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Abbreviations

PLK1, Polo-like Kinase 1;

JAK2, Janus kinase 2;

PTMs, post-translational modifications

KAc, acetylated lysine;

BET, Bromodomain and Extra-Terminal,

P-TEFD, positive transcription elongation factor B;
BRD4-BD1, first bromodomain of BRD4;

SAR, structure- activity relationship;
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FA, fluorescence anisotropy

SSRF, Shanghai Synchrotron Radiation Facility.

Abstract

Recent years have seen much effort to discoveram@motypes of BRD4 inhibitors.
Interestingly, some kinase inhibitors have been alesttated to be potent
bromodomain inhibitors, especially the PLK1 inhibitBI-2536 and the JAK2
inhibitor TG101209, which can bind to BRD4 withsi®alues of 0.02%M and 0.13
uM, respectively. Although the concept of dual intidn is intriguing, selective
BRD4 inhibitors are preferred as they may diminidfitarget effects and provide
more flexibility in anticancer drug combination thpy. Inspired by BI-2536, we
designed and prepared a series of dihydroquinc®dliH)-one derivatives as
selective bromodomain inhibitors. We found compouswtl had slightly higher
activity than (+)-JQ1 in the fluorescence anisograpsay and potent antiproliferative
cellular activity in the MM.1S cell line. We havecsessfully solved the cocrystal
structure 062 in complex with BRD4-BD1, providing a solid strucal basis for the
binding mode of compounds of this series. Compdoh@xhibited high selectivity
over most non-BET subfamily members and did notwshboactivity towards the
PLK1 kinase at 10 or M. From in vivo studies, compouridl demonstrated a good
PK profile, and the results from in vivo pharmagptal studies clearly showed the

efficacy of54 in the mouse MM.1S xenograft model.

Keywords: BRD4 inhibitor; kinase; BI-2536; dihydroquinoxalin-2(1H)-one.
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Introduction

Acetylation of histone lysine residues is one o tmost widely studied post-
translational modifications (PTMs) that regulate ochatin structure and gene
expression in the cell [12]. Acetylated histones are recognized by “readersichvh
are typically found in chromatin- and transcript@associated proteins that partake in
many protein—protein interactions, facilitating tloeemation of the protein complexes
that drive active transcription [B}]. So far, three readers (bromodomain[{]
double PHD finger [7]8], and pleckstrin homology domain) [9] were id&ad to
recognize acetylated lysine (KAc) and among them llomodomain is the most
thoroughly characterized [10]. Totally there arel@tdmodomains distributed in 46
different proteins encoded in human genome. Thesmddomains can be divided
into eight distinct families [11]. Of the 61 humbmmodomains known, the bromo
and extra-terminal domain (BET) proteins have rdgeamerged as druggable targets
for the development of new anticancer agents owiagtheir roles in the
transcriptional regulation of genes involved in trndevelopment and survival
[12][13]. The BET family is characterized by double mamxlomains and consists of
BRD2, BRD3, BRD4, and BRDT [14Particularly, given that BRD4 regulate the
transcription of oncogene c-Myc, the inhibitionBRD4 provides an alternative and
indirect strategy to curing disease related to aidyc abnormality [15], which is
urgently needed since c-Myc itself is an undruggaiphanscription factor with no
suitable small molecule binding pocket identifieet y16}[17]. In addition, BRD4
inhibition leads to good efficacy in xenograft mtsdeepresenting multiple cancer
types [18]19].

Since the discovery of BRD4 inhibitor (+)-JQI) (20], some BET bromodomain

inhibitors, including representative molecules 1IB162 @) [21], PFi-1Q) [22], 4
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[23] and RVX-208 %) [24] (Figure 1), have been investigated as bromnuain

inhibitors [6].
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Figure 1. Structures of clinical BET bromodomaihibitors (+)-JQ1 1), I-BET762
(2), PFi-1 @), 4, RVX-208 6) and dual kinase-bromodomain inhibitors BI-258p (
and TG1012097).

Since BRD4 has been shown to be an atypical kitteetephosphorylates Ser2 of
the RNA Pol Il carboxy-terminal domain [25], thencept of kinase-bromodomain
dual inhibitors has been explored in recent yeamumber of kinase inhibitors have
been identified as bromodomain inhibitors by bindimghe KAc binding pocket [26].
Among them, the PLK1 inhibitor BI-253®) and the JAK2 inhibitor TG101209)(
[26] (Figure 1) are very potent inhibitors of th& Bbromodomains, with 1§ values
of 0.025uM and 0.13uM against BRD4, respectively. On the other side hape to
utilize the information of kinase-bromodomain duahibitors and obtain more
selective BRD4 inhibitors, as they could offer mdiexibility in anticancer drug
combination treatments. Therefore, we designedhsgized and evaluated a series of
novel dihydroquinoxalin-2()-one derivatives as selective bromodomain inhibito

By exploring the structure-activity relationshipA®) of the new dihydroquinoxalin-
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2(1H)-one structures, we were able to obtain seversnpdBRD4 inhibitors in the
fluorescence anisotropy (FA) assay and in the aoliipration cell based assay.
Comparing with the similar bromodomain inhibitorsif2 (3) and4, we can find that
the scaffold dihydroquinoxalin-2€l)-one only use the oxygen atom in carbonyl
group to interact with the conserved residue Asmif4ABRD4 and form one hydrogen
bond. While the ring systems of PFid) @nd4 are flipped,and interact with Asn140
with the amide group to form two hydrogen bondseréfore, these chemical similar
inhibitors have very different interaction patteand distinct binding mode. Finally,
compoundb4 was found to be the most potent BRD4 inhibitofwgimilar activity of
(+)-JQ1 in our FA assay and in the MM.1S cell as§gysolving a cocrystal structure
of BRD4-BD1 complexed withh2, which is very similar td4, we provided a solid
structure basis for the binding mode of compourfdhie series. Compoung¥ also
exhibited high selectivity toward most non-BET samfly members and did not show
bioactivity towards the PLK1 kinase at 10 ouM. In in vivo pharmacokinetic
studies, compoun84 demonstrated a good half-life and a sufficienspla exposure
after oral administration at 10 mg/kg. Additionallg an in vivo MM.1S cell derived
xenograft model, it demonstrated clear efficacyinhibiting the tumor growth.
Together, we demonstrated a new direction to obsalective BRD4 inhibitors

through original dual kinase-bromodomain inhibitors

Results and Discussion

Comparison of the binding mode of BI-253®) @nd our previously-reported 2-
thiazolidinone compoun8 [27] in the BRD4-BD1 binding site showed that b@&h
and 8 forms conserved hydrogen bonds with the asparagiaglue (N140) that

interacts with the acetylated lysine in histonetg@rs (Figure 2B, 2C). Further
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analysis of the crystal structure 6fbound to BRD4-BD1[28] revealed that the
methylated amide d functions as the-N-acetylated lysine group and forms a direct
hydrogen bond with the side chain amide of N140 andater-mediated hydrogen
bond with Y97, while the methyl group is extendetbia hydrophobic subpocket
formed from F83, M132, and C136. These interactiares dominant forces fd®
binding to BRD4-BD1. Additionally, the ethyl grouprotrudes into a small
hydrophobic subpocket (V87/L92/L94/Y97), and thelopentyl moiety and thél-
methylpiperidine point to the solvent, forming ngdhogen bonding with residues
nearby. Analysis of the cocrystal structure of PUxdund with6 (Figure 2A) shows
that one of the pyrimidine nitrogens and the agilNH form critical hydrogen bonds
with the hinge part of PLK1[29].

To obtain selective bromodomain inhibitors, oneldgweserve lactam structure
and remove at least one of nitrogens that madealritydrogen bonds with hinge
part of PLK1. For example, we used dihydroquinax&l{1H)-one to replace the 7,8-
dihydropteridin-6(5l)-one in BI-2536. Meanwhile, from the superimposzgstal
structures ob and8 with BRD4-BD1, we speculated that substitutiorCét position
of the scaffold may introduce similar interactiomsh WPF subpocket as compound
8 does. Along this line, we explored' Bubstitution in dihydroquinoxalin-2€)-one
in order to find a functional group targeting thePW shelf to enhance its binding

affinity against BRD4.
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Figure 2. Analyses of crystal structures of Bl-25#find to PLK1 and BRD4-BD1.
(A) crystal structure of compourl-2536 (6) bound to PLK1 kinase domain (PDB
entry: 2RKU); (B) crystal structure of compouB#+2536 bound to BRD4-BD1 (PDB
entry: 40GlI); (C) Superimpose crystal structureB#2536 @) and 8 bound to

BRD4-BD1; (D) Chemical Structures 8f

Shown in Table 1 are the 1,4-dimethyl-3,4-dihydiogualin-2(1H)-one
derivatives with various Rand R substituents and their BRD4 binding activities. For
R* group, 4-methylbenzenesulfonamide substitution (@mumd 12) showed better
potency than other groups (compour®d$l). For R group, replacement ofS(-Me
with (§-ethyl reduced the binding activity by almost 2df¢gcomparel2 with 13),
while inversion of the stereochemistry of C3 pasitidid not affect the binding

affinity to BRD4 significantly (compar&3with 14).

Table 1. Effects of B R*-substituted 1,4-dimethyl-3,4-dihydroquinoxalin-Bijtone

derivatives on inhibition of BRD4-BD1 by fluores@@nanisotropy assdy
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Cmpd R R’ BRD4-BD1 Cmpd R? R’ BRD4-BD1
ICs0(uM) ICs0(uM)
(+)-JQ1 - - 0.07+0.001 11 S 1.53+0.22
| P CIH
I-BET762 - - 0.26+0.01 12 Qg;, 0.77+0.14
BI-2536 - - 0.25+0.01 13 ., Q??N,. 1.35+0.05
H
9 ., 1 >1.0 14 "~ - S 1.47+0.32
X - H
OMe
10 e, (1 . 4189%@uM

®The 1Gy in the table was calculated from two independeqteemental measurements and
expressed as mean = SE. The fluorescence compaedt in the assay was JQ1-FITC (The

synthesis route was provided in our group previsosk) [27].

Next, we studied the SAR of 'Rand R substitutions and the scaffold
modification of dihydroquinoxalin-2()-one. Initially, we explored Rgroup while
preserving the dihydroquinoxalin-24)-one skeleton and N4-cyclopentyl. Exploring
substitution on the Fposition with H, Me or Ethyl, we found that Bs methyl group
had better potency than others (compbevith 15 or 17). Secondly, we preserved
scaffold as dihydroquinoxalin-2()-one and R as Me to explore R group.
Comparison ofl6 and18-24indicated that better binding activity could beabed

when R was cyclopropyl (compound9), as larger R including isobutyl, 2-
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methoxyethyl, 2-morpholinoethyl, (tetrahydrofuratyigmethyl, 2-methoxybenzyl
(compounds20-29 all reduced the inhibitory activity. Thirdly, wareserved N1-Me
and N4-cyclopropyl to modify scaffold. We changelydroquinoxalin-2(H)-one to
dihydropyrido[2,3-b]pyrazin-2#)-one or dihydropyrazino[2,3-b]pyrazin-2{4)-one
(comparel9 with 25 or 26), and found tha5 had similar potency td9, while 26
deceased the potency remarkably. Although the adadihydropyrido[2,3-b]pyrazin-
2(1H)-one is very promising, SAR study on this new cigrehallenging. In current

work, we focus on the scaffold of dihydroquinoxa®ifiH)-one.

Table 2. Effects of Rand R substitutions and scaffold modification on dihyduiog

oxalin-2(1H)-one derivatives in the BRD4-BD1 fluorescence ainpy assaly

R1
|
Y. N__O
R
> [ LT
NTTXTON
H R

BRD4-BD1
Cmpd X Y R R®
ICs0(uM)
(+)-JQ1 - - - - 0.07+0.001
I-BET762 - - - - 0.26+0.01
BI-2536 - - - - 0.25+0.01

15 C C H é >1.0

16 C C Me é 0.38+0.04



17 C C d G 0.76+0.21

18 C C Me /\\ 0.35+0.05
19 C C Me )_\ 0.25+0.01
20 C C Me J. 0.73+0.42
21 C C Me Moo ) 0.77+0.02
22 C C Me O 1.03+0.40
23 C C Me @/ 1.04+0.10
24 C C Me /jo >1.0

25 N C Me A 0.27+0.02
26 N N Me A >1.0

N

N

*The 1Gy in the table was calculated from two independ&pegmental measurements and

expressed as mean + SE.

Before further exploring the SAR of this series, mezd to confirm that the ligand
contacts with the WPF subpocket, and we solved@ysial structure of BRD4-BD1
bound with compound9 (Figure 3A). As expected, the sulfonamide group esak
turn to enable the 4-methylbenzene go into the V¥BBpocket. This showed a

distinct binding conformation as comparing BI-2586 BRD4-BD1 binding site.
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Except this remarkable difference, the dihydroguadin-2(1H)-one scaffold
preserved the essential hydrogen bonding intersctms BI-2536 and located at
almost exact position in the binding site. By compgthe solved structure with PFi-
1 3) and 4 (PDB entry: 4E96 and 4NYW), we can find that theaffold
dihydroquinoxalin-2(H)-one only uses the oxygen atom in carbonyl graupteract
with the conserved residue Asn140 of BRD4 and fooms hydrogen bond. While
the ring systems of PFi-BBY and4 are flipped,and interact with Asn140 with the
amide group to form two hydrogen bonds. Thereftre,comparison indicated that

the binding mode is different from PFi-1 dr and represented as an interesting

scaffold for bromodomain inhibitor development.

A. B.
N @mw
< o
[S-=& #)
) o \
T 2%
C - D

Figure 3. Crystal structures of compourdds 35, 52, 53ound to BRD4-BD1. (A)
superimposed structures @B (green, PDB entry: 5XHY) and BI-2536 (yellow)
bound to BRD4-BD1; (B) superimposed structures5af(yellow, 5XI2) and19

(green) bound to BRD4-BD1; (C) superimposed stmestuof 52 (yellow) and35
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(gray, PDB entry: 5XI3) bound to BRD4-BD1,; (D) suipgposed structures di2

(yellow) and 53 (blue, PDB entry: 5XI4) bound to BRD4-BD1.

To further probe the SAR of “Ryroup, we synthesized various sulfonamides,
carbamates and amine groups to attach the coreylphierg (Table 3). From
compound<27-3§ it was found that when“Rvas ©-1-phenylethan-1-amines6) it
showed better potency than those having @& sulfonamides or carbamates.
Replacement of 4-methylbenzenesulfonamide group h wita 4-
methoxybenzenesulfonamide group reduced the imhjbactivity by almost 2.3-fold
(comparel9 with 27), and replacing the 4-methylbenzenesulfonamidemwith a 4-
methylbenzamide group maintained binding affinityorGparing 19 with 31).
Changing the sulfonamides to carbamates reducedn@ptby almost 3.3-fold
(comparingl9 with 29). Further investigation found that adding an etirgup to the
nitrogen atom of 4-methylbenzenesulfonamide dirhinipotency significantly
(comparel9 with 28). In addition, adding an ethyl group to the nigogatom of
benzylamine reduced the inhibitory activity by abha.7-fold (compar82 with 33).
These results indicated that adding another alkylg to the nitrogen atom which
attached to the core phenyl ring was detrimentabtency.

Using commercial available building blocks, we fignt explored the SAR offon
the basis of 1-phenylethan-1-amine. As shown ind & we found that compounds
with methyl or ethyl substitution at the methyleokebenzylamine 34 or 37) had
better potency that the unsubstituted 08®,(largern-propyl-substituted compound
38 demonstrated marginally reduced potency, tertebutyl-substituted compourizb

and dimethyl-substituted compourtD showed significantly decreased potency.
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Cyclizing methyl to the benzene group decreasedigctemarkably (comparin@4
with 41).

Next, we turned our attention to the substitutiams benzene of benzylamine.
Comparing43-46 with 34, we found that Me, F, Cl or OMe substituents & plara
position of benzene improved binding affinity slilyhand the electronic nature of the
substituents on this position was not critical tbe binding. As demonstrated by
compoundst2 and43, the position of the methyl substituent at theZes® ring was
important for the inhibitory activity: thpara-methyl substituted compound3) was
more potent than thertho-methyl substituted compoundd). Moreover, 2,4-
dimethyl substituted compound7 had better potency than the 4-methyl substituted
43. These indicated that WPF subpokcet is criticatlie binding interaction.

Furthermore, comparing5 with 36, better potency ofgj-1-phenylethan-1-amine
substituted 36 than R)-1-phenylethan-1-amine substituted35 indicated
stereochemistry of the benzylamine is important. pheserved §-1-phenylethan-1-
amine and synthesized compount®51 As expected, §-compounds are more
potent than their racemic analoguet3 (44, 46 and 47), confirmed the 9-1-

phenylethan-1-amine was the preferred configurdbominding at WPF shelf.

Table 3. Effects of Roosition in 4-cyclopropyl-1,3-dimethyl-3,4-dihydraigoxalin
-2(1H)-one derivatives on inhibition of BRD4-BD1 fromufirescence anisotropy

assay$.



Cmpd R’ BRD4-BD1 Cmpd R’ BRD4-BD1
ICs0(1M) 1Cs0(1M)
(+)-JQ1 - 0.07+0.001 38 0.61+0
ORE
I-BET762 - 0.260.01 39 Y. 20.08%@ 1M
BI-2536 - 0.25+0.01 40 ©>< 19.31%@ LM
19 & . 0.25+0.01 41 & . 43.79%@1M
JOR :
27 s . 0.58+0.07 42 . 0.27+0.02
S o
28 e . 13.16%@1M 43 Q/LN,. 0.17+0.02
[j N H
29 o 0.83+0.05 44 0.27+0.04
\©\°/U\n,o F/©)\n
30 i 0 0.81+0.11 45 0.21+0.01
\©\0J\N" c,/©)\"
J
31 i 0.24+0.003 46 0.28+0.001
32 ©AN» 0.460.01 47 b} . 0.12+0.01
H N
33 ©ﬁ~/‘ 0.79+0.05 48 L 0.087+0.01
J R
34 > 0.34+0.04 49 ~ 0.11+0.01
H E >z H
35 ©,L 38.35%@1M 50 g 0.23+0.004
H ~o H
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H

0.18+0.01 51 0.10+0.001

*The 1Gy in the table was calculated from two independ&pegmental measurements and

expressed as mean + SE.

Although compounds48 and 51 had the best activities than others, both
demonstrated as a pair of diastereomers due tchinality of C3 of scaffold. To
assess the SAR of individual diastereomers, welveda@l8 and 51 by means of
chromatography (supporting information Table Siguké S1 and Figure S2) and
obtained compounds2-55in Table 4. Surprisingly, we found KB-enantiomer had
better potency than (+)-JQ-1, I-BET762 and BI-25B&A assays32 and54), while
(39-enantiomer diminished potency dramaticalBB (and 55), implying that the

chirality of R was very important for this type of compounds.

Table 4. Effects of Compoun@s, 43, 47-49and51-550n Inhibition of BRD4-BD1

in FA Assay and Antiproliferation Effects againgtld.ines MM.1S and TY-82

I\{Ie
Rs_;@/L N N~ "R2
5 A

BRD4-BD1 MM.1S TY-82

Cmpd R R® R® ICs0 (uM) 2 ICso(uM) & ICs0(uM) 2

(+)-JQ1 - - - 0.07+0.001 0.019+0.009  0.018+0.007



N

I-BET762 - - - 0.26+0.01 0.23+0.027  0.20+0.015
BI-2536 - - - 0.25+0.01 N.T.P 0.001+0.0

36 Me = H 0.18+0.01 0.74+0.013  0.50+0.071
43 Me  Me 4-Me 0.17+0.02 0.38+0.010  0.31+0.065
47 Me Me 24-dimethyl  0.12+0.01 0.10+0.036  0.095+0.032
48 Me . 4-Me 0.087+0.01 0.081+0.005  0.058+0.006
49 Me . A-F 0.11+0.01 0.33+0.019  0.35+0.026
51 Me . 24-dimethyl  0.100.001 0.10£0.018  0.23+0.031
52 ‘N . 4-Me 0.052+0.007  0.065+0.016  0.047+0.016
53 .. 4-Me 16.98%@ 1M N.T. N.T.
54 N . 2,4-dimethyl  0.045+0.002  0.016+0.008  0.063+0.020
55 . 2,4-dimethyl 16.08%@ &M N.T. N.T.

*The 1Gy in the table was calculated from two independ&pegmental measurements and

expressed as mean + SH\.T. represents not tested.

To visualize the stereochemistry effect on the ioigdactivity, we solved three
crystal structures of BRD4-BD1 bound with the rejergative compound3b, 52 and
53. From chemical structure point of view, compouB® contains (R)-1-
phenylethyl)amino group and a racemic scaffold; poumd 52 contains (§)-1-
phenylethyl)amino group and)-4-cyclopropyl-1,3-dimethyl-3,4-dihydroquinoxalin-

2(1H)-one scaffold; while compoun83 differed from 52 only at the scaffold,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

containing  §-4-cyclopropyl-1,3-dimethyl-3,4-dihydroquinoxal(dH)-one. By
comparing the crystal structures 8 and52 (Figure 3C), we found that different
chiral phenylethyl-amino groups showed almost ndfedince in binding
conformation, except for the rotation of cycloprbmy the scaffold. The notable
difference in BRD4-BD1 around the stereocenter wasinward of the residue
TRP81 on WPF shelf, which implies the Van der Waallsractions betweeB5 and
WPF were attenuated. This is not surprising bec#luseseries of BRD4 inhibitors
are mainly exploring the SAR around the WPF shetf the binding affinity is very
sensitive around this subpocket as demonstratedeligral compounds shown in
Table 3. To understand the remarkable different&d®n compoundS2 and53, we
compared their cocrystal structures (Figure 3D) misohtified the major difference
lies at the dihydroquinoxalin-2kl)-one scaffold. Binding interactions &3 with
BRD4-BD1 showed the methyl group stays almost & glane of scaffold, forcing
the surrounding residues TYR139 slightly shiftele istance of the methyl carbon
atoms of53 to the nearest atom of TYR139 is 3.3 A, which d im the favorable
range of carbon-carbon interaction. By utilizingh&inger program to minimize
compound53 in water, we also found the methyl group signflitta deviated away
from the scaffold plane (see supporting informatieigure S4). Both evidences
implied that the ligan®3 must adopted a high-energy conformation to intenath
the binding site of BRD4-BD1. These may accountlierdiminished binding affinity
of 53when compared to compouba.
Bromodomain Selectivity Screening

Bromodomain is the conserved module in evolutiow they share a common 3D
structure pattern of one short helix (helix Z) ahcee long helices (helix A-C). The

acetylated lysine can bind to the top of the broomodins by forming several



10

11

12

13

14

15

16

hydrogen bonds with the conserved residue aspaa@ghsnl40 in BRD4). As
selectivity is critical for the success of drugatigery, we selected the most potent
BET inhibitor 54 to profile the binding specificity in 32 represem@toromodomain
modules by using the DiscoveRx BROMOScan platfotrh gM concentration. As
showed in Figure 4, it was clearly shown that conmutb4 was generally selective
inhibitors for BET subfamily over other non-BET fdyn except its moderate
inhibition on EP300/CREBBP (The detail number wasvyged as Table S3 in

supporting material).

BRD2(2)
> RD3(2)
BRDY(1) & oF
Q& 3
$ () BRD4
BRD2(DQDNQ Q)@ Q 2)
Q@ [ QeroT(2)
y
vy =
& GCNSL.
G <7 P
e ;;‘%-?r & PCAF
N &
2
&
a8
2
&
SMARCA2
BRDY
BRD7 SMARCA4
BRPF3
Dl
BRPF1  BR! S eADZA
XTADIB AL BRWDI(1)
Percent Control
TRIM24 & : Q o

SQC

A
i\h_r L
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D 520%

20-50%

; ) D 50-70%
oo 2 70-100°
2\; TAF1(2) i
%

2

IRIM33

Figure 4. Bromodomain selectivity profile of compds#. Red, Purple red, Orange,
Purple gray and Gray dots indicate the assay atil§ge: 0-5%, 5-20%, 20-50%, 50-
70% and 70-100%, respectively, in the DiscoveRXapnsd 1uM concentration. The

ctrl%=(test compound signal — positive control sijfnegative control signal —

positive control signaf100%.

PLK1 Kinase Selectivity Profile
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We hope to discover a new series of dihydroquinox2(1H)-one as selective
BRD4 inhibitors by using PLK1-BRD4 dual inhibitol-2536 as the starting point.
Thence, on the basis of molecular activity andcstmal diversity, we chose three
compounds to profile their PLK1 kinase activity, rajowith BI-2536 and a highly
active ATP competitive kinase inhibitor staurosperas positive control. From Table
5, we found that staurosporine and BI-2536 showguifgcant inhibitory effects on
PLK1 kinase at 1@M or 1 uM. However, compound39, 25 and54 demonstrated
only negligible inhibitory activity for PLK1 kinasat 10uM or 1 uM as we excepted.
Thus, removing pyrimidine ring nitrogen in BI-2536 a critical hydrogen acceptor

for kinase hinge binding successfully reduced tebitory activity for PLK1 kinase.

Table 5. PLK1 kinase activity of compount® 25and54

Cmpd Inhibition Inhibition Cmpd Inhibition Inhibition
(%, 10uM) (%, 1uM) (%, 10uM) (%, 1uM)
Staurosporine 95 58 25 5 7
BI-2536 100 101 54 2 5
19 3 7

Cellular activity

The compounds with better enzymatic activitysg@€alues<<0.2 uM) were further
assessed in the cellular antiproliferation ass¥y 43, 47-49 51-52 and 54). The
graphs of cell viability for representative compdsi36, 48, 51, 52, 54, I-BET762
and (+)-JQ-1 were shown in supporting information Fey@5. The results (Table 4)
indicated these compounds had good cellular aesvivith 1Gobelow 1uM both in
MM.1S and TY-82 cell lines, and among them compeu®, 52 and 54 showed

strong proliferation inhibition activity with 1§ below 0.1 uM. Particularly,
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compound54 even had similar cellular activities with (+)-J@1 MM.1S cell line.
From table 4, we also found BI-2536 showed extrgrmlibition on TY-82 cell line,
however, it exhibited moderate binding affinity BRD4-BD1, so we conjectured its
high cell activity was not only due to its inhiloii on BRD4-BD1 but also because of
its inhibition on PLK1 kinase in cell.

Effects on c-Myc Protein and mRNA Expression.

The BRD4 inhibitor (+)-JQ1 induces an antiprolifiera effect associated with the
down-regulation of c-Myc transcription. In ordergtudy whether they went through
the BRD4-dependent pathway in the cell, we perfarntee Western blotting
experiment and quantitative real-time PCR (RT-gP@R}ytudy the cellular effect
related to c-Myc. On the basis of the protein bagdand cellular antiproliferation
assays, we cho¥®, 54 and the positive controls (+)-JQ-1, I-BET762, OUX5, and
BI-2536 to evaluate their effects on c-Myc protaimd mRNA expression. As showed
in Figure 5A, both compounds2 and 54 displayed significant inhibition on the
expression of c-Myc protein both at 0.2 uM and 1.JdMparticular, compouné4
remarkably suppressed the expression of c-Myc pratel M.

As indicated by RT-gPCR assays in Figure &Bnpounds2 and 54 strongly
down-regulated the expression of c-myc mRNA in aeddependent manner,
showing more than 60% inhibition atyM. Taking the selectivity profiles together,
these data implied that the antiproliferation effeaf dihydroquinoxalin-2(#)-one

series of compounds attributed to the BRD4-deperukthway.
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Figure 5. (A) Inhibition of compounds2 and54 on the expression of c-Myc protein.
TY-82 cells were treated with compoun&® and54, I-BET762, OTX-015, BI-2536

and (+)-JQ1 (0.2 uM or 1 uM) for 24 h, respectivélells were collected and lyzed
for Western blotting. The level of c-Myc protein svdetected and GAPDH protein
was chosen as the loading control. The experimapte repeated three times. (B)
Inhibition of compound$2 and54 on the expression of c-Myc mRNA. TY-82 cells
were treated as in (A). Then, total RNA was isaladad reverse-transcribed for RT-
gPCR analyses. The data were expressed as mean tef@Bsenting the relative

levels of c-myc mRNA from three independent expenis.

In Vivo Study of Compound 54

Based on aforementioned data, compo&Gadvas selected for further in vivo PK
study. After single oral administration of 10 mg/fycompoundb4 (DMAC/HPMC
formulation) to male ICR (CD-1) mice, the pharmaocekic parameters 054 in
plasma samples were summarized in Table 6. Thermawiplasma concentration of
54 (869 ng/mL) was observed at 0.33 h after drug athtnation. At 24 h after
administration, the plasma concentration was betbes lower limit of quantity
(LLOQ = 0.3 ng/mL). From Table 6, it showed thatmmound54 has a moderate
half-life (2.23 h) and a reasonable plasma expostii&89 ng x h/mL, indicating§4

could be advanced for in vivo pharmacological study
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Table 6. In Vivo PK Data for Compouid®

Cpd Route of Dose T max Crax AUC o AUC g.inf T

administration (mg/kg) (h) (ng/mL) (ng-h/mL)  (ng-h/mL) (h)

54 p.o. 10 0.33 869 1683 1689 2.23

4 5% dimethylacetamide and 0.5% hydroxypropyl meti@jlulose were used as vehicle.

To evaluate the therapeutic effect of compo6ddn vivo, we established human
MM.1S xenograft model in Balb/c nude mice. Tumoai#ieg mice were treated with
54 by intraperitoneal injection (50 mg/kg daily). Thesult showed that treatment of
compound54 significantly decreased the growth of xenograftasneed by tumor
volume (Figure 6A) but did not cause loss of thdybweight (Figure 6B). No animal
death occurred during the experiments. By compawiitiy the positive control BRD4
inhibitor OTX-015 (oral dosage 50mg/kg dailyg4 and OTX-015 showed similar
inhibition effects about RTV 638% and 603% respetyi although they are
administrated via different route. These data fitate the therapeutic potential of

compoundb4 for tumor treatments.
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Figure 6. (A) Relative tumor volume (RTV) of humkiV.1S xenografts in Balb/c
nude mice after treatments. **, OTX-015 or compoustl group versus vehicle
group, p value < 0.01, Formulatiorb4: 0.5% Tween80 and 0.5% Methylcellulose
agueous solution, OTX-015: 5% dimethylacetamide @&8o6 hydroxypropyl methyl

cellulose; (B) Body weight changes of mice.

Chemistry

The syntheses of novel dihydroquinoxalint2jdonederivatives were depicted in
schemes 1-3. In schemes 1, the reaction of comatigravailable56 with different
amino acids through aromatic nucleophilic substng (SAr) furnished aniline&7-
59, wherein the nitro group directed ortho attacke Tihydroquinoxalin-2(#)-one
scaffold was next constructed by reductive heterlimations of57-59 into 60-62,
respectively, with tin(ll) chloride dihydrate (Sn2H,O) and con.HCI. Introduction
of the methyl group was achieved by deprotonatibthe amide NH followed by
guenching with iodomethane to yieGB-65 The 3,6-substituted 1,4-dimethyl-3,4-
dihydroquinoxalin-2(H)-one derivative®-14 were obtained through compourgiz-

65 coupling with different amines or sulfonamides.
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Scheme 1 Syntheses of the 3,6-substituted 1,4-dimethyléBddroquinoxalin-

2(1H)-one derivative9-14.

H
NO
NG, COOH b N0
—> A >
Br F Br N R Br N R
H H
56

57 R?=(S)-Me 60 R?=(S)-Me
58 R?=(S)-C,Hs 61 R?=(S)-C,Hs
59 R?=(R)-C2Hs 62 R?=(R)-CoHs
\ \
c N (0] d N o)
- o 0T
Br l\‘l R? R?* N~ "R2
\
63 R?=(S)-Me 914
64 R?=(S)-C,Hs

65 R%=(R)-C5Hs
Reagents and conditions: afG#(NH,)COOH, KCOs, EtOH, reflux, 4 h; b) tin(ll) chloride
dihydrate, con.HCI, EtOH, reflux, 5 h; c) NaH, 0,°8 min, iodomethane, rt, 2 h; 8)and10:
different amines, GE0;, DMF, Pddba, Xphos, 110 °C, 1hl11-14 different sulfonamides,

K.CQ;, 2-metyhtetrahydrofuran, allylpalladium chloridiengr, tBuXPhos, 85 °C, overnight.

As depicted in Scheme 2y& of different aminedo 56 afforded compound€6-
73. Then reduction with Fe powder and MH provided amine§4-81 Compounds
82-89 were obtained through two steps, including treatmef 74-81 with 2-
bromopropanoyl bromide to afford corresponding awsjdand the ring formation
through intramolecular nucleophilic substitutioracgon. For compound0-98
introduction of the R group was achieved by deprotonation of the amidé¢ N
followed by quenching with iodomethane or bromoethaCoupling of93 and
diverse amines via Buchwald-Hartwig reaction gawengounds32-51 and 99.
Compoundsl5-24 and 27 were obtained through the reaction between intdiaes
82 and 90-98 and 4-methylbenzenesulfonamide or 4-methoxyberszgiomamide.
Treatment oP3 with tert-butyl carbamate via coupling reaction and subseigaedic
deprotection afforded compoud@®0. Condensation dd9 with R°Cl yielded28 or 30

in a similar fashion used for producing compo@8ar 31
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Scheme 2 Syntheses of the 1,4,6-substituted 3-methyl-3,4dtbquinoxalin-2(H)-

one derivatived5-24and27-51

PonE- QNH e, /CENH —»QI

56 66 %= \Q R Y 74R%= \Q R Y aeRe \Q 83 R3—
R Ny 69R% TBR= Ny TTRS A R Ny, R ~

70R=" g TIR= TNy 78RE g 7aR= TNy 88R= g 8TR= TN

72R%=+ 7O 73R%= ;j@ 80 R%=+ 9 81 R ;j@ 88 R=+ O 89 R*=+ ;j@

R’ R’ R’
|
N._O N O N._©O
% LT e
N /C[ i e R
NN NN Ny
. H R3 R? S R3

15-24 and 27 99 R'=Me R3= 28 and 30

N
e, /CEI . /@EI_.W/@EI

1= 3= * 29 and 31
82R'=H o1R'= csz 90,9208 R'=Me  COREMER= g

3= .
IRy : ]
92rR%= Y eR:= V s

SN 3= " -
94 R%= 95 R= ~o @[ I
R
R* N

3= N 97 R¥:=+ YO,
9% R N )

sorees S0 &

Reagents and conditions: aﬁNin, CICH,CH,CI, 80 °C, 12 h; b) Fe, Ni&I, EtOH, 80 °C, 1 h;
c) 1. 2-bromopropanoyl bromide, DIPEA, DCM, 0 °Qt- 2 h; 2. CHCN, DIPEA, 80 °C,
overnight; d) iodomethane or bromoethane, NaH, DMF, °C - rt, 2 h; e) 4-
methylbenzenesulfonamide or 4-methoxybenzenesuffeg KCO;, 2-metyhtetrahydrofuran,
allylpalladium chloride dimertBuxXPhos, 85 °C, overnight; f) sodium tert-butoxié¢hylamine
hydrochloride, toluene, palladium acetafy;P, 85 °C, overnight; g) ®! or R'CI, EN, DCM,

0 °C - rt, overnight; h) ltert-butyl carbamate, GEOs, dioxane, palladium acetate, Xphos, 85 °C,

overnight; 2. TFA, CKCl,, rt, overnight i) sodium tert-butoxide, toluene, palladium ateta

tBusP, 85 °C, overnight.

In Scheme 3, treatment of commercially availadl@l and 102 with 2-
bromopropanoyl bromide formed amided3 and 104 The reaction 003 and 104
with cyclopropylamine gavelO5 and 106 through intermolecular nucleophilic

substitution reaction. Compound407 and 108 were constructed through
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intramolecular QAr reaction. Deprotonation of the amide NH followeg quenching
with iodomethane yieldeti09 and 110. Compound<5 and 26 were obtained through
couplingl09and110with 4-methylbenzenesulfonamide, respectively.

Scheme 3Synthesis of the dihydropyrido[2,3-b]pyrazin-B({ione or dihydropyra-

zino[2,3-b]pyrazin-2(H)-one derivative5 or 26.

H H
X\ NH, X\ N\H)\Br b X\ N\H)\NH c
HL e LT P (LT >
Z Z (0} — (0]
N Br Br N Br Br N Br

101 X=C 103 X=C 105 X=C
102 X=N 104 X=N 106 X=N

eeds B,i:iiff > &Niiiff
X gy

107 X=C 109 X=C 25 X=C
108 X=N 110 X=N 26 X=N

Br

Reagents and conditions: a) 2-bromopropanoyl breyi&COs, CH,Cl,, 0 °C - rt, overnight; b)
cyclopropylamine, CkCN, 80 °C, overnight; ¢) DIPEA, DMF, 150 °C, oveghi; d) NaH, 0 °C,
30 min, iodomethane, rt, 2 h; e) 4-methylbenzeriesamide, KCOs;, 2-metyhtetrahydrofuran,

allylpalladium chloride dimetBuXPhos, 85 °C, overnight.

Conclusion

Inspired by PLK1-BET bromodomain dual inhibitor B536 ©), we rationally
designed, synthesized, and evaluated a seriesvel dihydroquinoxalin-2(&#)-one
derivatives as selective bromodomain inhibitorsroligh iterative structure-based
designs, we obtained several potent BRD4 inhibiath 1Csobelow 0.1uM both in
FA assays and antiproliferation cell based asagmpoundb4 with good potency in
FA and cell assays displayed concentration-depéndbkibition on the expression of

c-Myc protein and c-Myc mRNA, and demonstrated ggdhrmacokinetic and
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pharmacodynamic properties in mice. Our study destnated a practice for

designing selective bromodomain inhibitors starfiogn the kinase inhibitors.

Experimental Section

Chemistry

General:

'H NMR (400 MHz) spectra were recorded by using aidfaMercury-400 High
Performance Digital FT-NMR spectrometer with tetedhylsilane (TMS) as an
internal standard**C NMR (126 MHz) spectra were recorded by using aiafa
Mercury-500 High Performance Digital FT-NMR specteter. Abbreviations for
peak patterns in NMR spectra: br = broadened, iagted, d = doublet, t = triplet, dd
= doublet of doublets and m = multiplet. Low-regmn mass spectra were obtained
with a Finnigan LCQ Deca XP mass spectrometer usinQAPCELL PAK C18
(50mm x 2.0mm, 5 uM) or an Agilent ZORBAX Eclips®R C18 (50mm x 2.1m, 5
KM) in positive or negative electrospray mode. Higbolution mass spectra were
recorded by using a Finnigan MAT-95 mass spectrem@&urity of all compounds
was determined by analytical Gilson high-performeanioquid chromatography
(HPLC) using an YMC ODS3 column (50 mm x 4.6 mnuM). Conditions were as
follows: CHsCN/H,O eluent at 2.5 mLmihflow [containing 0.1% trifluoroacetic acid
(TFA)] at 35 °C, 8 min, gradient 5% GEN to 95% CHCN, monitored by UV
absorption at 214 nm and 254 nm. TLC analysis wasec out with glass precoated
silica gel GF254 plates. TLC spots were visualipadler UV light. Flash column
chromatography was performed with a Teledyne ISQGInkiFlashR; system. All
solvents and reagents were used directly as olotaommercially unless otherwise

noted. All air and moisture sensitive reactionsemveairried out under an atmosphere
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of dry argon with heat-dried glassware and standamhge techniques. Melting
points were determined using a SGW X-4 hot staggascope and are uncorrected.
(spectra data of the synthesized compounds weredaebas supporting material)
Synthetic Procedures:

Compoundss6 and 101-102were purchased. Other compounds were preparechéyobfour
schemes.

Scheme 1.(5-bromo-2-nitrophenyl)-L-alanine (57). To a solution of compoun86 (2 g, 9.09
mmol) and L-alanine (0.81 g, 9.09 mmol) in EtOH ({©0) was added ¥CO; (1.51 g, 10.91
mmol) in water (3 mL). The mixture was heated tflusefor 4 hours and monitored by TLC.
Upon completion, EtOH was evaporated. The resida® acidified with 1 N aq. HClio pH 3 — 4,
diluted with water and extracted with EtOAc (3 xrBQ). Combined organic layers were washed
with brine, and dried with N&O, to afford compound7 (2.48 g, 8.58 mmol, 94% vyield) as a
light yellow solid."H NMR (400 MHz, DMSOd) & 8.41 (d,J = 7.0 Hz, 1H), 8.02 (d] = 9.1 Hz,
1H), 7.24 (s, 1H), 6.90 (d,= 9.5 Hz, 1H), 4.62 — 4.52 (m, 1H), 1.45 Jd; 6.9 Hz, 3H).
(9)-6-bromo-3-methyl-3,4-dihydroquinoxalin-2(1H)-one (60). To a solution of compour&l7 (2.48

g, 8.58 mmol) in EtOH (20 mL) was mixed with a gan of tin(ll) chloride dihydrate (7.74 g,
34.3 mmol) in 10 mL of EtOH and 2.7 mL of con. HThe mixture was heated to reflux for 5
hours and monitored through TLOpon completion, the reaction mixture was cooleddom
temperature and filtered through Celite. The fitrevas basified with saturated NaHECElution

to pH 6 — 7, diluted with water, and extracted WHtOAc (3 x 50 mL). The combined organic
extracts were washed with brine, dried {81@;), and concentrated under reduced pressure.
Purification by silica gel column chromatographya@jent elution, gradient 0 to 30% EtOAc/60
90 °C petroleum ether) gave compo@tiy1.80 g, 7.47 mmol, 87% vyield) as a light yelloglid.
'H NMR (400 MHz, CDC}) & 9.26 (s, 1H), 6.85 (dd] = 8.2, 2.0 Hz, 1H), 6.80 (d,= 1.8 Hz,
1H), 6.64 (d,J = 8.2 Hz, 1H), 4.06 — 3.99 (m, 1H), 3.92 (s, 1H%5 (d,J = 6.7 Hz, 3H); LCMS
m/z (ESI, positive) found [M + H]241.05; retention time 2.66 min,99% pure.
(9-6-bromo-1,3,4-trimethyl-3,4-dihydroquinoxalin-2(1H)-one (63). To a solution of compourgD

(1.5 g, 6.22 mmol) in anhydrous DMF (5 mL) was atitiaH (1.0 g, 24.88 mmol) portionwise at
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0 °C. The mixture was stirred at 0 °C for 30 mhen iodomethane (1.55 mL, 24.88 mmol) was
added and stirred at room temperature for anotltinerThe reaction was monitored by TLC. Upon
completion, the mixture was poured to 100 mL icéewalowly, then the white solid was filtered,
washed with water, dried, and offered the whitadsobmpound63 (1.37 g, 5.10 mmol, 82%
yield). '"H NMR (400 MHz, CDC}) § 6.96 (ddJ = 8.4, 2.1 Hz, 1H), 6.76 (d,= 8.5 Hz, 1H), 6.74
(d,J=2.1Hz, 1H), 3.98 (4] = 6.9 Hz, 1H), 3.34 (s, 3H), 2.84 (s, 3H), 1.12)d 6.8 Hz, 3H).
(9)-6-((2-methoxyphenyl)amino)-1,3,4-trimethyl-3,4-dihydroquinoxalin-2(1H)-one  (9). To a
solution of compoun@3 (220 mg, 0.82 mmol), 2-methoxyaniline (0.14 mL,3L@mol), CsCOs
(534 mg, 1.64 mmol) in anhydrous DMF (30 mL) atnmotemperature were added, ol (23
mg, 0.025 mmol) and XPhos (23 mg, 0.049 mmol). iprgure was sealed in a microwave tube
and heated to 110 °C for 1 h. The reaction was to@d by TLC. Upon completion, the reaction
mixture was diluted with water, and extracted vEtiDAC (3 x 10 mL). Combined organic layers
were washed with brine, then dried with,88)y. The crude proudct was purified by flash column
chromatography (gradient elution, gradient O to 4B8Ac/60—90 °C petroleum ether) to give
compound (159 mg, 0.51 mmol, 62% vyield) as a light whitéddH NMR (400 MHz, CDCJ) 5
7.26 — 7.23 (m, 1H), 6.91 — 6.88 (m, 1H), 6.8886m, 1H), 6.86 — 6.84 (m, 1H), 6.84 — 6.82 (s,
1H), 6.67 (dd,J) = 8.4, 2.4 Hz, 1H), 6.46 (d,= 2.3 Hz, 1H), 3.98 (g] = 6.8 Hz, 1H), 3.90 (s, 3H),
3.36 (s, 3H), 2.82 (s, 3H), 1.13 @ = 6.8 Hz, 3H) (One NH was not seen); LCM# (ESI,
positive) found [M + H] 312.20; retention time 3.39 min, > 96% pure.

Following the similar procedures as for compo@rghve compoundoO.
(9-1,3,4-trimethyl-6-(pyridin-2-ylamino)-3,4-dihydroquinoxalin-2(1H)-one (10). Light yellow
solid, 70% yield;’H NMR (400 MHz, CDC}) & 8.18 (d,J = 4.1 Hz, 1H), 7.48 (t] = 6.9 Hz, 1H),
6.87 (d,J = 8.5 Hz, 1H), 6.85 — 6.80 (m, 2H), 6.73 — 6.69 1), 6.66 — 6.62 (m, 2H), 3.99 (@,

= 6.8 Hz, 1H), 3.37 (s, 3H), 2.84 (s, 3H), 1.14Jd; 6.8 Hz, 3H); LCMSm/z (ESI, positive)
found [M + HJ 283.27; retention time 2.11 min, > 97% pure.
(9-2-chloro-N-(1,3,4-trimethyl-2-oxo-1,2,3,4-tetrahydroquinoxalin-6-yl ) benzenesul fonamide

(12). To a solution of compoungB (150 mg, 0.56 mmol), 2-chlorobenzenesulfonamid® (g,
0.67 mmol), KCO;3 (155 mg, 1.12 mmol) in 2-metyhtetrahydrofuran (5)rak. room temperature

were added allylpalladium chloride dimer (4 mg, 10.0mmol) andtBuXPhos (5 mg, 0.011
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mmol). The mixture was sealed in a microwave tule lzeated to 85 °C overnight. The reaction
was monitored by TLC. Upon completion, the reactioixture was diluted with water, and
extracted with EtOA¢3 x 10 mL). Combined organic layers were washeti Wine, then dried
with N&SQ,. The crude proudct was purified by flash columrmoafatography (gradient elution,
gradient 0 to 40% EtOAc/60-90 °C petroleum etheryive compound.1 (133 mg, 0.35 mmol,
63% yield) as a white solidH NMR (400 MHz, DMSOde) & 10.39 (s, 1H), 8.02 (d, = 7.7 Hz,
1H), 7.65 — 7.55 (m, 2H), 7.49 (= 6.3 Hz, 1H), 6.84 (d] = 8.5 Hz, 1H), 6.53 (d] = 8.0 Hz,
1H), 6.43 (s, 1H), 4.01 — 3.85 (m, 1H), 3.15 (s),3H66 (s, 3H), 0.87 (dl = 6.5 Hz, 3H)*C
NMR (126 MHz, DMSO€) 6 166.80, 136.62, 136.17, 134.53, 132.84, 131.77,783 130.83,
127.60, 125.66, 114.64, 109.72, 104.40, 58.61,1328.33, 11.41; HRMS (ESI) m/z [M + H]
calcd for (G/H16CIN303S") 380.083, found 380.0828; retention time 3.12 mif6% pure.
Following the similar procedures as for compoafdjave compounds2-14
(9-4-methyl-N-(1,3,4-trimethyl-2-oxo-1,2,3,4-tetr ahydr oquinoxalin-6-yl ) benzenesul fonamide

(12). Light yellow solid, 69% yield"H NMR (400 MHz, CDC}) § 7.67 (d,J = 8.3 Hz, 2H), 7.46
(s, 1H), 7.20 (dJ = 8.1 Hz, 2H), 6.71 (d] = 8.5 Hz, 1H), 6.53 (ddl = 8.5, 2.2 Hz, 1H), 6.43 (d,

= 2.2 Hz, 1H), 3.95 (¢] = 6.8 Hz, 1H), 3.28 (s, 3H), 2.73 (s, 3H), 2.363d), 1.05 (dJ = 6.8
Hz, 3H);**C NMR (126 MHz, CDGJ)) § 168.01, 143.80, 136.75, 136.21, 133.02, 129.62 (3,
127.48 (2 x C), 127.04, 114.60, 112.17, 107.0059%5.28, 29.08, 21.62, 11.95; HRMS (ESI)
m/z [M + HJ calcd for (GgH2:N30sS") 360.1376, found 360.1381; retention time 3.16,min

95% pure.
(9)-N-(3-ethyl-1,4-dimethyl-2-oxo-1,2,3,4-tetr ahydr oquinoxalin-6-yl)-4-methyl benzenesul fonami-

de (13). Light yellow solid, 67% vyield'H NMR (400 MHz, CDC)) 5 7.66 (d,J = 8.2 Hz, 2H),
7.24 — 7.17 (m, 3H), 6.69 (d,= 8.4 Hz, 1H), 6.48 (dd] = 8.4, 2.1 Hz, 1H), 6.39 (d,= 2.0 Hz,
1H), 3.83 (dd,J = 7.5, 5.2 Hz, 1H), 3.30 (s, 3H), 2.81 (s, 3HRE(S, 3H), 1.70 — 1.56 (M, 1H),
1.55 — 1.41 (m, 1H), 0.79 (§, = 7.5 Hz, 3H);"*C NMR (126 MHz, CDG)) 5 166.62, 143.62,
137.20, 136.15, 133.11, 129.50 (2 x C), 127.42 @)x126.56, 114.48, 111.52, 105.96, 65.25,
36.14, 28.99, 21.95, 21.53, 10.15; HRMS (ESI) nviz{H]" calcd for (GoH24N305S") 374.1533,

found 374.154; retention time 3.29 min, > 99% pure.
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(R)-N-(3-ethyl-1,4-dimethyl-2-oxo-1,2,3,4-tetr ahydroquinoxalin-6-yl)-4-methyl benzenesul fonami-

de (14). Light yellow solid, 59% yield*H NMR (400 MHz, CDC}) § 7.67 (d,J = 8.3 Hz, 2H),
7.37 (s, 1H), 7.20 (d} = 8.1 Hz, 2H), 6.68 (d] = 8.5 Hz, 1H), 6.49 (dd = 8.4, 2.3 Hz, 1H), 6.40
(d, J = 2.3 Hz, 1H), 3.83 (dd] = 7.5, 5.1 Hz, 1H), 3.29 (s, 3H), 2.81 (s, 3HRR(s, 3H), 1.69 —
1.55 (m, 1H), 1.53 — 1.39 (m, 1H), 0.78 Jt= 7.5 Hz, 3H);"*C NMR (126 MHz, CDG)) &
166.62, 143.62, 137.20, 136.15, 133.11, 129.49 (9,X127.42 (2 x C), 126.55, 114.48, 111.51,
105.95, 65.24, 36.13, 28.99, 21.95, 21.53, 10.1RM8 (ESI) m/z [M + HJ calcd for

(C1aH24N305S") 374.1533, found 374.1535; retention time 3.29, miB5% pure.

Scheme 25-bromo-N-cyclopropyl-2-nitroaniline (68). A solution of compound6 (10 g, 45.45
mmol) and cyclopropanamine (6.3 mL, 90.91 mmol} j2-dichloroethane (20 mL) was heated to
80 °C for 12 h. The reaction was monitored by TUpon completion, the reaction mixture was
cooled to room temperature and poured into 50 mvater and extracted with dichloromethane
(3 x 50 mL). The combined organic layers were wdshéh brine, dried over sodium sulfate,
filtered and excess solvent removed via rotary ekatpr to give compound8 (11.57 g, 45.0
mmol, 99% yield) as a red solitH NMR (400 MHz, CDC}) & 8.05 (s, 1H), 7.96 (d] = 9.1 Hz,
1H), 7.45 (dJ = 2.0 Hz, 1H), 6.77 (dd} = 9.1, 2.0 Hz, 1H), 2.60 — 2.50 (m, 1H), 0.97 880(m,
2H), 0.69 — 0.61 (m, 2H).

5-bromo-N"-cyclopropylbenzene-1,2-diamine (76). To a solution of compoun@8 (11.5 g, 44.75
mmol) in EtOH (25 mL) and iron (10.02 g, 179.0 minehs added ammonium chloride (9.58 g,
179.0 mmol) in 5 mL water at 50 — 55 °C. The reactinixture was heated to 80 °C for 1 hour,
then cooled to room temperature, and filtered tghoCelite. The filtrate was basified with
saturated NaHCgsolution to pH 7 — 8, diluted with water, and egteal with EtOAc (3 x 50
mL). The combined organic extracts were washed tithe, dried (NgSO;), and concentrated
under reduced pressure. The crude proudct wasiquurify flash column chromatography
(gradient elution, gradient 0 to 20% EtOAc/60—90p¥iroleum ether) to give compourif (8.17

g, 35.98 mmol, 80% vyield) as brown liquid.
6-bromo-4-cyclopropyl-3-methyl-3,4-dihydroguinoxalin-2(1H)-one (84). To a stirred solution of

compound76 (8.17 g, 35.98 mmol) in anhydrous dichlorometha2@ L) at 0 °C were slowly
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added DIPEA (12.54 mL, 71.96 mmol) and 2-bromopnogyabromide (4.52 mL, 43.18 mmol).
After the addition was completed the cooling battswemoved and the reaction stirred for 2 h at
rt. The reaction mixture was cooled again to Oditited with water, and extracted with EtOAc (3
x 50 mL). The combined organic fractions were wdshih brine, dried (Ng0O,), concentrated
by evaporation under reduced pressure. The residdeDIPEA (12.54 mL, 71.96 mmol) in
acetonitrile (20 mL) were heated to reflux overnigrhe reaction was monitored by TLC. Upon
completion, the reaction mixture was diluted witatar, and extracted with EtOAc (3 x 50 mL).
The combined organic extracts were washed withebiiinied (NaSQy), and concentrated under
reduced pressure. Purification by silica gel coluwhnomatography (gradient elution, gradient O
to 25% EtOAc/60—90 °C petroleum ether) gave comg@4has a white soild (4.75 g, 16.9 mmol,
47% yield, 2 steps)H NMR (400 MHz, CDC})  9.10 (s, 1H), 7.18 (d] = 1.8 Hz, 1H), 6.91
(dd,J =8.2, 1.9 Hz, 1H), 6.64 (d,= 8.2 Hz, 1H), 4.04 (q] = 6.8 Hz, 1H), 2.46 — 2.36 (m, 1H),
1.24 (d,J = 6.9 Hz, 3H), 1.04 — 0.96 (m, 1H), 0.85 — 0.77 (M), 0.68 — 0.60 (m, 1H), 0.60 —
0.52 (m, 1H); LCMSWz (ESI, positive) found [M + H] 281.17; retention time 3.48 min, > 98%
pure.

6-bromo-4-cyclopropyl-1,3-dimethyl-3,4-dihydroquinoxalin-2(1H)-one (93). To a solution of
compoundd4 (4.75 g, 16.89 mmol) in anhydrous DMF (10 mL) wasled NaH (2.03 g, 50.67
mmol) at 0 °C, the mixture was stirred at 0 °C 3@ min, then iodomethane (1.37 mL, 21.96
mmol) was added and stirred at room temperaturarfother 2 h. The reaction was monitored by
TLC. Upon completion, the reaction mixture was #digd with 1 N ag. HCI to pH 7 — 8, diluted
with water and extracted with EtOAc (3 x 50 mL).eTtombined organic fractions were washed
with brine, dried over N&O,, concentrated by evaporation under reduced presBurrification

by silica gel column chromatography (gradient elutigradient 0 to 25% EtOAc/60-90 °C
petroleum ether) gave compoufd as a white soild (3.86 g, 13.1 mmol, 78% yieft). NMR
(400 MHz, CDC}) 6 7.14 (d,J = 2.2 Hz, 1H), 6.91 (ddl = 8.5, 2.1 Hz, 1H), 6.70 (d,= 8.5 Hz,
1H), 4.03 (qJ = 6.9 Hz, 1H), 3.24 (s, 3H), 2.37 — 2.28 (m, 1H),0 (d,J = 6.9 Hz, 3H), 0.97 —
0.90 (m, 1H), 0.79 — 0.68 (m, 1H), 0.62 — 0.52 tid), 0.50 — 0.42 (m, 1H); LCM8vz (ESI,

positive) found [M + H] 295.15; retention time 3.83 min, > 98% pure.
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N-(4-cyclopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oqui noxal in-6-yl)-4-methyl benzenesul fona-
mide (19). To a solution of compoun#l3 (630 mg, 2.13 mmol), 4-methylbenzenesulfonamide
(548 mg, 3.20 mmol), }COs (588 mg, 4.26 mmol) in 2-metyhtetrahydrofuran (B)rat room
temperature were added allylpalladium chloride difi® mg, 0.043 mmol) antBuXPhos (18
mg, 0.043 mmol). The mixture was sealed in a mieneavtube and heated to 85 °C overnight.
The reaction was monitored by TLC. Upon completitwe, mixture was diluted with water, and
extracted with EtOAc (3 x 10 mL). The combined arigdractions were washed with brine, then
dried (NaSQ,). The crude proudct was purified by flash colunfirommatography (gradient
elution, gradient 0 to 5% MeOH/DCM) to give compdur® as a white soild (501 mg, 1.3 mmol,
61% yield)."H NMR (400 MHz, CDC})  7.67 (d,J = 8.2 Hz, 2H), 7.23 (d] = 8.0 Hz, 2H), 6.90
(s, 1H), 6.83 (dJ = 2.2 Hz, 1H), 6.73 (dl = 8.5 Hz, 1H), 6.56 (dd} = 8.4, 2.3 Hz, 1H), 4.05 (4,

= 6.8 Hz, 1H), 3.27 (s, 3H), 2.38 (s, 3H), 2.30.232(m, 1H), 1.11 (dJ = 6.8 Hz, 3H), 0.88 —
0.79 (m, 1H), 0.79 — 0.69 (m, 1H), 0.61 — 0.52 {i), 0.36 — 0.28 (m, 1H}*C NMR (126 MHz,
CDCl;) 5 168.52, 143.64, 136.48, 136.18, 132.88, 129.54 @, 127.44 (2 x C), 126.89, 114.63,
112.81, 108.29, 58.00, 28.99, 27.79, 21.53, 1ADH, 6.65; HRMS (ESI) m/z [M + Halcd for
(CaoH24N30:S") 386.1533, found 386.1535; retention time 3.36,miA7% pure.

Following the similar procedures as for compodfdjave compound$5-18, 20-24and?27.
N-(4-cyclopentyl-3-methyl-2-ox0-1,2,3,4-tetr ahydr oquinoxalin-6-yl)-4-methyl benzenesulfonamide
(15). White soild, 71% yield*H NMR (400 MHz, DMSO#dg) 5 10.29 (s, 1H), 9.77 (s, 1H), 7.55
(d,J =8.3 Hz, 2H), 7.31 (d] = 8.1 Hz, 2H), 6.63 (d] = 8.2 Hz, 1H), 6.48 — 6.40 (m, 2H), 3.83
(q,J = 6.7 Hz, 1H), 3.50 (p] = 7.4 Hz, 1H), 2.31 (s, 3H), 1.87 — 1.73 (m, 2HE9 — 1.48 (m,
5H), 1.41 — 1.27 (m, 1H), 0.88 (d,= 6.7 Hz, 3H).}*C NMR (126 MHz, DMSOds) 5 168.29,
142.95, 136.60, 133.47, 132.46, 129.44 (2 x C),82& x C), 125.03, 114.92, 112.36, 109.42,
58.94, 54.49, 29.64, 29.56, 23.59, 23.29, 20.9193t3HRMS (ESI) m/z [M + H] calcd for
(C21H26N30:S") 400.1689, found 400.1692; retention time 3.35,miB7% pure.
N-(4-cyclopentyl-1,3-dimethyl-2-oxo- 1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-methyl benzenesul fona-
mide (16). White soild, 72% yield*H NMR (400 MHz, CDCJ) 5 7.64 (d,J = 8.3 Hz, 2H), 7.21
(d,J = 8.0 Hz, 2H), 7.08 (s, 1H), 6.75 @= 8.4 Hz, 1H), 6.57 (d] = 2.2 Hz, 1H), 6.54 (dd] =

8.4, 2.3 Hz, 1H), 4.15 (¢, = 6.8 Hz, 1H), 3.59 (p] = 7.3 Hz, 1H), 3.29 (s, 3H), 2.36 (s, 3H), 1.97
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—1.84 (m, 2H), 1.78 — 1.71 (m, 1H), 1.66 — 1.544), 1.47 — 1.36 (m, 1H), 0.97 @@= 6.8 Hz,
3H); *C NMR (126 MHz, CDG)) & 169.00, 143.68, 136.28, 136.17, 132.53, 129.56 (),
128.34, 127.44 (2 x C), 114.82, 113.19, 110.558584.83, 30.78, 30.68, 29.17, 24.20, 23.74,
21.57, 13.67; HRMS (ESI) m/z [M + HEalcd for (GoH»aN20:S") 414.1846, found 414.1846;
retention time 3.62 min, > 99% pure.
N-(4-cyclopentyl-1-ethyl-3-methyl-2-oxo-1,2,3,4-tetr ahydr oqui noxalin-6-yl)-4-methyl benzenesul f-
onamide (17). White soild, 69% yield'H NMR (400 MHz, CDC}) & 7.64 (d,J = 8.3 Hz, 2H),
7.22 (d,J = 8.4 Hz, 2H), 6.80 — 6.75 (m, 2H), 6.54 Jd; 2.3 Hz, 1H), 6.51 (dd] = 8.4, 2.3 Hz,
1H), 4.10 (q,J = 6.7 Hz, 1H), 4.02 (dq) = 14.4, 7.3 Hz, 1H), 3.78 (dd= 14.1, 7.0 Hz, 1H), 3.59
(p, J = 7.3 Hz, 1H), 2.37 (s, 3H), 1.94 — 1.83 (m, 2HY9 — 1.69 (m, 1H), 1.66 — 1.54 (m, 4H),
1.47 — 1.38 (m, 1H), 1.21 (8 = 7.1 Hz, 3H), 0.96 (dJ = 6.8 Hz, 3H);"*C NMR (126 MHz,
CDCl3) 6 168.18, 143.74, 136.53, 136.25, 132.25, 129.60@, 127.48 (2 x C), 127.24, 114.60,
113.36, 110.99, 59.12, 54.64, 37.17, 30.77, 3@8&0, 23.76, 21.61, 13.66, 12.70; HRMS (ESI)
m/z [M + HJ calcd for (GaH3oNs0sS") 428.2002, found 428.2008; retention time 3.76,rmin
95% pure.

N-(4-isopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-methyl benzenesul fonami-

de (18). White soild, 74% yield*H NMR (400 MHz, CDC}) 6 7.66 (d,J = 8.3 Hz, 2H), 7.51 (s,
1H), 7.20 (dJ = 8.0 Hz, 2H), 6.74 (d] = 8.5 Hz, 1H), 6.60 (d] = 2.2 Hz, 1H), 6.55 (dd] = 8.5,
2.2 Hz, 1H), 4.18 — 4.13 (m, 1H), 3.75 — 3.63 (it),13.28 (s, 3H), 2.35 (s, 3H), 1.17 (did; 8.0,
6.8 Hz, 6H), 1.01 (dJ = 6.8 Hz, 3H);"*C NMR (126 MHz, CDGJ)) & 168.29, 143.78, 136.26,
135.84, 132.69, 129.60 (2 x C), 128.00, 127.49 @)x115.13, 112.81, 109.78, 51.69, 50.01,
29.29, 21.60, 21.12, 20.99, 16.72; HRMS (ESI) mz+{H]" calcd for (GoH26N3z05S") 388.1689,
found 388.1693; retention time 3.10 min, > 99% pure
N-(4-isobutyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-methyl benzenesulfonamide
(20). White soild, 73% yield*H NMR (400 MHz, CDCJ) 6 7.67 (d,J = 8.2 Hz, 2H), 7.48 (s, 1H),
7.21 (d,J = 8.1 Hz, 2H), 6.73 (d] = 8.5 Hz, 1H), 6.53 (dd] = 8.5, 2.1 Hz, 1H), 6.39 (d,= 2.0
Hz, 1H), 3.95 (q)) = 6.8 Hz, 1H), 3.30 (s, 3H), 3.07 (dbi= 13.7, 5.5 Hz, 1H), 2.49 (dd= 13.7,
8.8 Hz, 1H), 2.36 (s, 3H), 1.82 — 1.65 (m, 1H),11(6,J = 6.8 Hz, 3H), 0.86 (dd] = 8.3, 6.8 Hz,

6H); °C NMR (126 MHz, CDG)) & 168.08, 143.72, 136.27, 135.97, 132.84, 129.58 (2),
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127.46 (2 x C), 127.15, 114.96, 112.16, 107.46149%55.88, 29.17, 25.94, 21.62, 20.57, 20.09,
13.07; HRMS (ESI) m/z [M + H]calcd for (GiH»gN305S") 402.1846, found 402.1846; retention
time 3.61 min, > 99% pure.

N-(4-(2-methoxyethyl)-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-methyl benzenesu-
[fonamide (21). White soild, 68% yield'H NMR (400 MHz, CDCJ) 5 8.18 (s, 1H), 7.62 (dl =

8.0 Hz, 2H), 7.13 (dJ = 7.9 Hz, 2H), 6.68 (d] = 8.5 Hz, 1H), 6.56 (d] = 8.5 Hz, 1H), 6.51 (s,
1H), 4.05 (g, = 6.5 Hz, 1H), 3.48 — 3.32 (m, 3H), 3.24 (s, 3BP1 (s, 3H), 3.14 — 3.04 (m, 1H),
2.28 (s, 3H), 0.99 (d) = 6.7 Hz, 3H);"*C NMR (151 MHz, CDG)) & 168.00, 143.41, 136.04,
135.45, 133.16, 129.34 (2 x C), 127.19 (2 x C),.626114.90, 111.92, 106.89, 69.30, 58.72,
57.92, 47.57, 29.00, 21.34, 13.17; LCM%z (ESI, negative) found [M — H]402.3; retention

time 2.92 min, > 98% pure.
N-(1,3-dimethyl-4-(2-mor pholinoethyl)-2-oxo- 1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-methyl benze-

nesulfonamide (22). White soild, 67% vyield*H NMR (400 MHz, CDC}) § 7.65 (d,J = 8.3 Hz,
2H), 7.22 (dJ = 8.0 Hz, 2H), 6.73 (d] = 8.5 Hz, 1H), 6.54 (d] = 2.2 Hz, 1H), 6.49 (ddl = 8.4,
2.2 Hz, 1H), 4.03 (q] = 6.8 Hz, 1H), 3.73 — 3.67 (m, 4H), 3.45 — 3.35 (i), 3.29 (s, 3H), 3.15
—3.03 (m, 1H), 2.59 — 2.45 (m, 6H), 2.37 (s, 3HP7 (d,J = 6.8 Hz, 3H) (One NH was not
seen);”*C NMR (126 MHz, CDGCJ) & 167.91, 143.82, 136.32, 135.59, 132.94, 129.68 (@),
127.41 (2 x C), 127.37, 115.07, 112.31, 107.59B& x C), 58.76, 55.77, 53.93 (2 x C), 45.88,
29.20, 21.66, 13.76; HRMS (ESI) m/z [M + Hgalcd for (GsH3iN,O,S") 459.2061, found

459.2058; retention time 2.59 min, > 95% pure.

N-(1,3-dimethyl-2-oxo-4-((tetrahydrofuran-2-yl)methyl)-1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-
methylbenzenesul fonamide (23). White soild, 66% yield‘H NMR (400 MHz, CDC}) 5 7.64 (dd,
J=8.3, 6.6 Hz, 2H), 7.29 (d,= 3.0 Hz, 1H), 7.20 (d] = 8.1 Hz, 2H), 6.72 () = 8.1 Hz, 1H),
6.57 — 6.50 (m, 1H), 6.47 (dd= 8.4, 2.2 Hz, 1H), 4.16 (d,= 6.8 Hz, 1H), 4.03 — 3.95 (m, 1H),
3.91 —3.79 (m, 1H), 3.75 — 3.68 (m, 1H), 3.34 (tid,14.2, 3.3 Hz, 1H), 3.27 (d,= 3.7 Hz, 3H),
2.99 — 2.90 (m, 1H), 2.36 (s, 3H), 2.05 — 1.93 i), 1.91 — 1.79 (m, 2H), 1.60 — 1.46 (m, 1H),
1.05 (dd,J = 6.8, 2.6 Hz, 3H)**C NMR (126 MHz, CDG)) § 168.12, 143.58, 136.17, 135.76,

132.90, 129.49 (2 x C), 127.39, 127.34, 127.10,93,4112.15, 107.37, 76.84, 68.12, 58.51,
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52.43, 29.49, 29.12, 25.46, 21.52, 13.28; HRMS B8k [M + HJ calcd for (GH2aN30,S")
430.1795, found 430.1801; retention time 3.24 mi@5% pure.
N-(4-(2-methoxybenzyl)-1,3-dimethyl -2-oxo- 1,2,3,4-tetr ahydr oquinoxalin-6-yl)-4-methyl benzene-
sulfonamide (24). White soild, 73% yield'H NMR (400 MHz, CDCJ) § 7.47 (d,J = 8.3 Hz, 2H),
7.39 (s, 1H), 7.26 — 7.20 (m, 1H), 7.18 Jd; 7.5 Hz, 1H), 7.11 (d] = 8.1 Hz, 2H), 6.88 (d] =

8.1 Hz, 1H), 6.84 () = 7.5 Hz, 1H), 6.70 (d] = 8.5 Hz, 1H), 6.55 (d] = 2.2 Hz, 1H), 6.46 (dd}

= 8.5, 2.2 Hz, 1H), 4.45 (d,= 15.4 Hz, 1H), 4.13 — 4.01 (m, 2H), 3.86 (s, 38128 (s, 3H), 2.33
(s, 3H), 1.11 (dJ = 6.8 Hz, 3H);*C NMR (126 MHz, CDGJ)) § 168.24, 157.41, 143.48, 136.10,
135.97, 133.02, 129.49 (2 x C), 128.93, 128.59,3R{2 x C), 126.92, 124.33, 120.49, 114.76,
111.59, 110.51, 107.28, 58.39, 55.41, 46.32, 2@1%65, 13.31; HRMS (ESI) m/z [M + H]
calcd for (GsH,gN30,S") 466.1795, found 466.1784; retention time 3.65,mif5% pure.
N-(4-cyclopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oqui noxal in-6-yl)-4-methoxy-benzenesul fo-
namide (27). White soild, 75% yieldH NMR (400 MHz, CDCJ) & 7.71 (d,J = 8.9 Hz, 2H), 6.90
(d,J =8.9 Hz, 2H), 6.84 (d] = 2.3 Hz, 1H), 6.74 (d] = 8.5 Hz, 1H), 6.66 (s, 1H), 6.53 (db=
8.5, 2.4 Hz, 1H), 4.06 (§,= 6.9 Hz, 1H), 3.83 (s, 3H), 3.27 (s, 3H), 2.28 {t= 6.6, 3.3 Hz, 1H),
1.12 (d,J = 6.8 Hz, 3H), 0.89 — 0.82 (m, 1H), 0.80 — 0.71 (), 0.61 — 0.54 (m, 1H), 0.39 —
0.31 (m, 1H);*C NMR (126 MHz, CDGJ) & 168.54, 163.10, 136.58, 132.85, 130.73, 129.62 (2
C), 127.06, 114.67, 114.13 (2 x C), 112.92, 1088407, 55.67, 29.04, 27.87, 12.21, 9.35, 6.73;
HRMS (ESI) m/z [M + H]J calcd for (GoH24N30,S") 402.1482, found 402.1489; retention time

3.12 min, > 97% pure.

4-cyclopropyl-6-(ethylamino)-1,3-dimethyl-3,4-dihydroquinoxalin-2(1H)-one (99). To a solution

of compound93 (0.5 g, 1.69 mmol), sodium tert-butoxide (0.6 g27/.mmol), ethylamine
hydrochloride (0.39 g, 4.78 mmol) in toluene (5 nalt)room temperature were added palladium
acetate (23 mg, 0.1 mmol) atBusP (0.068 mL, 0.29 mmol). The mixture was sealed in
microwave tube and heated to 85 °C overnight. Téwetion was monitored by TLC. Upon
completion, the mixture was diluted with water, amdracted with EtOAc (3 x 10 mL). The
combined organic fractions were washed with brihen dried (Ng50,). The crude proudct was
purified by flash column chromatography (gradielotien, gradient 0 to 35% EtOAc/60-90 °C

petroleum ether) to give compoufié (0.3 g, 1.16 mmol, 69% yield) as a white soild.
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6-amino-4-cyclopropyl-1,3-dimethyl-3,4-dihydroquinoxalin-2(1H)-one (100). To a solution of
compound93 (0.5 g, 1.69 mmol)tert-butyl carbamate (0.302 g, 2.57 mmol),,C8; (0.784 g,
2.41 mmol) in dioxane (5 mL) at room temperatures \mdded palladium acetate (38 mg, 0.17
mmol) and XPhos (129 mg, 0.27 mmol). The mixture waaled in a microwave tube and heated
to 85 °C overnight. The reaction was monitored CTUpon completion, the mixture was
diluted with water and extracted with EtOAc (3 x Q). The combined organic fractions were
washed with brine, dried with MaO,, then concentrated by evaporation under reduceskpre.
The residue and TFA (2 mL) in dichloromethane (10) mas stirred at room temperature
overnight. The reaction was monitored by TLC. Upompletion, the reaction was poured into 10
mL cold water andasified with saturated NaHGGolution to pH 7 — 8, then extracted with
EtOAc (3 x 20 mL). The combined organic extractsemgashed with brine, dried (B80,), and
concentrated under reduced pressure. Purificajosilica gel column chromatography (gradient
elution, gradient 0 to 25% EtOAc/60-90 °C petroleetiner) gave compountdo (0.15 g, 0.65
mmol, 38% yield, 2 stepsHH NMR (400 MHz, CDC})) & 7.18 (d,J = 2.2 Hz, 1H), 6.97 (dd] =
8.5, 2.2 Hz, 1H), 6.74 (d,= 8.5 Hz, 1H), 4.08 (q] = 6.8 Hz, 1H), 3.29 (s, 3H), 2.42 — 2.32 (m,
1H), 1.15 (dJ = 6.9 Hz, 3H), 1.00 — 0.92 (m, 1H), 0.81 — 0.74 (i), 0.65 — 0.57 (m, 1H), 0.55

—0.47 (m, 1H).

N-(4-cyclopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oquinoxalin-6-yl)-N-ethyl -4-methyl benzen-
esulfonamide (28). A solution of compoun®9 (0.055 g, 0.212 mmol) and triethylamine (0.089
mL, 0.636 mmol) in dichloromethane (5 mL) was adt#denesulfonyl chloride (0.081 g, 0.424
mmol) at 0 °C, the mixture stirred under room terapge overnight. The reaction was monitored
by TLC. Upon completion, the mixture was dilutediwivater, and extracted with EtOAc (3 x 20
mL). The combined organic fractions were washedhwirine, dried with NzECO, then
concentrated by evaporation under reduced presdRueification by silica gel column
chromatography (gradient elution, gradient 0 to 3B#®Ac/60—90 °C petroleum ether) gave
compound28 (0.041 g, 0.098 mmol, 46% yield) as a white séHNMR (400 MHz, CDC}J) &
7.53 (d,J = 8.2 Hz, 2H), 7.24 (d] = 8.3 Hz, 2H), 6.81 (d] = 8.4 Hz, 1H), 6.67 (d] = 2.1 Hz,
1H), 6.60 (dd,) = 8.4, 2.2 Hz, 1H), 4.06 (d,= 6.8 Hz, 1H), 3.64 (dq] = 14.3, 7.2 Hz, 1H), 3.55

(dg, J = 13.9, 7.1 Hz, 1H), 3.31 (s, 3H), 2.41 (s, 3HRR- 2.13 (M, 1H), 1.14 (d,= 6.8 Hz,
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3H), 1.10 (tJ = 7.1 Hz, 3H), 0.76 — 0.63 (m, 2H), 0.60 — 0.53 i), 0.37 — 0.28 (m, 1HJ’C
NMR (126 MHz, CDC)) § 168.68, 143.28, 136.22, 135.86, 134.56, 129.4% @), 129.16,
127.89 (2 x C), 120.14, 114.61, 114.31, 58.12, 1529.11, 27.85, 21.63, 14.29, 12.32, 9.29,
6.74; HRMS (ESI) m/z [M + H]calcd for (G;HgN30:S") 414.1846, found 414.1846; retention
time 3.66 min, > 99% pure.

Following the similar procedures as for compo@Bdjave compound?9-31.

p-tolyl (4-cyclopropyl-1,3-dimethyl-2-oxo- 1,2,3,4-tetrahydr oquinoxalin-6-yl ) car bamate (29).
White soild, 50% yield"H NMR (400 MHz, CDC}) & 7.40 (s, 1H), 7.19 (d} = 8.3 Hz, 2H), 7.06
(d,J =8.3 Hz, 2H), 6.98 (s, 1H), 6.85 (s, 2H), 4.10Xe 6.7 Hz, 1H), 3.33 (s, 3H), 2.42 — 2.32
(m, 4H), 1.17 (d)) = 6.8 Hz, 3H), 0.96 (d] = 4.7 Hz, 1H), 0.77 (ddl = 12.8, 7.7 Hz, 1H), 0.66 —
0.57 (m, 1H), 0.57 — 0.48 (m, 1H)*C NMR (126 MHz, CDCI3)5 168.53, 152.09, 148.46,
136.79, 135.56, 133.81, 130.10 (2 x C), 125.92,8212 x C), 114.64, 109.31, 105.23, 58.35,
29.10, 28.07, 21.01, 12.32, 9.61, 6.78; HRMS (E8/} [M + HJ" calcd for (GiH24NzO5")

366.1812, found 366.1814;retention time 3.69 miA3%o pure.

4-fluorophenyl (4-cyclopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetr ahydr oquinoxalin-6-yl)-(ethyl ) car b-
amate (30). White soild, 53% yield"H NMR (400 MHz, CDC}) § 7.13 — 6.97 (m, 5H), 6.91 (d,

= 8.4 Hz, 1H), 6.81 (d] = 8.3 Hz, 1H), 4.13 (q] = 6.8 Hz, 1H), 3.81 (s, 2H), 3.35 (s, 3H), 2.44 —
2.37 (m, 1H), 1.28 — 1.18 (m, 6H), 1.01 — 0.91 {d), 0.86 — 0.76 (m, 1H), 0.68 — 0.61 (m, 1H),
0.58 — 0.50 (m, 1H):*C NMR (126 MHz, CDGJ)) § 167.57, 159.93, 157.99, 152.85, 146.34,
135.45, 127.43, 122.05 (d,= 8.4 Hz), 116.88, 114.90, 114.72, 113.47 (2 x1ap.17, 57.14,
45,11, 28.05, 26.96, 11.45 (2 x C), 8.37, 5.84; HRNESI) m/z [M + H] calcd for

22H25FN303 \ , foun : ; retention time 3.65,mi89% pure.
(CaoH25FNz05") 398.1874, found 398.1874 ion time 3.65,miA9% p

N-(4-cyclopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydr oquinoxalin-6-yl)-4-methylbenzamide (31).
White soild, 54% yield*H NMR (400 MHz, CDC})  7.97 (s, 1H), 7.78 (d} = 8.1 Hz, 2H), 7.60
(s, 1H), 7.27 (dJ = 7.4 Hz, 2H), 7.08 (dd} = 8.5, 2.2 Hz, 1H), 6.87 (d,= 8.6 Hz, 1H), 4.10 (dl

= 6.8 Hz, 1H), 3.33 (s, 3H), 2.46 — 2.35 (m, 4H}61(d,J = 6.8 Hz, 3H), 1.06 — 0.96 (m, 1H),
0.82 — 0.71 (m, 1H), 0.67 — 0.50 (m, 2, NMR (126 MHz, CDG)) § 168.59, 165.83, 142.43,

136.58, 134.49, 132.32, 129.53 (2 x C), 127.15 @)x126.27, 114.50, 110.95, 106.67, 58.35,
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29.09, 28.08, 21.62, 12.27, 9.62, 6.75; HRMS (E8fy [M + HJ' calcd for (GiH»NzO,")

350.1863, found 350.1869; retention time 3.23 miA9% pure.

6-(benzylamino)-4-cyclopropyl - 1,3-dimethyl-3,4-dihydr oquinoxalin-2(1H)-one (32). To a solution

of compound 93 (0.12 g, 0.41 mmol), sodium tert-butoxide (0.145 51 mmol),
phenylmethanamine (0.13 mL, 1.16 mmol) in tolueBenl) at room temperature were added
palladium acetate (6 mg, 0.025 mmol) @BdsP (0.017 mL, 0.07 mmol). The mixture was sealed
in a microwave tube and heated to 85 °C overnighé reaction was monitored by TLC. Upon
completion, the mixture was extracted with EtOAcx(20 mL). The combined organic fractions
were washed with brine, dried with p&0O,, then concentrated by evaporation under reduced
pressure. Purification by silica gel column chromgaaphy (gradient elution, gradient 0 to 25%
EtOACc/60-90 °C petroleum ether) gave compoBgas a yellow soild (0.077 g, 0.24 mmol, 59%
yield). '"H NMR (400 MHz, CDC})  7.40 (d,J = 7.1 Hz, 2H), 7.35 (t) = 7.4 Hz, 2H), 7.31 —
7.24 (m, 1H), 6.74 (d) = 8.5 Hz, 1H), 6.44 (dJ = 2.2 Hz, 1H), 6.18 (dd] = 8.5, 2.3 Hz, 1H),
4.34 (s, 2H), 4.05 (q] = 6.8 Hz, 1H), 3.28 (s, 3H), 2.35 — 2.22 (m, 1H}6 (d,J = 6.8 Hz, 3H),
0.82 — 0.67 (m, 2H), 0.62 — 0.54 (m, 1H), 0.50410m, 1H) (One NH was not seefilC NMR
(126 MHz, CDC}) 6 168.11, 145.12, 139.64, 137.11, 128.72 (2 x C}.62(2 x C), 127.34,
121.41, 115.20, 103.09, 100.01, 58.45, 48.92, 22087, 12.04, 9.48, 6.61; HRMS (ESI) m/z
[M + H]", calcd for (GoH»4N3O") 322.1914, found 322.1917; retention time 2.69,mir08%

pure.
Following the similar procedures as for compoB&djave compound33-51

6-(benzyl (ethyl)amino)-4-cyclopropyl-1,3-dimethyl-3,4-dihydroquinoxalin-2(1H)-one (33). White
soild, 52% vyield"H NMR (400 MHz, CDC)) 5 7.37 — 7.24 (m, 5H), 6.78 (d,= 8.7 Hz, 1H),
6.50 (d,J = 2.5 Hz, 1H), 6.27 (dd] = 8.7, 2.5 Hz, 1H), 4.55 (d,= 2.6 Hz, 2H), 4.08 (q] = 6.7
Hz, 1H), 3.63 — 3.45 (m, 2H), 3.31 (s, 3H), 2.32.20 (m, 1H), 1.28 () = 7.0 Hz, 3H), 1.20 (d]
= 6.8 Hz, 3H), 0.75 — 0.62 (m, 2H), 0.61 — 0.53 (i), 0.42-0.34 (m, 1H)?*C NMR (126 MHz,
CDCl3) 6 167.96, 145.47, 139.54, 136.72, 128.52 (2 x (§, A2 126.54 (2 x C), 120.03, 114.98,
102.78, 99.54, 58.38, 54.68, 45.80, 28.81, 27.838| 11.99, 9.14, 6.46; HRMS (ESI) m/z [M +

H]" calcd for (G.H,gNsO") 350.2227, found 350.2229; retention time 2.72,mif8% pure.
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4-cyclopropyl-1,3-dimethyl-6-((1-phenyl ethyl yamino)-3,4-dihydr oquinoxalin-2(1H)-one (34).
White soild, 52% yield"H NMR (a mixture of rotamers was observed at RT thedratio was 1:1
by proton 400 MHz NMR integration at CDQ3olvent)d 7.43 — 7.36 (m, 4H), 7.35 — 7.29 (m,
4H), 7.26 — 7.20 (m, 2H), 6.69 — 6.62 (m, 2H), 6(88] = 2.1 Hz, 1H), 6.25 (d] = 2.0 Hz, 1H),
6.10 (dd,J = 8.5, 2.2 Hz, 1H), 6.01 (dd,= 8.4, 2.1 Hz, 1H), 4.52 — 4.43 (m, 2H), 4.08 963(m,
3H), 3.27 — 3.22 (m, 6H), 2.26 — 2.13 (m, 2H), 1-567.50 (m, 6H), 1.16 — 1.09 (m, 6H), 0.90 -
0.83 (m, 1H), 0.75 — 0.68 (m, 1H), 0.67 — 0.60 L), 0.60 — 0.52 (m, 2H), 0.52 — 0.41 (m, 2H),
0.18 — 0.09 (m, 1H) (One NH was not seéi;NMR (mixture of rotamers, 126 MHz, CD{b
168.08, 167.99, 145.63, 145.60, 144.37, 144.21,9B34.36.77, 128.73 (4 x C), 126.97, 126.93,
125.96 (2 x C), 125.88 (2 x C), 121.14, 120.83,.085115.02, 104.05, 103.53, 100.48, 100.21,
58.42, 58.38, 54.29, 54.12, 28.93, 28.91, 27.84,1225.42, 25.14, 12.00, 11.96, 9.56, 9.12, 6.52,
6.49; HRMS (ESI) m/z [M + H]calcd for (G;H26Ns0") 336.207, found 336.2071; retention time
2.72 min, > 42% pure; retention time 2.75 min, $&bFure.
4-cyclopropyl-1,3-dimethyl-6-(((R)-1-phenyl ethyl)Jamino)- 3,4-dihydroquinoxalin-2-(1H)-one (35).
White soild, 58% vyield'H NMR (a mixture was observed at RT and the ratis @:1 by proton
400 MHz NMR integration at CDgbolvent)s 7.44 — 7.36 (m, 4H), 7.36 — 7.29 (m, 4H), 7.26 —
7.19 (m, 2H), 6.70 — 6.61 (m, 2H), 6.40 J&s 2.3 Hz, 1H), 6.26 (d] = 2.3 Hz, 1H), 6.12 (dd} =
8.5, 2.4 Hz, 1H), 6.02 (dd,= 8.5, 2.3 Hz, 1H), 4.53 — 4.43 (m, 2H), 4.112(d), 4.06 — 3.98 (m,
2H), 3.25 (s, 3H), 3.24 (s, 3H), 2.27 — 2.14 (m),2H57 — 1.49 (m, 6H), 1.17 — 1.10 (m, 6H),
0.91 — 0.84 (m, 1H), 0.75 — 0.67 (m, 1H), 0.67 590(m, 1H), 0.59 — 0.53 (m, 2H), 0.52 — 0.43
(m, 2H), 0.18 — 0.10 (m, 1H); LCMB&Vz (ESI, positive) found [M + H] 336.05; retention time
2.71 min, > 45% pure; retention time 2.74 min, Sdbdure.
4-cyclopropyl-1,3-dimethyl-6-(((S)-1-phenyl ethyl Jamino)-3,4-dihydroquinoxalin-2-(1H)-one (36).
White soild, 53% yield'H NMR (a mixture was observed at RT and the rats @:1 by proton
400 MHz NMR integration at CDgbolvent)s 7.44 — 7.36 (m, 4H), 7.36 — 7.29 (m, 4H), 7.26 —
7.19 (m, 2H), 6.69 — 6.62 (m, 2H), 6.40 Jd&; 2.3 Hz, 1H), 6.26 (d] = 2.3 Hz, 1H), 6.11 (ddl =
8.5, 2.4 Hz, 1H), 6.02 (dd,= 8.5, 2.3 Hz, 1H), 4.53 — 4.44 (m, 2H), 4.1124), 4.07 — 3.98 (m,
2H), 3.25 (s, 3H), 3.24 (s, 3H), 2.25 — 2.20 (m),1420 — 2.14 (m, 1H), 1.56 — 1.49 (m, 6H),

1.17 — 1.09 (m, 6H), 0.92 — 0.85 (m, 1H), 0.75670m, 1H), 0.67 — 0.59 (m, 1H), 0.58-0.54 (m,
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2H), 0.51 — 0.43 (m, 2H), 0.18 — 0.10 (m, 1H); LCKkt& (ESI, positive) found [M + H] 336.04;
retention time 2.71 min, > 46% pure; retention t@ig4 min, > 53% pure.
4-cyclopropyl-1,3-dimethyl-6-((1-phenyl propyl)amino)-3,4-dihydroquinoxalin-2(1H)-one  (37).
White soild, 52% yield*H NMR (a mixture was observed at RT and the ratis W:1 by proton
400 MHz NMR integration at CDgkolvent)s 7.40 — 7.28 (m, 8H), 7.25 — 7.19 (m, 2H), 6.69 —
6.61 (m, 2H), 6.39 (d] = 2.2 Hz, 1H), 6.27 (dJ = 2.1 Hz, 1H), 6.12 (dd] = 8.5, 2.2 Hz, 1H),
6.03 (ddJ = 8.5, 2.2 Hz, 1H), 4.29 — 4.18 (m, 2H), 4.121¢d), 4.06 — 3.97 (m, 2H), 3.27 — 3.22
(m, 6H), 2.26 — 2.20 (m, 1H), 2.20 — 2.14 (m, 1H¥4 — 1.77 (m, 4H), 1.17 — 1.08 (m, 6H), 1.03
—-0.94 (m, 6H), 0.92 — 0.86 (m, 1H), 0.76 — 0.68 {id), 0.67 — 0.60 (m, 1H), 0.59 — 0.44 (m,
4H), 0.18 — 0.10 (m, 1H) (one NH was not s€éB)NMR (mixture, 126 MHz, CDG) 5 167.94,
167.86, 144.55, 144.36, 144.21, 144.14, 136.85,6636.28.46 (4 x C), 126.87, 126.84, 126.54 (2
x C), 126.49 (2 x C), 120.89, 120.58, 114.94, 124194.02, 103.43, 100.32, 99.98, 60.51, 60.18,
58.32, 58.29, 31.81, 31.62, 28.81, 28.80, 27.742711.87, 11.84, 10.83 (2 x C), 9.49, 9.09,
6.41, 6.38; HRMS (ESI) m/z [M + H]calcd for (G:H.gN30") 350.2227, found 350.2229;

retention time 2.89 min, > 46% pure; retention t@@6 min,> 53% pure.

4-cyclopropyl-1,3-dimethyl-6-((1-phenyl butyl Jamino)-3,4-dihydr oquinoxalin-2(1H)-one (38).
White soild, 56% yield'H NMR (a mixture was observed at RT and the rats W:1 by proton
400 MHz NMR integration at CDgkolvent)s 7.39 — 7.28 (m, 8H), 7.25 — 7.18 (m, 2H), 6.68 —
6.60 (m, 2H), 6.37 (s, 1H), 6.25 (s, 1H), 6.10)d, 8.3 Hz, 1H), 6.02 (d] = 8.4 Hz, 1H), 4.35 —
4.25 (m, 2H), 4.14 — 3.95 (m, 4H), 3.27 — 3.21 §iH), 2.28 — 2.13 (m, 2H), 1.89 — 1.69 (m, 4H),
1.48 — 1.35 (m, 4H), 1.16 — 1.08 (m, 6H), 0.99 92Q/m, 6H), 0.91 — 0.85 (m, 1H), 0.75 — 0.68
(m, 1H), 0.67 — 0.60 (m, 1H), 0.59 — 0.43 (m, 4B1),8 — 0.11 (m, 1H)}*C NMR (mixture, 151
MHz, CDCk) 6 168.02, 167.93, 144.64, 144.57 (2 x C), 144.38,938 136.73, 128.56 (4 x C),
126.91, 126.87, 126.48 (2 x C), 126.43 (2 x C),.920120.64, 115.01, 114.98, 103.99, 103.40,
100.32, 99.99, 58.85, 58.53, 58.38, 58.35, 41.33,2 28.88, 28.87, 27.78, 27.67, 19.59, 19.55,
14.07 (2 x C), 11.96, 11.92, 9.54, 9.14, 6.48, 6145MS mv/z (ESI, positive) found [M + H]

364.05; retention time 3.06 min, > 49% pure; retentime 3.14 min, > 50% pure.
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4-cyclopropyl-6-((2,2-dimethyl - 1-phenyl propyl)amino)- 1,3-dimethyl-3,4-dihydr oquinoxalin-
2(1H)-one (39). White soild, 57% yield*H NMR (a mixture was observed at RT and the ratis w
1:1 by proton 400 MHz NMR integration at CQGblvent)s 7.36 — 7.27 (m, 8H), 7.24 — 7.18 (m,
2H), 6.63 (dJ = 8.5 Hz, 1H), 6.60 (d] = 8.5 Hz, 1H), 6.31 (d] = 2.4 Hz, 1H), 6.21 (d] = 2.4
Hz, 1H), 6.10 (dd, = 8.5, 2.4 Hz, 1H), 6.00 (dd,= 8.5, 2.4 Hz, 1H), 4.23 (s, 1H), 4.10 — 3.96
(m, 4H), 3.26 — 3.19 (m, 6H), 2.23 (ddi 9.8, 6.6, 3.6 Hz, 1H), 2.11 (ddd¥i= 10.1, 6.7, 3.7 Hz,
1H), 1.12 (dJ = 6.8 Hz, 3H), 1.08 (d] = 6.8 Hz, 3H), 1.02 (s, 18H), 0.89 — 0.86 (m, 1614 —
0.67 (m, 1H), 0.66 — 0.60 (m, 1H), 0.59 — 0.50 &), 0.50 — 0.42 (m, 1H), 0.13 — 0.04 (m, 1H)
(One NH was not seer’C NMR (mixture, 151 MHz, CDG) § 167.95, 167.85, 144.92, 144.62,
141.56, 141.31, 136.83, 136.67, 128.51 (4 x C), 7R x C), 127.70 (2 x C), 126.82, 126.78,
120.71, 120.38, 114.91 (2 x C), 104.12, 103.40,28)(®9.69, 68.16, 67.61, 58.33 (2 x C), 34.94,
34.82, 28.81 (2 x C), 27.73, 27.61, 27.13 (6 x1X1)92, 11.86, 9.55, 9.19, 6.40 (2 x C); LCMS
m/z (ESI, positive) found [M + H] 378.13; retention time 3.99 min, > 56% pure; rétentime

4.14 min, > 41% pure.

4-cyclopropyl-1,3-dimethyl-6-((2-phenyl propan-2-yl)amino)- 3,4-dihydroquinoxalin-2(1H)-one

(40). White soild, 58% yield*H NMR (400 MHz, CDCJ) § 7.54 (d,J = 7.9 Hz, 2H), 7.32 () =

7.6 Hz, 2H), 7.21 () = 7.3 Hz, 1H), 6.59 (d] = 8.5 Hz, 1H), 6.09 (d] = 1.7 Hz, 1H), 5.96 (dd

= 8.5, 1.8 Hz, 1H), 3.97 (d,= 6.7 Hz, 1H), 3.23 (s, 3H), 2.01 — 1.89 (m, 1HE7 (s, 3H), 1.63
(s, 3H), 1.09 (dJ = 6.8 Hz, 3H), 0.58 (q] = 10.7 Hz, 1H), 0.50 — 0.35 (m, 2H), 0.26 — 0.45 (
1H) (One NH was not seerffC NMR (126 MHz, CDG)) & 167.87, 147.79, 142.89, 136.20,
128.46 (2 x C), 126.26, 125.63 (2 x C), 120.68,.964106.15, 102.10, 58.23, 55.87, 31.13,
30.22, 28.70, 27.57, 11.77, 9.07, 6.17; HRMS (B8fx [M + H]" calcd for (G;H»sNsO")

350.2227, found 350.2231; retention time 2.73 miA9%% pure.

4-cyclopropyl-6-((2,3-dihydro-1H-inden-1-yl)amino)-1,3-dimethyl -3,4-dihydroquinoxalin-2(1H)-
one (41). White soild, 59% yield'"H NMR (a mixture was observed at RT and the ratis i:1
by proton 400 MHz NMR integration at CDClolvent)é 7.42 (d,J = 7.1 Hz, 2H), 7.29 — 7.20
(m, 6H), 6.79 (dJ = 2.7 Hz, 1H), 6.77 (dl = 2.7 Hz, 1H), 6.54 (s, 2H), 6.31 — 6.25 (M, 2516

—4.99 (m, 2H), 4.08 (G} = 6.8 Hz, 2H), 3.31 (s, 6H), 3.11 — 3.00 (M, 2B¥7 — 2.86 (M, 2H),
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2.66 — 2.54 (m, 2H), 2.39 — 2.30 (m, 2H), 2.03941(m, 2H), 1.20 (dJ = 6.8 Hz, 6H), 0.94 —
0.84 (m, 2H), 0.80 — 0.71 (m, 2H), 0.66 — 0.53 @H) (Two NH was not seen}’C NMR
(mixture, 126 MHz, CDG) 5 168.00 (2 x C), 144.67, 144.62, 144.56, 144.58.61 143.52,
137.15, 137.10, 127.93, 127.89, 126.64, 126.63,802424.88, 124.29 (2 x C), 121.24, 121.13,
115.21, 115.18, 103.48, 103.21, 100.29, 100.1@5& x C), 58.39 (2 x C), 33.89, 33.77, 30.29,
30.26, 28.93 (2 x C), 27.82 (2 x C), 11.96 (2 xTH4, 9.46, 6.58, 6.54; HRMS (ESI) m/z [M +

H]" calcd for (G.H,gNsO") 348.207, found 348.207; retention time 2.72 mif5% pure.

4-cyclopropyl-1,3-dimethyl-6-((1-(o-tolyl)ethylJamino)-3,4-dihydroquinoxalin-2(1H)-one ~ (42).
White soild, 54% yield*H NMR (a mixture was observed at RT and the ratis W:1 by proton
400 MHz NMR integration at CDgkolvent)s 7.49 (d,J = 7.0 Hz, 1H), 7.44 (d] = 7.2 Hz, 1H),
7.21 -7.11 (m, 6H), 6.70 — 6.63 (m, 2H), 6.31)&,2.2 Hz, 1H), 6.17 (d] = 2.2 Hz, 1H), 6.07
(dd,J = 8.5, 2.3 Hz, 1H), 5.96 (dd,= 8.5, 2.3 Hz, 1H), 4.73 — 4.64 (m, 2H), 4.06 983m, 3H),
3.29 — 3.21 (m, 6H), 2.47 (s, 6H), 2.25 — 2.18 1), 2.18 — 2.12 (m, 1H), 1.53 — 1.46 (m, 6H),
1.18-1.08 (m, 6H), 0.87 — 0.80 (m, 1H), 0.75 — Qu®2 2H), 0.61 — 0.52 (m, 2H), 0.51 — 0.43 (m,
2H), 0.16 — 0.06 (m, 1H) (One NH was not seéi);:NMR (mixture, 151 MHz, CDG) & 167.97,
167.84, 144.36, 144.15, 143.06, 143.02, 136.91,6536.34.30, 134.18, 130.54, 130.50, 126.69,
126.63 (2 x C), 126.60, 124.76 (2 x C), 120.94,.820115.02, 115.00, 103.81, 103.20, 100.15,
99.65, 58.34, 58.30, 50.40, 50.24, 28.84, 28.81/32727.63, 23.28, 23.13, 19.01, 18.98, 11.90,
11.83, 9.53, 8.98, 6.41 (2 x C); HRMS (ESI) m/z #vH]" calcd for (G;H,gNsO") 350.2227,

found 350.2229; retention time 2.87 min, > 99% pure

4-cyclopropyl-1,3-dimethyl-6-((1-(p-tolyl)ethylJamino)-3,4-dihydroquinoxalin-2(1H)-one ~ (43).
White soild, 55% yield'H NMR (a mixture was observed at RT and the rats W:1 by proton
400 MHz NMR integration at CDgbolvent)s 7.32 — 7.24 (m, 4H), 7.18 — 7.11 (m, 4H), 6.69 —
6.62 (m, 2H), 6.41 (s, 1H), 6.28 (s, 1H), 6.10)d, 8.6 Hz, 1H), 6.02 (d] = 8.4 Hz, 1H), 4.50 —
4.41 (m, 2H), 4.07 — 3.98 (m, 3H), 3.28 — 3.22 GH), 2.33 (s, 6H), 2.27 — 2.18 (m, 2H), 1.56 —
1.48 (m, 6H), 1.18 — 1.10 (m, 6H), 0.92 — 0.86 i), 0.77 — 0.70 (m, 1H), 0.69 — 0.61 (m, 1H),
0.60 — 0.47 (m, 4H), 0.24 — 0.16 (m, 1H) (One NHswat seen)*C NMR (mixture, 151 MHz,

CDCls) 6 167.99, 167.91, 144.38, 144.24, 142.53, 142.56,8/3 136.68, 136.39, 136.32, 129.31
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(2 x C), 129.29 (2 x C), 125.79 (2 x C), 125.74(€), 120.97, 120.68, 114.99, 114.94, 103.91,
103.35, 100.39, 100.18, 58.35, 58.32, 53.83, 53?85, 28.83, 27.77, 27.66, 25.33, 25.04,
21.09, 21.06, 11.89 (2 x C), 9.50, 9.10, 6.46, BLAMS m/z (ESI, positive) found [M + H]

350.00; retention time 2.87 min, > 99% pure.

4-cyclopropyl-6-((1-(4-fluorophenyl)ethyl)amino)-1,3-dimethyl -3,4-dihydroquinoxalin-2(1H)-one

(44). White soild, 55% yield'H NMR (a mixture was observed at RT and the ratis W:1 by
proton 400 MHz NMR integration at CD{3olvent)s 7.40 — 7.30 (m, 4H), 7.04 — 6.95 (m, 4H),
6.69 — 6.60 (m, 2H), 6.36 (d,= 1.8 Hz, 1H), 6.23 (d] = 1.8 Hz, 1H), 6.07 (d] = 8.5 Hz, 1H),
6.00 — 5.94 (m, 1H), 4.52 — 4.38 (m, 2H), 4.15943m, 4H), 3.29 — 3.20 (m, 6H), 2.25 — 2.13
(m, 2H), 1.53 — 1.46 (m, 6H), 1.16 — 1.08 (m, 68182 — 0.80 (m, 2H), 0.74 — 0.67 (m, 1H), 0.67
— 0.61 (m, 1H), 0.59 — 0.45 (m, 4HYC NMR (mixture, 126 MHz, CDG) & 167.97, 167.88,
162.70, 160.76, 144.15, 143.97, 141.30J(d,2.52 Hz), 141.26 (d] = 2.52 Hz), 136.91, 136.70,
127.38, 127.33, 127.32, 127.27, 121.14, 120.85481R x C), 115.31 (2 x C), 114.97 (2 x C),
104.01, 103.47, 100.39, 100.10, 58.33, 58.30, 5%3B8, 28.84, 28.82, 27.76, 27.65, 25.41,
25.20, 11.91, 11.87, 9.48, 9.09, 6.44 (2 x C); HRIESI) m/z [M + HJ calcd for (G;H,sFNsO")
354.1976, found 354.1976; retention time 2.78 mid9% pure; retention time 2.83 min, > 50%

pure.

6-((1-(4-chlorophenyl)ethyl)amino)-4-cyclopropyl-1,3-dimethyl-3,4-dihydr oquinoxalin-2(1H)-one
(45). White powder, 51% yieldH NMR (a mixture was observed at RT and the ratis W:1 by
proton 400 MHz NMR integration at CD{3olvent)s 7.37 — 7.26 (m, 8H), 6.68 — 6.61 (m, 2H),
6.35 (d,J = 2.2 Hz, 1H), 6.21 (d] = 2.2 Hz, 1H), 6.05 (dd} = 8.5, 2.3 Hz, 1H), 5.94 (dd,= 8.5,
2.3 Hz, 1H), 4.48 — 4.39 (m, 2H), 4.06 — 3.92 (iH),33.29 — 3.20 (m, 6H), 2.26 — 2.14 (m, 2H),
1.54 — 1.47 (m, 6H), 1.15 — 1.08 (m, 6H), 0.90820m, 1H), 0.77 — 0.62 (m, 2H), 0.61 — 0.44
(m, 4H), 0.22 — 0.14 (m, 1H) (One NH was not se&@;NMR (mixture, 151 MHz, CDG) &
168.08, 168.00, 144.27, 144.22, 144.07, 143.89,06371.36.85, 132.52, 132.49, 128.89 (2 x C),
128.87 (2 x C), 127.37 (2 x C), 127.34 (2 x C),.321121.11, 115.07 (2 x C), 104.01, 103.47,

100.46, 100.21, 58.43, 58.39, 53.79, 53.60, 28884, 27.86, 27.76, 25.39, 25.23, 12.07, 12.04,
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9.57, 9.18, 6.58 (2 x C); LCM8&vz (ESI, positive) found [M + H] 369.98; retention time

2.97min, > 49% pure; retention time 3.04 min, > 500fe.

4-cyclopropyl-6-((1-(4-methoxyphenyl)ethyl)amino)- 1,3-dimethyl-3,4-dihydr oquinoxalin-2(1H)-

one (46). White powder, 59% yieldH NMR (a mixture was observed at RT and the ratis &:1

by proton 400 MHz NMR integration at CDQdolvent)d 7.34 — 7.27 (m, 4H), 6.91 — 6.83 (m,
4H), 6.69 — 6.62 (m, 2H), 6.38 (s, 1H), 6.27 (s),16408 (d,J = 8.6 Hz, 1H), 6.01 (d] = 8.6 Hz,
1H), 4.48 — 4.39 (m, 2H), 4.11 — 3.89 (m, 3H), 3:83.76 (m, 6H), 3.26 — 3.22 (m, 6H), 2.28 —
2.15 (m, 2H), 1.54 — 1.47 (m, 6H), 1.15 — 1.09 @id), 0.90 — 0.84 (m, 1H), 0.76 — 0.68 (m, 1H),
0.68 — 0.61 (m, 1H), 0.60 — 0.46 (m, 4H), 0.2517Qm, 1H) (One NH was not seerf})C NMR
(mixture, 151 MHz, CDG) 3 168.09, 168.02, 158.58 (2 x C), 144.43, 144.29,.668 137.63,
136.99, 136.80, 127.01 (2 x C), 126.94 (2 x C),.1@1120.83, 115.07, 115.03, 114.10 (2 x C),
114.08 (2 x C), 103.97, 103.48, 100.45, 100.264%88.40, 55.40, 55.36, 53.62, 53.46, 28.95,
28.93, 27.85, 27.76, 25.43, 25.14, 12.00 (2 x &B,:9.25, 6.55, 6.53; LCM&/z (ESI, positive)

found [M + HJ 365.92; retention time 2.70 min, > 99% pure

4-cyclopropyl-6-((1-(2,4-dimethyl phenyl)ethyl)amino)-1,3-dimethyl-3,4-dihydroquinoxalin-2(1H)-

one (47). White soild, 57% yield*H NMR (a mixture was observed at RT and the rats W:0.4
by proton 400 MHz NMR integration at CDColvent)s 7.38 (d,J = 8.3 Hz, 0.4H), 7.34 (dl =

7.7 Hz, 1H), 7.05 — 6.98 (m, 2.8H), 6.71 — 6.66 {dH), 6.36 (d) = 2.4 Hz, 0.4H), 6.22 (dl =

2.4 Hz, 1H), 6.08 (dd] = 8.5, 2.4 Hz, 1H), 5.98 (dd,= 8.5, 2.4 Hz, 0.4H), 4.74 — 4.63 (m, 1.4H),
4.11 — 3.98 (m, 2.4H), 3.29 — 3.25 (m, 4.2H), A€54.2H), 2.35 — 2.30 (m, 4.2H), 2.29 — 2.20
(m, 1.4H), 1.54 — 1.48 (m, 4.2H), 1.20 — 1.12 (n2H), 0.94 — 0.87 (m, 1.4H), 0.79 — 0.72 (m,
0.4H), 0.72 — 0.65 (m, 1H), 0.63 — 0.47 (m, 2.8t (minor one NH was not seef}C NMR
(mixture, 126 MHz, CDG) 4 168.04, 167.93, 144.45, 144.27, 140.08, 140.08,973 136.73,
136.13, 136.08, 134.27, 134.13, 131.37 (2 x C),dR7127.33, 124.79 (2 x C), 120.99, 120.67,
115.08, 115.04, 103.74, 103.09, 100.23, 99.79,06&8.37, 50.17, 50.05, 28.87 (2 x C), 27.81,
27.71, 23.40, 23.22, 20.99, 20.97, 18.99, 18.9M51111.91, 9.58, 9.06, 6.48 (2 x C); LCM%

(ESI, positive) found [M + H]363.97; retention time 2.96 min, > 98% pure.
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4-cyclopropyl-1,3-dimethyl-6-(((S)-1-(p-tolyl)ethyl Jamino)-3,4-dihydr oquinoxalin-2(1H)-one (48).
White soild, 56% yield'H NMR (a mixture was observed at RT and the rats W:1 by proton
400 MHz NMR integration at CDgbolvent)s 7.32 — 7.24 (m, 4H), 7.17 — 7.11 (m, 4H), 6.69 —
6.62 (m, 2H), 6.40 (d) = 2.4 Hz, 1H), 6.27 (dJ = 2.4 Hz, 1H), 6.09 (dd] = 8.5, 2.4 Hz, 1H),
6.01 (dd,J = 8.5, 2.4 Hz, 1H), 4.50 — 4.41 (m, 2H), 4.06 973(m, 2H), 3.25 (s, 3H), 3.24 (s, 3H),
2.36 — 2.31 (s, 6H), 2.25 — 2.18 (m, 2H), 1.55494m, 6H), 1.17 — 1.10 (m, 6H), 0.91 — 0.85 (m,
1H), 0.76 — 0.69 (m, 1H), 0.68 — 0.62 (m, 1H), 0-58.47 (m, 4H), 0.24 — 0.16 (m, 1H) (Two NH
was not seen)*C NMR (mixture, 126 MHz, CDG) 5 168.10, 168.02, 144.44, 144.30, 142.59,
142.57, 136.99, 136.80, 136.52, 136.45, 129.39 (),4.25.88 (2 x C), 125.82 (2 x C), 121.12,
120.84, 115.07, 115.03, 103.97, 103.44, 100.49,280®8.44, 58.41, 53.93, 53.81, 28.94, 28.93,
27.86, 27.75, 25.40, 25.10, 21.17, 21.14, 11.99 @, 9.58, 9.18, 6.55, 6.51; HRMS (ESI) m/z
[M + H]" calcd for (GoH,gN20") 350.2227, found 350.2227; retention time 2.87,mif89% pure.
4-cyclopropyl-6-(((S)-1-(4-fluorophenyl) ethyl)amino)- 1,3-dimethyl - 3,4-dihydroquinoxalin-2(1H)-

one (49). White powder, 57% yieldH NMR (a mixture was observed at RT and the ratis &1

by proton 400 MHz NMR integration at CDQ4olvent)s 7.41 — 7.30 (m, 4H), 7.05 — 6.94 (m,
4H), 6.69 — 6.60 (m, 2H), 6.36 (d~= 2.5 Hz, 1H), 6.23 (d] = 2.5 Hz, 1H), 6.07 (ddl = 8.5, 2.5
Hz, 1H), 5.98 (ddJ = 8.5, 2.5 Hz, 1H), 4.51 — 4.40 (m, 2H), 4.05 963(m, 2H), 3.24 (s, 3H),
3.23 (s, 3H), 2.25 — 2.20 (m, 1H), 2.19 — 2.14 1), 1.53 — 1.47 (m, 6H), 1.16 — 1.07 (m, 6H),
0.91 — 0.80 (m, 1H), 0.75 — 0.67 (m, 1H), 0.67 610im, 1H), 0.58 — 0.52 (m, 2H), 0.51 — 0.44
(m, 2H), 0.21 — 0.14 (m, 1H) (Two NH was not seéfd; NMR (mixture, 126 MHz, CDG) &
167.95, 167.86, 162.66, 160.72, 144.14, 143.96,204(H,J = 2.52 Hz), 141.25 (d] = 3.78 Hz),
136.87, 136.67, 127.36, 127.31, 127.30, 127.25,082120.79, 115.44 (2 x C), 115.27 (2 x C),
114.95 (2 x C), 103.99, 103.45, 100.36, 100.083(G88.27, 53.55, 53.34, 28.81, 28.79, 27.73,
27.63, 25.38, 25.17, 11.87, 11.84, 9.45, 9.07, @44 C); LCMSm/z (ESI, positive) found [M +
H]* 354.05; retention time 2.76 min, > 46% pure; riétentime 2.81 min, > 53% pure.
4-cyclopropyl-6-(((S)-1-(4-methoxyphenyl) ethyl Jamino)-1,3-dimethyl-3,4-dihydr oquinoxalin-
2(1H)-one (50). White soild, 53% yieldH NMR (a mixture was observed at RT and the ratis w
1:1 by proton 400 MHz NMR integration at CRGblvent)s 7.36 — 7.27 (m, 4H), 6.91 — 6.82 (m,

4H), 6.69 — 6.61 (M, 2H), 6.39 (@= 2.4 Hz, 1H), 6.28 (d] = 2.4 Hz, 1H), 6.09 (dd] = 8.5, 2.4
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Hz, 1H), 6.01 (ddJ = 8.5, 2.4 Hz, 1H), 4.48 — 4.38 (m, 2H), 4.13 953(m, 4H), 3.78 (s, 3H),
3.77 (s, 3H), 3.24 (s, 3H), 3.24 (s, 3H), 2.27162m, 2H), 1.53 — 1.47 (m, 6H), 1.17 — 1.08 (m,
6H), 0.90 — 0.84 (m, 1H), 0.75 — 0.68 (m, 1H), 0-6@.60 (m, 1H), 0.59 — 0.45 (m, 4H), 0.24 —
0.17 (m, 1H);"*C NMR (mixture, 151 MHz, CDG) & 168.02, 167.95, 158.54 (2 x C), 144.41,
144.26, 137.64, 137.61, 136.92, 136.74, 126.96 (9,X.26.89 (2 x C), 121.04, 120.77, 115.01,
114.97, 114.06 (2 x C), 114.03 (2 x C), 103.97,.483100.42, 100.23, 58.39, 58.36, 55.33,
55.29, 53.56, 53.40, 28.89, 28.87, 27.81, 27.73&%25.07, 11.93 (2 x C), 9.53, 9.21, 6.48 (2 x
C); HRMS (ESI) m/z [M + H], calcd for (G;H.gN30,") 366.2176, found 366.2177; retention
time 2.70 min, > 99% pure.

4-cyclopropyl-6-(((9-1-(2,4-dimethyl phenyl)ethyl Jamino)-1, 3-dimethyl -3,4-dihydr oquinoxalin-
2(1H)-one (51). White soild, 58% yield*H NMR (a mixture was observed at RT and the rafig w
1:1 by proton 400 MHz NMR integration at CQRGblvent)s 7.35 (d,J = 8.3 Hz, 1H), 7.30 (d]

= 7.6 Hz, 1H), 7.02 — 6.95 (m, 4H), 6.69 — 6.62 2H), 6.32 (dJ = 2.1 Hz, 1H), 6.18 (] = 2.1
Hz, 1H), 6.04 (ddJ = 8.5, 2.0 Hz, 1H), 5.93 (dd,= 8.4, 2.1 Hz, 1H), 4.68 — 4.60 (m, 2H), 4.07 —
3.88 (m, 4H), 3.28 — 3.22 (m, 6H), 2.41 (s, 6H32- 2.27 (m, 6H), 2.25 — 2.17 (m, 2H), 1.51 —
1.44 (m, 6H), 1.16 — 1.09 (m, 6H), 0.89 — 0.82 (i), 0.77 — 0.69 (m, 1H), 0.68 — 0.62 (m, 1H),
0.61 — 0.54 (m, 2H), 0.53 — 0.44 (m, 2H), 0.20 £20(m, 1H);**C NMR (mixture, 126 MHz,
CDCl,) 6 168.10, 167.99, 144.48, 144.30, 140.12, 140.07,063 136.81, 136.23, 136.17, 134.36,
134.21, 131.44 (2 x C), 127.44, 127.40, 124.85 @)x121.11, 120.79, 115.13, 115.10, 103.76,
103.10, 100.30, 99.85, 58.47, 58.44, 50.23, 5@&35, 28.93, 27.87, 27.77, 23.48, 23.28, 21.06,
21.03, 19.05, 19.02, 12.03, 12.00, 9.64, 9.12, 254 C); LCMSm/z (ESI, positive) found [M +
H]* 363.95; retention time 2.96 min, > 99% pure.

Compound$2-55were obtained by chiral separation.
(R)-4-cyclopropyl-1,3-dimethyl-6-(((S)-1-(p-tolyljieyl)amino)-3,4-dihydroquinoxalin-2(1H)-one
(52). White soild."H NMR (400 MHz, CDC}) & 7.27 (d,J = 8.0 Hz, 2H), 7.13 (d] = 7.9 Hz,
2H), 6.66 (d,J = 8.5 Hz, 1H), 6.28 (d] = 2.4 Hz, 1H), 6.09 (dd] = 8.5, 2.4 Hz, 1H), 4.46 (d,=

6.6 Hz, 1H), 4.01 (q) = 6.8 Hz, 1H), 3.25 (s, 3H), 2.33 (s, 3H), 2.28dd = 9.9, 6.5, 3.7 Hz,
1H), 1.52 (dJ = 6.7 Hz, 3H), 1.13 (d] = 6.8 Hz, 3H), 0.69 — 0.61 (m, 1H), 0.58 — 0.45 2),

0.23 — 0.16 (m, 1H) (One NH was not seer; NMR (126 MHz, CDGJ)) § 166.97, 143.28,
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141.55, 135.77, 135.42, 128.36 (2 x C), 124.80 @)x119.81, 113.99, 102.96, 99.26, 57.39,
52.78, 27.89, 26.73, 24.38, 20.12, 10.98, 8.169;5HRMS (ESI) m/z [M + H], calcd for
(CxH2gN30") 350.2227, found 350.2235; retention time 2.85,mi@9% pure.
(S)-4-cyclopropyl-1,3-dimethyl-6-(((S)-1-(p-tolyffeyl)amino)-3,4-dihydroquinoxalin-2(1H)-one
(53). White soild."H NMR (400 MHz, CDC}) & 7.29 (d,J = 7.9 Hz, 2H), 7.15 (dJ = 7.8 Hz,
2H), 6.64 (dJ = 8.5 Hz, 1H), 6.40 (d] = 2.2 Hz, 1H), 6.01 (dd} = 8.5, 2.2 Hz, 1H), 4.45 (4,=

6.6 Hz, 1H), 4.03 (q) = 6.8 Hz, 1H), 3.24 (s, 3H), 2.33 (s, 3H), 2.28.25 (m, 1H), 1.52 (d] =

6.7 Hz, 3H), 1.13 (d) = 6.8 Hz, 3H), 0.93 - 0.84 (m, 1H), 0.77 — 0.68 (Hl), 0.64 — 0.50 (m,
2H) (One NH was not seen)’C NMR (126 MHz, CDG)) 5 167.05, 143.41, 141.57, 135.95,
135.47,128.37 (2 x C), 124.86 (2 x C), 120.09,.034102.42, 99.47, 57.42, 52.90, 27.90, 26.83,
24.08, 20.14, 10.96, 8.55, 5.52; LCM®z (ESI, positive) found [M + H] 350.00; retention time
2.82 min, > 99% pure.
(R)-4-cyclopropyl-6-(((S)-1-(2,4-dimethylphenyl)gthamino)-1,3-dimethyl-3,4-dihydroquinoxal-
in-2(1H)-one 64). White soild*H NMR (400 MHz, CDC}) & 7.33 (d,J = 7.7 Hz, 1H), 6.99 (m,
2H), 6.68 (d,J = 8.5 Hz, 1H), 6.22 (d] = 2.5 Hz, 1H), 6.07 (dd] = 8.5, 2.5 Hz, 1H), 4.67 (d,=

6.6 Hz, 1H), 4.03 (gJ = 6.8 Hz, 1H), 3.26 (s, 3H), 2.44 (s, 3H), 2.303(d), 2.27 — 2.21 (m, 1H),
1.49 (d,J= 6.6 Hz, 3H), 1.16 (dl = 6.8 Hz, 3H), 0.71 — 0.63 (m, 1H), 0.59 — 0.46 2id), 0.22 —
0.11 (m, 1H) (One NH was not seehJc NMR (126 MHz, CDG)) 5 167.81, 144.17, 139.94,
136.61, 135.95, 134.04, 131.27, 127.28, 124.73,5620114.95, 103.74, 99.73, 58.29, 49.99,
28.77, 27.63, 23.30, 20.89, 18.91, 11.85, 8.989;6t8RMS (ESI) m/z [M + H], calcd for
(CaH3oN30") 364.2383, found 364.2386; retention time 2.88,mi@9% pure.
(S)-4-cyclopropyl-6-(((S)-1-(2,4-dimethylphenyl)gtfamino)-1,3-dimethyl-3,4-dihydroquinoxal-
in-2(1H)-one 65). White soild'H NMR (400 MHz, CDC})  7.36 (d,J = 8.3 Hz, 1H), 7.00 (m,
2H), 6.65 (dJ = 8.5 Hz, 1H), 6.34 (d] = 2.5 Hz, 1H), 5.95 (dd} = 8.5, 2.5 Hz, 1H), 4.65 (qd,=

6.6 Hz, 1H), 4.03 (gJ = 6.8 Hz, 1H), 3.25 (s, 3H), 2.42 (s, 3H), 2.303(d), 2.24 — 2.16 (m, 1H),
1.49 (d,J= 6.6 Hz, 3H), 1.13 (dl = 6.8 Hz, 3H), 0.89 — 0.82 (m, 1H), 0.77 — 0.69 {i), 0.63 —
0.51 (m, 2H) (One NH was not seehlC NMR (126 MHz, CDG)) § 168.02, 144.43, 140.06,

136.95, 136.12, 134.26, 131.35, 127.32, 124.79,9920115.06, 103.08, 100.23, 58.40, 50.16,
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28.87, 27.80, 23.21, 20.99, 18.95, 11.91, 9.587;6.€MS m/z (ESI, positive) found [M + H]
363.94; retention time 2.96 min, > 99% pure.

Scheme 32-bromo-N-(2,6-dibromopyridin-3-yl)propanamide (103). To a stirred solution of
compound101 (1.0 g, 3.97 mmol) in dichloromethane (20 mL) af®@ were slowly added
N&CO; (0.42 g, 3.97 mmol) and 2-bromopropanoyl bromidel§ mL, 4.37 mmol). After the
addition was completed the cooling bath was remaretithe reaction stirred overnight at rt. The
reaction was monitored by TLC. Upon completion, ris&ction mixture was cooled again to 0°C,
diluted with water, and extracted with EtOAc (3 & |IL). The combined organic fractions were
washed with brine, dried over p&0,, concentrated by evaporation under reduced pres$ae
crude proudct was purified by flash column chrorgedaphy (gradient elution, gradient 0 to 20%
EtOAc/60-90 °C petroleum ether) to give compou®3 (1.2 g, 3.10 mmol, 78% yield) as a
white solid.*H NMR (400 MHz, CDC}J) & 8.70 (s, 1H), 8.54 (dl = 8.5 Hz, 1H), 7.46 (d] = 8.5
Hz, 1H), 4.59 (q) = 7.1 Hz, 1H), 1.99 (d1 = 7.1 Hz, 3H).
2-(cyclopropylamino)-N-(2,6-dibromopyridin-3-yl)propanamide (105. A solution of compound
103(1.0 g, 2.59 mmol) and cyclopropanamine (0.18 mk92nmol) and DIPEA (1.13 mL, 6.48
mmol) in 20 mL of acetonitrile is heated to 80 “@&might. The reaction was monitored by TLC.
Upon completion, the reaction cooled to room temapee, the mixture was poured into 50 mL of
water, and extracted with dichloromethane (3 x 80.nThe combined organic layers were
washed with brine, dried over sodium sulfate, fdtk and excess solvent removed via rotary
evaporator. The crude proudct was purified by flaslumn chromatography (gradient elution,
gradient 0 to 10% EtOAc/60-90 °C petroleum etheryive compound.05 as a white solid (0.8
g, 2.22 mmol, 85% yieldfH NMR (400 MHz, CDC}) § 10.03 (s, 1H), 8.67 (dd,= 9.3, 8.5 Hz,
1H), 7.39 (tJ = 8.8 Hz, 1H), 3.43 (p] = 7.2 Hz, 1H), 2.39 — 2.26 (m, 1H), 1.46 — 1.39 &H),
0.59 — 0.40 (m, 4H); LCM&vz (ESI, positive) found [M + H] 362.02; retention time 2.09 min, >
98% pure.

6-bromo-4-cyclopropyl-3-methyl-3,4-dihydropyrido[ 2,3-b] pyrazin-2(1H)-one (107). A solution

of compoundl105 (0.8 g, 2.22 mmol) and DIPEA (0.77 mL, 4.44 mmaol)DMF (8 mL) was
heated to 150 °C overnight. The reaction was maadtdy TLC. Upon completion, the reaction

cooled to room temperature, the mixture was pouménl 50 mL of water and extracted with
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dichloromethane (3 x 50 mL). The combined orgaaiets were washed with brine, dried over
sodium sulfate, filtered and excess solvent remai@dotary evaporator. The crude proudct was
purified by flash column chromatography (gradielntien, gradient O to 20% EtOAc/60— 90 °C
petroleum ether) to give compoufifi7 as a white solid (0.5 g, 1.77 mmol, 80% vyielt).NMR
(400 MHz, DMSO#) & 10.61 (s, 1H), 6.93 (d, = 7.9 Hz, 1H), 6.89 (d] = 7.8 Hz, 1H), 4.00 (q,

J = 6.9 Hz, 1H), 2.65 — 2.58 (m, 1H), 1.21 {ds 6.9 Hz, 3H), 0.98 — 0.90 (m, 1H), 0.73 — 0.65
(m, 1H), 0.64 — 0.57 (m, 1H), 0.49 —0.41 (m, 1H).
6-bromo-4-cyclopropyl-1,3-dimethyl-3,4-dihydropyrido[ 2,3-b] pyrazin-2(1H)-one ~ (109). A
solution of compound07 (0.5 g, 1.77 mmol) in anhydrous DMF (4 mL) was atltaH (0.21 g,
5.31 mmol) at 0 °C, the mixture stirred at 0 °C0dB h. Then iodomethane (0.22 mL, 3.54 mmol)
was added and stirred at room temperature for an@tn. The reaction was monitored by TLC.
Upon completion, the reaction cooled to room terapee, the reaction mixture was diluted with
water, and extracted with EtOAc (3 x 20 mL). Thenbined organic fractions were washed with
brine, dried over N&0O,, concentrated by evaporation under reduced presBurification by
silica gel column chromatography (gradient elutigradient 0 to 25% EtOAc/60-90 °C
petroleum ether) gave compoud@9 as colorless transparent liquid (0.4 g, 1.35 mni6ko
yield)."H NMR (400 MHz, CDC}) § 6.81 (d,J = 8.1 Hz, 1H), 6.76 (d] = 8.0 Hz, 1H), 4.08 (q]

= 6.9 Hz, 1H), 3.17 (s, 3H), 2.62 — 2.52 (m, 1H}61(d,J = 6.9 Hz, 3H), 0.99 — 0.90 (m, 1H),
0.69 — 0.58 (m, 1H), 0.52 — 0.37 (m, 2H); LCM¥z (ESI, positive) found [M+H] 296.18;
retention time 3.41 min, > 98% pure.
N-(4-cyclopropyl-1,3-dimethyl-2-oxo-1,2,3,4-tetrahydropyrido[ 2,3-b] pyrazin-6-yl)-4-methyl benz-
enesulfonamide (25). To a solution of compoundl109 (0.2 g, 0.68 mmol), 4-
methylbenzenesulfonamide (0.175 g, 1.02 mmolC® (0.19 g, 1.36 mmol) in 2-
metyhtetrahydrofuran (5 mL) at room temperatureenauded allylpalladium chloride dimer (6
mg, 0.014 mmol) andBuXPhos (6 mg, 0.014 mmol). The mixture was seated microwave
tube and heated to 85 °C overnight. The reactios manitored by TLC. Upon completion, the
mixture was diluted with water, and extracted vEHIOAc (3 x 10 mL). The combined organic
fractions were washed with brine, then dried. Thede proudct was purified by flash column

chromatography (gradient elution, gradient 0 to 3B8Ac/60-90 °C petroleum ether) to give
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compound?5 as a white soild (0.15 g, 0.39 mmol, 57% yielt) NMR (400 MHz, CDCJ) § 7.79

(d, J = 8.3 Hz, 2H), 7.28 (s, 2H), 7.04 (s, 1H), 6.98)¢ 8.3 Hz, 1H), 6.75 (d] = 8.3 Hz, 1H),
4.14 (q,J = 6.8 Hz, 1H), 3.25 (s, 3H), 2.51 — 2.44 (m, 130 (s, 3H), 1.21 (d] = 6.9 Hz, 3H),
0.94 — 0.83 (m, 1H), 0.75 — 0.64 (m, 1H), 0.5445Qm, 1H), 0.40 — 0.32 (d,= 4.9 Hz, 1H)*C
NMR (151 MHz, CDCY)) 6 167.18, 146.64, 144.08, 143.78, 136.79, 129.54 @, 127.28 (2 x
C), 122.15, 120.93, 101.87, 57.86, 28.64, 27.252114.56, 10.00, 5.76; HRMS (ESI) m/z [M +
H]" calcd for (GgH»aN40sS") 387.1485, found 387.1489; retention time 3.10, miB9% pure.
Following the similar procedures as for compo@bdjave compoung@é.
N-(8-cyclopropyl-5,7-dimethyl-6-0x0-5,6,7,8-tetrahydropyrazino[ 2,3-b] pyrazin-2-yl)-4-methyl be-
nzenesulfonamide (26). White soild, 57% yield'H NMR (400 MHz, CDC}) & 7.81 (d,J = 8.2 Hz,
2H), 7.69 (s, 1H), 7.30 — 7.23 (m, 3H), 4.19J&, 6.8 Hz, 1H), 3.34 (s, 3H), 2.53 — 2.46 (m, 1H),
2.39 (s, 3H), 1.31 (d] = 6.9 Hz, 3H), 0.95 — 0.83 (m, 1H), 0.80 — 0.68 1), 0.58 — 0.47 (m,
1H), 0.41 — 0.32 (m, 1HJ°C NMR (151 MHz, CDGJ) & 167.70, 144.31, 142.46, 140.18, 136.54,
134.59, 129.82 (2 x C), 127.58 (2 x C), 119.4816827.50, 27.03, 21.70, 16.65, 9.87, 5.76;
HRMS (ESI) m/z [M + HJ calcd for (GgH2N505S") 388.1438, found 388.144; retention time

3.10 min, > 97% pure.

Protein expression

The BRD4 (I) protein expression followed the pratoof Filippakopoulos et al.
Colonies from freshly transformed plasmid DNAEncoli BL21(DE3)-condon plus-
RIL cells, were grown overnight at 37 °C in 50 nfLTerrific Broth medium with 50
ug/mL kanamycin and 34ig/mL chloramphenicol (start-up culture). Then stgot
culture was diluted 100 fold in 1 L of fresh TB ma&d and cell was growth at 37 °C
to an optical density of about 0.8 at OD600 betbe=temperature was decreased to
16 °C. When the system equilibrated at 16 °C theapdensity was about 1.2 at
OD600 and protein expression was induced over ngght6 °C with 0.2 mmol

isopropyl$-D-thiogalactopyranoside (IPTG). The bacteria wdnarvested by
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centrifugation (4000 x g for 20 min at 4 °C) andev&ozen at -80 °C as pellets for
storage. Cells expressing His6-tagged proteins wesispended in lysis buffer (50
mmol HEPES, pH 7.5 at 25 °C, 500 mmol NaCl, 10 mmmtiazole, 5 % glycerol
with freshly added 0.5 mmol TCEP (Tris(2-carboxydiphosphine hydrochloride)
and 1 mmol PMSF (phenylmethanesulfonyl fluoridell dypsed with an JN 3000
PLUS high pressure homogenizer (JNBIO - Guangziina) at 4 °C. The lysate
was cleared by centrifugation (12,000 x g for 1 4 &C) and was applied to a nickel-
nitrilotiacetic acid agarose column. The column wesshed once with 50 mL of
wash buffer containing 30 mmol imidazole. The proteas eluted using a step
elution of imidazole in elution buffer (100-250 mimmidazole in 50 mmol HEPES,
pH 7.5 at 25 °C, 500 mmol NaCl, 5% glycerol). Aladtions were collected and
monitored by SDS-polyacrylamide gel electrophoréBi®-Rad Criterion™ Precast
Gels, 4-12% Bis-Tris, 1.0 mm, from Bio-Rad, CA.)itéx the addition of 1 mmol
dithiothreitol (DTT), the eluted protein was trehtevernight at 4 °C with Tobacco
Etch Virus (TEV) protease to remove the His6 tage protein was concentrated and
further purified with size exclusion chromatograpitya Superdex 75 16/60 HiLoad
gel filtration column. Samples were monitored by SSpolyacrylamide gel
electrophoresis and concentrated to 8-10 mg/mhhengel filtration buffer, 10 mmol
Hepes pH 7.5, 500 mmol NaCl, 1 mmol DTT and werdusr protein binding assay
and crystallization.

Other four bromodomain proteins (BRD2 (aa 67-2@P300 (aa 1040-1161), BRG1
(aa 1448-1569), ATAD2 (aa 981-1108)) were prepaasdBRD4 (I), with same
protocol for expression and protein purificatiorhe§e bromodomain proteins were
used in thermal shift assay for ligand selectitetst.

Crystallization and Data collection
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Aliquots of the purified proteins were set up fowystallization using the vapour
diffusion method. BRD4 (I) Crystals were grown byximg 1 uL of the protein (9
mg/mL) with an equal volume of reservoir solutioontaining 6 M sodium formate
and 10 % glycerol. Its complex with 41 fragmentswaown at 4 °C in LL protein
(10 mg/mL + 5 mmol fragment) with an equal volumé reservoir solution
containing 6 M sodium formate and 10 % glycerolystals grew to diffracting
quality within 1-3 weeks in all cases.

Data were collected at 100 K on beamLine BL17Uwavelength 0.9793 A) at the
Shanghai Synchrotron Radiation Facility (SSRF) (fhai, China) for the co-
crystallized structures. The data were processed thie HKL2000,[30] software
packages, and the structures were then solved Wbgcolar replacement, using the
CCP4 program MOLREP.[31] The search model useth®icrystals was the BRD4-
JQ1 complex structure (PDB code 3mXF). The strestuwere refined using the
CCP4 program REFMACS5 combined with the simulatedeating protocol
implemented in the program PHENIX.[32] With the aflthe program Coot,[33]
compound, water molecules, and others were fittemto the initialF,-F; maps.
Fluorescence anisotropy binding assay

The binding of compounds to BRD4 was assessed @siAlgiorescence Anisotropy
Binding Assay. The fluorescent ligand was prepabgdattaching a fluorescent
fragment (Fluorescein isothiocyanate isomer |, BHl to the (+)-JQ1.[2df7]
Generally the method involves incubating the Broomdin protein BRDA4,
fluorescent ligand and a variable concentratioriest compound together to reach
thermodynamic equilibrium under conditions suchttim the absence of test

compound the fluorescent ligand is significantly502) bound and in the presence
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of a sufficient concentration of a potent inhibitibre anisotropy of the unbound
fluorescent ligand is measurably different from bloeind value.

Detailedly, all components were dissolved in butiecomposition 50 mmol HEPES
pH 7.4, 150 mmol NaCl and 0.5 mmol CHAPS with finahcentrations of BRD4 (I)
40 nM, fluorescent ligand 5 nM. This reaction miguwas added various
concentrations of test compound or DMSO vehicle (Bfal) in Corning 384 well
Black low volume plate (CLS3575) and equilibrateddark for 4 hours at room
temperature. Fluorescence anisotropy was read oieRi Synergy2 Multi-Mode
Microplate Reader (ex= 485 nm, EM = 530 nm; Dicbr&05 nM).

Bromodomain Selectivity Assay

T7 phage strains displaying bromodomains were griowparallel in 24-well blocks
in an E. coli host derived from the BL21 strain.déli were grown to log-phase and
infected with T7 phage from a frozen stock (muitpy of infection = 0.4) and
incubated with shaking at 32°C until lysis (90-1Btinutes). The lysates were
centrifuged (5,000 x g) and filtered (0.2um) to o cell debris. Streptavidin-coated
magnetic beads were treated with biotinylated smmallecule or acetylated peptide
ligands for 30 minutes at room temperature to gaeeraffinity resins for
bromodomain assays. The liganded beads were bloek#éd excess biotin and
washed with blocking buffer (SeaBlock (Pierce), B%A, 0.05 % Tween 20, 1 mM
DTT) to remove unbound ligand and to reduce nomifipephage binding. Binding
reactions were assembled by combining bromodombagas)ded affinity beads, and
test compounds in 1x binding buffer (16 % SeaBld@cB2x PBS, 0.02%BSA, 0.04 %
Tween 20, 0.004% Sodium azide, 7.9 mM DTT). Teshpounds were prepared as
1000X stocks in 100% DMSO and subsequently dildt@® in monoethylene glycol

(MEG). The compounds were then diluted directlpitite assays such that the final
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concentrations of DMSO and MEG were 0.1% and 2.#%pectively. All reactions
were performed in polypropylene 384-well platesaifinal volume of 0.02 ml. The
assay plates were incubated at room temperatute shidking for 1 hour and the
affinity beads were washed with wash buffer (1x PBS5% Tween 20). The beads
were then re-suspended in elution buffer (1x PB85% Tween 20, 2 uM non-
biotinylated affinity ligand) and incubated at rodemperature with shaking for 30
minutes. The bromodomain concentration in the ekiatas measured by qPCR.
Percent Control (%Ctrl): The compound(s) were stedeat the concentration(s)
requested, and results for primary screen bincitgyactions are reported as '% Citrl',
where lower numbers indicate stronger hits.

%Ctrl Calculation: (test compound signal - positoantrol signal)/ (negative control
signal - positive control signal) x 100%

PLK1 Kinase Assay: Z-LYTE™ Kinase Assay

1. Kinase Reaction

1 Assay buffer: 50 mM Hepes pH 7.5, 1 mM EGTA, 10 ivgCl,, 0.01% Brij-35
110 nM PLK1

12 mM Ser/Thr 16 Peptide, 13 mM ATP

"1 60 minutes @ 23

2. Development Reaction

11 :16 dilution of Development Reagent B with Diepenent buffer
"1 60 minutes @ 23

3. Detection Equipment

1 Envision (PerkinElmer # 2104)

Cell Viability Assays

MM.1S cells were purchased from the American Typ#u€e Collection and TY-82
cells were purchased from the JCRB Cell Bank. Ge#se cultured in RPMI-1640
medium supplemented with 10% FBS (Life Technologas37 °C in a humidified

atmosphere containing 5% GQVMM.1S cells were seeded onto 96-well plates at a
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density of 10,000 cells/well (8000 for TY-82 celig)a volume of 10QuL medium.
After incubation overnight, compounds dissolvedDMSO stock solutions were
thawed at room temperature and diluted to the e@stoncentrations with normal
saline. The compounds were added to the assayaidtafter 72 h of incubation, 10
uL CCK-8 solution (Dojindo Laboratories) was addaéter another 4 h incubation at
37°C, the signal from the viable cells was measmredpectra-MAX190 (Molecular
Devices) at the absorbance of 450 nm.

Expression Analysis

TY-82 cells were treated with compounds for 24 NARextraction was done with
TRIzol Reagent (Invitrogen). cDNA was reverse-taised (Takara) and
subsequently underwent quantitative real time P@R 8YBR Green (Takara) on an
Applied Biosystems 7500 fast Real-Time PCR systfine following primers

(synthesized by Sanggon Corporation) were us@ehctin primer, 5’

TCTACAATGAGCTGCGTGTG 3 (forward), 5 -
GGTGAGGATCTTCATGAGGT -3’ (backward); c-myc primer, 8 -
GCCCAGTGAGGATATCTGGA -3 (forward), 5 ' -

ATCGCAGATGAAGCTCTGGT -3’ (backward). Analysis was performed on

triplicate PCR data for each biological duplicatermalized tg-actin).

Western Blotting

TY-82 cells were seeded onto 6-well plates andbated overnight. The cells were
treated with compounds at the indicated conceotrdor 24 h. Then, the cells were
lysed in 1 x SDS lysis iffer [50 mmol/L Tris-HCI (pH 6.8), 100 mmol/L DTT, 2%
SDS, 0.1% bromphenol blue, and 10% glycerol] amah thoiled for 10 min. Western
blotting analyses were conducted as previously rdest[34] using c-Myc (Cell

Signaling Technology) and GAPDH (Beyotime z Bioteslogy) antibodies, and the
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levels of cellular proteins were visualized withrgadase-coupled secondary

antibodies (Jackson ImmunoResearch) using an ECtcath Millipore company.

In Vivo Study

All the animal experiments were performed accordiagthe institutional ethical
guide-lines of animal care.

In Vivo PK Study

Compound 54 (10 mg/kg) dissolved in Dimethylacetamide: 0.5% M{P
(Hydroxypropyl methylcellulose) (5 : 95, v/v) tacancentration of 1 mg/mL, and was
given to ICR mice (Male, 18 — 22 g, n = 3) by gaagiministration. Blood samples
were collected at 0.25, 0.5, 1, 2, 4, 8, and 24tér administration (anticoagulant:
EDTA-Na2). 100uL of solvent of methanol: acetonitrile (1:1, v/v)itv internal
standard was added to 1Q of plasma and vortexed thoroughly. It was ceatéd
for 5 min, then 2Q.L of the supernatant was mixed with gD of water for analysis.
Samples were analyzed by Xevo TQ-S triple quadeupmhss spectrometer (Waters,
USA). The ACQUITY UPLC BEH C18 (1.fam, 2.0 mm x 50 mm, Waters, USA)
was used for the analysis. Gradient elution wasliegppconsisting of 5 mM
ammonium acetate aqueous solution containing 0.48ti€¢ acid and acetonitrile
containing 0.1% formic acid. After analyzing thencentrations of compouris¥, the
value of AUCIlast, AUCINF_obs and MRTINF_obs wascoéted from time -
concentration curves in each animal using PhoenilnNdhlin (CERTARA,
USA). Cmax was determined as the maximum plasmaecdration, and Tmax was
the time to reach the maximum concentration.

In Vivo pharmacological Study
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Six week old female Balb/c nude mice were obtairfem BEIJING HFK
BIOSCIENCE CO., LTD (Beijing, China), and were acwted one week prior to

tumor cell inoculation. A total of 8 10° human multiple myeloma cells MM.1S were

injected subcutaneously. Twenty seven days aftacuilation, mice with established
xenografts were randomized into different groupstfeatments of daily OTX-015 at
50 mg/kg PO, vehicle and compoubd at 50 mg/kg IP, respectively (n = 6 per
group). The maximum width (X) and length (Y) of thebcutaneous xenograft were
measured with a caliper twice a week and the vol(v)ewas calculated using the
formula: V = (€Y)/2. Then, relative tumor volume (RTV) was caldathas follows:

RTV = ViV, where \§ was the tumor volume at the beginning of the inesits, and

V. was the tumor volume at the end of treatments. drfimal body weight was also

measured at the same time.
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1 Graphical Abstract

Structare-Based Design

Selective BET inhibitor

FP: 45 nM; MM.1S: 16 nM
PK : AUC 1689 ng-h/mL
in vivo RTV 638%



Highlights:

Using scaffold modification to design BRD4 inhibitors based on the PLK1-BRD4 dual inhibitor
BI-2536

Structure-based lead optimization and identify potent BRD4 inhibitors

Selectivity profile on 32 bromodomains showed that this series is selective BET inhibitors

In vitro study confirmed the compounds have profound effects on down-regulation of c-Myc
In vivo study confirmed the efficacy on MM.1S CDX model.



