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ABSTRACT

Isocitrate dehydrogenase (IDH), which catalyzes tbenversion of isocitrate to
a-ketoglutarate, is one of key enzymes in the tboaylic acid cycle (TCA). Abundant
evidence has shown that IDH mutations occur inousitumors. Substitution of specific
amino acids, such as R132 in IDH1 or R172 in IDiHZhe active site alters the function of
IDH, converting thea-ketoglutarate{-KG) to 2-hydroxyglutarate (2-HG) and leading to
abnormal cell metabolism. Because the IDH mutatiomslve multiple brain tumors, IDH
inhibitors have to breach the blood-brain barri®BB) and reach the site of action at the
minimal effective concentration in order to treatih tumors. The requirement may limit the
clinical application in glioblastoma of the currel@H1 inhibitor, for example, AG-120.
Consequently, we have designed and synthesizedrel serial of mutant IDH1 inhibitors
with improved activity and BBB penetration. Compdus exhibits excellent inhibitory
activity both in the enzyme (R132C4G= 8.2 nM; R132H 16, = 4.0 nM) and in the HT1080

cell line (1Go = 15.9 nM). It also shows good BBB penetratiorhvaatisfactory PK and PD



profiling in a CDX model, which makes it a potehtijareclinical candidate to treat

glioblastoma.

INTRODUCTION

Isocitrate dehydrogenase (IDH) is a key enzymehatticarboxylic acid (TCA) cycle and
plays an important role in energy metabolism.[1lhimans, there are three isoforms of IDH
enzyme (IDH1, IDH2, IDH3).[2,3] IDH1, present majrih the cytosol, is NADP-dependent
and performs the conversion of isocitrateotéetoglutarate -KG) through an oxidative
decarboxylation process.[4] With hotspot mutatiomghe active site, such as R132H and
R132C, IDH1 performs an erroneous catalytic congarsand accumulates the

oncometabolite (R)-2-hydroxyglutatrate (R-2-HG) 95—

Increased R-2-HG levels not only act as a biomafl&eraccurate diagnosis of the IDH
mutation,[10,11] but also promote tumor formatidmough a variety of mechanisms.
Numerous studies have confirmed that R-2-HG caecaffmany cellular enzymes that
regulate histone and DNA methylation levels, anid ih turn is highly associated with
tumorigenesis.[12—14] Most recently, the crucialerof R-2-HG in immunity has been
reported.[15,16] R-2-HG may also acts as immune pgsor in the tumor
microenvironment,[17] which suggests a significamtitumor potential stemming from

inhibition of mutant IDH.

In the last decade, with the development of laggestumor genetic sequencing and the
development of precision medicine, IDH mutationshvthe neomorphic activity have been

identified as the important driving mutations iwvariety of cancers, including malignancies



such as acute myeloid leukemia (AML),[6,18-20] gias,[8,10,21,22] and intrahepatic
cholangiocarcinoma.[23] Secondary glioblastoma iiauihe (secondary GBM) is an
extremely malignant cancer that begins in the brAinpresent, the treatment of GBM is
limited to surgery and radiotherapy.[24] Becausestmantitumor drugs have difficulty
passing the blood-brain barrier, there are few céffe drugs in this context and the
application of some tyrosine kinase inhibitors asomd-line treatment is also apparently
subject to certain obstacles.[25] An oral alkylgtiagent, temozolomide, widely used in
GBM chemotherapy, has been shown to be more eféedm patients with MGMT
methylation.[26—28] Despite intense treatment waimozolomide, the cancer usually recurs
and the median survival time is only 15 months.[28re is therefore an urgent need for
new drugs that can effectively control this seridisease. Since IDH1 mutations are present
in more than 70% of low-grade gliomas and secondgigblastoma,[30] IDH inhibitors
could bring new breakthroughs in the treatment to$ type of cancer. Acute myeloid
leukemia (AML) is another fatal leukemia causedanest of differentiation of the immature
myeloblast and can progress very rapidly. With lep of tumor genomic analysis, some
specific mutations that lead to AML have been id&tt and mutant IDH has been shown to
block cell differentiation.[31,32] Thus inhibitoeggainst IDH mutations are designed for use
in AML patients with IDH mutations, a group whictcaunts for 20% of all AML
patients.[32] At present, with the AG-221 (enasidgra mutant IDH2 inhibitor, approved by

the US FDA, this treatment concept targeting mulaht has been affirmed.[33]

Currently, some IDH1 inhibitors are undergoing idat trials, among which AG-120

(ivosidenib) and IDH-305 have progressed considgraBoth of these compounds can



significantly reduce D-2-HG levels in mice with xagraft tumors.[34,35] Compared to
AG-120, IDH-305 appears to be superior in respé&RB penetration. Therefore, based on
IDH-305, we carried out further chemical modificatiby means of computer-assisted drug
design (CADD). In order to enhance the affinitytbé compounds to the mutant IDH1, we
attempted to link the bipyridyl moiety of IDH-30%é change the dihedral angles in the
structure to produce a newn stacking with the W267 residue in IDH-305. Compdin
exhibits great biochemical and cellular activitiehe pharmacokinetic (PK) and
pharmacodynamics (PD) profiles were also evaluatednouse models. Compounsl
effectively lower the 2-HG levein vivo. Notably, 5 is brain permeable and holds great

potential as a preclinical candidate to treat btamors with IDH1 mutations.

RESULTSAND DISCUSSION

Design strategies

In the initial stage of structural modification, weed the Maestro program in Schrédinger
software to explore the appropriate transformatiethod. According to the reported X-ray
co-crystal structure (PDB: 6b0z), consisting of pound IDH-305 and protein mutant IDH1,
there are 4 hydrogen bonds within the pocket mmdstacking between the W124 and the
pyrimidine ring (Figure 1A).[35] The red area shokey atoms that participate in hydrogen
bonds and these core areas were retained beforenbvegfurther modification. Docking to
the protein template of some hypothetical smallenolar structures was then examined. The
first alternative began with a connection to theybdyl moiety. A six-membered alkyl ring

was thought to be the most suitable ring with whiclereate a new-n stacking between the



terminal pyridyl ring and W267. However, the calteld results show that this may conflict
with W124 and cause a conformational change (FigBeand 1C). We then resized the
internal pyridyl ring to a five-membered imidaza@d found that the calculated results
support a newt-n stacking without such a clash (Figure 1E). We aigd to change the
trifluoromethyl group to chlorine and a carbon tygen. The product docked in the pockets
with a similar pose to that of IDH-305 (Figure 1Dhese changes created a smart dihedral
angle (12.7° in compountand 16.8° in compouns), which are both much smaller than the
angle in IDH-305 (55.3°). The saturated heterocyahg can effectively reduce the dihedral
angle between the two aromatic rings while retgnan certain flexibility. This newt-n

stacking appears to lead to improvement in thevidgtof compounds.
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Figure 1. (A) Conceptual design of new compoun(B, C) Docking and possible binding
modes shown with the aid of Maestro software. Arsember alkyl ring between the
bipyridyl moiety may conflict with W124 and causenféormational change. All molecule
backbones are shown in green. The R132H IDH1 bawsklmomes from PDB bank (PDB:
6b0z) and is grey. Ther stacking is shown with blue dashed lines. Stdashes are shown
as red dashed lines. Hydrogen bonds are shownllasvy#gashed lines(D) Compoundl

docks with mutant IDH1(E) Compound docks with mutant IDH1.



Chemistry

Compoundsl-24 were synthesized and subjected to structure-actrelationship (SAR)
studies. All these compounds consist of differenin@ side chains with a heterocyclic-fused
structure and, in addition, a 4-oxazolidinone pydime moiety. Both fragments were
synthesized separately following the general ralgscribed in Scheme 1. For modification
of the amino side chains, we used different comrallycavailable materials to synthesize
lactams as the starting substrates. Imidazole ringse then formed with diethyl
chlorophosphite and methyl isocyanoacetate. AftdBADH reduction to aldehydes
(Dess-Matrtin periodinane was used to counter odanion), a methyl group was introduced,
creating a chiral carbon, by a Grignard reagent wvilte help of chiral induction of
(S)tert-butylsulfinamide. Amino side chains were succdbsfiormed after alcoholysis of
the inductive group. The synthesis of different fitbted oxazolidinones uses the same
published route as was used for IDH-305 and itsvdeves [35]. Finally, the oxazolidinone
was linked to the halogenated pyrimidine and the fr@gments were combined to obtain the

desired compoundk24 (Table 1-4).
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Scheme 1. General route for synthesis of compoufe?s. Reagents and reaction conditions:
() NaHMDS, diethyl chlorophosphite, methyl isocgacetate, THF, -30, 2 h (II) DIBALH
(DMP for overreduction), DCM, -78, 40 min (lll) (S)-(-)-2-Methyl-2-propanesulfinanad
Ti(OEt)4, THF, RT, overnight (IV) MeMgBr, THF, -78, 1 h (V) HCI, MeOH, rt, 2 h (VI)

NaH, DMF, RT, 2h (VII)DIPEA, DMSO, 100, 1.5 h.

SAR studies

A recombinant IDH1 enzyme assay was used to afisesgility of all compounds to inhibit
the enzymatic activity of mutant IDH1. Diaphorasel aesazurin can induce a secondary
reaction for accurate quantification of NADPH resits. Cellular activity was determined in
HT1080 cells by a commercially available kit. Thaaunt of 2-HG present in the samples

can be measured directly. A selection of compouwnitts good enzymatic inhibitory activity



(IC50<20 nM) were tested for cellular activity.

Compoundsl-5 were synthesized and tested in the enzyme asshgllawere found to have
good potency (Table 1). The results also met tlpeetations of the computer-aided design.
Some of them have even lowers§Gralues than AG-120 and they are all better than th
prototype compound IDH-305. Compould with 1Cso= 1.0 nM has the highest enzyme
inhibitory activity. The structural changes amongmpoundsl, 2, 4, 5 do not cause
significant changes in enzyme inhibitory activitjowever, substitution of a trifluoromethyl
group leads to better cellular activity than chierisubstitution. The oxygen substitution in
heterocyclic ring has less impact. Further stradtunodification and screening based on
compoundl1-5 continued. The structural modification area is mhadivided into the four

groups, X, R, R, and R.

Table 1. Recombinant IDH1 Enzyme Assay Activity and 2-HGibition Assay Activity of

compoundt-52

Recombinant IDH1

2-HG
Enzyme Assay 2-HG
(resazurin/diaphorase/NA PO In
S(;Jmpou Structure DPH syster) HT1080
R132C1Go R132HIGo | \»

(nM) (nM)

N/ y
1 @[ f\( Q 14.4 2.2 60.3




AN AN
N/ \ﬁ p
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F >W</o
_N H N=<
4 w H'\Q 15.3 2.3 53.7
cl N\fo ' ' '
N R
N/ \_/
5 FW (o 82 4.0 15.9
; —L
F

IDH-305 50.2 49.6 52.7

AG-120 23.0 3.5 25.4

3See the experimental section for assay defdilse given IG, values are mean values of at

least three experiments. The deviations were witbib.

In group X (Table 2), the ethylene group was regdlaby a methyl grouplQ, 14) or by a
suitable bioisostere grou,(13, 21). Due to the steric limitations imposed by 1128 an
W124 (Figure 1B), any expansion results in losgpatency, which is consistent with the
results of the CADD. Compourtishows a slightly increased cellular activity wattsmaller
sulfur atom linker. This may result from the enheth@lanarity of its amino side chaié: (
ClogP=3.69 vsb: ClogP=3.22). However, the structural rigidity neg/too strong to create a
new n-n stacking with W267 and this will finally limit it@nzyme activity (Figure 2A).

Compoundl13 has a more flexible seven-membered ring, which mesplt in triplen-n



stacking with W124 (Figure 2B). Therefore, a satnlasix-membered ring was determined
to be the most suitable linking group for this gdategion. It is flexible, producing a suitable

dihedral angleX; 12.7°,5: 16.8°n-n stacking with W267).

Table 2. Recombinant IDH1 Enzyme Assay Activity and 2-HGibition Assay Activity and

calculated dihedral angles of compouhdo, 13, 14, 21°

N H N
~ N— ™
ﬁ/@ AN
F N__O
L N o
F E o)

Recombinant IDH1
Enzyme Assay

2-HG
Inhibiton

Calculgte Calculate in/diaph /In
Comp X Group d - (resazurin/diap yorase HT1080
ound Structure Dihedral " NADPH system b
stacking
Angle
R132C R132H
ICs0(NM)  ICs¢(NM) ICoo(nM)
8 -S- -0.3° None 17.3 19.2 9.7
10 -CH(CH)CHr il % None 935 1285
13 -CH,CH,CH,-  -49.5° W124 43.5 44.3 35.5
14 -CH,CH(CHy)- igé ° None 1191 1198
21 -SCH- 23.0° W267 24.1 23.8 17.0

3See the experimental section for assay defdilse given IG, values are mean values of at

least three experiments. The deviations were witbib.



Figure 2. (A) Compound8 docks with mutant IDH1(B) Compoundl3 docks with mutant

IDH1.

Then we also tested different substituents on ¢nmibal benzene ring. According to the
SAR of IDH-305, the group Rs critical to the physicochemical properties af tompound.
Low polarity substituents, such &st-butyl, will increase the penetration to brain lsuth
compounds will be easily cleared [35]. Therefomme other hydrophobic groups were tried
(Table 3). When compounds 5, 23, 24 were compared, it was found that, in addition to
hydrophobic interactions, strong electron-withdmagveffects are also important contributors
to the activity of the compound and it was suspkthat the trifluoromethyl group reduces
the electron density of the benzene ring and fatteesformation of ther-n stacking with

W267. Compoundl, 12, 22 were synthesized as compounds with rich or medilactronic



substitution but they failed to show the same Iefectivity as compound. The change in
the position of the trifluoromethyl groudy) leads to maintenance of the activity level but

substitution by the 4-chlorin®@) decreased the activity.

Table 3. Recombinant IDH1 Enzyme Assay Activity and 2-HGibition Assay Activity of

compounds, 11, 12, 15, 23-25%

=N N N<
1 /// N—(
2 N 4 N Y
R1 | ," N 0
4 ho

Recombinant IDH1
Enzyme Assay 2-HG inhibiton

Structure (resazurin/diaphorase/NA in HT1080°

Compou
nd DPH system)

R g o) 1Carny M
9 4-Cl -CHCH,- 81.9 241
11 3-cyclopropyl -OCH- 24.8 33.4 166.6
12 3-cyano -OCH- 393.9 478.5
15 2-Ch -CH,CHy- 8.0 18.4 13.2
22 3-OCH; -OCHy- 153.8 61.9
23 3-CHs -CH,CHy- 16.3 42.7 21.9
24 3-F -OCH- 44.5 47.8

3see the experimental section for assay deffitse given IG values are mean values of at

least three experiments. The deviations were witlBivh.



Compounds$ and7 with smaller halogen substitution o Bn the pyrimidine ring (Table 4),
such as fluorine or chlorine, are both toleratet.gfoup R, most other substitution on
oxazolidinones failed to improve the potency. Sigipgly, compound20 with a phenyl
substituent has the highest potency in cells@8@.6 nM). This may be due to the further
improvement of ClogP (3.86). Although current reshaas difficulty providing an accurate
of its conformation in the pocket, this may providew ideas for further structural

modification.

Table 4. Recombinant IDH1 Enzyme Assay Activity and 2-HGibition Assay Activity of

compounds, 7, 16-20#

6

N \<N‘ Re
=N HN

\
Nl// N?/ °

F N\(O
F S@O
F Rs
Recombinant IDH1 izr;rl\_:l:c);iton
Structure Enzyme Assay in
Compou (resazurin/diaphorase/N HT1080
nd ADPH system§ b
R132C R132H
R R CoonM)  ICsoniy 'C>™™)
6 5-F o o 17.0 2.1 20.3
7 6-Cl F 0o 23.6 2.12 34.6

N 6]
16 @gj 9.7 33.8 140.5




N
17 > ----- q 15.0 42.0 86.8

A
18 > “““ S(\f 18.8 50.8 26.3
A
N
19 < \f 5858 >10000
S

o
20 @ """ {l/\f 14.2 15.5 6.6

3See the experimental section for assay defdilse given IG, values are mean values of at

least three experiments. The deviations were witbib.

DMPK results

Because of the excellent activity in the recombinBi1 enzyme assay of both R132C and
R132H, compoundsl-6 were selected for furthem vivo pharmacokinetic testing and
comparison with AG-120 (Table 5). Trifluoromethylbstituted compound,(5) not only
have better R132C inhibitory activity and 2-HG imikory activity than chlorine-substituted
compounds 1, 4) (Table 1), but also have lower clearance, higle&posure and
bioavailability. Despite its isopropyl substitutiom the R region @) has a more enhanced
ability to inhibit the R132H IDH1 enzyme than tHedroethyl group, but its clearance is
increased significantly and its AUC is extremelwlorlhis is consistent with the study of

IDH-305.[35] Compound6, with a fluorine substituent on the pyrimidine,sha similar



pharmacokinetic profile to that of compoubd After 1 mg/kg IV administration in mice,
compound5 showed a moderate plasma clearance (23+1 mL* i), Ty, (1.5 + 0.1 hr)
and MRT (1.6 + 0.1 hr). Its mean Vss was 2.3 + D.Rg™. About 30 min after PO
administration of 5 mg/kg (Tmax 0.4 + 0.1 hr), thesma concentration of compouid
reached Cmax (1690 + 241 nM). The PO exposure (ABtI1041 + 2593 nM*hr) was close
to AG-120 in our study. Compoun8l was also considered to be the most promising
compound for higher dosage PK profiling. A xenograbdel derived from HT1080 cells was
established for PD testing. We measured the coratert of compound in plasma, brain
and tumor tissue and compared them with those ofl2G (Figure 3A-3C). Although the
plasma exposures of compoubénd AG-120 in plasma were relatively close, thposxire
of compoundb was significantly higher than that of AG-120 irethrain and the tumor. This
indicates that compourtilhas better targeting ability and has greater piatleior use in the
treatment of brain tumors. The same CDX model wsesddor PD testing. It was found that
compound5 could achieve a more effective R-2-HG reductioanttAG-120 within 3-20 h

after administration (Figure 3D).

Table 5. In vivo mouse PK profiles of compouridé andAG-120°

Compound 1 2 3 4 5 6 AG-120
P
%F{;‘L min=1 39 30 109 50 23 21 9

Mouse |Vss(Lkg) |23 52 30 43 23 21 15

Tua(hr) 10 21 05 1.7 15 14 25

MRTinf(hr) 1.0 2.9 0.4 1.4 1.6 1.6 2.8




*
m)c asthr | 917 1022 312 717 1439 1520 2972
1 *
QL)JC'“f(hr "l930 1113 323 735 1472 1543 3258
Tmax(hr) 04 17 03 03 04 09 04
Cmax(nM) 1206 1122 730 932 1690 1703 2264
Mouse | TvAD) 24 25 20 34 25 25 35
PO *
m)c st | 5008 8464 1650 4019 110412700 11162
1 *
Ql;c'nf(hr " |5048 9237 1761 4673 1105712719 12952
F(%) 109 152 109 117 150 165 80
®Data represents the mean of three replicates.
A Plasma B Brain
1000001 Compound 5 50 mg/kg 10000 Compound 5 50 mg/kg
g 10000 2 -= Compound 5 150 mg/kg E 1000 -=- Compound 5 150 mg/kg
E 3\‘ -+ AG-120 50 mglkg E -+ AG-120 50 mglkg
§ 1000 g 100
B I
E 1()()i \ E 10 \\
° s S ° ' 5 1 15 20 25
Hours post dose Hours post dose
C Tumor D
10000 amooun n ool 107 %,’ —— Compound 5 50 mglkg Total
:‘\\ = ooy £ \\ o™
E’ - 1 2 -+ AG-120 50 mg/kg 2 10 g -= Compound 5 150 mg/kg
£ 100 2 60 1°:§ -+ AG-120 50 mg/kg
§ " ; 20 10 @
8 1+ r T T T 1 0+ - T T T +10° r§—
1] 5 10 15 20 25 0 5 10 15 25 =

Hours post dose

20

Hours post dose

Figure 3. (A-C) Drug concentration in plasma, brain and tumor #@sstested in HT1080

xenograft mouse model after single dog#). Free and estimated total plasma compobind

concentration (mean+SD) was presented followingngles 50mg/kg dose of compourid

Percent inhibition of 2-HG (mean+SEM) in HT1080 ggmaft tumor samples in the case of



the single dose of 50 mg/kg and 150 mg/kg respelgttAG-120 was compared at a single

50 mg/kg dose.

CONCLUSION

AML and secondary GBM are two very difficult tumaaad current clinical drug treatment
options are very limited. IDH1 and IDH2 are botmsilered to be promising drug targets for
the treatment of these two malignancies and the2lEafigeted therapeutic drug, enasidenib,
has been successfully marketed. Through computiedadrug design, a promisingn
stacking with W267 was revealed that may enhaneadthivity in the co-crystal structure of
IDH-305. To verify this hypothesis, we designed aydthesized compounds24, analogs
with saturated heterocyclic linking groups. All cpounds were screened by the recombinant
IDH1 enzyme assay and the best were selected ftulaceactivity and PK profiling
comparison. The modelling studies assisted thegdesi a first group of compounds with
linkers in six-membered rings (compoundsb). All five compounds exhibit excellent
inhibitory potency against mutant IDH1. CompouBdas the best activity but is readily
metabolizedn vivo. Another 20 compounds were designed for in-degfiiogation of their
SARs. A trifluoromethyl group on the benzene ringynproduce a more favorabten
stacking and a moderately flexible linking groupaatontributes to the proper dihedral angle.
Further structural modifications can be made witmpound6 and compoun®0 because

they maintain relatively good activity and have meubstitutable positions.

Compound5 demonstrated good pharmacokinetic properties ensihgle-dose PK assay.

Subsequently the pharmacokinetic profile with higlhesages and pharmacodynamics profile



were realized in the CDX model. Compoun@xhibits higher exposure than AG-120 in the
brain and tumor and significantly reduces R-2-HGumors, suggesting good blood-brain
barrier permeability and therapeutic value in braimors with IDH1 mutation. More

experiments for toxicity and selectivity will berwtucted and verified in the future.

EXPERIMENTAL SECTION

General methods for Chemistry All reagents and starting materials were either
commercially available or prepared according teréiture reported procedures. All reactions
were monitored by thin layer chromatography (TLQG) silica gel 60 F254 plates and
visualized under UV light or used KMnQ@taining. NMR spectra were obtained on a
Bruker AV-400 spectrometetld NMR at 400 MHz**C NMR at 101 MHz, and®F NMR at
376 MHz). Chemicals shiftsd) were reported in parts per million and referentedhe
residual solvent peaks (CDLCT.26 ppm in'H NMR spectra and 77.16 ppm #C NMR).
Coupling constants (J) values were in hertz, ardsilitting patterns were abbreviated as
follows: s for singlet; b for broad; d for doubléfpr triplet; q for quartet; and m for multiplet.
Yields were of purified product and were not op#ied. Purity of all tested compounds was
higher than 95%. Purity and low resolution eleqgtray ionization (ESI) mass spectra were
recorded on an Agilent 1260/6120 ES-LCMS systene ddlumn was a Phenomenex Luna
C18, 100A, 2.0 50 mm, pm. Mobile phase: A (kD + 0.1% HCOOH); B (ACN). Gradient:

30% B increase to 95% B within 1 min, 95% B to 10B%vithin 0.1 min; 100% B for 2.4



min. Flow rate 0.50 mL/min. Column Temperature: 40 Sig=254nm. High resolution

ESI-MS were performed on an Thermo Fisher ScientifiQ FTICR-MS instrument.
General method for combination of amino side chains and oxazolidinone fragments.

a (less than 100mg, 1.0 equiv) amdl.2 equiv) were dissolved in anhydrous DMSO (1Lhm
DIPEA (3 equiv) was added and the mixture was liettel 00! for 1.5 h. The mixture was
then extracted with EtOAc and,8. The organic layer was washed witbCHand saturated
NaCl solution and dried over pBO,. The mixture was then concentrated and purified vi
flash chromatography on silica gel to get the @estompound$1-24). All final products

were lyophilized to give out white powder.

(R)-3-(2-(((9)-1-(7-chloro-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] oxazin-3-yl)ethyl)amino)pyrimidi

n-4-yl)-4-((S)-1-fluoroethyl)oxazolidin-2-one (1)

Compound 1 was synthesized fromla and 1g. la was synthesized from
7-chloro-H-benzop][1,4]oxazin-3(4)-one in a similar progress to that described fa t

preparation ofa.

=N H Nx<
N O
Cl O >
P

'H NMR (400 MHz, Chlorofornd) & 8.19 (d,J = 5.8 Hz, 1H), 7.89 (s, 1H), 7.46 (@z 5.8
Hz, 1H), 7.33 (dJ = 8.5 Hz, 1H), 7.07 (d] = 2.1 Hz, 1H), 7.01 (dd} = 8.5, 2.2 Hz, 1H),
5.68 (br, 1H), 5.37 — 4.78 (m, 4H), 4.74 — 4.58 (i), 4.51 (d,) = 3.3 Hz, 1H), 4.36 (] =

9.0 Hz, 1H), 1.60 (d] = 6.9 Hz, 3H), 1.24 (br, 3H)°F NMR (376 MHz, Chlorofornd) &



-197.63 *C NMR (101 MHz, Chlorofornd) 6 160.78 , 159.04 , 157.20 , 154.21 , 146.60 ,
138.91, 132.05, 130.52, 122.80, 119.01 , 117/196.26 , 99.53, 87.25 (@~ 174.4 Hz),
62.45 , 61.86 (d) = 6.3 Hz), 57.70 (d] = 19.6 Hz), 44.62 , 21.39 , 16.83 {d= 21.6 Hz).
ES-LCMS m/z: 459.0 (M+H) HRMS m/z: calcd for C21H21CIFN603 459.1342; found

459.1341. 99.63% purity.

(R)-4-((9-1-fluoroethyl)-3-(2-(((9)-1-(7-(trifluoromethyl )-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] ox

azin-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (2 )

Compound was synthesized fro2a and1g.

N H N=
FYCEO ‘\N\(o
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'H NMR (400 MHz, Chlorofornd) & 8.11 (d,J = 5.8 Hz, 1H), 7.90 (s, 1H), 7.44 @@= 8.1
Hz, 1H), 7.38 (dJ = 5.8 Hz, 1H), 7.27 — 7.19 (m, 2H), 6.70 — 5.40 {iH), 5.34 — 4.78 (m,
4H), 4.59 (ddJ) = 26.7, 8.5 Hz, 1H), 4.42 (dd,= 8.9, 3.3 Hz, 1H), 4.29 (§,= 9.0 Hz, 1H),
1.55 (d,J = 6.9 Hz, 3H), 1.17 (dJ = 17.8 Hz, 3H)!°*F NMR (376 MHz, Chlorofornd) &
-62.57 , -196.92 1°C NMR (101 MHz, Chlorofornd) 6 160.80 , 158.92 , 157.17 , 154.15 ,
145.89 , 139.37 , 130.85 , 128.98 J&; 33.3 Hz), 126.55 , 123.41 (§= 272.2 Hz), 119.59
(g, J = 3.9 Hz), 117.61 , 115.98 (d,= 3.8 Hz), 115.73 , 99.37 , 87.24 (= 174.2 Hz),
62.41 , 61.80 (dJ = 6.2 Hz), 57.66 (d) = 19.5 Hz) , 44.10 , 21.25 , 16.74 (= 21.6 Hz).
ES-LCMS m/z: 493.0 (M+H) HRMS m/z: calcd for C22H21F4N603 493.1606; found,

493.1606. 98.41% purity.



(9)-4-isopropyl-3-(2-(((9)-1-(7-(trifluoromethyl)-4,5-di hydroi midazo[ 1,5-a] quinolin-3-yl)ethy

[)amino)pyrimidin-4-yl)oxazolidin-2-one (3)

Compound 3 was synthesized from3a and 3g. 3g was synthesized from
2,4-dichloropyrimidine and (S)-4-isopropyloxazotieR-one in a similar progress to that

described for the preparation 1.

N
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F

'H NMR (400 MHz, Chlorofornd) 5 8.18 (d,J = 5.8 Hz, 1H), 7.99 (s, 1H), 7.59 — 7.46 (m,
3H), 7.43 (dJ = 5.8 Hz, 1H), 5.70 (br, 1H), 5.19 (br, 1H), 4®8, 1H), 4.35 — 4.20 (m, 2H),
3.18 — 2.82 (m, 4H), 2.51 (br, 1H), 1.59 Jd; 6.8 Hz, 3H), 0.90 (d] = 6.9 Hz, 3H), 0.81 (d,

J = 6.5 Hz, 3H).*F NMR (376 MHz, Chlorofornd) & -62.31 .**C NMR (101 MHz,
Chloroformd) & 161.03 , 158.83 , 157.42 , 154.91 , 139.09 , ¥36.631.09 , 128.71 ,
127.82 (qJ = 32.9 Hz), 126.72 (q] = 3.6 Hz), 125.10 (q] = 3.5 Hz), 123.89 (q] = 271.9
Hz), 122.37 , 115.94 , 99.30 , 63.13 , 58.65 ,33.97.75 , 26.65 , 21.67 , 19.01 , 18.24 ,
14.34 . ES-LCMS m/z: 487.0 (M+H)HRMS m/z: calcd for C24H26F3N602 487.2064;

found, 487.2063. 100% purity.

(R)-3-(2-(((9)-1-(7-chloro-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethyl Jamino)pyrimidin-4-y

1)-4-((9)-1-fluoroethyl)oxazolidin-2-one (4)

Compound 4 was synthesized from4a and 1g. 4a was synthesized from

(2,5-dichlorophenyl)boronic acid in a similar pregs to that described for the preparation of
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'H NMR (400 MHz, Chlorofornd) § 8.21 (d,J = 5.7 Hz, 1H), 7.93 (s, 1H), 7.46 @@= 5.7
Hz, 1H), 7.35 — 7.24 (m, 3H), 5.75 (br, 1H), 5.b7, @H), 4.82 — 4.61 (m, 1H), 4.54 (db=
8.8, 3.4 Hz, 1H), 4.39 (1 = 8.9 Hz, 1H), 3.20 — 2.75 (m, 4H), 1.58 Jd; 6.8 Hz, 3H), 1.33
(d, J = 19.1 Hz, 3H)F NMR (376 MHz, Chlorofornd) 5 -197.81 .**C NMR (101 MHz,
Chloroformd) & 160.82 , 159.07 , 157.12 , 154.28 , 138.62 , ¥32.%31.09 , 130.66 ,
129.85, 129.49 , 127.82 , 122.29 , 116.93 , 998228 (dJ = 174.0 Hz), 61.85 (dl = 6.3
Hz), 57.74 (d) = 19.6 Hz) , 43.64 , 26.52, 21.70 , 19.07 , 1§00 = 21.7 Hz). ES-LCMS
m/z: 457.0 (M+H). HRMS m/z: calcd for C22H23CIFN602 457.1550; foud87.1549.

98.80% purity.

(R)-4-((9-1-fluoroethyl)-3-(2-(((9)-1-(7-(trifluoromethyl)-4,5-dihydroimidazo[ 1,5-a] quinolin

-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (5)

Compoundb was synthesized froBa and1g.

—N H N=<
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'H NMR (400 MHz, Chloroformd) 5 8.19 (s, 1H), 7.98 (s, 1H), 7.60 — 7.39 (m, 4HJ25br,
1H), 5.16 (br, 2H), 4.76 — 4.61 (m, 1H), 4.52 J¢& 8.4 Hz, 1H), 4.37 (t) = 8.6 Hz, 1H),

3.15 — 2.80 (d,) = 63.1 Hz, 4H), 1.57 (d] = 6.6 Hz, 3H), 1.32 (dJ = 21.3 Hz, 3H)°F



NMR (376 MHz, Chloroformd) § -62.35 , -197.86 **C NMR (101 MHz, Chlorofornd) &
160.84 , 159.08 , 157.16 , 154.25 , 139.03 , 136.581.01 , 128.70 , 127.83 (@~ 32.8,
32.2 Hz), 126.81 — 126.59 (m), 125.08 Jg= 3.4 Hz), 123.87 (q) = 271.9 Hz), 122.39 ,
115.92 , 99.18 , 87.27 (d,= 174.7 Hz), 61.84 (dl = 6.3 Hz), 57.74 (dJ = 19.6 Hz) , 43.57
26.60 , 21.63 , 19.02 , 16.89 (@l= 21.7 Hz). ES-LCMS m/z: 491.0 (M+H)HRMS m/z:

calcd for C23H23F4AN602 491.1813; found, 491.1800D% purity.

(R)-3-(5-fluoro-2-(((9)-1-(7-(trifluoromethyl)-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethyl)a

mino)pyrimidin-4-yl)-4-((S)-1-fluoroethyl)oxazolidin-2-one (6)

Compound 6 was synthesized fronBa and 6g. 6g was synthesized fromlh and

2,4-dichloro-5-fluoropyrimidine in a similar progr® to that described for the preparation of

1g.
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'H NMR (400 MHz, Chlorofornd) 6 8.20 (d,J = 2.8 Hz, 1H), 7.98 (s, 1H), 7.58 — 7.46 (m,
3H), 5.86 (br, 1H), 5.15 — 4.87 (m, 2H), 4.75 —14(6, 1H), 4.50 (pJ = 8.6 Hz, 2H), 3.13 —
2.84 (m, 4H), 1.56 (d] = 6.8 Hz, 3H), 1.27 (ddl = 23.2, 6.3 Hz, 3H)'*F NMR (376 MHz,
Chloroformd) § -62.31 , -152.16 , -194.12"3C NMR (101 MHz, Chlorofornd) § 157.54 (dJ =
2.4 Hz), 153.69 , 147.88 (d,= 11.8 Hz), 145.39 (d] = 12.3 Hz), 143.94 (d] = 254.2 Hz), 138.77 ,
136.56 , 131.08 , 128.68 , 127.82.4c; 32.9 Hz), 126.71 (g} = 3.7 Hz), 123.87 (q] = 271.9 Hz), 125.08
(q,J = 3.8 Hz), 122.55 , 115.96 , 86.18 (ds 176.8 Hz), 62.90 (d] = 5.9 Hz), 58.40 (dJ = 20.3 Hz),

4457 , 26.58 , 21.42 , 19.00 , 16.58J¢ 21.9 Hz). ES-LCMS m/z: 509.0 (M+H) HRMS m/z:



calcd for C23H22F5N602 509.1719; found, 507.17¥32@% purity.

(R)-3-(6-chloro-2-(((9-1-(7-(trifluoromethyl)-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethyl)a

mino)pyrimidin-4-yl)-4-((S)-1-fluoroethyl)oxazolidin-2-one (7)

Compound 7 was synthesized fron8a and 7g. 7g was synthesized fromlh and

2,4,6-trichloropyrimidine in a similar progressthat described for the preparationlgf

'H NMR (400 MHz, Chlorofornd) & 7.97 (s, 1H), 7.60 — 7.45 (m, 4H), 5.92 Jc& 7.3 Hz,
1H), 5.40 — 4.87 (m, 2H), 4.81 — 4.28 (m, 3H), 3:39.77 (m, 4H), 1.59 (d, = 6.5 Hz, 3H),
1.42 — 1.23 (m, 3H)'°*F NMR (376 MHz, Chlorofornd) & -62.30 , -197.78 (dp] = 47.9,
24.0, 23.5 Hz)1.3c NMR (101 MHz, Chlorofornd) 6 162.11 , 160.24 , 157.93 , 153.96 , 138.25 ,
136.55 , 131.16 , 129.04 , 127.83 Jo& 33.4 Hz), 126.74 (q] = 3.7 Hz), 125.01 , 123.86 (d,= 271.9
Hz), 123.57 , 115.91, 98.09 , 87.15Jck 174.1 Hz), 61.89 (dl = 6.0 Hz), 57.99 (d] = 19.4 Hz), 43.25 ,
26.69 , 20.95 , 18.93 , 16.77 (ts 21.4 Hz). ES-LCMS m/z: 525.0 (M+H) HRMS m/z: calcd for

C23H22CIFAN602 525.1423; found, 525.1435. 100%tyuri

(R)-4-((9)-1-fluoroethyl)-3-(2-(((9)-1-(6-(trifluoromethyl ) benzo[ d] imidazo[ 5,1-b] thiazol -3-yl)

ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (8)

Compound was synthesized fro®a and1g.
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'H NMR (400 MHz, Chlorofornd) & 8.29 (s, 1H), 8.24 (d] = 5.8 Hz, 1H), 7.78 (s, 1H),
7.73 (d,J = 8.4 Hz, 1H), 7.63 (d] = 8.4 Hz, 1H), 7.51 (dJ = 5.8 Hz, 1H), 6.21 (br, 1H),
5.17 (br, 1H), 4.65 (dd] = 26.7, 7.4 Hz, 1H), 4.58 — 4.40 (m, 2H), 4.36)(& 8.9 Hz, 1H),
1.67 (d,J = 6.9 Hz, 3H), 1.06 (br, 3H}%F NMR (376 MHz, Chlorofornd) & -61.85
-197.40 ¥*C NMR (101 MHz, Chlorofornd) & 161.11 , 159.32 , 157.18 , 154.15 , 134.87 ,
134.58 , 133.17 , 128.33 (@= 33.3 Hz), 126.34 , 123.82 , 123.62 ¢ 272.5 Hz), 123.52
(q,J = 3.7 Hz), 121.94 (q] = 3.9 Hz), 112.80 , 99.59 , 87.26 (0= 174.3 Hz), 61.80 (d] =

6.5 Hz), 57.75 (dJ = 19.5 Hz), 46.29 , 21.08 , 16.80 (d= 21.5 Hz). ES-LCMS m/z: 495.1

(M+H)". HRMS m/z: calcd for C21H19FAN6O2S 495.1221; fqutb.1220. 100% purity.

(R)-3-(2-(((9)-1-(6-chloro-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethyl Jamino)pyrimidin-4-y

1)-4-((S)-1-fluoroethyl )oxazolidin-2-one (9)

Compound was synthesized fro®a and1g.

=N N N=
\N O
cl F>_\/\f

'H NMR (400 MHz, Chloroformd) § 8.21 (d,J = 5.7 Hz, 1H), 7.95 (s, 1H), 7.46 @z= 5.7
Hz, 1H), 7.34 (ddJ = 7.0, 2.2 Hz, 1H), 7.31 — 7.19 (m, 2H), 5.81 (3), 5.18 (br, 2H), 4.85

— 4.60 (m, 1H), 4.54 (dd, = 8.9, 3.4 Hz, 1H), 4.40 (§,= 8.9 Hz, 1H), 3.25 — 2.73 (m, 4H),



1.59 (d,J = 6.8 Hz, 3H), 1.47 — 1.18 (m, 3HJF NMR (376 MHz, Chlorofornd) 5 -197.64 .
¥c NMR (101 MHz, Chlorofornd) 6 160.80 , 159.03 , 157.08 , 154.24 , 138.43 , 185.1
134.70, 130.92 , 128.17 , 126.65 , 126.32 , 1221A31.21 , 99.05 , 87.27 (@~ 174.1 Hz),
61.82 (dJ = 6.3 Hz), 57.71 (dJ = 19.6 Hz), 43.60 , 23.57 , 21.65, 18.59 , 1§dBA = 21.6
Hz). ES-LCMS m/z: 457.1 (M+H) HRMS m/z: calcd for C22H23CIFN60O2 457.1550;

found, 457.1548. 100% purity.

(4R)-4-((9)-1-fluoroethyl)-3-(2-(((19)-1-(5-methyl - 7-(trifluoromethyl )-4,5-dihydroimidazo[ 1,5

-a] quinolin-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (10)

CompoundlO was synthesized froiDa andlg.

—N H  Nx<
F N-©
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'H NMR (400 MHz, Chloroformd) & 8.20 (dd,J = 5.7, 2.0 Hz, 1H), 7.99 (s, 1H), 7.55
5.6 Hz, 2H), 7.49 (dj = 8.8 Hz, 1H), 7.45 (dd] = 5.7, 4.0 Hz, 1H), 5.72 (br, 1H), 5.17 (br,
2H), 4.69 (ddJ = 26.7, 7.1 Hz, 1H), 4.59 — 4.44 (m, 1H), 4.37)(t 8.9 Hz, 1H), 3.19 —
2.68 (m, 3H), 1.57 (ddj = 6.8, 2.4 Hz, 3H), 1.45 — 1.10 (m, 6HJF NMR (376 MHz,
Chloroformd) & -62.25 , -197.47 *C NMR (101 MHz, Chlorofornd) & 160.81 (dJ = 3.7
Hz), 159.06 , 157.15 (d] = 3.7 Hz), 154.28 , 140.07 , 135.73 , 133.58J)&; 8.6 Hz),
130.84 , 128.10 (gl = 32.8 Hz), 125.62 — 125.30 (m), 125.03J6; 3.8 Hz), 123.91 (q] =
272.0 Hz), 121.42 , 116.06 , 99.20 , 89.02 — 8%m8) 61.83 (dJ = 5.7 Hz), 57.74 (dJ =
19.4 Hz), 43.65 , 31.49 (d,= 17.1 Hz), 26.68 , 21.81 (d= 23.0 Hz), 19.86 (d] = 51.6 Hz),

16.94 (dd,J = 21.6, 5.5 Hz). ES-LCMS m/z: 505.1 (M+H)HRMS m/z: calcd for



C24H25F4N602 505.1970; found, 505.1966. 98.66%yuri

(R)-3-(2-(((9)-1-(7-cyclopropyl-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] oxazin-3-yl)ethyl )Jamino)pyri

midin-4-yl)-4-((S)-1-fluoroethyl)oxazolidin-2-one (11)

Compoundll was synthesized frodila and1g.

N\(Q

Besp

'H NMR (400 MHz, Chlorofornd) 6 8.19 (d,J = 5.7 Hz, 1H), 7.87 (s, 1H), 7.46 @@= 5.7
Hz, 1H), 7.27 (dJ = 8.0 Hz, 1H), 6.79 — 6.70 (m, 2H), 5.71 (br, 16)81 — 4.89 (m, 4H),
4.65 (dd,J = 25.8, 7.7 Hz, 1H), 4.50 (dd,= 8.7, 2.9 Hz, 1H), 4.36 (8,= 9.0 Hz, 1H), 1.84
(tt, J= 8.5, 5.1 Hz, 1H), 1.60 (d,= 6.8 Hz, 3H), 1.24 (br, 3H), 0.96 (&= 6.3 Hz, 2H), 0.66
(q, J = 4.9 Hz, 2H).**F NMR (376 MHz, Chlorofornd) & -197.72 .**C NMR (101 MHz,
Chloroformd) & 160.84 , 159.08 , 157.17 , 154.22 , 146.06 , 143.838.40 , 130.28 ,
121.64 ,120.14 ,117.91, 115.29 , 115.19 , 998327 (dJ = 174.2 Hz), 62.19 , 61.84 (@,
= 6.4 Hz), 57.70 (d) = 19.6 Hz), 44.46 , 21.56 , 16.82 = 21.6 Hz), 15.31 , 9.56 .

ES-LCMS m/z: 465.1 (M+H) HRMS m/z: calcd for C24H26FN603 465.2045; found,

465.2043. 98.96% purity.

3-((9-1-((4-((R)-4-((9)-1-fluoroethyl)-2-oxooxazolidin-3-yl ) pyrimidin-2-yl Jamino)ethyl )-4H-

benzo[ b] imidazo[ 1,5-d] [1,4] oxazine-7-carbonitrile (12)

Compoundl2 was synthesized froriRa andlg.



TR,

'H NMR (400 MHz, Chlorofornd) 6 8.17 (d,J = 5.8 Hz, 1H), 7.96 (s, 1H), 7.49 (@= 8.6
Hz, 1H), 7.45 (dJ = 5.7 Hz, 1H), 7.38 — 7.31 (m, 2H), 5.64 (br, 1640 — 4.95 (m, 4H),
4.72 — 4.56 (m, 1H), 4.49 (dd,= 8.8, 3.2 Hz, 1H), 4.36 (§,= 9.0 Hz, 1H), 1.59 (d] = 6.9
Hz, 3H), 1.25 (d,) = 16.6 Hz, 3H)**F NMR (376 MHz, Chlorofornd) & -197.61 *C NMR
(101 MHz, Chloroformd) & 160.69 , 158.98 , 157.18 , 154.16 , 145.96 , 139.531.09 ,
127.54 ,126.77 , 122.32 , 117.86 , 117.48 , 116119.21 , 99.55 , 87.22 (d= 174.3 Hz),
62.52 , 61.84 (dJ = 6.3 Hz), 57.67 (dJ = 19.5 Hz), 43.98 , 21.15 , 16.80 (4 21.6 Hz).
ES-LCMS m/z: 450.0 (M+H) HRMS m/z: calcd for C22H21FN703 450.1684; found,

450.1683. 100% purity.

(R)-4-((9-1-fluoroethyl)-3-(2-(((S)-1-(8-(trifluoromethyl)-5,6-di hydro-4H-benzo[ f] imidazo] 1,

5-a] azepin-3-yl)ethyl Jamino)pyrimidin-4-yl)oxazolidin-2-one (13)

Compoundl3 was synthesized froriBa andlg.

'H NMR (400 MHz, Chloroformd) § 8.19 (d,J = 5.7 Hz, 1H), 7.67 (s, 1H), 7.61 @@= 8.2
Hz, 1H), 7.57 (s, 1H), 7.45 (d,= 5.7 Hz, 1H), 7.39 (d] = 8.1 Hz, 1H), 5.77 (br, 1H), 5.19
(br, 2H), 4.80 — 4.60 (m, 1H), 4.52 (dbl= 8.8, 3.4 Hz, 1H), 4.38 (8, = 8.7 Hz, 1H), 2.78 —

2.49 (m, 4H), 2.25 — 1.80 (m, 2H), 1.58 §d 6.7 Hz, 3H), 1.33 (dd] = 22.9, 5.4 Hz, 3H).



% NMR (376 MHz, Chlorofornd) § -62.38 , -197.95%°C NMR (101 MHz, Chloroforn)

8 160.76 , 159.07 , 157.12 , 154.29 , 139.43 , 1B9B35.61 , 134.35 , 130.00 (b= 32.8
Hz), 127.60 (qJ = 3.6 Hz), 126.24 , 125.12 (§= 3.8 Hz), 123.80 (q), 123.02, 99.09 , 87.24
(d,J =173.9 Hz), 61.83 (dl = 6.2 Hz), 57.75 (d] = 19.4 Hz), 43.50 , 30.62 , 29.15 , 22.21 ,
19.85 , 16.94 (dJ) = 21.7 Hz). ES-LCMS m/z: 505.1 (M+H)HRMS m/z: calcd for

C24H25F4N602 505.1970; found, 505.1970. 97.78%ypuri

(4R)-4-((9)-1-fluoroethyl)-3-(2-(((19)-1-(4-methyl - 7-(trifluoromethyl )-4,5-dihydroimidazo[ 1,5

-a] quinolin-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (14)

Compound 14 was synthesized froml4a and 1g. 14a was synthesized from
2-chloro-5-(trifluoromethyl)phenylboronic acid amgethacrylamide in a similar progress to

that described for the preparation3af

F o
H NMR (400 MHz, Chloroforne) & 8.20 (d,J = 5.7 Hz, 1H), 7.98 (s, 1H), 7.55 (s, 2H),
7.49 (d,J = 8.6 Hz, 1H), 7.44 (d] = 5.7 Hz, 1H), 5.76 (br, 1H), 5.45 — 5.00 (m, 26159 (d,
J=21.5 Hz, 1H), 4.52 (dfl = 8.5, 3.7 Hz, 1H), 4.37 (8= 8.6 Hz, 1H), 3.70 — 3.35 (d,=
63.6 Hz, 1H), 3.07 (dd] = 15.5, 5.4 Hz, 1H), 2.85 2.70 (m, 1H), 1.58 Jd: 6.7 Hz, 3H),
1.34 (ddJ = 23.1, 6.6 Hz, 3H), 1.11 (d,= 7.1 Hz, 3H)°F NMR (376 MHz, Chlorofornt)

5 -62.28 , -197.88 *°C NMR (101 MHz, Chlorofornd) § 160.74 (d,J = 3.4 Hz), 159.09 ,

157.15 (dJ = 1.7 Hz), 154.27 , 138.43 (d= 12.8 Hz), 135.99 (d] = 6.3 Hz), 131.01 (d]



= 19.8 Hz), 127.97 (q] = 32.9 Hz), 127.50 (g] = 3.6 Hz), 127.23 (d] = 9.5 Hz), 126.69 ,
125.09 (q,) = 3.7 Hz), 123.87 (q] = 272.0 Hz), 115.65 (d, = 5.4 Hz), 99.16 , 87.26 (d,=
174.1 Hz), 61.83 (d] = 6.2 Hz), 57.75 (dJ = 19.4 Hz), 43.39 , 34.10 (d,= 2.6 Hz), 24.83
(d,J = 21.3 Hz), 21.99 (d] = 13.6 Hz), 19.96 , 16.87 (d= 21.7 Hz). ES-LCMS m/z: 505.0

(M+H)*. HRMS m/z: calcd for C24H25F4N602 505.1970; fousoh.1968. 100% purity.

(R)-4-((9)-1-fluoroethyl)-3-(2-(((9)-1-(8-(trifluoromethyl)-4,5-dihydroimidazo[ 1,5-a] quinolin

-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (15)

Compound 15 was synthesized froml5a and 1g. 15a was synthesized from
2-chloro-4-trifluoromethylphenylboronic acid in anslar progress to that described for the

preparation oBa.

'H NMR (400 MHz, Chloroformd) & 8.19 (d,J = 5.7 Hz, 1H), 7.99 (s, 1H), 7.61 (s, 1H),
7.44 (d,J = 5.7 Hz, 1H), 7.41 (s, 2H), 5.74 (br, 1H), 5.b7, @H), 4.80 — 4.58 (m, 1H), 4.52
(dd,J = 8.9, 3.4 Hz, 1H), 4.37 (§,= 8.9 Hz, 1H), 3.15 — 2.80 (m, 4H), 1.57 {d; 6.8 Hz,
3H), 1.41 — 1.23 (m, 3H}*F NMR (376 MHz, Chlorofornd) & -62.58 , -198.01 *C NMR
(101 MHz, Chloroformd) & 160.82 , 159.04 , 157.14 , 154.28 , 138.90 , 1134.832.04 ,
130.83 , 130.36 (q] = 33.0 Hz), 130.13 , 123.68 (@= 272.3 Hz), 122.48 (d} = 3.8 Hz),
112.70 (qJ = 3.8 Hz), 99.17 , 87.28 (d,= 174.2 Hz), 61.84 (d] = 6.3 Hz), 57.74 (dJ =
19.5 Hz), 43.52 , 26.69 , 21.66 , 18.97 , 16.89 &l21.6 Hz). ES-LCMS m/z: 491.1 (M+H)

HRMS m/z: calcd for C23H23F4N602 491.1813; fourta,.4811. 100% purity.



(9-8-phenyl-7-(2-(((9-1-(7-(trifluoromethyl )-4,5-dihydroi midazo[ 1,5-a] quinolin-3-yl)ethyl)a

mino)pyrimidin-4-yl)-2,5-dioxa-7-azaspiro[ 3.4] octan-6-one (16)

Compoundl6 was synthesized froBa and16g.
N H /N
BN
F N0
Fr @%\o(
o)

'H NMR (400 MHz, Chlorofornd) & 8.07 (d,J = 5.7 Hz, 1H), 7.92 (s, 1H), 7.46 (dt= 18.7,
8.4 Hz, 3H), 7.35 (dJ = 5.6 Hz, 1H), 7.30 — 7.05 (m, 5H), 5.80 — 5.4Q #H), 5.20 — 4.59
(m, 3H), 4.52 (d)) = 8.4 Hz, 1H), 4.03 (d] = 8.2 Hz, 1H), 2.94 — 2.05 (m, 4H), 1.48 (br, 3H).
% NMR (376 MHz, Chlorofornd) § -62.29 .**C NMR (101 MHz, Chlorofornd) § 160.83 , 159.18 ,
156.47 , 152.77 , 138.61 , 136.58 , 136.26 , 130.580.26 , 128.78 , 128.65 , 127.77 Ig; 33.0 Hz),
126.64 (qJ = 3.4 Hz), 126.24 , 125.06 (§= 3.9 Hz), 123.87 (q] = 272.0 Hz), 122.42 , 115.92 , 98.95 ,
82.84 (d,J = 100.2 Hz), 76.84 , 65.18 , 43.93, 26.49 , 21.88.68 ES-LCMS m/z: 563.2 (M+H)

HRMS m/z: calcd for C29H26F3N603 563.2013; fours3.2013. 100% purity.

(49)-4-isopropyl-5-methyl-3-(2-(((9)-1-(7-(trifluoromethyl )-4,5-dihydroi midazo[ 1,5-a] quinoli

n-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (17)

Compoundl7 was synthesized froBa and17g.



'H NMR (400 MHz, Chlorofornd) & 8.16 (d,J = 5.7 Hz, 1H), 7.98 (s, 1H), 7.57 — 7.45 (m,
3H), 7.41 (dJ = 5.7 Hz, 1H), 5.71 (br, 1H), 5.19 (br, 1H), 4(k2, 2H), 3.18 — 2.82 (m, 4H),
2.22 (br, 1H), 1.57 (d] = 6.8 Hz, 3H), 1.51 (d] = 6.3 Hz, 3H), 0.93 (d] = 6.3 Hz, 6H)°F
NMR (376 MHz, Chloroformd) & -62.30 .**C NMR (101 MHz, Chlorofornd) § 160.92 |
158.91 , 157.98 , 154.88 , 139.10, 136.60 , 1311¥8.66 , 127.72 (¢J,= 32.9 Hz), 126.65
(g, J = 3.7 Hz), 125.04 (q) = 3.9 Hz), 123.86 (q) = 272.0 Hz), 122.37 , 115.91 , 99.11 ,
76.17 , 61.34 , 43.98 , 28.58 , 26.58 , 21.59 3@0.19.00 , 17.96 , 14.76 . ES-LCMS m/z:

501.2 (M+HY. HRMS m/z: calcd for C25H28F3N602 501.2220; fouB@1.2228. 100%

purity.

(9)-4-isopropyl-5,5-dimethyl-3-(2-(((9)-1-(7-(trifluoromethyl )-4,5-dihydroimidazo[ 1,5-a] quin

olin-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (18)

Compoundl8 was synthesized frola and18g.

'H NMR (400 MHz, Chloroformd) § 8.15 (d,J = 5.7 Hz, 1H), 7.98 (s, 1H), 7.57 — 7.45 (m,

3H), 7.40 (d,J = 5.7 Hz, 1H), 5.70 (br, 1H), 5.18 (br, 1H), 447 1H), 3.15 — 2.80 (m, 4H),



2.18 (br, 1H), 1.56 (d] = 6.8 Hz, 3H), 1.50 (s, 3H), 1.35 (s, 3H), 0.90Xd 6.4 Hz, 6H)°%F
NMR (376 MHz, Chloroformd) & -62.29 .**C NMR (101 MHz, Chlorofornd) § 160.86 |
158.78 , 158.55 , 154.33, 139.07 , 136.59 , 1311¥8.66 , 127.68 (¢J,= 32.9 Hz), 126.63
(g, J = 3.7 Hz), 125.01 (q) = 3.8 Hz), 123.84 (q] = 271.9 Hz), 122.37 , 115.89 , 99.28 ,
82.51,66.00, 43.73, 29.62 , 29.09 , 26.5662121.53 , 20.89, 18.98 , 17.6BS-LCMS

m/z: 515.2 (M+H). HRMS m/z: calcd for C26H30F3N602 515.2377; fousith.2374. 100%

purity.

(9-6-(2-((1-(7-(trifluoromethyl)-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethyl Jamino)pyrimi

din-4-yl)-4-oxa-6-azaspiro[ 2.4] heptan-5-one (19)

Compoundl9 was synthesized fro®a and19g.

'H NMR (400 MHz, Chlorofornd) 8 8.16 (d,J = 5.7 Hz, 1H), 7.98 (s, 1H), 7.58 — 7.46 (m,
3H), 7.40 (dJ = 5.7 Hz, 1H), 5.80 (br, 1H), 5.20 (br, 1H), 4(562H), 3.15 — 2.84 (m, 4H),
1.57 (d,J = 6.8 Hz, 3H), 1.26 (br, 2H), 0.80 (br, 2HJE NMR (376 MHz, Chlorofornd)
-62.28 .13C NMR (101 MHz, Chlorofornd) & 161.06 , 158.56 , 157.42 , 153.97 , 139.04 ,
136.64 , 130.98 , 128.67 , 127.72 Jgs 32.9 Hz), 126.66 (gl = 3.7 Hz), 125.04 (q] = 3.9

Hz), 123.87 (gJ = 272.0 Hz), 122.45 , 115.94 , 98.70 , 60.16 489.43.81 , 26.61 , 21.42 ,



19.03, 10.90, 10.84ES-LCMS m/z: 471.1 (M+H) HRMS m/z: calcd for C23H22F3N602

471.1751; found, 471.1747. 100% purity.

(9-4-phenyl-3-(2-(((9-1-(7-(trifluoromethyl )-4,5-dihydroi midazo[ 1,5-a] quinolin-3-yl)ethyl)a

mino)pyrimidin-4-yl)oxazolidin-2-one (20)

Compound 20 was synthesized from3a and 20g. 20g was synthesized from

(S)-(+)-2-phenylglycinol in a similar progress tat described for the preparation1Sf.
N H N=
200
F N
FF @H"Q/o

'H NMR (400 MHz, Chloroformd) § 8.15 (d,J = 5.7 Hz, 1H), 7.96 (s, 1H), 7.59 — 7.44 (m,

o

4H), 7.35 — 7.14 (m, 5H), 6.03 — 5.48 (m, 2H), 5:25.50 (M, 2H), 4.24 (dd,= 8.6, 3.6 Hz,
1H), 3.00 — 2.20 (m, 4H), 1.53 (d,= 6.4 Hz, 3H).*%F NMR (376 MHz, Chlorofornd) 5
-62.27.°C NMR (101 MHz, Chlorofornd) 5 160.82 , 158.96 , 156.96 , 154.80 , 140.41 ,
138.63 , 136.58 , 130.89 , 129.02 , 128.66 , 1281R7.70 (g, = 32.8 Hz), 126.61 (q] =
3.7 Hz), 125.61 , 125.00 (4,= 3.8 Hz), 123.88 (q] = 272.0 Hz), 122.37 , 115.89 , 98.96 ,
70.36 , 58.11 , 43.82 , 26.47 , 21.21 , 18.58 LESIS m/z: 521.1 (M+H). HRMS m/z:

calcd for C27H24F3N602 521.1907; found, 521.19@39%% purity.

(R)-4-((9)-1-fluoroethyl)-3-(2-(((9)-1-(7-(trifluoromethyl )-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] thi

azin-3-yl)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (21)



Compoundl was synthesized fro2ila andlg.

Ry
'H NMR (400 MHz, Chloroformd) & 8.20 (d,J = 5.8 Hz, 1H), 7.95 (s, 1H), 7.71 (s, 1H),
7.57 — 7.43 (m, 3H), 5.59 (br, 1H), 5.20 (br, 2467 (dd,J = 26.6, 7.0 Hz, 1H), 4.52 (dd,
= 8.9, 3.4 Hz, 1H), 4.37 (i = 9.0 Hz, 1H), 4.29 — 3.96 (m, 2H), 1.62 {d= 6.8 Hz, 3H),
1.31 (d,J = 22.4 Hz, 3H)**F NMR (376 MHz, Chlorofornd) & -62.64 , -197.75%°C NMR
(101 MHz, Chloroformd) & 160.75 , 158.92 , 157.25 , 154.23 , 138.55 , 1135.733.08 ,
128.56 (qJ = 33.4 Hz), 126.78 (g} = 3.3 Hz), 126.75 , 124.28 (§,= 3.7 Hz), 123.45 (q]
= 272.4 Hz), 120.35 , 118.09 , 99.58 , 87.25)(d,174.4 Hz), 61.88 (dl = 6.4 Hz), 57.73 (d,
J=19.7 Hz), 43.31, 22.53 , 21.20 , 16.90J¢ 21.8 Hz). ES-LCMS m/z: 509.1 (M+H)

HRMS m/z: calcd for C22H21F4N602S 509.1377; fols@h.1375. 99.72% purity.

(R)-4-((9)-1-fluoroethyl)-3-(2-(((S)-1-(7-methoxy-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] oxazin-3-y

I)ethyl)amino)pyrimidin-4-yl)oxazolidin-2-one (22)

Compound 22 was synthesized from22a and 1g. 22a was synthesized from

2-amino-5-methoxyphenol in a similar progress &t ttescribed for the preparation2at

gy



'H NMR (400 MHz, Chlorofornd) 6 8.18 (d,J = 5.8 Hz, 1H), 7.84 (s, 1H), 7.44 @= 5.8
Hz, 1H), 7.30 (dJ = 8.7 Hz, 1H), 6.62 — 6.54 (m, 2H), 5.82 (br, 16)34 — 4.92 (m, 4H),
4.75 — 4.56 (m, 1H), 4.48 (dd= 8.8, 3.3 Hz, 1H), 4.34 (§,= 9.0 Hz, 1H), 3.76 (s, 3H), 1.59
(d,J = 6.9 Hz, 3H), 1.21 (br, 3H}°F NMR (376 MHz, Chlorofornd) § -197.64 *C NMR
(101 MHz, Chloroformd) & 160.85 , 159.02 , 158.59 , 157.14 , 154.18 , 147.138.38 ,
130.02 , 117.83, 117.52 , 116.08 , 108.56 , 103¥R33 , 87.26 (d] = 174.4 Hz), 62.34 ,
61.80 (d,J = 6.3 Hz), 57.67 (dJ = 19.5 Hz), 55.69 , 44.00 , 21.53 , 16.77J¢; 21.6 Hz).
ES-LCMS m/z: 455.1 (M+H) HRMS m/z: calcd for C22H24FN604 455.1838; found,

455.1836. 99.15% purity.

(R)-4-((9-1-fluoroethyl)-3-(2-(((9)-1-(7-methyl-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethyl

Yamino)pyrimidin-4-yl)oxazolidin-2-one (23)

Compound 23 was synthesized from23a and 1g. 23a was synthesized from
2-chloro-5-methylphenylboronic acid in a similarogress to that described for the

preparation oBa.

'H NMR (400 MHz, Chloroformd) § 8.18 (d,J = 5.7 Hz, 1H), 7.91 (s, 1H), 7.42 @z= 5.7
Hz, 1H), 7.26 (dJ = 8.6 Hz, 1H), 7.10 — 7.03 (m, 2H), 5.83 (br, 1B)14 (br, 2H), 4.79 —
4.60 (m, 1H), 4.51 (dd] = 8.9, 3.4 Hz, 1H), 4.36 (§ = 8.9 Hz, 1H), 3.10 — 2.75 (m, 4H),

2.31 (s, 3H), 1.56 (dJ = 6.8 Hz, 3H), 1.30 (dJ = 18.9 Hz, 3H). *°F NMR (376 MHz,



Chloroformd) 6 -197.88 . 3%C NMR (101 MHz, Chlorofornd) 6 160.82 , 159.03 , 157.06 ,
154.27 ,138.07, 135.61, 131.55, 130.44 , 1301®¥8.22 , 127.85, 122.46 , 115.47 , 98.93 ,
87.29 (d,J = 174.1 Hz), 61.81 (dl = 6.3 Hz), 57.71 (d) = 19.5 Hz), 43.63 , 26.54 , 21.75,
21.00, 19.33, 16.84 (d,= 21.6 Hz). ES-LCMS m/z: 437.2 (M+H)HRMS m/z: calcd for

C23H26FN602 437.2096; found, 437.2094. 95.56% yurit

(R)-3-(2-(((9)-1-(7-fluoro-4,5-dihydroi midazo[ 1,5-a] quinolin-3-yl)ethyl Jamino)pyrimidin-4-y

1)-4-((9)-1-fluoroethyl)oxazolidin-2-one (24)

Compound?4 was synthesized fro@da and1g. 24a were synthesized from
2-Chloro-5-fluorobenzeneboronic acid in a similewgress to that described for the

preparation ofa.

O
F T
IH NMR (400 MHz, Chlorofornd) 5 8.21 (d,J = 5.7 Hz, 1H), 7.91 (s, 1H), 7.46 @@= 5.7
Hz, 1H), 7.36 (ddyJ = 8.5, 4.7 Hz, 1H), 7.08 — 6.96 (m, 2H), 5.66d¢ 7.7 Hz, 1H), 5.17
(br, 2H), 4.70 (ddy) = 26.2, 7.4 Hz, 1H), 4.53 (dd,= 8.8, 3.4 Hz, 1H), 4.38 (8= 8.9 Hz,
1H), 2.95 (d,J = 70.2 Hz, 4H), 1.58 (dl = 6.8 Hz, 3H), 1.33 (dd] = 22.9, 5.6 Hz, 3H)\°F
NMR (376 MHz, Chloroformg) § -116.15 , -197.713C NMR (101 MHz, Chlorofornd) &
161.48 , 160.83 , 159.04 , 157.11 , 154.27 , 138¥30.53 , 130.35, 130.29 @= 2.8 Hz),

122.25 , 117.09 (d] = 8.5 Hz), 116.36 (dJ = 22.8 Hz), 114.51 (d] = 23.2 Hz), 99.08 ,



87.28 (d,J =174.3 Hz), 61.83 (dl = 6.3 Hz), 57.73 (d) = 19.6 Hz), 43.67 , 26.78 , 21.73 ,
19.09 , 16.89 (dJ = 21.7 Hz). ES-LCMS m/z: 441.2 (M+H)HRMS m/z: calcd for

C22H23F2N602 441.1845; found, 441.1848. 100% purity

Synthetic methods for amino side chains

(9-1-(7-(trifluoromethyl)-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] oxazin-3-yl)ethan-1-amine (2a)

2-amino-5-(trifluoromethyl)phenol (2.0 g, 11.29 miinand potassium carbonate (4.7 g,
34.00 mmol) were dissolved in anhydrous acetoaitR0 mL) under BN Chloroacetyl
chloride (1.4 g, 12.40 mmol) was added dropwisee Tiixture was refluxed at 85 and
stirred for 2 h. Then the mixture was concentrdigdotary evaporation. #0 and EtOAc
were added to the residue for extraction. The acgager was dried over anhydrous JS&,
and purified via flash chromatography on silica del get 1.7 g (Yield 69.3%) of
7-(trifluoromethyl)-H-benzop][1,4]oxazin-3(4H)-one (2f) as a powder. ES-LCMS m/z:
218.0 (M+H). 'H NMR (400 MHz, Chloroformd) & 9.98 (s, 1H), 7.23 (d] = 7.1 Hz, 2H),

6.95 (d,J = 8.3 Hz, 1H), 4.68 (s, 2H)°F NMR (376 MHz, Chlorofornd) 5 -62.20.

2f (1.6 g, 7.37 mmol) was dissolved in anhydrous TB¥mL) under N, in a Dewar flask at
-30 (1. At that temperature, 2.0 M NaHMDS (4.42 mL, 8Bhol, 2.0 M in THF) was added
dropwise and the mixture was stirred for 30 mineldiethyl chlorophosphite (2.54 g, 14.74
mmol) was added dropwise and the mixture was dtiate-300] for 30 min. After removal
from the Dewar flask, the reaction was stirredtdor another 30 min. It was then cooled to
-30 [ and methyl isocyanoacetate (1.46 g, 14.74 mmal)2adM NaHMDS (7.37 mL, 14.74

mmol) were added The temperature was slowly ine#s rt and the mixture was stirred for



2 h. Saturated ammonium chloride solution was addegliench the reaction. The mixture
was diluted with HO and extracted with EtOAc. The EtOAc solution weashed with
saturated aqueous NaCl and dried ovepS{, filtered and concentrated in vacuo and
purified via flash chromatography on silica gel get 1.25 g (Yield 57.1%) of methyl
7-(trifluoromethyl)-4H-benzoplimidazo-[1,5€][1,4]- oxazine-3- carboxylate(2e) as a
yellow solid. ES-LCMS m/z: 299.0 (M+H)*H NMR (400 MHz, Chlorofornd) & 8.08 (s,
1H), 7.59 (dJ = 8.3 Hz, 1H), 7.44 — 7.32 (m, 2H), 5.59 (s, 2BiB5 (s, 3H)*°F NMR (376

MHz, Chloroforms) 6 -62.78.

2e (1.15g, 3.87 mmol) was dissolved in anhydrous D38 mL) under N, at -78 [I.
DIBALH (10.32 mL, 15.48 mmol, 1.5 M in toluene) waslded to the solution dropwise.
After 40 min, cold MeOH was added at :78 quench the reaction. Then saturated aqueous
potassium sodium tartrate was added and the mimtasestirred overnight. The mixture was
extracted with DCM. The organic layer was concdattaand purified via flash
chromatography on silica gel to get 503 mg (Yield 8.680) of
7-(trifluoromethyl)-4H-benzoplimidazo[1,54][1,4]oxazine-3-carbaldehydé&d). ES-LCMS
m/z: 269.0 (M+H]J. *H NMR (400 MHz, Chlorofornd) & 10.01 (s, 1H), 8.23 (s, 1H), 7.64 (d,

J = 8.2 Hz, 1H), 7.45 — 7.37 (m, 2H), 5.60 (s, 2 NMR (376 MHz, Chlorofornd) 5

-62.85.

Ti(OEt), (1.47 g, 6.44 mmol) was added to a stirred satutfi2d (480 mg, 1.79 mmol) and

(S)-(-)-2-Methyl-2-propanesulfinamide (390 mg, 3r@ghol) in THF (3 mL) and the reaction



was stirred at rt overnight. Brine was added tortiedure and which was then extracted with
EtOAc. The organic layer was separated and driezt 8gSQO,. The solution was then
concentrated and purified via flash chromatogramhgilica gel to get 550 mg (Yield 82.7%)
of (S,E)-2-methyl-N-((7-(trifluoromethyl)44-benzop]imidazo-
[1,5-d][1,4]oxazin-3-yl)methylene)propane-2-sulfinamid¢2c). ES-LCMS m/z: 372.0
(M+H)*. *H NMR (400 MHz, Chlorofornd) & 8.66 (s, 1H), 8.11 (s, 1H), 7.59 (= 8.1 Hz,
1H), 7.42 — 7.35 (m, 2H), 5.64 — 5.44 (m, 2H), 1.6 9H). *®F NMR (376 MHz,

Chloroformd) 6 -62.74.

MeMgBr (8.88 mL, 8.88 mmol) was added dropwiser&[-, under N, to a stirred solution
of 2c (550 mg, 1.48 mmol) in anhydrous THF (30 mL). Afte h, saturated aqueous
ammonium chloride was added to quench the reaetimhthe mixture was extracted with
EtOAc and H20. The organic layer was concentratepaurified via flash chromatography
on silica gel to get 453 mg (Yield 78.9%) of (Sjrethyl-N-
((S)-1-(7-(trifluoromethyl)-#4-benzoplimidazo[1,54d][1,4]oxazin-3-yl)ethyl)propane-2-sulfi

namide(2b). ES-LCMS m/z: 388.0 (M+H)

2b (453 mg, 1.17 mmol) was dissolved in MeOH (4.5 mibder N. HCI (0.45 mL) was
added and the mixture was stirred for 2 h at #OHvas added and the mixture was
concentrated in vacuum to remove the MeOH. 1N aguesodium hydroxide was added to
pH11. The mixture was extracted with EtOAc anddioger anhydrous N&QO,. The organic
layer was filtered and concentrated in vacuum tb28Y mg (Yield 86.7%) of a viscous

liquid. The residug2a) was placed into small bottles for the next stepLEMS m/z: 267.0



(M-NH)*. 'H NMR (400 MHz, Chloroformd) § 7.96 (s, 1H), 7.52 (d} = 8.3 Hz, 1H), 7.40 —
7.28 (M, 2H), 5.35 (s, 2H), 4.17 @@= 6.7 Hz, 1H), 1.90 (br, 2H), 1.45 (@= 6.6 Hz, 3H).

% NMR (376 MHz, Chlorofornd) & -62.54.

(9)-1-(7-(trifluoromethyl)-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethan-1-amine (3a)

(2-chloro-5-(trifluoromethyl)phenyl)boronic acid.6b g, 7.35 mmol), acrylamide (0.52 g,
7.32 mmol), allylpalladium chloride dimer (134 mg).37 mmol), chloro(1,5-
cyclooctadiene)rhodium(l) dimer (145 mg, 0.29 mmahPHOS(350 mg, 0.73 mmol) and
potassium phosphate (3.40 g, 0.73 mmol) were disdain 2-methyl-2-butanol mixed with
MeOH (10:1) (20 mL) The mixture was heated to 11@nd stirred for 18 h. The cooled
mixture was then filtered through a thin pad acsilgel and washed with EtOAc. The filtrate
was concentrated and purified via flash chromatagyaon silica gel to get 1.2 g (Yield
73.8%) of 6-(trifluoromethyl)-3,4-dihydroquinolintPH)-one (3f) as a pale yellow solid.
ES-LCMS m/z: 216.0 (M+H) 'H NMR (400 MHz, Chloroformd) & 9.34 (s, 1H), 7.44 (d)

= 7.8 Hz, 2H), 6.92 (dj = 8.1 Hz, 1H), 3.03 () = 7.6 Hz, 2H), 2.69 (dd] = 8.4, 6.8 Hz,

2H). **F NMR (376 MHz, Chlorofornd) & -61.93.

FragmenBa was obtained from3f in a process similar to that described for theparation of
2a. If the ester group is reduced to an alcohol, onemore equivalents Dess-Martin
periodinane could be added to the solvent of alcptarluct in DCM for 1 h. ES-LCMS m/z:

265.1 (M-NHY. *F NMR (376 MHz, Chlorofornd) § -62.35.

(9)-1-(6-(trifluoromethyl)benzo[ d] imidazo[ 5,1-b] thiazol-3-yl)ethan- 1-amine (8a)



2-bromo-4-(trifluoromethyl)aniline (8 g, 33.33 mmpiCul (318 mg, 1.67 mmol) and sodium
trifluoromethanesulfinate (10.4 g, 66.66 mmol) wigssolved in toluene (100 mL) in a sealed
bottle. The solution was bubbled with nitrogen aethyl phosphite (9.206 g, 66.66 mmol)
was added. The mixture was stirred at 110After 16 h, the mixture was poured intoQH
and extracted with EtOAc. The organic layer washedsby saturated aqueous NaCl and
dried over anhydrous N80O,. It was filtered and concentrated in vacuo and {rified via
flash ~ chromatography on silica gel to get 5.04 g ielff 53.6%) of
2-bromo-1-isothiocyanato-4-(trifluoromethyl)benzef8) as a light green solidH NMR

(400 MHz, Chloroforme) 8 7.85 (s, 1H), 7.55 (d} = 8.3 Hz, 1H), 7.35 (d] = 8.3 Hz, 1H).

8i (5.04 g, 17.87 mmol), CuCl (177 mg, 1.79 mmol) &sCQ (11.64 g, 35.74 mmol) was
dissolved in toluene (50 mL) under,Nn a round bottom flask. Then methyl
isocyanoacetate was added and the mixture was wlaon&l0(] for 3 h. The mixture was
concentrated and extracted with EtOAc an@®HThe organic layer was washed by saturated
agueous NaCl and dried over anhydrousS{a. It was filtered and concentrated in vacuo
and then it was purified via flash chromatographysiica gel to get 2.33 g (Yield 43.5%) of
methyl 6-(trifluoromethyl)benzalimidazo[5,1b]thiazole-3- carboxylate8¢) as a yellow
solid. ES-LCMS m/z: 301.0 (M+F1)*H NMR (400 MHz, Chlorofornd) & 8.40 (s, 1H), 8.04

(s, 1H), 7.92 (dJ = 8.5 Hz, 1H), 7.79 (d] = 8.4 Hz, 1H), 4.00 (s, 3H).

FragmenBa was obtained frorBe in a process similar to that described for thgparation of
2a. If the ester group is reduced to the alcohol, onemore equivalents Dess-Martin

periodinane could be added to the solvent of thehall product in DCM for 1 h. ES-LCMS



m/z: 269.0 (M-NHJ. 'H NMR (400 MHz, Chloroformd) 5 8.27 (s, 1H), 7.84 (s, 1H), 7.72 (d,
J=8.4 Hz, 1H), 7.62 (d] = 8.4 Hz, 1H), 4.29 (d] = 6.2 Hz, 1H), 1.74 (br, 2H), 1.50 @@=

6.4 Hz, 3H).*°F NMR (376 MHz, Chlorofornd) 5 -61.73.

(9-1-(6-chloro-4,5-dihydroimidazo[ 1,5-a] quinolin-3-yl)ethan-1-amine (9a)

3-chloro-2-iodoaniline (5 g, 19.73 mmol), AIBN (9.3, 7.89 mmol) and tributyltin (9.28 g,
31.88 mmol) were dissolved undes N anhydrous DMSO (30 mL). The mixture was cooled
to OCJ and methyl acrylate (8.2 g, 95.25 mmol) was addiegwise. The reaction mixture
was heated to 120 and stirred for 12 h. After cooling to rt, colg® was added to quench
the reaction. EtOAc was added for extraction. Thgaoic layer was washed with saturate
agueous NaCl and dried over 48&y. The mixture was then concentrated and purified vi
flash chromatography on silica gel to get 1.78 g ielff 49.7%) of
5-chloro-3,4-dihydroquinolin-2(1H)-onedf) as a brown-white solid ES-LCMS m/z: 182.1
(M+H)*. *H NMR (400 MHz, Chlorofornd) § 9.61 (s, 1H), 7.09 (f] = 7.9 Hz, 1H), 7.03 (dd,
J=8.1, 1.2 Hz, 1H), 6.78 (dd,= 7.7, 1.1 Hz, 1H), 3.13 — 3.03 (m, 2H), 2.65 (#l¢,8.4, 7.0

Hz, 2H).

Fragmen®a was obtained fror8f in a process similar to that described for theparation of
2a. If the ester group is reduced to alcohol, oneore equivalents Dess-Martin periodinane
could be added to the solution of the alcohol pobdu DCM for 1 h. ES-LCMS m/z: 231.0
(M-NH)*. 'H NMR (400 MHz, Chloroformd) § 7.96 (s, 1H), 7.41 — 7.31 (m, 1H), 7.30 —
7.21 (m, 2H), 4.15 (p] = 6.8 Hz, 1H), 3.01 (dtdd, = 29.6, 14.9, 11.9, 6.8 Hz, 4H), 2.30 (br,

2H), 1.50 (d,J = 6.7 Hz, 3H).



(19)-1-(5-methyl - 7-(trifluoromethyl )-4,5-dihydroi midazo[ 1,5-a] quinolin-3-yl)ethan-1-amine

(10a)

[2-amino-5-(trifluoromethyl)phenyl]boronic acid @ 24.40 mmol), trans-methyl crotonate
(12.22 g, 12.20 mmol), chloro(1,5-cyclooctadienedtinon(l) dimer (183 mg, 0.37 mmol) and
potassium hydroxide (5.18 g, 24.40 mmol) were dvesbunder N in anhydrous 1,4-dioxane
(34 mL). The mixture was refluxed for 6 h. Afteratiog to rt, the reaction mixture was
filtered through a pad of silica gel and washedhvidtOAc. The filtrate was washed with
saturated aqueous ammonium chloride, The orgarer lvas dried over N8O, The
mixture was then concentrated and purified viahflalsromatography on silica gel to get 713
mg (Yield 12.7%) 4-methyl-6-(trifluoromethyl)-3,4kydroquinolin-2(1H)-one 10f) as
yellow-brown oily liquid. ES-LCMS m/z: 230.1 (M+F)*H NMR (400 MHz, Chloroformd)

§ 10.04 (s, 1H), 7.40 (s, 1H), 6.95 (b= 8.2 Hz, 1H), 6.49 (d] = 8.4 Hz, 1H), 3.12 (p] =
6.6 Hz, 1H), 2.70 (dd] = 16.3, 5.9 Hz, 1H), 2.41 (dd,= 16.3, 7.4 Hz, 1H), 1.30 (d,= 7.0

Hz, 3H).

Fragment10a was obtained fromlOf in a progress similar to that described for the
preparation of2a. If the ester group is reduced to alcohol, onenmre equivalents
Dess-Martin periodinane could be added to the mwiwif the alcohol product in DCM for 1
h. ES-LCMS m/z: 279.1 (M-NH) *H NMR (400 MHz, Chlorofornd) § 7.97 (s, 1H), 7.55
(d, J = 8.0 Hz, 2H), 7.49 (d] = 8.2 Hz, 1H), 4.15 — 4.05(m, 1H), 3.17 — 3.07 {), 3.06 —
2.96 (M, 1H), 2.82 — 2.69 (m, 1H), 1.99 (br, 2H¥41(d,J = 6.7 Hz, 3H), 1.27 (dd] = 6.9,

3.8 Hz, 3H)X*F NMR (376 MHz, Chlorofornd) 5 -62.27.



(9-1-(8-(trifluoromethyl)-5,6-dihydro-4H-benzo[ f] imidazo[ 1,5-a] azepin-3-yl)ethan-1- amine

(13a)

A round-bottom flask was fitted with a stirbar, atéhmino-3-bromobenzotrifluoride (15 g,
62.49 mmol) and Pd(PBh (2.16 g, 1.87 mmol) . DMF (150 mL) and allyltriyliin (21.46
ml, 69.23 mmol) were added undes N that order, giving a mixture that was then wadm
to 80 (. After 19 h, the reaction mixture was cooled tartd extracted with EtOAc ancd®.
The organic extracts were then combined and wasftedaqueous saturated NaCl, and dried
over NaSQ,, filtered and concentrated in vacuo that was mditia flash chromatography
on silica gel to get 8.1479g (Yield 65%) of 2-alBA¢trifluoromethyl)aniline L3l) as a brown
oil. ES-LCMS m/z: 202.1 (M+H) *H NMR (400 MHz, Chloroformd) § 7.35 — 7.29 (m,
2H), 6.70 (d,J = 8.0 Hz, 1H), 5.95 (dd{] = 16.4, 10.1, 6.1 Hz, 1H), 5.26 — 5.08 (m, 2H),

3.98 (br, 2H), 3.33 (d] = 6.1 Hz, 2H).

13l (8 g, 39.76 mmol) was dissolved underitd THF (80 mL). Triethylamine (6.84 g, 67.59
mmol) and acrylyl chloride (4.32 g, 47.71 mmol) wexdded dropwise at0. The mixture
was stirred and the temperature was increaseddlowtly over 1 h. Another 1 h later, the
mixture was concentrated and®and EtOAc were added for extraction. The orgémyer
was washed with saturated aqueous NaCl then dxied daSO;. It was then concentrated
and purified via flash chromatography on silica gel get 5.9 g (Yield 58.1%)
N-(2-allyl-4-(trifluoromethyl)phenyl)acrylamidel8k) as a white solid. ES-LCMS m/z: 256.1
(M+H)*. *H NMR (400 MHz, Chloroformd) & 8.35 — 8.19 (m, 1H), 7.57 — 7.48 (m, 2H),

7.45 (s, 1H), 6.42 (dd) = 16.9, 0.8 Hz, 1H), 6.19 (dd,= 16.9, 10.3 Hz, 1H), 5.99 (ddk=



16.2, 10.1, 6.1 Hz, 1H), 5.81 (d#i= 10.3, 0.9 Hz, 1H), 5.29 (dd,= 10.1, 1.4 Hz, 1H), 5.23

—5.10 (m, 1H), 3.47 (d} = 6.0 Hz, 2H).

A round-bottom flask containing the produsk (5.9 g, 23.11 mmol) was fitted with a stirbar
and dichloromethane (150 mL) and Grubbs Il catal¥st8 g, 1.39 mmol) were added, and
the resulting solution was stirred for 18 h afTthe mixture was then concentrated in vacuo
and purified via flash chromatography on silica gel get 3.51 g (Yield 66.8%) of
7-(trifluoromethyl)-1,5-dihydro-Bl-benzoplazepin-2-one 3)) as a purple solid. ES-LCMS
m/z: 228.0 (M+HJ. *H NMR (400 MHz, Chlorofornd) & 9.76 (br, 1H), 7.50 (d] = 8.2 Hz,
1H), 7.42 (s, 1H), 7.26 (d,= 8.5 Hz, 1H), 6.67 (dt) = 11.0, 6.8 Hz, 1H), 6.03 (d,= 10.9

Hz, 1H), 3.45 (d,] = 6.8 Hz, 2H).

A round-bottom flask containing the productid (3.51 g, 15.45 mmol) was fitted with a
stirbar. Tetrahydrofuran (30 mL), EtOH (30 mL) a6 Pd/C (512 mg) were added under
N». The reaction vessel was flushed with then placed under a balloon of &hd stirred at
room temperature for 18 h. The reaction mixture wlaen filtered through celite and
concentrated in vacuo to give a solid that wasfiegrivia flash chromatography on silica gel
to get 3.153 g (Yield 89.0%) of 7-(trifluoromethl)3,4,5-tetrahydro-
2H-benzoplazepin-2-one 13f) as a white solid. ES-LCMS m/z: 230.1 (M#HjH NMR
(400 MHz, Chloroformd) § 8.15 — 7.90 (m, 1H), 7.55 — 7.45 (m, 2H), 7.08X¢; 8.5 Hz,
1H), 2.87 (tJ = 7.2 Hz, 2H), 2.40 () = 7.2 Hz, 2H), 2.28 (p] = 7.9, 7.3 Hz, 2H)'*F NMR

(376 MHz, Chloroformd) 6 -62.20.

Fragmentl3a was obtained from3f in a process similar to that described for thearation



of 2a. If the ester group is reduced to alcohol, onemare equivalents of Dess-Martin
periodinane could be added to the solvent of thehall product in DCM for 1 h. ES-LCMS
m/z: 279.1 (M-NHJ. *H NMR (400 MHz, Chloroformd) & 7.66 (s, 1H), 7.61 (d] = 8.2 Hz,
1H), 7.57 (s, 1H), 7.40 (d,= 8.1 Hz, 1H), 4.17 — 4.02 (m, 1H), 2.73 — 2.57 4i), 2.13 (it,
J=13.4, 6.5 Hz, 2H), 2.05 — 1.90 (br, 2H), 1.46J& 6.6 Hz, 3H)X°%F NMR (376 MHz,

Chloroformd) 6 -62.37.

(9)-3-(1-aminoethyl)-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] oxazine-7-carbonitrile (12a)

(S)-N-((S)-1-(7-bromo-Hi-benzoplimidazo[1,54d][1,4]oxazin-3-yl)ethyl)-2-methylpropane-
2-sulfinamide 25b) was obtained from 2-amino-5-bromophenol in a kimprogress to that
described for the preparation 2d. If the ester group is reduced to the alcohol, @neore
equivalents of Dess-Martin periodinane could beeddm the solution of the alcohol product
in DCM for 1 h. ES-LCMS m/z: 398.0 (M+H)*H NMR (400 MHz, Chlorofornd) & 7.90 (s,
1H), 7.30 — 7.24 (m, 2H), 7.17 (ddi= 8.5, 2.1 Hz, 1H), 5.29 — 5.21 (m, 2H), 4.52Jp, 6.6

Hz, 1H), 3.85 (dJ = 6.0 Hz, 1H), 1.57 (d] = 6.7 Hz, 3H), 1.22 (s, 9H).

25b (200 mg, 0.50 mmoal), tetrakis(triphenylphosphindgmhum (35 mg, 0.03 mmol) and
zinc cyanide (35 mg, 0.30 mmol) were dissolved udiein anhydrous DMF (1 mL). The
reaction mixture was heated to 80for 6 h. After cooling, 2 N ammonium hydroxide and
EtOAc were added for extraction. The organic layas washed by saturated aqueous NacCl
and dried over N&O,. Then it was concentrated and purified via flaslomatography on
siica gel to get 1667 mg (Yield 97.1%) of (S)-($)-1-(7-cyano-

4H-benzoplimidazo[1,54][1,4]oxazin-3-yl)ethyl)-2-methylpropane-2-sulfinzte (12b) as a



light yellow liquid. ES-LCMS m/z: 345.1 (M+H)*H NMR (400 MHz, Chlorofornd) &
8.02 (s, 1H), 7.54 (d] = 8.7 Hz, 1H), 7.35 (dg] = 4.0, 1.7 Hz, 2H), 5.41 — 5.27 (m, 2H),

4.51 (p,J = 6.7 Hz, 1H), 4.00 (d] = 6.7 Hz, 1H), 1.58 (d] = 6.8 Hz, 3H), 1.24 (s, 9H).

Fragment12a was obtained froml2b in a process similar to that described for the
preparation oRa but the HCI was changed to a solution in dioxahéyarochloride acid,
with the same volume. ES-LCMS m/z: 224.1 (M-NHH NMR (400 MHz, Chlorofornd) &
7.99 (s, 1H), 7.56 — 7.51 (m, 1H), 7.39 — 7.34 2i), 5.40 — 5.36 (m, 2H), 4.17 (4= 6.7

Hz, 1H), 1.73 (br, 2H), 1.45 (d,= 6.6 Hz, 3H).

(9-1-(7-cyclopropyl-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] oxazin-3-yl)ethan-1-amine (11a)

25b (140 mg, 0.35 mmol), palladium (Il) acetate (11 m@.018 mmol),
butyldi-1-adamantylphosphine (10 mg, 0.028 mmobtapsium cyclopropyltrifluoroborate
(78 mg, 0.53 mmol) and cesium carbonate (342 ny dmol) were dissolved under, kb
mixed toluene and #D solvent (10:1) (5mL). The reaction mixture waatee to 100 for 7
h. After cooling, HO and EtOAc were added for extraction. The orgéyer was washed
with saturated aqueous NaCl and dried ovesS@. Then it was concentrated and purified
via flash chromatography on silica gel to get 86rAg (Yield 69.0%) of
(S)-N-((S)-1-(7-cyclopropyl-#-benzoplimidazo[1,54d][1,4]oxazin-3-yl)ethyl)-2-
methylpropane-2-sulfinamideldb) as a yellow solid. ES-LCMS m/z: 360.1 (M+H)H
NMR (400 MHz, Chloroformd) § 7.88 (s, 1H), 7.34 — 7.23 (m, 1H), 6.81 — 6.71 i),
5.29 — 5.15 (m, 2H), 4.53 (3,= 6.6 Hz, 1H), 3.91 (d] = 5.4 Hz, 1H), 1.86 (ddd) = 13.4,

8.4, 5.1 Hz, 1H), 1.57 (d,= 6.7 Hz, 3H), 1.22 (s, 9H), 1.03 — 0.91 (m, 26{}4 — 0.61 (m,



2H).

Fragmentlla was obtained from1b in a process similar to that described for thgaration
of 2a except the HCI| was changed to dioxane solutiohyoffochloride acid with the same
volume. ES-LCMS m/z: 239.2 (M-NF)'H NMR (400 MHz, Chlorofornd) & 7.88 (s, 1H),
7.32 — 7.27 (m, 1H), 6.80 — 6.75 (m, 2H), 5.242(8), 4.17 — 4.10 (m, 1H), 1.91 — 1.78 (m,

3H), 1.45 (d,J = 6.6 Hz, 3H), 1.01 — 0.94 (m, 2H), 0.72 — 0.65 2i).

(9-1-(7-(trifluoromethyl)-4H-benzo[ b] imidazo[ 1,5-d] [ 1,4] thiazin-3-yl)ethan-1-amine (21a)

6-(Trifluoromethyl)benzdafthiazol-2-amine (6.8 g, 31.16 mmol) was dissolwed HF (60
mL) under N. Isoamyl nitrite (8.03 g, 68.55 mmol) was addedjpavise and the mixture was
refluxed for 1.5 h. Then the mixture was pourea iite-HO (60 mL) and extracted with
EtOAc. The organic layer was washed by saturateea@os NaCl and dried over }sO;. It
was then concentrated and purified via flash chtography on silica gel to get 6 g (Yield
43.2%) of 6-(trifluoromethyl)benzd]thiazole @1n) as a yellow oil. ES-LCMS m/z: 204.0

(M+H)".

21n was dissolved under,Nn EtOH (72 mL). 85% hydrazine hydrate (13.2 ¢g3.25 mmol)
was added and the mixture was refluxed for 3 tal then cooled to 0 and HO (60 mL)
was added. 50% acetic acid aqueous solution wasdattd pH 6-7 and the mixture was
extracted with DCM. The organic layer was washeth waturated aqueous NaCl and dried
over NaSO,. Then it was concentrated to get 56 g (Yield 9.2 of
2-amino-5-(trifluoromethyl)benzenethic2{m) as a yellow oil without further purification.

ES-LCMS m/z: 194.0 (M+H)



21m (5 g, 25.88 mmol) and sodium acetate trihydratg 3 23.52 mmol) were dissolved
under N in EtOH (50 mL). Chloroacetic acid (2.9 g, 30.68not) was added dropwise and
the mixture was refluxed for 2.5 h. After reactiwas complete, the mixture was poured into
ice-H20 (100 mL) and stirred for 30 min. It wasriHfdtered and the precipitate was purified
via flash chromatography on silica gel to get 3.7 @ield 61.4%) of
7-(trifluoromethyl)-2H-benzdj|[1,4]thiazin-3(4)-one @1f) as a yellow solid. ES-LCMS
m/z: 234.1 (M+HjJ. *H NMR (400 MHz, Chlorofornd) § 9.36 (s, 1H), 7.59 (s, 1H), 7.43 (d,
J=8.3 Hz, 1H), 7.00 (d] = 8.3 Hz, 1H), 3.48 (s, 2H)>F NMR (376 MHz, Chlorofornd) 5

-62.27.

Fragmen®la was obtained fror21f in a process similar to that described for thearation
of 2a. If the ester group is reduced to alcohol, one @ranequivalents Dess-Martin
periodinane could be added to the solution of tbehal product in DCM for 1 h. ES-LCMS
m/z: 283.0 (M-NHJ. *H NMR (400 MHz, Chloroformd) & 7.97 (s, 1H), 7.71 (s, 1H), 7.57 —
7.48 (m, 2H), 4.21 (q) = 6.1 Hz, 1H), 4.09 (s, 2H), 2.24 (br, 2H), 1.49J = 6.6 Hz, 3H).

% NMR (376 MHz, Chlorofornd) & -62.62.

Compounds with other amino side chains includiagnd22a were synthesized in a process
similar to that described for the preparation2af Compoundsda, 14a, 15a, 23a and 24a

were synthesized in a process to similar that destifor the preparation 8a.

Synthetic methods for oxazolidinone fragments.

(R)-4-((9)-1-fluoroethyl )-3-(2-fluoropyrimidin-4-yl Joxazolidin-2-one (19)



N-benzyloxycarbonyl-Qert-butyl-L-threonine dicyclohexylamine salt (10.02§).38 mmol)
was dissolved in THF (200 mL) undeg Bind cooled to -251. Isobutyl chloroformate (3.3 g,
24.16 mmol) and N-methylmorpholine (2.5 g, 24.71 oi)mvere added and the mixture was
stirred at -25 °C for 15 min. It was then filteradd the filtrate was cooled to -20 °C, sodium
borohydride (1.5 g, 39.65 mmol) was added, ap® #0 mL) was slowly added dropwise
over about 0.5-1 hour. After the dropwise additweas completed, the reaction mixture was
allowed to warm to rt then stirred for 30 min. Treaction solution was poured into of
ice-H20O (200 mL), and extracted twice with EtOAZ0Q mL). The organic layer was
combined, washed by B and saturated aqueous NacCl. It was then dried Na&sSO, and
concentrated to get benzyl ((2R,3R)t&84-butoxy)-1-hydroxybutan-2-yl)- carbamatér)
which was used directly in the next step withouttar purification. ES-LCMS m/z: 318.2

(M+Na)".

1r (6.0 g, 20.31 mmol) was dissolved in DMF (100 mbger N and cooled to 0°C. Sodium
hydride (60%, 1.6 g, 40.00 mmol) was added portisewand stirred for 30 min.
p-Methoxybenzyl chloride (4.8 g, 30.65 mmol) antitaleutylammonium iodide (0.8 g, 2.16
mmol) were added and the reaction mixture was wdnoet and stirred overnight. After the
reaction was completed, the reaction solution wasnghed in ice-t0 (200 mL) then
extracted with EtOAc. The organic layer was washgdH,0 and saturated aqueous NaCl
and dried over N&O,. Then it was concentrated and purified via flaslomatography on
silica gel to get 5.9 g (Yield 94.5%) of (R)-4-(¢R)(tert-butoxy)ethyl)-3-(4-methoxy-

benzyl)oxazolidin-2-onelf)) as a yellow oil. ES-LCMS m/z: 308.1 (M+H)



19 (5.9 g, 19.19 mmol) was dissolved in DCM (40 micjfluoroacetic acid (40 mL) was
added, and the mixture was stirred under fir 30 min. The reaction solution was
concentrated, and the concentrate was mixed witM &0 mL). This was repeated three
times then the trifluoroacetic acid was removede Tproduct was purified via flash
chromatography on silica gel to get 3.4g (Yield 720) of (R)-4-((R)-1-hydroxy-

ethyl)-3-(4-methoxybenzyl)oxazolidin-2-ondp) as a white solid. ES-LCMS m/z: 252.1

(M+H)".

1p (3.4 g, 13.53 mmol) was dissolved in MeCN (45 nalnd cooled to O ° C under,N
Nonafluorobutanesulfonyl fluoride (7.4 mL, 40.59 wim triethylamine (17.0 mL, 121.77
mmol) and triethylamine trihydrofluoride (6.8 mLQ.59 mmol), were added and stirring was
continued at 0 ° C for 1 h. The reaction mixtureswmured into ice-pO (90 mL) and
extracted with EtOAc. The organic layer was washét H,O and saturated aqueous NacCl
and dried over N&O,. Then it was concentrated and purified via flaslomatography on
siica gel to get 28 g (Yield 81.4%) of (R)-4-({BXluoroethyl)-3-

(4-methoxybenzyl)oxazolidin-2-onéd) as an oil. ES-LCMS m/z: 254.1 (M+H)

10 (2.8 g, 11.05 mmol) was added to trifluoroaceticld56 mL) and the mixture was heated
to 65 (] overnight. After the reaction was completed, tbsa&ction mixture was concentrated,
and the residue was purified via flash chromatdgyam silica gel to get 1.4 g (Yield 95.1%)
of (R)-4-((S)-1-fluoroethyl)oxazolidin-2-onellf) as a light blue oil. ES-LCMS m/z: 134.1
(M+H)*. *H NMR (400 MHz, Chloroformd) 5 7.24 (s, 1H), 4.69 — 4.40 (m, 2H), 4.31 (dd,

= 9.1, 4.9 Hz, 1H), 3.87 (ddi,= 13.5, 9.4, 5.0 Hz, 1H), 1.31 (dii= 24.2, 6.3 Hz, 3H).



1h (850 mg, 6.38 mmol) and 2,4-difluoropyrimidine Q7#4g, 6.37 mmol) were added to
DMF (10 mL) under Nand the mixture was cooled tol OAfter adding sodium hydride (310
mg, 7.75 mmol) and stirring for 30 min, the reactioixture was warmed to rt and stirred for
2 h. After the reaction was completed, the reaatmdxture was poured into ice-H20 (30 mL)
then extracted with EtOAc. The organic phase washioed and washed once with® (60
mL) and once with brine (60 mL). The organic layeas washed with $#0 and saturated
agueous NaCl and dried over JS&y. it was then concentrated and purified via flash
chromatography on silica gel to get 1.1 g (Yield2#b) of white crystalline solid1().
ES-LCMS m/z: 230.1 (M+H) *H NMR (400 MHz, Chlorofornd) & 8.50 (dd,J = 5.8, 2.1
Hz, 1H), 8.18 (ddJ = 5.8, 3.7 Hz, 1H), 5.32 (dqd,= 49.5, 6.6, 1.2 Hz, 1H), 4.77 (dddts
26.6, 9.1, 3.4, 1.2 Hz, 1H), 4.64 (dd+ 9.0, 3.4 Hz, 1H), 4.50 (td,= 9.0, 1.1 Hz, 1H), 1.42
(dd, J = 23.2, 6.6 Hz, 3H)!°F NMR (376 MHz, Chlorofornd) & -43.67 , -197.57 (dq] =

49.9, 26.6, 25.0 Hz).

(9)-3-(2-fluoropyrimidin-4-yl)-4-isopropyl -5,5-dimethyl oxazoli din-2-one (18g)

Methyl N-(tert-butoxycarbonyl)-L-valinate (5 g, B2 mmol) was dissolved in anhydrous
THF (50 mL) under Bl A solution of methyl magnesium bromide (25.2 m&,67 mmol, 3.0

M in Et,O) was added dropwise at 0 °C. After 10 min, thee bath was removed and the
mixture was stirred at rt for 48 h. The mixture viasn quenched by dropwise addition of a
saturated ammonium chloride solution at'Gnd extracted with EtOAc, dried over JS&y
and concentrated. Potassitet-butoxide (222 mg, 1.99 mmol) was added to thedtesand

dissolved in anhydrous THF (13 mL). The mixture vwasred at rt for 3 h. Saturated



ammonium chloride solution was added and the mextuas extracted with EtOAc. The
organic layer was washed withp® and saturated aqueous NaCl and dried oveB@Qa It
was then concentrated and purified via flash chtography on silica gel to get 148.7 mg of
(S)-4-isopropyl-5,5-dimethyloxazolidin-2-on&8h) as a white solid. ES-LCMS m/z: 158.1
(M+H)*. 'H NMR (400 MHz, Chloroformd) & 7.34 (s, 1H), 3.20 (dl = 8.5 Hz, 1H), 1.89 —

1.74 (m, 1H), 1.48 (s, 3H), 1.38 (s, 3H), 1.01X&,6.6 Hz, 3H), 0.92 (d] = 6.6 Hz, 3H).

Fragment18g was obtained froml8h in a process similar to that described for the
preparation oflg. ES-LCMS m/z: 254.1 (M+H) *H NMR (400 MHz, Chlorofornd) & 8.44
(dd,J = 5.8, 2.3 Hz, 1H), 8.13 (dd,= 5.8, 3.8 Hz, 1H), 4.54 (d,= 3.5 Hz, 1H), 2.27 (ddg,
=10.4, 7.0, 3.5 Hz, 1H), 1.57 (s, 3H), 1.42 (s),3HO01 (d,J = 7.1 Hz, 3H), 0.95 (d] = 6.9

Hz, 3H).°F NMR (376 MHz, Chlorofornd) & -44.13.

6- (2-fluoropyrimidin-4-yl)-4-oxa-6-azaspiro[ 2.4] heptan-5-one (19g)

1-Aminomethyl-1-cyclopropanol (5 g, 57.39 mmol) aratbonyldiimidazole (9.31 g, 57.39
mmol) were dissolved in anhydrous THF (170 mL) atided at rt overnight. The mixture
was concentrated to get 7.24 g of 4-oxa-6-azash#fijeptan-5-onelfh), as a yellow oil

which was used directly in the next step withoutHar purification. ES-LCMS m/z: 114.2

(M+H)".

Fragment19g was obtained froml9h in a process similar to that described for the

preparation oflg. ES-LCMS m/z: 210.1 (M+H) *H NMR (400 MHz, Chlorofornd) & 8.47



(dd,J = 5.7, 2.1 Hz, 1H), 8.14 (dd,= 5.7, 3.8 Hz, 1H), 4.27 (s, 2H), 1.38 — 1.30 2H),

0.92 - 0.85 (m, 2H)°F NMR (376 MHz, Chlorofornd) § -43.97.

(49)-3-(2-fluoropyrimidin-4-yl)-4-isopropyl-5-methyl oxazolidin-2-one (179)

N-Boc-L-valine (5 g, 23.01 mmol) was dissolved imhgdrous DCM (100 mL). DCC (6.17 g,
29.91 mmol) and HOBT (3.42 g, 25.31 mmol) were aldaled 10 min later, morpholine (3 g,
34.52 mmol) was added and the mixture was stirtetifar 17 h. It was then filtered, and the
filtrate was washed with 1 M aqueous HCI and satdraqueous NaHCOIt was then dried
over NaSQO, and purified via flash chromatography on silichatgeget 5.43 g (Yield 82.4%)
of tert-butyl (S)-(3-methyl-1-morpholino-1-oxobutan- 2-gdrbamate 1(7u) as a transparent
viscous liquid.*H NMR (400 MHz, Chlorofornd) & 5.31 (d,J = 9.1 Hz, 1H), 4.37 (dd] =
9.2, 5.9 Hz, 1H), 3.74 — 3.41 (m, 8H), 1.88 (dg, 13.2, 6.7 Hz, 1H), 1.38 (s, 9H), 0.91 {d,

= 6.8 Hz, 3H), 0.85 (d] = 6.8 Hz, 3H).

17u (5.43 g, 18.96 mmol) was dissolved in anhydroud=T{d0 mL) under N Methyl
magnesium bromide solution (47.4 mL, 47.40 mmd, M) in THF was added dropwise at
O[]. The mixture was stirred at 0 ° C for 1 h andtabr 1 h. It was quenched with 1 M
diluted aqueous HCI at 0 and extracted with ED. The extract was concentrated and
purified via flash chromatography on silica gelget 728 mg (Yield 17.8%) dfert-butyl
(S)-(2-methyl-4-oxopentan-3-yl)carbamatért) as a light yellow liquid. ES-LCMS m/z:
116.2 (M+H-100J. *H NMR (400 MHz, Chlorofornd) § 5.12 (d,J = 7.2 Hz, 1H), 4.24 (dd,
J=8.5, 3.8 Hz, 1H), 2.15 (s, 4H), 1.39 (s, 9HY70(d,J = 6.8 Hz, 3H), 0.74 (d] = 6.9 Hz,

3H).



17t (728 mg, 3.38 mmol) was dissolved in anhydrous Me@ mL) at 0. Sodium
borohydride (256 mg, 6.76 mmol) was added portisewil'he mixture was stirred at rt for 1
h. The reaction was then quenched with 1 M aquét@sand extracted with EtOAc and
H,O. The organic layer was dried over,88&, and concentrated to get 765 mget-butyl
((3S)-2-hydroxy-4-methylpentan-3-yl)carbamai&q) as a white solid. The residue was used

directly in the next step without further purifigat. ES-LCMS m/z: 118.2 (M+H-100)

Fragmentl7g was obtained fromi7s in a process to similar that described for thgaration
of 18g. ES-LCMS m/z; 240.1 (M+H) 'H NMR (400 MHz, Chloroformd) & 8.45 (dd,J =
5.7, 2.1 Hz, 1H), 8.13 (dd,= 5.6, 3.9 Hz, 1H), 4.88 — 4.75 (m, 2H), 2.30 tdep = 6.9, 2.8
Hz, 1H), 1.62 — 1.55 (m, 3H), 1.04 @= 7.1 Hz, 3H), 1.00 (dJ = 7.0 Hz, 3H)°F NMR

(376 MHz, Chloroformd) 6 -44.09.

1.15. (9-7-(2-fluoropyrimidin-4-yl)-8-phenyl-2,5-dioxa-7-azaspiro[ 3.4] octan-6-one (16Q)

3-oxetanone (1 g, 13.88 mmol), triethylamine (288, r3.78 mmol) were placed in a
round-bottom flask TMS-CN (1.65 g, 16.66 mmol) wadded slowly (exothermic). After
stirring for 1 h, the mixture was concentrated #ralresidue was dissolved in,@t(10 mL)
then a solution of phenylmagnesium bromide (6.01, &8.04 mmol, 3.0 M) in EO was
added. EO (5 mL) was added and the mixture was stirredifor Slowly added 3mL MeOH
(3 mL) and sodium borohydride (630 mg, 16.66 mmwdye added slowly. MeOH (12 mL)
was then added slowly, with gassing and then theéuma was stirred overnight..B (6 mL)
and 10% aqueous HCI (20 mL) were added carefultly after 4 h of vigorous stirring, 2

was added. The organic layer was extracted with aQ&eous HCI (20 mL), and the aqueous



layer was washed twice with &1. 6N sodium hydroxide solution was added to theeags,
and the milky white solution was extracted oncéhvidtCM, once with EtOAc/THF (1:1) and
twice with EtOAc. Then it was washed separatehhwaturated NaHC{aqueous and dried
over NaSQ,. It was then concentrated to get 1.99 g of
(S)-7-(2-fluoropyrimidin-4-yl)-8-phenyl-2,5-dioxa-7 azaspiro[3.4]octan-6-onelv) as a
yellow liquid. ES-LCMS m/z: 180.1 (M+H) The residue was used directly in the next step

without further purification.

Fragmentl6g was obtained from6v in a process similar to that described for thgaration
of 19g. ES-LCMS m/z; 302.1 (M+H) H NMR (400 MHz, Chlorofornd) & 8.46 (dd,J =
5.7, 2.1 Hz, 1H), 8.13 (dd,= 5.7, 3.7 Hz, 1H), 7.43 — 7.28 (m, 5H), 5.871¢d), 5.00 (dd,J
=7.8,0.8 Hz, 1H), 4.88 (dd,= 7.8, 0.9 Hz, 1H), 4.68 (dd,= 8.6, 0.9 Hz, 1H), 4.20 (dd,=

8.6, 1.0 Hz, 1H)**F NMR (376 MHz, Chlorofornd) & -43.59.

Other fragments includ8g, 6g and 7g which were synthesized in a process similar to that
described for the preparation bf. Compound20g was synthesized in a process similar to

that described for the preparation18f.

Molecular docking

The moleclue docking was performed with Schrodirigaestro. IDH1 protein structure was
extracted from published IDH1 structure (PDB: 6bOi)e IDH1 protein and ligand were
prepared by following all steps in Maestro ProtBieparation Wizard. Protein and ligand

protonation states were set at pH 7.0 and at pH/-2@ using PROPKA and Epik,



respectively. The H-bond assignment was optimizedhHoosing sample water orientations.
The structure was split into protein and ligandnd @hen the receptor grid was created by
Glide centered on IDH-305. Compound molecules wiexeked to the protein and scored the
five conformations with the lowest energy. The iatgion between ligands and protein was
reported as default setting. The dihedral angels maasured in the conformation with the

lowest energy.

Biological Evaluation

Expression and purification of IDH1 wt and mutants. IDH1 wt and mutants were purified
as described before.[36] Recombinant proteins wererexpressed irkE. coli BL21 by
addition of 1 mM IPTG overnight at 18 °C. Cells weesuspended in 20 mM Tris (pH 7.4),
containing 500 mM NaCl, 1 mM phenylmethylsulphorilgloride (PMSF), 0.1% Triton
X-100, 5 mM B-mercaptoethanol and 10% glycerol and lysed usimgiaofluidizer. The
lysate was loaded onto a NiZolumn (GE Healthcare). After washing with 10 ¢otu
volumes of 20 mM Tris (pH 7.4), 500 mM NaCl, 5 mpAmercaptoethanol, 50 mM
imidazole and 10% glycerol, the protein was elutéith elution buffer (20 mM HEPES, pH
7.4, 250 mM NacCl, 250 mM imidazole, 10% glycerofjdaloaded on a Superdex200(GE
Healthcare) gel filtration column (GE Healthcarguiibrated with 50 mM Tris (pH 7.5),
200 mM NacCl , 5 mM3-mercaptoethanol and 10% glycerol. Protein purigswassessed by

SDS-PAGE.

Cell culture Cells were grown in DMEM supplemented with 10% heattivated fetal calf



serum and 1% penicillin/streptomycin (P/S) in huified atmosphere at 37 with 5% CQ.

Recombinant IDH1 Enzyme Assays. Briefly, compounds were added to the plate followed
by 200 ng IDH1-R132C in 5@QL 1X Buffer (50 mM KHPQ,, 40 mM NaHCQ, 5 mM
MgCl,, 10% glycerol, 0.03% BSA). After 60 min of inculwett at room temperature, Dl of
substrate mix (1x Buffer, 20M NADPH, 2 mM a-KG) was added to initiate the reaction.
The plate was rapidly transferred to a Spectrantabe peader and NADPH consumption was
measured for 60 min (excitation =340 nm, emissiofb@ nm) in kinetic mode. Then @

of diaphorase/resazurin-coupled detection buffer Blffer, 36 ug/mL diaphorase, 3QM
resazurin) was added. The plate was transferradSjpectramax plate reader after 10 min and
the fluorescence product resorufin was measuredtéon= 540 nm, emission = 590 nm) in
endpoint modelX Buffer for IDH1-R132H enzyme assay was 150 mMCNa20 mM
Tris-HCI, 10 mM MacC}, 0.05% BSA. Compounds were allowed to equilibrgitdn 100 ng
IDH1-R132H for 60 min before addition of the substs (1x Buffer, 2@M NADPH, 1 mM

a-KG) and detection reagents (1x Buffer, 83mL diaphorase, 30M resazurin).

2-HG production in HT1080 cell assay. HT1080 cells were plated in 24 well plates and
incubated overnight. Compounds were prepared iral@inethyl sulfoxide (DMSO) and
added to each well. After 48 hours of incubatiothwéompounds, the supernatants were
removed and filtered using a 10 kD spin column [jpliire) to remove enzymatic activity.
The flow was used for measurement. Determination2¢1G produced by cells with
inhibitors was performed using a PicoProbeTM D-Akxyglutarate (D2HG) Assay Kit

from BioVison. The enzymatic reactions were incelafior 60 min at 37°C and measured at



the fluorescence at ExX/Em = 535/587 nm in a Speetkaplate reader.

Phar macokinetics Studies in rodents. Male ICR mice (6-8 weeks, 20-25 g) (Shanghai BK
Laboratory Animal Co., LTD.) were used in the expents. All animal experiments were
performed in accordance with IACUC protocol (IACARO. IRCBC-2017-003) or the
regulations effective in the the Interdisciplinagsearch center on biology and chemistry.
Nine ICR mice received 1 mg/kg by slow intravenoysction or 5 mg/kg orally. Blood was
collected at multiple time points (5 min (iv),15mi30 min, 1 h, 2 h, 4 h, 8 h and 24 h)
postdose and transferred to a EDTA tube. The bleasl centrifuged at 5000 rpm for 15 min,
and the plasma was transferred to a polypropylebe, tcapped, and stored frozen (-20 °C)

for parent compound analysis.

In the PK studies, plasma samples were collecteghwdtiple time points to assess brain
penetration. Protein precipitation was employedsample preparation. A 2@ aliquot of
sample was subjected to protein precipitation udi@g uL of acetonitrile containing 100
ng/mL of internal standard (Dexamethasone). Aftetex and centrifugation for 10 min at
3000 rpm, the supernatant (0) was transferred to a 1 mL 96-well plate, follavey the
addition of 60 uL of water. The analysis was conducted by using ISTMyilent
Technologies 1290 Infinity I} Palo Alto, CA, USA)coupled with mass spectrome8{C(EX
TRIPLE QUAD 3500, Applied Biosystems ,Grand IslandY, USA)detection. All
pharmacokinetic (PK) parameters were carried oufBylover using noncompartmental

analyses basing on the concentration— time data.

HT 1080 Xenograft tumor models. The female athymic balb/c nude mice were purchased



from shanghai BK animal facility. HT1080 cells weratured in Dulbecco’'s Modified Eagle
Medium (Thermo Fisher Scientific, C11995500BT), gemented with 10% FBS (gibco,
10091-148) and 1% Pen Strep Glutamine (gibco,1@A- Cells were confirmed to be
devoid of mycoplasma before use. To establish HUX@hograftscells were resuspended in
PBS and mixed with Matrigel (BD Bioscience) (1:1)vibefore injecting 10@l containing 5

x 106 cells subcutaneously into right flanks oftBalnude mice.

In vivo phar macokinetic/pharmacodynamics. Female nude mice bearing HT1080 tumors
were treated with a compound, followed by blood aumdor tissue collections at various time
points post treatment. The plasma concentratidghe@tompound and concentration of 2-HG
in the brain and tumor tissue were determined usegsitive LC/MS/MS methods. The
percent inhibition in tumor tissue of treated micdative to vehicle treat mice was

determined.

Compound5 was used in pharmacokinetic/pharmacodynamics iosakdtip in animals

bearing HT1080 xenograft tumors. Mice were assigngzgroups using a randomized block
design (12 mice per group, considering the nattimaadel, animal welfare and preliminary
statistical analysis). Tumor volume was determir®d measuring the length (L) and
perpendicular width (W), with calipers and calcathusing the formula: 0.5 x L x W2. No
blinding is included. The compound was formulatechasuspension formulation (0.5% MC+
0.5% TW8O0 in water ) and administered orally byage at a dose volume of 10 ml/kg twice
per day with 8 h in-between for PK/PD study for eek. At the last day, the animals were

given the first dose administration (i.e., the setalose was not given). For serum PK



analysis 10Qul of blood samples were collected from each anibyabrbital sinus bleeding.
For analysis of compound levels and PD in tisstignprs and brains were collected as the
time points (2 h, 6 h, 12 h and 24 h post last y)sand frozen immediately in liquid
nitrogen. When applicable, results are presentethe@n = s.e.m. Graphing and statistical

analysis was performed using GraphPad Prism 5.08p{tPad Software).

In the PK/PD studies, brain and tumor samples wetkected at multiple time points to
assess brain penetration. Tissues were homogeimiz4d0 uL PBS (Beyotime, C0221A).
Protein precipitation was employed for sample praj@n. A 20 uL aliquot of sample
(plasma or brain homogenate) was subjected to iprgieecipitation using 10QuL of
acetonitrile containing 100 ng/mL of internal stardl (Dexamethasone). After vortex and
centrifugation for 10 min at 3000 rpm, the supeanat60ulL) was transferred to a 1 mL
96-well plate, followed by the addition of g of water. The analysis was conducted by
using LCMS(Agilent Technologies 1290 Infinity 1JPalo Alto, CA, USA) coupled with mass
spectrometric (AB SCIEX TRIPLE QUAD 3500, AppliedoBystems ,Grand Island, NY,
USA) detection. All pharmacokinetic (PK) parametessre carried out by PKSlover using

noncompartmental analyses basing on the concemtratime data.
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Highlights

1. A series of 24 new mutant IDH1 inhibitors have been synthesized and tested.

2. Compound 5 exhibits excellent inhibitory activity both in the enzyme and in cells.

3. Compound 5 is demonstrated good pharmacodynamics and pharmacokinetics

properties.

4. Compound 5 exhibits higher exposure than AG-120 in the brain and tumor.

5. Compound 5 is effective in inhibiting 2-HG in HT1080 xenograft tumor samples.



