 4.4 Hz, 2H)

185

(38,11aR)-7-(4-(4-chloro-
3-
(trifluoromethyl)phenoxy)
-3-fluorophenethoxy)-3,4-
dihydro-1H,9H, 11H-
3,11a-
methanopyrimido[6',1":2,
3]imidazo[5,1-
c][1,4]oxazin-9-one

o F
M N©/o CFy
NN
o@fM\o \©im

538

CDCl3: 87.41 (d, J=8.3 Hz, 1H),7.27
(br. s., 1H), 7.10 (d, J = 11.2 Hz, 1H),
7.03 (br. s., 3H), 5.01 (br. s., 1H), 4.72
(br. s., 1H), 4.57 (br. s., 2H), 4.44 (d,
J=12.2 Hz, 1H), 4.06 - 3.84 (m, 3H),
3.55(d, J=9.8 Hz, 1H), 3.21 (d, J =
9.8 Hz, 1H), 3.03 (br. s., 2H), 2.02 (d,
J=9.8 Hz, 1H), 1.71 (d, J = 9.8 Hz,
1H)

186

3-(4-(4-chloro-3-
(trifluoromethyl)phenoxy)
-3-fluorophenethoxy)-7,8-
dihydro-1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]i
midazo[1,2-c]pyrimidin-
1-one

o
)j\ 3
SIL AT

522

CDCl3: 87.40 (d, J = 8.3 Hz, 1H), 7.28
(br.s., 1H), 7.11 (d, J = 11.2 Hz, 1H),
7.06 - 6.96 (m, 3H), 5.05 (s, 1H), 4.57
(t, J = 6.1 Hz, 2H), 3.97 (s, 2H), 3.31
(s, 2H), 3.13 - 2.97 (m, 3H), 2.05 (br.
s., 2H), 1.67 (br. s., 2H)
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3-(4-(4-chloro-3-
(trifluoromethyl)phenoxy)
-3-fluorophenethoxy)-4-
methoxy-7,8-dihydro-

CDCls: 87.40 (d, J = 8.8 Hz, 1H), 7.25
-7.23 (m, 1H), 7.15 (d, J = 11.2 Hz,
1H), 7.10 - 6.95 (m, 3H), 4.71 - 4.58

187 | | H,6H,9H-7.8a- 32 | (m. 2H), 3.96 (s, 2H), 3.57 (s, SH),
methanopyrrolo[1',2":3,4]i 3.08 (br. s., 2H), 3.00 (br. s., 1H), 2.03
midazo[1,2-c]pyrimidin- (br.s., 2H), 1.74 - 1.67 (m, 2H)
1-one
4-methoxy-3-(4-(((2- CDCls: 88.54 (d, J = 5.4 Hz, 1H), 7.40
(trifluoromethyl)pyridin- - 734 (m, J = 8.3 Hz, 2H), 7.18 (s
4-yl)oxy)phenethoxy)- o . ’ ) ’ . ’

DXV IPIE _ b 0 s 1H), 7.05 - 7.01 (m, J = 8.3 Hz, 2H),

188 ;,gaihhydro 1H,6H,9H E§ Moﬂ U 501 | 6.94 (d, J = 4.9 Hz, 1H), 4.64 (t, J =

’ ot ) 6.6 Hz, 2H), 3.96 (s, 2H), 3.58 (s, 5H),
methanopyrrolo[1',2':3,4]i h 3.13 (t, J = 6.6 Hz, 2H), 3.01 (br. s.
Ilrff:ezo[l’z'clpynm‘dm' 1H), 2.04 (br. 5., 2H), 1.68 (br. s., 2H)
3-(3,5-difluoro-4-((2-
(trifluoromethyl)pyridin- CDCls: 6= 8.59 (d, J = 4.9 Hz, 1H),
4-yl)oxy)phenethoxy)-4- )Ok F 7.21 (br. s., 1H), 7.02 (d, J = 8.8 Hz,
methoxy-7,8-dihydro- NN N@ﬁ ™S CFa 2H), 6.97 (br. s., 1H), 4.63 (br. s., 2H),

189\ | H.6H,H-7.8a- ﬁJ\(‘ko F\CN( 337 13,96 (s, 2H), 3.61 - 3.56 (m, SH), 3.10
methanopyrrolo[1',2":3,4]i O~ (br. s., 2H), 3.01 (br. s., 1H), 2.04 (br.
midazo[1,2-c]pyrimidin- s., 2H), 1.71 (br. s., 2H)
1-one
3-(3-fluoro-4-(2- DMSO-ds: 88.63 (d, J = 5.4 Hz, 1H),
(trifluoromethyDpyridin- 7.50 - 7.32 (m, 3H), 7.25 (br. s., 1H)
;‘glzl‘:ﬁgzllr’gefgg?{"g)}l ) o o 7.18 - 7.09 (m, 1H), 5.19 (s, 1H), 4.41

190 | e O 5}\/‘1 ﬂ @r 489 | (t,J = 6.4 Hz, 2H), 3.83 (s, 2H), 3.28

) ot NN P (s, 2H), 3.02 (t, J = 6.1 Hz, 2H), 2.91
methanopyrrolo[1',2":3,4]i (br. s.. 1H), 2.01 (br. 5., 2H), 1.60 -
midazo[1,2-c]pyrimidin- P © T >
i 1.48 (m, 2H)
3-(3-fluoro-4-(2- DMSO-ds: 88.63 (d, J = 5.4 Hz, 1H),
(trifluoromethyDpyridin- 7.49 - 7.35 (m, 3H), 7.27 (d, J = 8.3
ﬁ;ﬁﬁﬁi’,ﬁy?‘éhgeﬁh‘ﬁi?_"" K O CFs Hz, 1H),7.13 (d,J = 4.9 Hz, 1H), 4.47

191 | T oo g ﬁ&/moﬂj@ 519 | (t, J = 6.1 Hz, 2H), 3.83 (s, 2H), 3.55

proRenea ) - 342 (m, 5H), 3.07 (t, J = 6.1 Hz,
methanopyrrolo[1',2':3,4]i h 2H), 2.93 (br. s., 1H), 2.08 - 1.93 (m
midazo[1,2-c]pyrimidin- 2H), 1.65 1 .53.,(m iH) ’ ’
1-one T ) ’
CDCl3: 57.48 - 7.40 (m, 1H), 7.34 (d,
(35, 1aR)-7-(((3-fluoro-4- J=73 H 1H), 7 30( r(rll)r s )1H) (
(3_ o =7 3 s I « Oy >
. 7.20 (d, J = 13.7 Hz, 2H), 7.16 - 7.05
g;fiui’)r;’?;tgﬁ)gffncﬁ’g) /T(\NJL/N (m, 2H), 5.47 - 5.33 (m, 2H), 5.10 (s,
192 | IHoH A 0 PN Ao~ s 490 | 1H), 4.74 (br.s.. 1H), 447 d. J =
SIS U Q. 12.2 Hz, 1H), 4.06 - 3.89 (m, 3H),
g??mﬁiﬁ%y[?rﬁl o[617:2, ° CFs 3.57(d,J=9.8 Hz, 1H),3.23 (d,J =
111 Aloxaaie9-one 9.8 Hz, 1H), 2.04 (d, J = 10.3 Hz,

’ 1H), 1.74 (d, J = 10.3 Hz, 1H)
2-fluoro-5-((((((3S,11aR)- CDCls: 87.72 - 7.61 (m, 2H), 7.21 (t,
9-keto-3,4-dihydro- o J=8.6 Hz, 1H), 5.48 - 5.34 (m, 2H),
1H,9H,11H-3,11a- Py 5.08 (s, 1H), 4.75 (br. s., 1H), 4.46
methanopyrimido[6',1':2, NN (d, J=12.7 Hz, 1H), 4.02 - 3.91 (m,

3| 3jimidazols.1- OIF{J\/% CN 39| 3H),3.58 (4, J = 9.8 Hz, 1H), 3.24
cl[1,4]oxazin-7- S (d,J=9.8 Hz, 1H),2.04 (d, /= 9.8
yloxy)methyl)benzonitril F Hz, 1H), 1.74 (d, J = 10.3 Hz, 1H)

[S]
s CDCls: 87.46 - 7.39 (m, 1H), 7.37 -
fi?gﬁ()lrili)t-z;-((is 7.32 (m, 1H), 7.20 (br. s., 1H), 7.09
; o (d, J=7.8 Hz, 3H), 5.47 - 5.34 (m,
(trifluoromethyl)phenoxy) ﬁ(N*N 2H), 5.12 (s, 1H), 4.75 (s, 1H), 4.47
194 ?ggﬁ)i’fﬂ); ’fl'g_lhydro' L so F jol 508 | (d,J=12.2 Hz, 1H), 4.05 - 3.92 (m,
IR TS ‘ o CF, 3H), 3.59 (d, J = 10.3 Hz, 1H), 3.25
methanopyrimido[6',1":2, r (d, J=9.8 Hz, 1H),2.05(d, J=9.8
3]imidazol[5,1- o = 20 T T, 20 LG, =
S1l1 4losanm-9-one Hz, 1H), 1.75 (d, J = 10.3 Hz, 1H)
(3S,11aR)-7-(3 4- o . CDCls: 87.06 (d, J = 8.8 Hz, 2H),
difluorophenethoxy)-3,4- i F 6.94 (br. s., 1H), 4.98 (s, 1H), 4.71 (s,

195 | dihydro-1H,9H,11H- ﬁ( u 362 | 1H),4.53 (t,J =5.4 Hz, 2H), 4.43 (d,

3,11a- g SN J =122 Hz, 1H), 3.97 (s, 2H), 3.90

methanopyrimidol[6',1":2,

(d,J=12.2Hz, 1H),3.54 (d, J=9.8
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3]imidazo[5,1- Hz, 1H), 3.20 (d, J = 9.8 Hz, 1H),
c][1,4]oxazin-9-one 2.96 (t,J=6.4Hz, 2H),2.01 (d, J=
9.8 Hz, 1H), 1.70 (d, J = 9.8 Hz, 1H)
3-((4-((2- CDCls: 88.51 (d, J = 5.4 Hz, 1H),
(difluoromethyl)pyridin- 7.33 (d, J=10.8 Hz, 1H), 7.25 (br. s.,
4-yl)oxy)-3- b 1H), 7.22 - 7.15 (m, 2H), 6.92 (d, J =
fluorobenzyloxy)-7,8- @( N 3.9 Hz, 1H), 6.76 - 6.44 (m, 1H),

196 | Gihydro-1H,6H.9H-6,8a- ”MOUF g C AT 543 (s, 2H), 5.21 (s, TH), 4.13 (t, J =
ethanopyrrolo[1',2":3,4]im 07 NNCHE, 4.2 Hz, 1H), 4.02 (s, 2H), 2.10 (br. s.,
idazo[1,2-c]pyrimidin-1- 2H), 1.82 - 1.76 (m, 6H)
one
(3S,11aR)-7-((3-fluoro-4-

2-
ﬁriﬂuoromethyl)pyri din. CDCls: 88.58 (d, J = 5.4 Hz, 1H), 7.37
4-yloxy)benzyloxy) 2. . 9 -7.29 (m, 2H), 7.26 - 7.15 (m, 3H),
ag 6.96 (d, J = 3.4 Hz, 1H), 6.19 (s, 1H),
((1-methyl-1H-pyrazol-3- SN F oo

197 Dmethyl)-34-dihydro- N Cr i |c 598 | 5.44 (br.s.,2H), 5.13 (br. s., 1H), 4.62
gH an a Y EN{ oo (d, J = 15.2 Hz, 1H), 4.49 - 4.24 (m,
me;hanop’yrazino[l. yaq | 4H), 3.90 (s, 3H), 3.28 (br. s., 2H),
Jimidazo[1.2-clpyrimidin. 2.09 (br. s., 1H), 1.85 (br. s., 1H)
1,9(2H)-dione
Eii;f?[ﬁ pent-1- CDCls: 88.58 (d, J = 5.4 Hz, 1H), 7.33
ylmethyl)-7((3-fluoro4- (d, J = 11.2 Hz, 2H), 7.25 - 7.15 (m,
@ . 2H), 6.96 (d, J = 2.9 Hz, 1H), 5.45 (br.

- . A s., 2H), 5.16 (br. s., 1H), 4.49 - 4.26
_ Q NTON s s s ,

198 fff‘%ii“;‘g‘::z‘yggir‘g“ " @MOA@F ~y | C 584 | (m, 3H), 3.69 (d, J = 14.7 Hz, 1H),
a4 s 3.50 - 3.30 (m, 2H), 3.01 (d, J = 14.2
metyhanopyr’azino[i' 234 Hz, 1H), 2.67 - 2.51 (m, 1H), 2.15 (br.
Jimidazo[1.2-c]pyrimidin. s., 1H), 2.00 - 1.87 (m, 1H), 1.79 (s,
1.9(2H)-dione 4H), 1.68 (br. s., 2H)
g&benzyl'}((}ﬂ“"m"" o CDCl3: 88.58 (d, J = 4.9 Hz, 1H),7.39

_ 2 ¢ :
(rifluoromethylpyridin- . 7.32 (m, SH), 7.24 - 7.15 (m, 4H),
N F 6.96 (br. s., 1H), 6.03 (br. s., 1H), 5.43
4-yloxy)benzyloxy)-1- | o 0“@[ /@

199 oro-1FL6H OFL7 8a. 3 S| € 608 | (br.s., 2H), 5.21 (br. s., 1H), 4.49 (br.

methan(’)py;mlo[i, 2341 s., 2H), 4.03 (br. s., 2H), 3.61 (br. s.,
) e 2H), 2.38 - 2.26 (m, 2H), 2.10 (br. s.,
midazo[1,2-c]pyrimidine- H
7(8H)-carboxamide )
3-((3-fluoro-4-((2-
(tr(é]uor“omethy(l()pyri din. CDCls: 88.59 (d, J = 5.9 Hz, 1H), 7.33
4-yloxy)benzyloxy)-1- g (d, J = 10.8 Hz, 2H), 7.25 - 7.16 (m,
NN 2H), 6.97 (d, J = 3.9 Hz, 1H), 5.45 (s,

200 oxo-1H,6H,9H-7,8a- WA F C 500

methanopyrrolo[1'2':34]i | e “@ /Q 2H), 5.24 (s, 1H), 4.08 (s, 2H), 3.63 (s,
) e ° CF 2H), 2.56 (d, J = 4.4 Hz, 2H), 2.28 -

midazo[1,2-c]pyrimidine- 215 H

7(8H)-carbonitrile 15 (m, 2H)

Example 201
3-((3-Fluoro-4-((2-trifluoromethylpyridin-4-yl)oxy)benzyl)oxy)-7-(2-hydroxypropyl-2-yl)-
7,8-dihydro-1H,6H,9H-7,8a-methanopyrrolo[1', 2':3, 4]imidazo[1, 2-c]pyrimidin-1-one

hiy
g
NJ\)\O/\@FQ
I
HO 0" " cr,

3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H,6H,9H-7,8a-

methanopyrrolo[1',2":3,4]imidazo[ 1,2-c]pyrimidine-7(8H)-carboxylic acid methyl ester (20 mg,
0.038 mmol) was added to tetrahydrofuran (4 mL). The temperature was lowered to 0°C under

argon protection, and a solution of methylmagnesium chloride in tetrahydrofuran (3.0 M, 0.13 mL)
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was added, and stirred at room temperature for 2 hours. The reaction solution was quenched with
saturated ammonium chloride solution, extracted with ethyl acetate, and the organic phase was
concentrated, and purified by preparative thin layer chromatography (dichloromethane/methanol
= 10/1) to obtain the title compound (1 mg, 5 %).

LC-MS: m/z [M+H]" = 533.

'H NMR (400 MHz, CDCls) 88.58 (d, J = 5.4 Hz, 1H), 7.34 (d, J = 10.8 Hz, 1H), 7.30 - 7.28 (m,
1H), 7.24 (br. s., 1H), 7.22 - 7.15 (m, 1H), 6.96 (d, J = 5.4 Hz, 1H), 5.45 (s, 2H), 5.17 (br. s., 1H),
4.03 (s, 2H), 3.82 - 3.74 (m, 1H), 3.35 (d, J = 3.9 Hz, 2H), 2.07 - 1.99 (m, 2H), 1.76 (br. s., 2H),
1.44 (s, 3H), 1.31 (s, 3H).

Example 202
7-Amino-3-((3-fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-7,8-dihydro-
1H,6H,9H-7,8a-methanopyrrolo[1',2':3,4]imidazo[1, 2-c]pyrimidin-1-one

O
N)J\lN
JﬁMo“@F Q
N oY l CFs

(3-((3-Fluoro-4-((2-(trifluoromethyl)pyridin-4-yl)oxy)benzyl)oxy)-1-oxo-1H,6H,9H-7,8a-
methanopyrrolo[1',2":3,4]imidazo[ 1,2-c]pyrimidin-7(8H)-yl)carbamic acid tert-butyl ester (90 mg,
0.15 mmol) was added to ethyl acetate (4 mL). A solution of hydrogen chloride in ethyl acetate
(4.0 M, 2 mL) was added under stirring, and stirred at room temperature for 10 minutes. The
reaction solution was adjusted to pH 8 with solid sodium carbonate, filtered, and the filtrate was
concentrated, and purified by preparative thin layer chromatography (dichloromethane/methanol
= 10/1) to obtain the title compound (6 mg, 7 %).
LC-MS: m/z [M+H]" = 490.
'"H NMR (400 MHz, CDCls) 88.58 (d, J = 5.9 Hz, 1H), 7.34 (d, J = 11.2 Hz, 2H), 7.25 - 7.15 (m,
2H), 6.96 (d, J = 3.4 Hz, 1H), 5.44 (s, 2H), 5.15 (s, 1H), 4.04 (s, 2H), 3.25 (s, 2H), 1.97 (s, 4H).

Biological Tests and Data

The compound of the present invention is Lp-PLA: inhibitor and can be used for the treatment
and prevention of a Lp-PLA>-mediated disease. The biological activity of the compound of the
present invention can be determined using any suitable assay for determining the activity of

compound as a Lp-PLA; inhibitor, as well as tissue and in vivo models.
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Biological activity data for each compound is reported as the average of at least one
experiment or multiple experiments. It is to be understood that the data described herein may vary
reasonably depending upon the particular conditions and methodology employed by the person

conducting the experiments.

Lipoprotein-Associated Phospholipase A2 (Lp-PLA2) Human Plasma Assay

The human plasma assay utilizes a thioester analog of PAF (phosphatidylcholine), in which
hydrolysis results in the formation of phospholipids containing free sulfhydryl groups. The amount
of sulfhydryl groups is continuously determined by the reaction with CPM (7-diethylamino-3-(4'-
maleimidophenyl)-4-methylcoumarin), and the CPM is a maleimide of which fluorescence
increases after Michael addition of sulthydryl group. This assay can detect Lp-PLA; activity in

human plasma, as determined by specific inhibition of Lp-PLA> inhibitors.

Thio-PAF assay was performed as quenched 75 pL assay. Compound source plate was
prepared for each compound by preparing 1:3 (by volume) serial dilutions in pure DMSO in a 96-
well microplate. The compound on the source plate was diluted 20-fold by transferring 3 pL of the
compound from the compound source plate into a 96-well microplate pre-added with 57 pL of
assay buffer by Rainin multichannel pipette. The assay buffer described above consisted of 50 mM
HEPES, pH 7.4, 150 mM NaCl, 1 mM CHAPS. 1 pL of the 20-fold diluted compound was
transferred by Rainin multichannel pipette into a 96-well Greiner 655076 (black) microplate to
which aliquoted and thawed 40 pL of pooled human plasma was previously added. The plate was
shaken for 20 seconds on a microplate shaker to mix well. After a 30-min pre-incubation at room
temperature, 10 plL. of substrate solution was added to the 96-well Greiner 655076 (black)
microplate by Rainin multichannel pipette, in which the substrate solution contained 2.5 mM 2-
thio-PAF [from ethanol stock], 32 uM CPM [from DMSO stock], and 3.2 mM NEM (N-
ethylmaleimide) [freshly prepared in DMSO per experiment] in assay buffer consisting of 50 mM
HEPES, pH 7.4; 150 mM NaCl; 1mM CHAPS. After 2 min, the reaction was quenched with 25
pL of 5% trifluoroacetic acid (TFA) in water. The plate was centrifuged at 2000 rpm for 1 minute.
The plate was read at ex:380/em:485 using a Biotek Synergy H1 (H1MF) microplate reader. ICsg

data, curves and QC analysis were performed using GraphPad Prism 6.0 and Excel.

Determined Activity of Examples

Example ICso(nM) Example ICso(nM) Example 1Cs0(nM)
1 4.4 69 325.3 137 5.8
2 2.6 70 6.9 138 2.4
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4 2.5 71 7.9 139 2.6
5 4.2 72 7.6 140 39
6 4.9 73 4.8 141 6.1
7 2.5 74 223 142 3.6
8 4.9 75 234 143 2.5
9 6.5 76 422 144 24
10 6.7 77 5.7 145 4.3
11 10.8 78 5.0 146 2.7
12 4.3 79 6.1 147 6.5
13 6.7 80 33 148 4.3
14 4.6 81 5.1 149 4.1
15 6.6 82 2.0 150 4.8
16 5.2 83 4.9 151 5.7
17 324 84 6.2 152 39
18 3.5 85 6.7 153 4.1
19 39 86 6.1 154 3.6
20 6.8 88 52 155 3.7
21 6.4 89 10.9 156 5.7
22 3.0 90 4.8 157 39
23 5.0 91 4.8 158 2.1
24 132 92 5.6 159 128.2
25 10.4 93 3.7 160 3.8
26 55 94 92.7 161 18.1
27 2.5 95 7.4 162 6.5
28 7.3 96 4.7 163 24
29 3.4 97 14.2 164 1.5
30 6.8 98 30.2 165 3.1
31 7.1 99 5.6 166 5.8
32 163.8 100 59 167 194
33 6.0 101 15.1 168 3.6
34 3.6 102 7.6 169 4.9
35 38.8 103 6.2 170 177.8
36 9.6 104 8.6 171 2.1
37 5.8 105 10.8 172 22
38 8.5 106 1.0 173 34
39 13.8 107 9.5 174 5.0
40 6.4 108 5.0 175 167.6
41 39 109 14.0 176 13.9
42 4.9 110 53 177 5.5
43 4.0 111 114 178 6.2
44 342.1 112 5.1 179 4.1
45 71.8 113 5.7 180 87.2
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F

46 15.3 114 5.7 181 6.7
47 9.4 115 5.2 182 9.4
48 62.8 116 4.7 183 13.8
49 168.3 117 9.1 184 23.8
50 2.7 118 6.0 185 4.7
51 33 119 8.2 186 7.4
52 16.0 120 8.7 187 7.8
53 14.3 121 8.6 188 9.2
54 7.6 122 9.4 189 8.6
55 6.5 123 4.4 190 59
56 7.7 124 6.1 191 6.2
57 62.2 125 3.0 192 6.3
58 204.0 126 5.0 193 5.2
59 24 127 2.6 194 4.0
60 6.6 128 8.4 195 62.7
61 34 129 6.5 196 15.4
62 13.0 130 4.8 197 2.9
63 8.7 131 7.9 198 5.1
64 22.6 132 5.9 199 7.9
65 12.1 133 36.6 200 4.4
66 6.9 134 5.0 201 4.4
67 8.7 135 17.2 202 1.9
68 50.0 136 3.8
Comparison of activity data (I)
ICso ICso
Example Structure Example Structure
(nM) (nM)
0 Ji
/E(NJ%N o//fJN\/'NKO F
ouNJ\/KOA@F A /\@[F
F 75.3 F 63.3
" Corresponding racemate
Example 123 in
WO02016011930A1 of Example 123 in
WO02016011930A1
o)
NiN NJ\N
o F 6l 52 @J\KOA@[F 16

86 oé{J\/k n

F

It could be seen from the comparative data that the compounds of the present patent

application had significantly higher activity than the compounds in the prior art.



What is claimed is:

1. A compound shown in Formula I, cis-trans isomer thereof, enantiomer thereof,
diastereomer thereof, racemate thereof, solvate thereof, hydrate thereof or

pharmaceutically acceptable salt thereof,

wherein
nis 1 or 2; Ry is absent;

R; is H, halogen, cyano, Ci¢ alkyl, Ci¢ alkoxy, Cs.g cycloalkyl or 3- to 8-
membered heterocyclyl, R; may be optionally substituted with one or more of the
following substituents: halogen, cyano, Ci.¢ alkoxy, Cs-g cycloalkyl, 3- to 8-membered

heterocyclyl or 6- to 10-membered heteroaryl;
R. independently is H or D;
mis 1 or 2;

Rx is H, halogen, hydroxyl, carboxyl, cyano, amino, Ci. alkyl, Ci.¢ alkoxy, C3-s
cycloalkyl, 3- to 8-membered heterocyclyl, 6- to 10-membered aryl, 6- to 10-membered
heteroaryl, -C(O)NRpyR. or -S(O)2NRuR., Rx may be optionally substituted with one or
more of the following substituents: halogen, hydroxyl, Ci alkoxy, cyano, Cszsg
cycloalkyl, 3- to 8-membered heterocyclyl, 6- to 10-membered aryl or 6- to 10-

membered heteroaryl;
Qs -O-, -S-, -CHz- or -NRp-;
X is -O-, -CH3-, -NR¢-, -OCHz>-, or is absent;
Ry is H, Ci.6 alkyl or Cs.g cycloalkyl or 3- to 8-membered heterocyclyl;

R¢is L, L-C(O)-, L-CH»- or L-S(O)2-, wherein L is H, Ci.¢ alkyl, Cs.¢ cycloalkyl,
3- to 8-membered heterocyclyl, 6- to 10-membered aryl or 6- to 10-membered

heteroaryl, L may be optionally substituted with one or more of the following groups:
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halogen, hydroxy, Ci.6 alkoxy, cyano, Cs_s cycloalkyl, 3- to 8-membered heterocyclyl,

6- to 10-membered aryl or 6- to 10-membered heteroaryl;

Y is -CH»-, -CH,CH>-, or is absent;
U is -CHaz-, -C(O)-, or is absent;
X and U are not absent at the same time;

Y and U may be optionally substituted with one or more of the following

substituents: halogen, hydroxy, Ci.¢ alkyl, Ci.¢ alkoxy, cyano, Cs.g cycloalkyl, 3- to 8-

membered heterocyclyl, 6- to 10-membered aryl or 6- to 10-membered heteroaryl;

Rs

| \%|
Y

Ais R 2 ;

(1) When n=1,

7. is N or CR3;

Z'is N or CRy;

R3, R4, Rs, Rg are each independently H, cyano, halogen or Ci3 haloalkyl;

V is N or CRo, wherein Ro is H, cyano, halogen, Ci.3 alkyl, Ci-3 haloalkyl or -O-

W is phenyl or 5- or 6-membered heteroaryl, which may be optionally substituted

with one or more of the following substituents: halogen, cyano, Ci. alkyl, Ci-3 alkoxy,

C1-3 haloalkyl and Cj-3 haloalkoxys;

(2) When n=2,
7. is N or CR3;
Z'is N or CRy;
R3, R4, Rs, Rg are each independently H, cyano, halogen or Ci-3halolakyl;

V is CRo, wherein Ry is halogen, cyano or -O-W;
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W is phenyl or 5- or 6-membered heteroaryl, which may be optionally substituted
with one or more of the following substituents: halogen, cyano, Ci alkyl, Ci3

haloalkyl and Ci3 haloalkoxy,

provided that R9 is halogen or -O-pyrazolyl when Z is CR3, Z’ is CR4 and both
R3 and R4 are halogen, and R9 is halogen when Z is CR3, Z’ is CR4, R3 is cyano and
R4 is H.

2. The compound according to claim 1, the compound having Formula I'

wherein
R1 is H, cyano, halogen, Ci.¢ alkyl, Ci.3 alkoxy or Ci-3 haloalkyl;
X is -O-, -CHb»-, -NR¢-, or is absent;

Re is L or L-C(O)-, wherein L is H, C;3 alkyl, Cs¢ cycloalkyl, Cs.s
heterocycloalkyl, C;.3 haloalkyl, or benzy];

Y is -CHa»-, or is absent;

n, R, Ra, A and m are as defined in claim 1.

3. The compound according to claim 1, wherein n is 1; Rx is H; Ry is H, cyano,

amino, halogen, C;.3 alkyl, C;.3 haloalkyl or Ci.¢ alkoxy.

4. The compound according to claim 3, wherein U is -CHb»-; X is-CHb»- or -O-; and

Qis-O-.
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5. The compound according to claim 3, wherein U is -CH»>-; X is -NR¢-; R¢ is

N
‘N_

methyl, oxetanyl, trifluoroethyl, benzoyl, cyclobutyl, benzyl, or

e

6. The compound according to claim 3, wherein U is -C(O)-; Ry and Rx are both
H; Y is -CH2-; X is -NR¢-; R¢ is L or L-C(O)-, wherein L is methyl, trifluoroethyl,

™ v
benzoyl, oxetane, cyclobutane, benzyl, m or .

7. The compound according to claim 1, wherein n is 1; X is -CH»-; U is absent; Rx
is H, hydroxy, halogen, cyano, amino, C.3 alkoxy, C.3 haloalkyl or 3- to 8-membered
heterocyclyl, Rx may be optionally substituted with one or more of the following
substituents: halogen, hydroxyl, Ci.¢ alkoxy, cyano, 3- to 8-membered heterocyclyl, 6-

to 10-membered aryl or 6- to 10-membered heteroaryl.

8. The compound according to claim 7, wherein Y is -CH2-; Ry is H, cyano,

halogen, Ci.3 alkyl, Ci-3 haloalkyl or Ci.¢ alkoxy; and Q is - O-.

9. The compound according to claim 8, wherein Ry is H, halogen, cyano, amino,

o]

o/\ %)LN OH
difluoromethyl, ~ O\k, vaL‘?, H© or K i

10. The compound according to claim 7, wherein Y is -CH>CHbz-; Ry is H, halogen,

o]

o™ sy }J<OH
cyano, amino, difluoromethyl, -~ O\k, va‘%, H© or : Ry is H,
cyano, halogen, C;.3 alkyl, Ci.3 haloalkyl or Ci.¢ alkoxy, and Q is -O-.
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11. The compound of claim 1, wherein n is 2; U is -CH»-; X is -CH»- or -O-; Y is

(0]
-CHa-, or is absent; Rx is H, halogen, cyano, amino, difluoromethyl, -~ O\/%, @Nv‘?‘i,

(6]
RN
or ; R1 is H, cyano, halogen, Ci3 alkyl, Ci3 haloalkyl or Cis

alkoxy; and Q is -O-.

12. The compound according to claim 1, wherein m=2; R; is H, cyano or Ci.3

haloalkyl; and Ry is H.

13. The compound according to claim 1, wherein m=1; R; is H, cyano, halogen,

Ci.3 alkyl, Ci3 haloalkyl or Ci.¢ alkoxy; Ry is H.

14. The compound according to claim 1, wherein when n=1, A is

Rs
Rg
Rg Rg
Rz , and Rs, Re, R7, Rg, Ro are each independently H, F or cyano, and
When n=2, A is
Rs
Rg
Rg Rg
Rz , and Rs, Re, R7, Rg, Ro are each independently H, F or cyano,

provided that R9 is halogen when both R7 and R8 are F, and R9 is halogen when
R7 is cyano and R8 is H.

15. The compound according to claim 1, or pharmaceutically acceptable salt

thereof, wherein when n=1, A is
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, Rs, Re, R7 and Rg are each independently H, F or cyano; Ro is -O-
W; W is 5- or 6-membered heteroaryl or phenyl, which can be optionally substituted
with one or more of the following substituents: Cj-3 haloalkyl, Ci.3 haloalkoxy, cyano,

halogen and Ci.6 alkyl, and

When n=2, A is
Rs
Rs
Re Rg
R7

, Rs, Re, R7 and Rg are each independently H, F or cyano; Ry is -O-
W; W is 5- or 6-membered heteroaryl or phenyl, which can be optionally substituted
with one or more of the following substituents: Ci-3 haloalkyl, Ci.3 haloalkoxy, cyano,

halogen and Ci.¢ alkyl,

provided that R9 is -O-pyrazolyl when both R7 and R8 are F.

16. The compound according to claim 1, wherein A is
R

Ro
Ry , R7 and Rg are each independently H, F or cyano; Rg is -O-W; and W
is pyridyl, pyrimidinyl, pyrazolyl or phenyl, which can be optionally substituted with
one or more substituents independently selected from the following substituents:

halogen, cyano, CF3, -OCF3, CHF, and CHs.

17. The compound according to any one of claims 1to 13, which is the following

compound
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N IN N )J\]N N )J\lN
3 NJﬁ/koHﬁrA o! NJﬁ/kon\ NMOHHA
R4 R4

O 0]
) %Y g
Ry R

N)J\N Nj\lN Nj\N

R4

Wherein, R is H, halogen, cyano, Ci.¢ alkyl, Ci-3 haloalkyl or Ci. alkoxy; Rc is
Ci.6 alkyl, 3- to 8-membered heterocyclyl, Ci.3 haloalkyl, benzoyl, Cs3 cycloalkyl,

N
benzyl or m

(o]

sy 3J{)H
OCW, ”@ or ,

O “
; Rx is H, cyano, halogen, Ci.3 haloalkyl, amino, -~ ~x ,

18. The compound according to claim 17, wherein R; is H, fluorine, chlorine,

cyano, methyl, ethyl, isopropyl, trifluoromethyl or methoxy; R¢ is methyl, oxetanyl,

\N AN
trifluoroethyl, benzoyl, cyclobutyl, benzyl or m

(6]
. o O S0 sk
difluoromethyl, amino, , s X or .

; Rx is H, cyano, fluorine,

19. The compound according to any one of claims 1 to 13 and 18, wherein when

n= 1, A is selected from the group consisting of:
| |
0" " cF, o CFs f\@o/@ 0" N O
F F F
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OO, Lo oo ol
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™
F
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F F F
F F ci
|
0 " cr, o o F 0" "0cF,
F F
F o -
NS
I (0] CHF, o A CHF, ) CHF, o A
F F _N._CFs F
=~ "N Z =~ "N
‘Lo CrayT ol oA
o) 0 0 Cl 0 CF3
ﬁF /@\ r\;\(>:F /©:F F C F CF3
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0 F
0 CF4 L E
. or, F F F F
0/©/ 0 i :F 0 : “OCF, 0 : “CHF,
F F F
F F F
0 : ; :o’ i “F
F F ; and

When n=2, A is selected from the group consisting of:

F N
LT *@OL
]
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F F ci
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0" cF o CF )

(¢ CF, 3 3 (o) CF,
L Lo Ol ol

D |
0" "¢, 0 CFs N o CFs 0" X"CF,
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20. A compound, wherein the compound is the following compound:

Examp Structure Examp

Structure
le le
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21. A pharmaceutical composition, comprising the compound, cis-trans isomer
thereof, enantiomer thereof, diastereomer thereof, racemate thereof, solvate thereof,
hydrate thereof or pharmaceutically acceptable salt thereof thereof according to any one

of claims 1 to 20, and a pharmaceutically acceptable excipient.

22. Use of the compound according to any one of claims 1 to 20 or the

pharmaceutical composition according to claim 21 in the manufacture of a medicament
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for the treatment or prevention of the following diseases: diabetic complication,

neuroinflammation-related disease or atherosclerosis.

23. The use according to claim 22, wherein the diabetic complication is diabetic
retinopathy/diabetic macular edema, diabetic nephropathy, diabetic neuropathy,

diabetic peripheral neuropathy pain or diabetic foot.

24. The use according to claim 22, wherein the neuroinflammation-related disease
is Alzheimer's disease, multiple sclerosis, amyotrophic lateral sclerosis, or Parkinson's

disease.
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