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Abstract

A series of novel phenol ether derivatives wereighesl, synthesized, and
evaluated as non-covalent proteasome inhibitors.stMoompounds exhibited
moderate to excellent proteasome inhibitory agtivih particular, compound.8x
proved to be the most potent compound (chymotrylisin IC5o= 49 nM), exhibiting
a 2-fold higher potency compared to the reportedd20. Besides, compouriBx
exhibited excellent metabolic stability and selstanti-proliferative activity against
solid cancer cell lines including HepG2 and HGCRividing incentive for the

further development as a potential anticancer aggainst solid cancers.

Key words: proteasome inhibitor, non-covalent, non-peptigeenol ether, solid

cancers

Introduction

The ubiquitin-proteasome system (UPS) [1] represdheé major pathway for
regulating the degradation of intracellular prose[@] and is generally involved in
numerous physiologically important cellular pro@ssssuch as cell cycle progression
[3, 4], signal transduction [5], and immune res@of@. The 20S proteasome is a key
player in the pathway, consisting of four stackegthmeric rings: two outerrings
and two innep-rings. Eachp-ring contains the three proteolytic subunitisc, f2c,
and p5c, which are responsible for caspase-like (C-lypdgin-like (T-L), and
chymotrypsin-like (ChT-L) activity [7], respectiwel These subunits can be replaced
by their interferony-inducible counterparts LMP251i), MECL-1 (62i), and LMP7
(p#51), respectively, resulting in alternatively assdead immunoproteasomes. Because
of the crucial role of proteasome in a wide varigtyellular processes, the regulation

of its protease activity by inhibitors is of theeaic interest [8].
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Figure 1. Proteasome inhibitors. (A) FDA-approved covalertdtgasome inhibitor Bortezomib,
Carfilzomib, and Ixazomib. (B) Non-covalent protea inhibitors including the peptidic

inhibitor TMC-95A, compoun®, and non-peptidic inhibitor PI-1840.

FDA approval of the proteasome inhibitors Bortezmn@arfilzomib, and Ixazomib
(1-3, Fig. 1A) has validated the proteasome as a progisrget for cancer therapy.
All of the approved inhibitors carry an electrophilvarhead at the C-terminal end of
a peptidic backbone and are covalently bound tac#ttalytic Thrl residues of the
subunits [9]. However, the peptidic backbone areddlectrophilic warhead of these
agents are believed to be the major cause of §idet® acquired drug resistance, and
unsatisfactory pharmacokinetic profiles [10-12].eféfore, non-covalent inhibitors
have attracted significant attention in recent ge@hese inhibitors are devoid of any
electrophilic warhead and interact with the proteas active site through a network
of interactions (hydrophobic, H-bonds, electrostand van der Waals forces).
However, most of the non-covalent inhibitors arél stquipped with a peptidic
backbone [13-18](e.g. compoundsand 5, Fig. 1B), are generally believed to be
unstable and less selective, with several potentpeptide non-covalent inhibitors
having been published [19-2H1-1840 6, Fig. 1B) represents one of the most potent
non-peptide non-covalent inhibitors with ansd@alue of 27 nM against CT-L [22].

Further studies indicated that PI1-1840 suppredsegtowth of human breast tumor
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xenografts in nude mice [23]. Nevertheless, acogyth a study reported by Bostrom,
J. et al. [24], 1,2,4-oxadiazole derivatives are more feagly recognized by
cytochrome P450 enzymes, leading to a higher mitabhonover in human liver
microsomes (HLMs). To further verify this notion,ewevaluated the metabolic
stability of P1-1840 in HLMs. The results indicatéaat P1-1840displayed a high
metabolic susceptibility in HLMs, metabolized madhan 50% within 30 min after
treatment with HLMs (Fig. 3)Considering this finding, our modification of P43
prioritized replacing its 1, 2, 4-oxadiazole moiefith different isosteres containing
urea or amide to improve the metabolic stabilityhed compounds. After confirming
the optimal replacement of the 1,2,4-oxadiazoleetypiwe designed and synthesized
a series of phenol ether derivatives to exploreSARs of ring A and the R group
residing on the phenyl ring (Fig. 2). The anti-gfevhtive activity against various

cancer cells of selected compounds were also aealurathis manuscript.
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Figure 2. Design of new non-covalent proteasome inhibitosedaon PI1-1840.

2. Results and discussion
2.1. Chemistry

The synthetic routes for the corresponding phettwdrederivatives are outlined in
Schemes 1 and 2. Substitution of tert-butyl (2-aethyl)carbamate7 with
2-bromopropane in MeCN, afforded tert-butyl (2-fisampylamino)ethyl)carbamat
which was subsequently converted to compd@ndgh condensation with chloroacetyl
chloride. Treatment of precurserwith 4-propylphenoin the presence of potassium
carbonate in refluxing acetonitrile, followed bymeval of the Boc group yielded the
primary aminell. Afterwards, the primary amirfEl reacted with pyridin-3-amine or

pyridin-3-ylmethanamine in the presence of triplersgyto produce urel2aor 12b.
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In addition, the primary aminkl wascondensed with nicotinic acid using HOBt and

EDCI as condensation agents to provide arii(Scheme 1).
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Scheme 1.Synthetic route for target compoundf2al2c Reagents and conditions: (i)
2-bromopropane, TEA, MeCN, r.t., overnight; (iil@oacetyl chloride, TEA, THF, 0C- r.t., 30
min; (iii) 4-propylphenol, KCOs;, MeCN, reflux, 2 h; (iv) HCl-saturated ethyl adeteD T - r.t., 2
h, then NaHC@(aq.), 0 €, 10min; (v) pyridin-3-amine or pyridin-3-ylmethanae, triphosgene,
TEA, anhydrous DCM, 0C - r.t., 1 h; (vi) nicotinic acid, EDCI, HOBt, DIFE DCM, 0 C - r.t.,

5 h.

The phenol ether derivativd8a-18z 18aa-18agand19 were prepared as shown
in Scheme 2. Ethyl 2-chloroacetafi8a benzyl 2-chloroacetated3b, or ethyl
3-bromopropanoatel3c was first allowed to react with propan-2-amine the
presence of triethylamine in MeCN at room tempegtio produce intermediate
1l4a14c followed by condensation with chloroacetyl chilerito obtain compounds
15a15c Reaction ofl5a15c with various phenols furnished intermedial€=-16|
which were hydrolyzed or debenzylated to afford cberesponding carboxylic acids
17a-171 Finally, the carboxylic acids7a-17Iwerecondensed with the corresponding
amines to produce the target compoud8a-18zand 18aa-18ae In this step,we

adopted two different condensation methods (vi &nd Scheme 2), due to the
5



different nucleophilicities of the amines. Compoud was synthesized from
compoundl18ae via reduction with sodium borohydride in the prese of CaCl.
Most of final compounds were obtained in isomer tom& we have carried out
variable temperaturtH NMR experiments to confirm the existence of asomers.
As the temperature was raised 1@x, the two sets of peaks observed in tHANMR
spectrum at 20C coalesced at 100C° The 'H NMR spectra of18x at different

temperature were provided in supplemental material.
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Scheme 2Synthetic routes for the target compoufia-18z 18aa-18aeand19. Reagents and
conditions: (i) propan-2-amine, TEA, MeCN, r.t. gonight; (ii) chloroacetyl chloride, TEA, THF,
0 °C - r.t., 30 min; (iii) KCOs, MeCN, reflux, 2 h; (iv) 1IN NaOH (aq), @ r.t., 2 h, then 1N
HCl(aq.), 0 €, PH =2~3; (v) H, 10% Pd/C, MeOH, r.t., 2 h; (vi) HOBt, EDCI, DIPEACM,

0 °C - r.t., 5 h; (vii) isobutyl chloroformate, 4-metimorpholine, anhydrous THF, -1Q % r.t., 6

h; (viii) NaBH4, CaC}, MeOH, 0 C - r.t., 30 min.



2.2. Biological evaluation

2.2.1. Proteasome inhibitory activity amétabolic stability in liver microsomes
All synthesized target compounds were evaluated tf@ir 20S proteasome
chymotrypsin-like inhibitory activityn vitro. In this study, P1-1840 was employed as

positive control. The results are summarized in 18sbl-3. Most compounds

exhibited moderate to excellent proteasome inhipiaativity.

Table 1.

20S proteasome chymotrypsin-like inhibitory activibf target compoundsl1®a-12c and

18a-189).

Inhibitory rate at

Compd. L
10 uM (%)?
NN
12a AN 13.80 + 6.64
o]
H H
12b B 38.68 +1.76
o
H -
12¢ AN 30.79 +7.57
6}
0]
18a SN 15.50 + 3.20
H
o]
18b s I 12.66 +5.11
H
H
18¢c N~ 1.16 +6.53
(o]
. H
18d N 58.18 +0.02
0]
PI-1840 - 80.20 £2.10

#The inhibitory rate is shwon as an average oftlimdependent determinations.

First, the modification of PI-1840 prioritized reping its 1, 2, 4-oxadiazole moiety
with different isosteres containing urea or amideafford compound42a-12cand

18a-18d As illustrated in Table 1, only compout8d showed 58.18% inhibition at

7



10 uM, all other compounds demonstrated disappointesylts (<50% inhibition at
10 uM). For 18d, replacing the 1,2,4-oxadiazole moiety of PI-184th an amide led
to a decrease in inhibitory potency to some exteut,the following stability test of
compoundl8d and PI1-1840 in HLMs indicated that compoutftl was more stable
than PI-1840 in HLMs (Fig. 3). Encouraged by thigling, we identified compound

18d as a lead compound for further modification.
Human liver microsomes

-+ PI-1840

%Remaining
al
o
1

0 T T T
0 10 20 30

Time (min)

Figure 3. Metabolic stability of compoun#i8d and P1-1840 in human liver microsomes.

Table 2.

20S proteasome chymotrypsin-like inhibitory activif target compound4.8d-184).

o L X
jﬂj T

Compd. A 1Go (NM)?
18d ) 1682 + 42
18e s 836 + 137
18f O 100 + 10
189 255\@“ 280 + 18
18h 'S 395 + 30

18i Bk 89 + 25



/
o]

18] x@ >10000
18k RO 2000 + 340
18l L es2+180
(0)
O\
18m I 42621251
(0)
¥
1 1197 + 231
o T,
180 L 922 + 386
CF3
18p X©\S~° 230 £ 72
O// ~
18q 361 + 23
CN
18r R 3863 + 1131
18s e 2011 + 323

=

~0

18t 5907 + 1648
18u fl}/@o/ 1111 + 257

P1-1840 - 92 %5

®The IG values are shown as an average of three indepedei@nmminations.

In order to determine the SARs around ring A preseni8d, we replaced ring A
with various heteroaryl rings (compound8e-18i and compound4.8r and 189,
substituted aryl rings (compountii8j-18q), and fused rings (compounii8t and18u).
Firstly, compared witl18d, 18e and18f, we found that the position of the nitrogen
atom in the pyridine ring was critical to poten&eplacing them-pyridyl moiety in
18d with ano-pyridyl (as in18€ and ap-pyridyl (as in18f) moiety increased the
potency 2-fold and 16-fold, respectively. Furthereyaeplacing thenpyridyl moiety
in 18d with pyrimidine (as in8g), pyrazine ( as ii8h), or pyridazine (as i48i) also
led to potency increase, and the compo8dcontaining 4-substituted pyridazine
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exhibited a comparable potency to PI-1840. Meareyil order to explore the most
potent compound, various substituted aryl ringsewalso introduced to ring A.
Similarly to the pyridine ring, the most suitablesgion of the methoxy substituent in
the phenyl ring was determined to be in para-pmsifi8l), but the CT-L inhibitory
activity was found to be lost when the methoxy $itlesnt was moved into
ortho-position 18j, 1C5o > 10 uM) or meta-position 18k, ICso = 2 uM). Moreover,
substituting the 4-methoxyphenyl 18l by 3,4-dimethoxyphenyl (as itBm) led to a
5-fold loss of potency. Therefore, we introducedfedent substituents in the
para-position on the phenyl ring to afford the couonmpds18n, 180, 18p, and18q with
ICso values of 1197, 922, 230, and 361 nM, respecti‘dbwever, all compounds in
which the pyridazine rings were replaced by sulnttt aryl rings exhibited a loss of
CT-L inhibitory activity compared tol8i. In addition, replacing ring A with
five-membered heteroaryl rings (compourids, 189 and fused rings (compounds
18t, 18u) was also found to be of no benefit to CT-L intoby potency. According to
above-mentioned modification of the ring A, we itked the 4-substituted

pyridazine ring as optimal group.

Table 3.
20S proteasome chymotrypsin-like inhibitory activitf target compoundsl8v-18z, 18aa-18ae,

andl19).

NORS§ R e

Compd. R 1Go (NM)?
18v x 481 + 131
18w ~= 243 + 57
18i N 89 + 25
18x S~ 49 + 12
18y Py 118 + 38

18z X 64 + 13
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18aa o 579 + 242

18ab A 259 + 34
18ac FoC 952 + 180
18ad o 405 + 100
18ae A 1561 + 13
19 HO 968 + 179
PI-1840 . 92 +5

®The IG, values are shown as an average of three indepetei@nminations.

In the next modification, the influence of the Rogp in para-position of the
phenyl ring was assessed, with a series of comEo(118d-18z 18aa-18aeand19)
being synthesized. The length of the alkyl grouphi& para position of the phenyl
ring was shown to be important, increasing the tlerog the R group from methyl
(18v) to ethyl @8w), propyl (@8i), and butyl 18X) resulted in progressive
improvement of inhibitory activity from 481 to 2489, and 49 nM, respectively.
However, an excessive length of the R group suclpeagyl (as in182 was
demonstrated to be detrimental to the inhibitoryivitg. Meanwhile, compared
with compoundsl8x and 18y, we could find that a linear alkyl substituent was
better to potency than a branched alkyl substit@érthe phenyl ring. Indeed, an
isobutyl substituent present in compoub8y resulted in a 2-foldoss of CT-L
inhibitory activity compared to a butyl substitugresent inl8x. Moreover, that
the R group prefers hydrophobic group to hydrophijroup with a propyl
substituent (as it8i) being 10-fold more potent than a hydroxyethylsitbent (as
in 19). However, replacing the alkyl substituent with allkoxy substituent was
shown to be detrimental to the CT-L inhibitory &it$i (18w vs 18aa 18i vs 18ab).
Furthermore, we also attempted to introduce varather groups to the phenyl ring
such as trifluoromethyll8aq, bromide {8ad), and 2-methoxy-2-oxoethylL8asg,
but all of these compounds demonstrated unsatsfaCiT-L inhibitory activity.

Overall, we identified compountBx as the most potent compound exhibiting an
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almost 2-fold higher potency than PI-1840. Furthenen subsequent assays of the
metabolic stability ofl8x and PI-1840 in human liver microsomes showed that

compoundl8x was more stable than PI-1840 (Fig. 4)

Human liver micosomes

100 -= 18x

2 -+ PI-1840
c
‘T
% 50
o
~

0 T T T

0 10 20 30

Time (min)

Figure 4. Metabolic stability oft8x and PI-1840 in human liver microsomes.

Table 4.

Inhibition for plc, f2c, f5¢ ands5i of 18p, 18x, PI-1840 and carfilzomib

IC 50(NM)
Compd.

C-L (plc) T-L(B2¢) CT-L(p5¢) LMP7(B5i)
18p >10000 >10000 230+ 72 >10000
18x >10000 >10000 49 +12 >10000

P1-1840 >10000 >10000 92+5 >10000
Carfilzomib 1452 + 400 825 + 305 5+0 277

®The 1G values are shown as an average of three indepedet@nminations.

We have also assessed the subunits selectivetmtyilaictivity of 18p and18x.
The experimental results demonstrated th8p and 18x exhibited the same
selective inhibitory activity as PI-1840 with ontargeting f5¢ (Table 4), but
carfilzomib can inhibit several subunits. These ultss indicated that our
compounds waghc selective proteasome inhibitors which were défifie from

approved carfilzomib.

12



2.2.2.Anti-proliferation activity against cancer cell és
Table 5.

Anti-proliferation activity of compound8p and18x against different cancer cell lines

Anti-proliferative activity (ICsq, pM)?®

Compd.

HepG2 HGC27 RPMI 8226 MM1S MV-4-11
18p 2.87+£0.51 2.47+0.12 >20 >20 >20
18x 391+ 0.95 462+1.44 >20 >20 >20

PI-1840 295+ 0.77 3.35x1.09 >20 >20 >20

4 The 1G values are shown as an average of three indepedetenminations.

We selected the two potent compourip and 18x to further assess their
anti-proliferative activity in vitro against variewcancer cell lines including HepG2,
HGC27, RPMI 8226, MM1S, and MV-4-11. Interestinglye found that the two
selected compounds exhibited more potent antifpralion activity against solid
cancer cell lines compared to blood cancer ceisi@ompoundsl8p and 18x
inhibited the viability of the two tested solid cell lines HepG2, HGC27, with
ICs values ranging from gM to 5 uM. However, both compounds were shown to
only weakly inhibit the viability of the three bldocancer cell lines RPMI 8226,
MML1S, and MV-4-11, with |G, values of more than 20M. Several studies[25, 26]
have shown that higher immunoproteasome expressigar constitutive
proteasome in B-cell malignancies, suggesting theportance of the
immunoproteasome in hematologic malignancies[2T., 28 described in table 4,
18p and 18x shown selectivity fos5c¢ inhibitory activity with nog5i inhibition,
this may be the reason for a lack of efficacy indol cancer cells versus solid
cancer cells. Therefore, other than approved itdnbithat may only be applied to

blood cancers, these compounds could be applisdlithbcancers.

2.3. Binding mode analysis

To elucidate the binding modes of this class of goumds within thgs5 site of
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proteasome, molecular docking calculations weréopmed. First, the ligand in the
crystal structure of 3MG6 (PDB ID) was extractedl ar-docked into the binding
pocket [29-31]. The root mean square deviation (RyI8etween the docked pose
and the original conformation of the ligand wascaidted, and a RMSD = 04
suggests that the Glide docking with the SP scociug successfully recognize the
near-native conformations. Then, the binding mofleceampound18x within the
proteasome was predicted by the Glide docking. Apiadled in Fig. 5, the
4-butylphenyl moiety of compountBx appears to provide a well fit for the important
hydrophobic S3 pocket (Fig. 5B), while four crificaydrogen bonds were also
observed (Fig. 5A and Fig. 5C). As discussed in SARe para-position of A ring was
important to inhibitory activity, we found thgg-nitrogen atom of pyridazine ring
formed a hydrogen bond with Arg91. Particularlyotwther hydrogen bonds were
formed between the ligand and Ala50N and Asp11vi@ a bridge water molecule.
Besides, carbonyl group (near to phenyl ring) wasligted to form the last hydrogen
bond with Ala49N. The docking studies may allow tagonal design of more potent
proteasome inhibitors. While a hydrogen bond acregtoup or atom was needed in
the para-position of A ring in this class and thegiRup prefer to be hydrophobic
group to bind to S3 pocket.

Figure 5.Binding modes of compourtBx within thes5 site of proteasomé.: Binding modes
of compoundl8x within the5 site of proteasome displayed as Connolly surfBc€lose-up
view of the S3 pocket to illustrate occupancy by 4hbutylphenyl moiety of compouridx in
the 5 active site. C: Binding modes of compoub8x within the p5 site of proteasome

represented as a ribbon model. H-bonds are shodasi®ed yellow lines
14



3. Conclusions

In this study, we found that the reported PI-184€pldyed a high metabolic
susceptibility in HLMs due to the presence of 2,14-oxadiazole moiety. In order
to explore novel proteasome inhibitors with highmetabolic stability, we
rationally designed and synthesized a series ohglhether derivatives based on
the structural features of PI-1840. Most of thesmpgounds exhibited moderate to
excellent proteasome inhibitory activity. Compouk&8k in particular was found to
be the most potent compound with being 2-fold mpogent than PI-1840. In
addition, compound.8x was also found to be more stable than PI-1840LM${
Moreover, further test results confirmed that coommis 18p and 18x exhibited
selective anti-proliferative activity against sotidncer cell lines, including HepG2
and HGC27. Docking studies were also carried oytréalict the binding modes of
this class of compounds within proteasome. Taketomcert, we identified a new
class of non-covalent proteasome inhibitors witghbr metabolic stability and
potent activity, providing incentive for the furtheéevelopment of such compounds

as potential anticancer agents in the treatmesolad cancers.

4. Experimental section

'H and**C NMR spectra were recorded on Brilker 400/500 Mpizcsometer
(Bruker Bioscience, Billerica, MA, USA) with CDg&lor DMSO+#s as solvent
(Instead of18x, all NMR experiments performed at 2Q)? Chemical shifts (d)
were reported in parts per million (ppm) relatieeinternal TMS, and coupling
constants J) were reported in Hertz (Hz). Splitting patternsrev designated as
singlet (s), broad singlet (brs), doublet (d), deutoublet (dd), triplet (t), quartet (q)
and multiplet (m). Melting points were determinesing a Buchi B-540 capillary
melting point apparatus and are uncorrected. Klsptay ionization mass
spectroscopy (ESI-MS) spectra were obtained wi8henadzu LCMS-2020 mass

spectrometer with mobile phases as methanol andrveantaining 0.1% formic
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acid. High resolution mass spectra (HRMS) were measurecro Agilent 6224
TOF LC/MS spectrometer using ESI-TOF (electrospoayzation-time of flight).
Melting points were determined using a Buchi B-5z#pillary melting point
apparatus and are uncorrected. HPLC analysis wderped using an Agilent
1100 Series system with a COSMOSIL 5C18-MS-Il (thé [.D. x 250 mm)
column and detected at 254 nm wavelength. Theldeththe HPLC methods can
be found in supplementary data. Reagents and delwsare purchased from
common commercial suppliers and were used withothér purification unless
stated otherwise. Column chromatography was peddrasing silica gel (200-300

mesh). All yields are unoptimized and generallyrespnt.

4.1. Chemistry
4.1.1. tert-Butyl (2-(isopropylamino)ethyl)carbamat

To a solution of tert-butyl (2-aminoethyl) carbam@t(123 mg, 1.0 mmol) and
TEA (202 mg, 2.0 mol) in 5 mL MeCN was added 2-bopmopane (160 mg, 1.0
mmol) at 0 €. Then the reaction mixture was warmed to room &gapire and
stirred overnight. The MeCN was evaporated, andrédstdue was dissolved in
EtOAc (15 mL), washed with water (10 mL x 3) andnber(10 mL x 3). The
organic layer was dried over p&0O,, concentrated under vacuum and purified by
SiO, chromatography (ethyl acetate: petroleum ethep=tb: hfford the compound
8 as a colourless liquid (144 mg, 70%).NMR (500 MHz, DMSOdg) 6 6.88 —
6.55 (M, 1H), 3.44 — 3.13 (m, 1H), 3.02 — 2.88 2i), 2.72 — 2.63 (m, 1H), 2.53 —
2.48 (m, 2H), 1.38 (s, 9H), 0.95 @z 6.5 Hz, 6H). ESI-MS: m/z = 203.1 [M+H]

4.1.2. tert-Butyl (2-(2-chloro-N-isopropylacetamjdthyl)carbamat®

To a solution o8B (130 mg, 0.64 mmol) and triethylamine (129 mg81ln2mol)
in anhydrous THF (5 mL) under a nitrogen atmosphared T was added
chloroacetyl chloride (108 mg, 0.96 mmol) dropwigster stirring at room
temperature for 30 min, 10 mL,8 was added to the reaction mixture a0 The
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THF was evaporated concentrated and the crudeuseswds extracted with ethyl
acetate (10 mL x 3). The organic layer was washidiu saturated aqueous pG&0O;
(10 mL x 3) and brine (10 mL x 3), dried over antoys NaSQ,, evaporated and
purified by SiQ chromatography to afford the compoudics a colourless liquid
(158 mg, 89%). ThéH NMR showed 3:1 ratio of atropisometst NMR (500
MHz, CDCh) ¢ 5.23 (s, 1H), 4.06 (s, 2H [4.14 minor isomer]Q2—~ 3.94 (m,
1H [4.46 minor isomer]), 3.40 — 3.12 (m,4H), 1.51.29 (m, 9H), 1.21 (d] = 6.5
Hz, 6H [ 1.15 minor isomer]). ESI-MS: m/z = 279M+H] ~.

4.1.3. tert-Butyl (2-(N-isopropyl-2-(4-propylphengacetamido)ethyl)carbamate
10

To a solution 0@ (158 mg, 0.57 mmol) in anhydrous 5 mL MeCN was ddde
K,CO; (236 mg, 1.71 mmol) at @ followed by 4-propylphenol (86 mg, 0.70
mmol). The reaction mixture was heated at refludarmitrogen atmosphere for 2h.
After cooling to room temperature, the reaction ton@ was concentrated and
dissolved with ethyl acetate (10 mL), washed wititew (10 mL x 3) and brine (10
mL x 3). The organic layer was dried over,8@, concentrated under vacuum and
purified by SiQ chromatography (ethyl acetate: petroleum ethep=tb:%fford the
compoundl0 as a colourless liquid (198 mg, 92%).NMR (500 MHz, CDC}) &
7.32 = 7.23 (m, 2H), 7.15 — 7.13 (m, 2H), 6.671(8), 4.49 (s, 2H), 3.40 — 3.38 (m,
2H), 3.15 — 3.02 (m, 1H), 2.89 @,= 6.0 Hz, 2H), 2.50 () = 6.5 Hz, 2H), 1.60 —
1.50 (m, 2H), 1.44 (s, 9H), 1.15 (d,= 6.5 Hz, 6H), 0.92 (tJ = 7.5 Hz, 3H).
ESI-MS: m/z = 379.2 [M+HT.

4.1.4. N-(2-Aminoethyl)-N-isopropyl-2-(4-propylphexy)acetamidd 1

To a solution of10 (378 mg, 1.00 mmol) in 2 mL ethyl acetate was added
saturated hydrogen chloride in ethyl acetate (4 atL)<T. After stirring at room
temperature for 2 h, the reaction mixture was cotraéed and dissolved with ethyl
acetate (15 mL), with 15 mL saturated aqueougCRlawas added at @ The

mixture was kept at @ and stirred for 10min. Then the organic layer washed
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with brine (10 mL x 3), dried over N80, concentrated under vacuum and
purified by SiQ chromatography to afford the compoubdl as pale yellow oil
(256 mg, 92%)'H NMR (500 MHz, DMSOeg) § 8.37 (t,J = 5.6 Hz, 2H), 7.14 —
7.05 (m, 2H), 6.93 — 6.86 (M, 2H), 4.46 (s, 2H1B3- 3.36 (M, 2H), 3.14 — 3.01
(m, 1H), 2.85 (tJ = 6.0 Hz, 2H), 2.48 (1] = 6.5 Hz, 2H), 1.59 — 1.49 (m, 2H), 1.14
(d,J = 6.5 Hz, 6H), 0.87 (] = 7.5 Hz, 3H). ESI-MS: m/z = 279.2 [M+H]

4.1.5. N-Isopropyl-2-(4-propylphenoxy)-N-(2-(3-(jgin-3-yl)ureido)ethyl)
acetamiddl2a

Pyridin-3-amine (94 mg, 1.00 mmol) and triethylami(803 mg, 3.00 mmol)
dissolved in 3 mL anhydrous DCM , and the mixturasvadded to a solution of
triphosgene (95 mg, 0.32 mmol) in anhydrous DCMn{k) under a nitrogen
atmosphere at OC2 After stirring at room temperature for 1 h, compd 11 (278
mg, 1.00 mol) dissolving in 1 mL anhydrous DCM wadded to the reaction
mixture at O €. The reaction mixture was warmed to room tempegadind stirred
for 1 h. Then the reaction mixture was concentraad dissolved with ethyl
acetate (10 mL), washed with water (10 mL x 3) bnde (10 mL x 3), dried over
anhydrous Nz50,, and then evaporated. The residues purified by, SiO
chromatography (DCM: MeOH=12:1) to afford the compd12aas a pale yellow
solid (230 mg, 58%). Mp: 113.1-114.8 °HPLC purity = 99.99%, HPLCgt=
14.84 min (Method A)H NMR (500 MHz, CDC}) § 8.92 (d,J = 2.5 Hz, 1H),
8.78 (s, 1H), 8.24 (d] = 4.5 Hz, 1H), 8.20 — 8.11 (m, 1H), 7.32 — 7.23 (),
7.21 (dd,J = 8.5, 4.5 Hz, 1H), 7.15-7.08 (m, 2H), 6.88-6./7, RH), 4.75 — 4.59
(m, 1H), 4.55 (s, 2H), 3.53 — 3.42 (m, 2H), 3.39.30 (M, 2H), 2.54 (t) = 7.5 Hz,
2H), 1.66 — 1.56 (m, 2H), 1.15 (d,= 6.5 Hz, 6H), 0.92 (&) = 7.5 Hz, 3H)**C
NMR (125 MHz, CDC}) 6 170.87, 155.29, 155.12, 143.28, 141.57, 137.3@,6B3
129.71, 126.78, 123.29, 114.39, 67.23, 45.34, 4B9A43, 37.09, 24.65, 20.86,
13.72. HRMS (ESI) m/z: calcd for »6H3N4Os [M + H] ¥, 399.2391; found
399.2421.
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4.1.6. N-Isopropyl-2-(4-propylphenoxy)-N-(2-(3-(pgin-3-ylmethyl)ureido)ethyl)
acetamideé 2b

This compound was prepared from pyridin-3-ylmetmaing (108mg, 1.00
mmol), triethylamine (303 mg, 3.00 mmol) and tripgene (95 mg, 0.32 mmol) in
a similar manner as described for compoi#d The product was obtained as pale
yellow oil (260 mg, 63%)HPLC purity = 96.32%, HPLGxt= 12.96 min (Method
A). *H NMR (500 MHz, CDCJ) & 8.57 (d,J = 1.5 Hz, 1H), 8.43 (dd] = 5.0, 1.5
Hz, 1H), 7.72 — 7.66 (m, 1H), 7.38 (s, 1H), 7.18, (= 7.5, 5.0 Hz, 1H), 7.09 (d,
= 8.5 Hz, 2H), 6.81 — 6.75 (m, 3H), 4.51 — 4.38 &H), 3.41 — 3.31 (m, 2H), 3.27
—3.18 (m, 2H), 2.51 (] = 7.5, 2H), 1.63 — 1.51 (m, 2H), 1.08 (= 6.5 Hz, 6H),
0.90 (t,J = 7.5 Hz, 3H);™*C NMR (125 MHz, CDGJ) 6 170.30, 157.96, 155.20,
149.11, 148.10, 136.53, 135.94, 135.62, 129.65,4P23114.40, 67.24, 45.58,
42.29, 40.36, 39.62, 37.09, 24.66, 20.92, 13.72MBR(ESI) m/z: calcd for
C23H33N403 [M + H] ¥, 413.2547; found 413.2540.

4.1.7. N-(2-(N-Isopropyl-2-(4-propylphenoxy)acetdmjethyl)nicotinamidéd.2c

To a solution of nicotinic acid (128 mg, 1.00 mmiol)DCM (5 mL) were added
HOBt (162 mg, 1.20 mmol) and EDCI (228 mg, 1.50 Mjnab 0 €. The reaction
mixture was stirred for 30 min. Then compoubdl (278 mg, 1.00 mmol) and
diisopropylethylamine (0.5 mL, 3.00 mmol) were adidéfter stirring at room
temperature for another 5 h, the resulting mixtuw&s washed with aqueous
NaHCG; solution (10 mL x 3), brine (10 mL x 3) and drieder NaSO,. The
organic layer was evaporated in vacuo and the gouolduct was purified by SO
chromatography (ethyl acetate: petroleum ether. FEA3%) to afford the
compoundl2c as a white solid (341 mg, 89%). Mp: 54.5-56(8 HPLC purity =
99.10%, HPLC & = 11.30 min (Method A)'*H NMR (500 MHz, CDC}) & 8.67 —
8.62 (m, 1H), 8.59 (s, 1H), 7.64 @ = 7.5 Hz, 1H), 7.44 (s, 1H), 7.37 — 7.27 (m,
1H), 7.11 — 7.04 (m, 2H), 6.82 (d,= 7.5 Hz, 2H), 4.45 (s, 2H), 3.98 — 3.85 (m,
1H), 3.69 — 3.50 (m, 4H), 2.51 @¢~= 7.5 Hz, 2H), 1.64 — 1.51 (m, 2H), 1.31 - 1.05

(m, 6H), 0.93 — 0.85 (m, 3H}’C NMR (125 MHz, CDGJ) & 169.96, 169.11,
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155.37, 150.54, 147.05, 136.31, 134.12, 132.71,582923.51, 114.47, 67.43,
50.84, 39.76, 39.00, 37.10, 24.66, 21.17, 13.73MBR(ESI) m/z: calcd for
szHgoNgOg [M + H] +, 384.2282; found 384.2291.

4.1.8. Ethyl isopropylglycinaté4a

To a solution of propan-2-amine (4.72 g, 80.00 mnaold TEA (2.00 g, 20.00
mol) in 50 mL MeCN was added ethyl 2-chloroacet@&4 g, 20.00 mmol) at
0 °C. Then the reaction mixture was warmed to room eaipre and stirred
overnight. The MeCN was evaporated, and the residigedissolved in EtOAc (50
mL), washed with water (50 mL x 3) and brine (50 mRB). The organic layer was
dried over NgSQO,, concentrated under vacuum and the crude prodastpurified
SiO, chromatography (ethyl acetate: petroleum ethe#)=tb: afford the compound
14aas a colourless liquid (2.10 g, 724%).NMR (400 MHz, DMSOds) J 4.12 —
4.02 (m, 2H), 3.42 — 3.19 (m, 3H), 2.78 — 2.65 {H), 1.19 (t,J = 7.2 Hz, 3H),
0.94 (d,J = 6.4 Hz, 6H). ESI-MS: m/z = 146.1 [M+H]

4.1.9. Benzyl isopropylglycinate4b

This compound was prepared from propan-2-amine2(4y7 80.00 mmol),
triethylamine (2.00 g, 20.00 mmol) and benzyl 2ecbhcetate 13b (4.16 g, 20.00
mmol) in a similar manner as described for compoadd The product was
obtained as a colourless liquid (3.22 g, 78%).NMR (400 MHz, DMSOd) ¢
7.40 — 7.28 (m, 5H), 5.12 (s, 2H), 3.37 (s, 2HJ2Xhept, J = 6.2 Hz, 1H), 1.85 (s,
1H), 0.94 (d, J = 6.2 Hz, 6H). ESI-MS: m/z = 20pvi+H] *.

4.1.10. Ethyl 3-(isopropylamino)propanoduc

This compound was prepared from propan-2-amine2(4y 80.00 mmol),
triethylamine (2.00 g, 20.00 mmol) and ethyl 3-bopropanoat&c (3.60 g, 20.00
mmol) in a similar manner as described for compoadd The product was
obtained as a colourless liquid (2.20, 69#)NMR (400 MHz, DMSOdg) 6 4.04

(q,J = 7.2 Hz, 2H), 3.17 (brs, 1H), 2.77 — 2.58 (m, 3BIB8 (t,J = 6.8 Hz, 2H),
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1.17 (t,J = 7.2 Hz, 3H), 0.94 (d] = 6.4 Hz, 6H). ESI-MS: m/z = 160.1 [M+H]

4.1.11. Ethyl N-(2-chloroacetyl)-N-isopropylglycied 5a

This compound was prepared frd@a (0.93 g, 6.40 mmol), triethylamine (1.29
g, 12.80 mmol) and chloroacetyl chloride (1.08 $09mmol) in a similar manner
as described for compoui®d The product was obtained as a colourless liglid (
g, 90%). The'H NMR showed 5:2 ratio of atropisometsi NMR (500 MHz,
CDCl3) 0 4.25 — 4.15 (m, 3H, [4.84-4.76 minor isomer]),4(%, 2H, [4.02 minor
isomer]), 3.90 (s, 2H, [3.97 minor isomer]), 1.31.24 (m, 3H), 1.23 (dl = 6.5 Hz,
6H, [1.09-1.08 minor isomer]). ESI-MS: m/z = 22MM+H] ~.

4.1.12. Benzyl N-(2-chloroacetyl)-N-isopropylglyete 15b

This compound was prepared frd@b (1.32 g, 6.40 mmol), triethylamine (1.29
g, 12.80 mmol) and chloroacetyl chloride (1.08 $09mmol) in a similar manner
as described for compou®d The product was obtained as a colourless liqLieig
g, 93%). The'H NMR showed 3:1 ratio of atropisométs. NMR (500 MHz,
CDCl3) 0 7.41 — 7.30 (m, 5H), 5.17 (s, 2H [5.20 minor isofnel.20 — 4.11 (m, 3H
[4.80 minor isomer], [ 4.07 minor isomer]), 3.98:94 (m, 2H), 1.22 (d] = 6.5 Hz,
6H [ 1.06 minor isomer]). ESI-MS: m/z = 284.1 [M+H]

4.1.13. Ethyl 3-(2-chloro-N-isopropylacetamido)paopatel 5¢

This compound was prepared frdmc (1.02 g, 6.40 mmol), triethylamine (1.29
g, 12.80 mmol) and chloroacetyl chloride (1.08 $09mmol) in a similar manner
as described for compoud The product was obtained as a colourless ligLidi3
g, 95%). The'H NMR showed 3:1 ratio of atropisomét$. NMR (500 MHz,
CDCl) § 4.17 — 4.07 (m, 3H), 4.05 (s, 2H), 3.46)&7.5 Hz, 2H), 2.60 (t) =7.5
Hz, 2H), 1.30 — 1.12 (m, 9H). ESI-MS: m/z = 236M+H] *.

4.1.14. Ethyl N-isopropyl-N-(2-(p-tolyloxy)acetylyginate 16a

This compound was prepared frdrha (180 mg, 0.81 mmol), p-cresol (105 mg,
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0.98 mmol) and KCO; (449 mg, 3.26 mmol) in a similar manner as descrifor
compoundl0. The product was obtained as colourless oil (187 79%). The'H
NMR showed 2:1 ratio of atropisoméi$.NMR (400 MHz, CDCY) 6 7.12 — 7.02
(m, 2H), 6.90 — 6.75 (m, 2H), 4.73 (s, 2H, [5.6ariisomer]), 4.34 — 4.22 (m, 1H,
[4.82 minor isomer]), 4.21 — 4.13 (m, 2H), 3.92ZHl, [4.07 minor isomer]), 2.28
(s, 3H), 1.29 — 1.22 (m, 3H), 1.20 (U5 6.6 Hz, 6H, [1.09 minor isomer]). ESI-MS:
m/z = 294.1 [M+HT".

4.1.15. Ethyl N-(2-(4-ethylphenoxy)acetyl)-N-isopydglycinatel6b

This compound was prepared frobda (180 mg, 0.81 mmol), 4-ethylphenol
(119 mg, 0.98 mmol) and XOs; (449 mg, 3.26 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (225 m
90%). The'H NMR showed 2:1 ratio of atropisomét$.NMR (400 MHz, CDCJ)
0 7.13—-7.04 (m, 2H), 6.92 — 6.80 (m, 2H), 4.7328, [4.62 minor isomer]), 4.33
—4.22 (m, 1H, [4.81 minor isomer]), 4.20 — 4.12 @Hl), 3.92 (s, 2H, [4.07 minor
isomer]), 2.58 (qJ = 7.6 Hz, 2H), 1.33 — 1.15 (m, 12H, [1.09 minooneer]).
ESI-MS: m/z = 308.2 [M+H].

4.1.16. Ethyl N-isopropyl-N-(2-(4-propylphenoxy)aggglycinate 16¢

This compound was prepared fratba (180 mg, 0.81 mmol), 4-propylphenol
(133 mg, 0.98 mmol) and XO; (449 mg, 3.26 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (228 m
87%). The'H NMR showed 2:1 ratio of atropisomelid. NMR (500 MHz, CDGJ)
07.13-7.09 (m, 2H), 6.91 — 6.88 (m, 2H, [6.8756m8inor isomer] ), 4.76 (s, 2H,
[4.65 minor isomer]), 4.36 — 4.26 (m, 1H, [4.89@1@inor isomer]), 4.20 (m, 2H),
3.95 (s, 2H, [4.10 minor isomer]), 2.69 — 2.43 @H), 1.69 — 1.57 (m, 2H), 1.26 (t,
J=7.0 Hz, 3H), 1.23 (d] = 6.5 Hz, 6H, [1.12 minor isomer]), 0.96-0.93 (@H]).
ESI-MS: m/z = 322.2 [M+H].

4.1.17. Ethyl N-(2-(4-butylphenoxy)acetyl)-N-isopsdglycinate16d
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This compound was prepared frabda (150 mg, 0.68 mmol), 4-butylphenol
(122 mg, 0.82 mmol) and KOs (375 mg, 2.72 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (160 m
71%). The'H NMR showed 2:1 ratio of atropisomét$.NMR (500 MHz, CDCJ)
07.11 -7.05 (m, 2H), 6.89 — 6.85 (m, 2H, [6.84 oniilsomer]), 4.73 (s, 2H, [4.62
minor isomer]), 4.32 — 4.24 (m, 1H, [4.82 minornsa]), 4.17 — 4.13 (m, 2H),
3.92 (s, 2H, [3.91 minor isomer]), 2.58 — 2.49 @H), 1.61 — 1.49 (m, 2H), 1.37 —
1.24 (m, 5H), 1.21 (d) = 6.5 Hz, 6H, [1.1 minor isomer]), 0.94 — 0.88 (&i).
ESI-MS: m/z = 336.2 [M+H].

4.1.18. Ethyl N-isopropyl-N-(2-(4-isobutylphenoxgiyl)glycinatel 6e

This compound was prepared frdrfa (150 mg, 0.68 mmol), 4-isobutylphenol
(122 mg, 0.82 mmol) and XO; (375 mg, 2.72 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (157 m
69%). The'H NMR showed 2:1 ratio of atropisomét$.NMR (500 MHz, CDCJ)
§7.08 — 7.02 (m, 2H), 6.89 — 6.85 (m, 2H, [1.10 oniisomer]), 4.74 (s, 2H, [4.63
minor isomer]), 4.33 — 4.25 (m, 1H, [4.82 minornser]), 4.18 — 4.15 (m, 2H),
3.93 (s, 2H, [4.01 minor isomer]), 2.43 — 2.37 @Hl), 1.86 — 1.76 (m, 1H), 1.29 —
1.25 (m, 3H), 1.21 (d) = 6.5 Hz, 6H, [1.10 minor isomer]), 0.90 — 0.85, @K).
ESI-MS: m/z = 336.2 [M+H].

4.1.19. Ethyl N-isopropyl-N-(2-(4-pentylphenoxy)adglycinate 16f

This compound was prepared fratba (150 mg, 0.68 mmol), 4-pentylphenol
(134 mg, 0.82 mmol) and KOs (375 mg, 2.72 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (167 m
70%). The'H NMR showed 2:1 ratio of atropisometsl NMR (500 MHz, CDCJ)
07.11-7.06 (m, 2H), 6.89 — 6.85 (m, 2H, [6.84 oniisomer]), 4.73 (s, 2H, [4.62
minor isomer]), 4.32 — 4.24 (m, 1H, [4.82 minorrser]), 4.19 — 4.13 (m, 2H),
3.93 (s, 2H, [4.08 minor isomer]), 2.57 — 2.48 @H), 1.61 — 1.52 (m, 2H), 1.33 —

1.26 (m, 7H), 1.21 (d) = 6.5 Hz, 6H, [1.12 minor isomer]), 0.92 — 0.86, @Bi).
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ESI-MS: m/z = 350.2 [M+HT.

4.1.20. Ethyl N-isopropyl-N-(2-(4-methoxyphenoxygad)glycinatel6g

This compound was prepared frdiha (180 mg, 0.81 mmol), 4-methoxyphenol
(121 mg, 0.98 mmol) and XO; (449 mg, 3.26 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (2@5 m
82%). The*H NMR showed 2:1 ratio of atropisometsl NMR (500 MHz, CDCJ)
0 6.93 — 6.85 (m, 2H), 6.85 — 6.81 (m, 2H), 4.712¢3, [4.60 minor isomer]), 4.34
—4.23 (m, 1H, [4.83 minor isomer]), 4.21 — 4.15 @Hl), 3.92 (s, 2H, [4.07 minor
isomer]), 3.77 — 3.75 (m, 3H), 1.28 — 1.22 (m, 3HP1 (d,J = 6.5 Hz, 6H, [1.10
minor isomer]). ESI-MS: m/z = 310.2 [M+H]

4.1.21. Ethyl N-(2-(4-ethoxyphenoxy)acetyl)-N-isopylglycinatel6h

This compound was prepared frdba (180 mg, 0.81 mmol), 4-ethoxyphenol
(135 mg, 0.98 mmol) and XO; (449 mg, 3.26 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (190 m
73%). The'H NMR showed 2:1 ratio of atropisometsl NMR (500 MHz, CDC})
06.91 —-6.84 (m, 2H), 6.84 — 6.78 (m, 2H), 4.702¢8, [4.59 minor isomer]), 4.33
—4.23 (m, 1H, [4.82 minor isomer]), 4.20 — 4.14 @H)), 4.00 — 3.94 (m, 2H), 3.92
(s, 2H, [4.07 minor isomer]), 1.41 — 1.35 (m, 3HR8 — 1.22 (m, 3H), 1.20 (d,=
6.5 Hz, 6H, [1.09 minor isomer]).ESI-MS: m/z = 324M+H]".

4.1.22. Ethyl N-isopropyl-N-(2-(4-(trifluoromethylhenoxy)acetyl)glycinat&6i

This compound was prepared froni5a (180 mg, 0.81 mmol),
4-(trifluoromethyl)phenol (158 mg, 0.98 mmol) andGO; (449 mg, 3.26 mmol)
in a similar manner as described for compodfd The product was obtained as
colourless oil (260 mg, 93%). THel NMR showed 2:1 ratio of atropisomers
NMR (500 MHz, CDC}) § 7.57 — 7.51 (m, 2H), 7.05 — 6.99 (m, 2H), 4.87.794
(m, 2H, [4.71 minor isomer]), 4.26 — 4.14 (m, 3R)94 (s, 2H, [4.02 minor

isomer]), 1.31 — 1.18 (m, 9H, [1.11 minor isomeBE$I-MS: m/z = 348.1 [M+H].
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4.1.23. Ethyl N-(2-(4-bromophenoxy)acetyl)-N-isopytglycinatel6j

This compound was prepared fratba (180 mg, 0.81 mmol), 4-bromophenol
(158 mg, 0.98 mmol) and KOs (449 mg, 3.26 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless oil (262 m
91%). The'H NMR showed 2:1 ratio of atropisomelid. NMR (400 MHz, CDGJ)
0 7.46 — 7.33 (m, 2H), 6.88 — 6.79 (m, 2H), 4.742(3, [4.63 minor isomer]), 4.27
—4.12 (m, 3H, [4.81 minor isomer]), 3.92 (s, 24,02 minor isomer]), 1.31 — 1.23
(m, 3H), 1.21 (dJ = 6.7 Hz, 6H, [1.09 minor isomer]). ESI-MS: m/z38§8.0
[M+H] *.

4.1.24. Benzyl N - isopropyl- N - (2 - (4- (2 — rheky - 2- oxoethyl) phenoxy)
acetyl)glycinatel 6k

This compound was prepared frohsb (1.00 g, 3.50 mmol), methyl
2-(4-hydroxyphenyl)acetate (0.71 g, 4.20 mmol) Ka@0O; (2.42 g, 17.5 mmol) in
a similar manner as described for compoufid The product was obtained as
colourless oil (0.98 g, 68%). THel NMR showed 2:1 ratio of atropisomets.
NMR (400 MHz, CDC}) § 7.39 — 7.28 (m, 5H), 7.22 — 7.13 (m, 2H), 6.93.886
(m, 2H, [6.83 minor isomer]), 5.15 (s, 2H, [5.16nmi isomer]), 4.74 (s, 2H, [4.60
minor isomer]), 4.29 — 4.19 (m, 1H), 3.98 (s, 2Ht.24 minor isomer]), 3.67 (s,
3H), 3.55 (s, 2H), 1.19 (dl = 6.6 Hz, 6H, [1.07 minor isomer]). ESI-MS: m/z =
414.2 [M+H]".

4.1.25. Ethyl 3-(N-isopropyl-2-(4-propylphenoxy)ta@ido)propanoaté6l

This compound was prepared fratbc (588 mg, 2.50 mmol), 4-propylphenol
(374 mg, 2.75 mmol) and KOz (1.04 g, 7.5 mmol) in a similar manner as
described for compounti0. The product was obtained as colourless’®fINMR
(400 MHz, CDC4) 6 7.07 (d,J = 8.4 Hz, 2H), 6.84 (d] = 8.4 Hz, 2H), 4.64 (s, 2H),
4.25 — 4.04 (m, 3H), 3.49 (,= 8.0 Hz, 2H), 2.67 — 2.57 (m, 2H), 2.53Jt 8.0

Hz, 2H), 1.60 — 1.45 (m, 2H), 1.26 — 1.13 (m, 9690 (t,J = 7.2 Hz, 3H).
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ESI-MS: m/z = 336.2 [M+H].

4.1.26. General procedure for the synthesis ofwaflir acidsl7a-17jand17I

To a solution of compoundksl-16j and 16l (3.00 mmol) in 6 mL EtOH/THF
(Veton:VTur=1:1) at 0 € was added 6 mL 1N NaOH (aq). The mixture wasestirr
at room temperature for 1 h and EtOH and THF weaperated in vacuo. The
residue was acidified to pH=2~3 with 1 N HCI andrasted with ethyl acetate (10
mL x 3). The combined organic layers were washel tuiine, dried over N&O,,
filtered and concentrated under reduced pressure.cfude product7a-17jand

171 were put into next step without further purificati

4.1.27. N-Isopropyl-N-(2-(4-(2-methoxy-2-oxoethygnoxy)acetyl)glycind 7k
Compoundl6k (413 mg, 1.00 mmol) was dissolved in methanol (5 m the
presence of 10% palladium on carbon (10 mol%), toredreaction mixturewas
stirred under an atmosphere of fér 2 h. The Pd/C was removed via filtration

through celite, and the solvent was evaporated ltaim compoundl7k in
guantitative yield. The crude product was usedctlyen the next step.
4.1.28.
3-(N-Isopropyl-2-(4-propylphenoxy)acetamido)-N-(joyn-3-yl)propanamidd 8a
This compound was prepared frdiidl (921 mg, 3.00 mmol), pyridin-3-amine
(282 mg, 3.00 mmol), HOBt (486 mg, 3.60 mmol), E¥844 mg, 4.50 mmol) and
DIPEA (1.5 mL, 9.00 mmol) in a similar manner asdé&ed for compound2c
The product was obtained as pale yellow oil (40243956). HPLC purity = 97.73%,
HPLC & = 12.17 min (Method A). Th&H NMR showed 7:1 ratio of atropisomers.
'H NMR (500 MHz, CDCY) § 9.62 (s, 1H), 8.68 (s, 1H), 8.29 (s, 1H), 8.12)d,
8.5 Hz, 1H), 7.24 — 7.15 (m, 1H), 7.03 ®= 8.5 Hz, 2H, [6.98 minor isomer]),
6.77 (d,J = 8.5 Hz, 2H), 4.69 (s, 2H), 4.21 — 3.98 (m, 18{K0 (t,J = 7.0 Hz, 2H,
[3.66 minor isomer]), 2.66 (§ = 7.0 Hz, 2H), 2.48 (1) = 7.5 Hz, 2H), 1.63 — 1.51
(m, 2H), 1.25 (d,) = 6.5 Hz, 6H, [1.17 minor isomer]), 0.90 Jt= 7.5 Hz, 3H)*C

NMR (125 MHz, CDCJ) 6 170.31, 168.48, 155.86, 144.69, 141.40, 136.074835
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minor isomer], 129.49, 126.88, 123.52, 114.25, 6,748.71, 38.01, 37.59, 37.10,
24.67, 21.15[20.16 minor isomer], 13.77. HRMS (E&I}: calcd for GH3oN303
[M + H] ¥, 384.2282; found 384.2289.

4.1.29.
3-(N-Isopropyl-2-(4-propylphenoxy)acetamido)-N-(jgyn-3-ylmethyl)propanami
de18b

This compound was prepared fronl7] (307 mg, 1.00 mmol),
pyridin-3-ylmethanamine (108 mg, 1.00 mmol), HOB82 mg, 1.20 mmol), EDCI
(188 mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmal)a similar manner as
described for compountc The product was obtained as pale yellow oil (3g5m
82%) . HPLC purity = 98.03%, HPLG & 10.86 min (Method A). ThéH NMR
showed 7:1 ratio of atropisomefd. NMR (500 MHz, CDCY) ¢ 8.49 (s, 1H), 8.44
(s, 1H), 7.58 (dJ = 7.5 Hz, 1H), 7.36 (t) = 5.5 Hz, 1H), 7.20 (1 = 4.5 Hz, 1H),
7.04 (d,J = 8.0 Hz, 2H,[7.01 minor isomer]), 6.78 (H= 8.0 Hz, 2H), 4.59 (s, 2H,
[4.63 minor isomer]), 4.34 (d,= 6.0 Hz, 2H), 4.11 — 4.03 (m, 1H), 3.49J& 7.5
Hz, 2H,[3.58 minor isomer]), 2.55 — 2.41 (m, 4HBA— 1.49 (m, 2H), 1.19 (d,=
6.5 Hz, 6H, [1.14 minor isomer]), 0.89 &= 7.5 Hz, 3H)*C NMR (125 MHz,
CDCI3) o 171.41[170.40 minor isomer], 168.09, 155.95, 149148.47, 135.97,
135.62, 134.35, 129.46, 123.54, 114.33[114.48 misamer], 67.66, 48.58[47.51
minor isomer], 40.85[39.91 minor isomer], 38.17,.08[37.49 minor isomer],
36.41, 24.68, 21.10[20.13 minor isomer], 13.76. HRNESI) m/z: calcd for
CoaHaiN3Os [M + H] ¥, 398.2438; found 398.2440.

4.1.30.
N-Isopropyl-N-(2-oxo-2-((pyridin-3-ylmethyl)amindeyl)-2-(4-propylphenoxy)ac
etamidel8c

This compound was prepared froni7c (293 mg, 1.00 mmol),
pyridin-3-ylmethanamine (108 mg, 1.00 mmol), HOB82 mg, 1.20 mmol), EDCI

(188 mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmal)a similar manner as
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described for compountc The product was obtained as pale yellow oil (3§g2m
79%). HPLC purity = 99.99%, HPLG £ 11.22 min (Method A). ThéH NMR
showed 7:1 ratio of atropisomets. NMR (500 MHz, CDCJ) ¢ 8.44 (dd,J = 5.0,
1.0 Hz, 1H), 8.40 (s, 1H), 7.52 @@= 7.5 Hz, 1H), 7.21 — 7.14 (m, 1H), 7.09 — 6.98
(m, 3H), 6.81 (dJ = 8.5 Hz, 2H, [6.71 minor isomer]), 4.71 (s, 24,96 minor
isomer]), 4.29 (dJ = 6.1 Hz, 2H, [4.34 minor isomer]), 4.27 — 4.18 ({#l), 3.94 (s,
2H, [3.96 minor isomer]), 2.47 @,= 7.5 Hz, 2H), 1.60 — 1.49 (m, 2H), 1.19 Jd;
7.0 Hz, 6H, [1.04 minor isomer]), 0.88 (&= 7.5 Hz, 3H).X*C NMR (125 MHz,
CDCl;) ¢ 169.88, 169.29 [168.98 minor isomer], 155.67, 888149.30 minor
isomer], 148.59, 136.18 [136.07 minor isomer], 239135.83 minor isomer],
133.97 [133.73 minor isomer], 129.57, 123.51, 174124.36 minor isomer],
67.44 [68.18 minor isomer], 49.09 [46.50 minor issn 45.28 [45.90 minor
isomer], 40.71 [41.04 minor isomer], 37.07, 24.@5,94 [19.50 minor isomer],
13.76. HRMS (ESI) m/z: calcd for »6H3NsOs [M + H] ¥, 384.2282; found
384.22909.

4.1.31. N-Isopropyl-N-(2-oxo-2-(pyridin-3-ylamindg/)-2-(4-propylphenoxy)
acetamidel8d

This compound was prepared frdiiic (293 mg, 1.00 mmol), pyridin-3-amine
(94 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EYC88 mg, 1.50 mmol) and
DIPEA (0.5 mL, 3.00 mmol) in a similar manner asa&ed for compound2c
The product was obtained as pale yellow oil (1474986). HPLC purity = 99.55%,
HPLC & = 12.10 min (Method A). Tht#H NMR showed 10:1 ratio of atropisomers.
'H NMR (500 MHz, CDC}) 6 9.05 (s, 1H), 8.51 (d] = 2.5 Hz, 1H, [8.48 minor
isomer]), 8.30 (dJ = 4.0 Hz, 1H), 7.94 (d) = 8.5 Hz, 1H, [8.03 minor isomer]),
7.20 (dd,J = 8.5, 4.5 Hz, 1H), 7.08 (d,= 9.0 Hz, 2H, [7.01 minor isomer]), 6.87
(d,J = 8.5 Hz, 2H, [6.77 minor isomer]), 4.80 (s, 24,49 minor isomer]), 4.37 —
4.26 (m, 1H), 4.08 (s, 2H, [4.15 minor isomer]B@(t,J = 7.5 Hz, 2H), 1.62 —
1.51 (m, 2H), 1.30 (d] = 6.5 Hz, 6H, [1.17 minor isomer]), 0.90 Jtz 7.5 Hz, 3H).

13C NMR (125 MHz, CDG)) 6 169.65[169.23 minor isomer], 168.31, 155.74,
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144.96, 141.35[141.15 minor isomer], 136.25, 134.839.59, 126.98[127.12
minor isomer], 123.48[123.67 minor isomer], 114.8%,37, 49.31, 46.32[46.56
minor isomer], 37.08[34.50 minor isomer], 24.64[Z9minor isomer], 21.01[19.53
minor isomer], 13.77[14.81 minor isomer]. HRMS (EBWz: calcd for GiH2gN303
[M + H] *, 370.2125; found 370.2131.

4.1.32. N-Isopropyl-N-(2-oxo-2-(pyridin-2-ylamindlg/l)-2-(4-propylphenoxy)
acetamidel8e

This compound was prepared frdiiic (293 mg, 1.00 mmol), pyridin-2-amine
(94 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EXC88 mg, 1.50 mmol) and
DIPEA (0.5 mL, 3.00 mmol) in a similar manner asa&ed for compound2c
The product was obtained as pale yellow oil (138&7§6). HPLC purity = 95.89%,
HPLC & = 14.99 min (Method B). ThtH NMR showed 4:1 ratio of atropisomers.
'H NMR (500 MHz, CDCJ) ¢ 9.16 (s, 1H, [8.32 minor isomer]), 8.26 (M= 4.5
Hz, 1H), 8.11 (d,J = 8.5 Hz, 1H, [8.16 minor isomer]), 7.65 {,= 8.0 Hz,
1H, [7.70 minor isomer]), 7.11 — 6.95 (m, 3H), 6(@7J = 8.5 Hz, 2H, [6.80 minor
isomer]), 4.79 (s, 2H, [4.67 minor isomer]), 4.34.26 (m, 1H), 4.09 (s, 2H, [ 4.12
minor isomer]), 2.50 (tJ = 7.5 Hz, 2H, [2.46 minor isomer]), 1.63 — 1.51, @H),
1.27 (d,J = 7.0 Hz, 6H, [1.15 minor isomer]), 0.91 Jt= 7.3 Hz, 3H).°*C NMR
(125 MHz, CDC}) ¢ 168.45, 167.13, 154.81, 150.19, 146.91, 137.13.fABminor
isomer], 134.97, 128.50, 118.77[119.11 minor isgmell3.29, 113.05,
66.83 [67.50 minor isomer], 48.25[45.86 minor issn 45.42 [45.69 minor
isomer], 36.08, 23.63, 20.02 [18.52 minor isom&#,73. HRMS (ESI) m/z: calcd
for Co1H2eN303 [M + H] *, 370.2125; found 370.2129.

4.1.33. N-Isopropyl-N-(2-oxo-2-(pyridin-4-ylamindlgy/l)-2-(4-propylphenoxy)
acetamideL8f

This compound was prepared frdiic (293 mg, 1.00 mmol), pyridin-4-amine
(94 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EQC88 mg, 1.50 mmol) and

DIPEA (0.5 mL, 3.00 mmol) in a similar manner asdéed for compound2c
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The product was obtained as a white solid (170n6§p)}4 Mp: 172.1-175.5 °C.
HPLC purity = 99.34%, HPLCxt= 10.75 min (Method B)The 'H NMR showed
11:1 ratio of atropisomersH NMR (500 MHz, CDCJ) J 9.22 (s, 1H), 8.41 (d] =
6.0 Hz, 2H), 7.31 (d) = 6.2 Hz, 2H), 7.09 (d] = 8.5 Hz, 2H, [7.03 minor isomer]),
6.86 (d,J = 8.5 Hz, 2H, [6.74 minor isomer]), 4.80 (s, 2K4,89 minor isomer]),
4.36 — 4.26 (m, 1H), 4.07 (s, 2H, [4.15 minor isofpe2.52 (t,J = 7.5 Hz, 2H),
1.65 - 1.54 (m, 2H), 1.29 (d,= 6.5 Hz, 6H, [1.18 minor isomer]), 0.92 Jt= 7.5
Hz, 3H).13C NMR (125 MHz, CDG) ¢ 169.04, 167.67, 154.66, 149.44, 143.78,
135.33, 128.62, 113.24, 112.71, 66.40, 48.57, 433807, 23.63, 19.96, 12.72.
HRMS (ESI) m/z: calcd for §H.gNz03 [M + H] ¥, 370.2125; found 370.2140.

4.1.34. N-Isopropyl-N-(2-oxo-2-(pyrimidin-5-ylamipethyl)-2-(4-propylphenoxy)
acetamidel8g

To a solution ofL7¢ (100 mg, 0.34 mmol) in 5 mL anhydrous THF was added
4-methylmorpholine (35 mg, 0.34 mmol) and isobwdgtbonochloridate (49 mg,
0.36 mmol) under nitrogen atmosphere at €10Fhe reaction mixture was stirred
for 30 min at -10€, then pyrimidin-5-amine (32mg, 0.34 mmol) was atid&fter
reacting for another 30 min at -10°the reaction mixture was warmed to room
temperature and stirred for 6 h. The solvent wagperated and the residues was
dissolved in ethyl acetate (10 mL), washed withewg10 mL x 3) and brine (10
mL x 3). The organic layer was dried over,8@, concentrated under vacuum and
purified on silica gel to afford the compout8g as a white solid (56 mg, 43%).
Mp: 150.0-153.0 °C. HPLC purity = 99.33%, HPLg= 15.10 min (Method B).
The 'H NMR showed 12:1 ratio of atropisometid. NMR (500 MHz, CDC}) &
9.34 (s, 1H), 8.89 (s, 1H), 8.81 (s, 2H), 7.07 Jds 8.5 Hz, 2H, [6.97 minor
isomer]), 6.83 (dJ = 8.5 Hz, 2H, [6.70 minor isomer]), 4.78 (s, 24,47 minor
isomer]), 4.30 — 4.21 (m, 1H), 4.02 (s, 2H, [4.16on isomer]), 2.49 (t) = 7.5
Hz,2H), 1.62 — 1.51 (m, 2H), 1.27 @= 6.5 Hz, 6H, [1.16 minor isomer]), 0.89 (t,
J = 7.5 Hz, 3H).»*C NMR (125 MHz, CDG)) 5 168.86, 167.39, 154.63, 152.97,

146.63, 135.37, 132.46, 128.59, 113.26, 66.17,74818.19, 36.05, 23.59, 19.95,
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12.73. HRMS (ESI) m/z: calcd for ,H,/N4Os [M + H] ¥, 371.2078; found
371.2088.

4.1.35. N-Isopropyl-N-(2-oxo0-2-(pyrazin-2-ylamimdhyl)-2-(4-propylphenoxy)
acetamidel8h

This compound was prepared frdiic (100 mg, 0.34 mmol), pyrazin-2-amine
(94 mg, 1.00 mmol), 4-methylmorpholine (35 mg, 0.8¥nol) and isobutyl
carbonochloridate (49 mg, 0.36 mmol) in a similaanmer as described for
compound18g The product was obtained as a white solid (18951¢56). Mp:
129.7-134.1 °C. HPLC purity = 98.97%, HPLEC 15.53 min (Method B). ThiH
NMR showed 8:1 ratio of atropisometsl NMR (500 MHz, CDCJ) § 9.43 (s,
1H, [9.48 minor isomer]), 9.30 (s, 1H), 8.31 (s,, 18134 minor isomer]), 8.23 (s,
1H, [8.20 minor isomer]), 7.07 (d,= 8.5 Hz, 2H, [6.98 minor isomer]), 6.86 (,
= 8.5 Hz, 2H, [6.77 minor isomer]), 4.79 (s, 2H.88 minor isomer]), 4.38 — 4.27
(m, 1H), 4.12 (s, 2H, [4.12 minor isomer]), 2.50Jt= 7.5 Hz, 2H, [2.46 minor
isomer]), 1.63 — 1.52 (m, 2H), 1.28 (M5 6.5 Hz, 6H, [1.18 minor isomer]), 0.90 (t,
J = 7.5 Hz, 3H).»*C NMR (125 MHz, CDG)) 6 169.85, 168.23, 155.74, 148.02,
142.20, 140.27, 137.01, 136.16, 129.58, 114.29,86'A9.50, 46.53, 37.12, 24.68,
21.06, 13.77. HRMS (ESI) m/z: calcd fop8,/N4O3 [M + H] ¥, 371.2078; found
371.2099.

4.1.36.
N-Isopropyl-N-(2-oxo-2-(pyridazin-4-ylamino)ethyPH4-propylphenoxy)acetami
de18i

This compound was prepared frdic (100 mg, 0.34 mmol), pyridazin-4-amine
(94 mg, 1.00 mmol), 4-methylmorpholine (35 mg, 0.8¥nol) and isobutyl
carbonochloridate (49 mg, 0.36 mmol) in a similaanmer as described for
compoundl18g The product was obtained as a white solid (263 ™§6) . Mp:
211.8-213.2 °C. HPLC purity = 99.79%, HPLL= 12.40 min (Method B). ThiH

NMR showed 13:7 ratio of atropisomelid. NMR (500 MHz, DMSO#dg) 6 10.69
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(s, 1H, [10.91 minor isomer]), 9.31 — 9.26 (m, 1BIP3 (d,J = 6.0 Hz, 1H, [ 9.06
minor isomer]), 7.91 (dd] = 6.0, 2.7 Hz, 1H, [7.96 minor isomer]), 7.11 82 (m,
2H), 6.86 — 6.79 (m, 2H), 4.85 (s, 2H, [4.70 mimwmer]), 4.20 — 4.12 (m, 1H,
[4.64 minor isomer]), 4.04 (s, 2H, [4.25 minor isem), 2.49 — 2.43 (m, 2H), 1.61 —
1.46 (m, 2H), 1.19 (d) = 6.5 Hz, 6H, [1.04 minor isomer]), 0.90 — 0.81, @K).
%C NMR (125 MHz, DMSQsdg) § 169.98 [170.88 minor isomer], 167.68 [168.26
minor isomer], 156.61 [156.71 minor isomer], 151[881.99 minor isomer],
143.59 [143.78 minor isomer], 138.51[138.14 mirisomer], 134.90 [134.67
minor isomer], 129.54 [129.48 minor isomer], 114[854.68 minor isomer],
113.85[114.29 minor isomer], 66.52, 47.64 [45.2Ban isomer], 44.79 [45.13
minor isomer], 36.84, 24.81, 21.19, 14.08. HRMSIJEYz: calcd for GoH27N4O3
[M + H] *, 371.2078; found 371.2097.

4.1.37.
N-Isopropyl-N-(2-((2-methoxyphenyl)amino)-2-oxoefh2-(4-propylphenoxy)ace
tamidel§j

This compound was prepared frdific (293 mg, 1.00 mmol), 2-methoxyaniline
(123 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), ET38 mg, 1.50 mmol) and
DIPEA (0.5 mL, 3.00 mmol) in a similar manner asa&ed for compound2c
The product was obtained as a white solid (283 f§p). Mp: 118.4-119.2 °C.
HPLC purity = 99.77%, HPLGkt= 18.66 min (Method B). Th#H NMR showed
4:1 ratio of atropisomerdd NMR (500 MHz, CDC}) 6 8.82 (s, 1H), 8.26 (d] =
8.0 Hz, 1H, [8.32 minor isomer]), 7.15 — 6.72 (nH),74.78 (s, 2H, [4.67 minor
isomer]), 4.38 — 4.25 (m, 1H, [4.72 minor isome#)18 — 4.06 (m, 2H), 3.79 (s,
3H), 2.56 — 2.42 (m, 2H), 1.64 — 1.50 (m, 2H), 1(@2] = 6.5 Hz, 6H, [1.22 minor

isomer]), 0.91 (tJ = 7.3 Hz, 3H); **C NMR (125 MHz, CDGJ) § 169.15, 167.72,

156.02, 148.37, 136.04, 129.51[129.37 minor isomé&#7.55, 123.91[124.38
minor isomer], 120.91[120.05 minor isomer], 12011%.85 minor isomer], 114.37,
110.08, 67.93[68.48 minor isomer], 55.82[55.65 milsomer], 49.27[47.81 minor
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isomer], 46.56[47.38 minor isomer], 37.13, 24.69f29 minor isomer], 21.05,
13.79. HRMS (ESI) m/z: calcd for »6H3N.O4 [M + H] ¥, 399.2278; found
399.2287.

4.1.38.
N-Isopropyl-N-(2-((3-methoxyphenyl)amino)-2-oxoefhg-(4-propylphenoxy)ace
tamide18k

This compound was prepared frdific (293 mg, 1.00 mmol), 3-methoxyaniline
(123 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EBC38 mg, 1.50 mmol) and
DIPEA (0.5 mL, 3.00 mmol) in a similar manner asaé&ed for compound2c
The product was obtained as a white solid (318 &%p). Mp: 92.7-95.9 °C.
HPLC purity = 99.43%, HPLGkt= 18.42 min (Method B). Th#H NMR showed
6:1 ratio of atropisomerdd NMR (500 MHz, CDC}) ¢ 8.81 (s, 1H, [8.11 minor
isomer]), 7.24 — 7.11 (m, 2H), 7.08 0= 8.5 Hz, 2H, [7.02 minor isomer]), 6.94 —
6.83 (m, 3H, [6.79 minor isomer]), 6.62 (dds 8.0, 2.0 Hz, 1H), 4.78 (s, 2H, [4.66
minor isomer]), 4.34 — 4.21 (m, 1H), 4.06 (s, 2Bi)6 (s, 3H), 2.51 (1] = 7.5 Hz,
2H), 1.65 — 1.52 (m, 2H), 1.29 (d= 6.5 Hz, 6H, [1.16 minor isomer]), 0.91 JtF
7.5 Hz, 3H).13C NMR (125 MHz, CDQ) 6 169.76, 168.01, 160.06, 155.78, 139.00,
136.22, 129.62, 129.53, 114.29, 112.18, 110.18,580%7.56, 55.30, 49.47, 46.92,
37.11, 24.64, 20.99, 13.79. HRMS (ESI) m/z: caled €3Hz:N,O4 [M + H] *,
399.2278; found 399.2283.

4.1.39.
N-Isopropyl-N-(2-((4-methoxyphenyl)amino)-2-oxoefhg-(4-propylphenoxy)ace
tamidel8l|

This compound was prepared frdific (293 mg, 1.00 mmol), 4-methoxyaniline
(123 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EC38 mg, 1.50 mmol) and

DIPEA (0.5 mL, 3.00 mmol) in a similar manner asaéed for compound2c
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The product was obtained as a white solid (330 83§p). Mp: 141.2-142.7 °C.
HPLC purity = 96.99%, HPLGkt= 17.96 min (Method B). Th#H NMR showed
7:1 ratio of atropisomerdd NMR (500 MHz, CDCJ) ¢ 8.58 (s, 1H, [7.92 minor
isomer]), 7.28 (d,) = 8.5 Hz, 2H), 7.08 (d] = 8.5 Hz, 2H, [7.03 minor isomer]),
6.87 (d,J =9.0 Hz, 2H), 6.80 (d] = 9.0 Hz, 2H), 4.79 (s, 2H, [4.67 minor isomer]),
4.37 — 4.26 (m, 1H), 4.06 (s, 2H), 3.77 (s, 3H312(t,J = 7.5 Hz, 2H), 1.64 — 1.51
(m, 2H), 1.29 (dy) = 6.5 Hz, 6H, [1.18 minor isomer]), 0.92 Jt= 7.5 Hz, 3H)**C
NMR (125 MHz, CDC}) ¢ 169.68, 167.79, 156.35, 155.76, 136.21, 130.89,6R?
121.70, 114.29, 114.01, 67.59, 55.47, 49.46, 4634711, 24.65, 20.98, 13.78.
HRMS (ESI) m/z: calcd for £H31N,04 [M + H] ¥, 399.2278; found 399.2291.

4.1.40.
N-(2-((3,4-Dimethoxyphenyl)amino)-2-oxoethyl)-N-m@pyl-2-(4-propylphenoxy
)acetamidel8m

This compound was prepared fronl7c (293 mg, 1.00 mmol),
3,4-dimethoxyaniline (153 mg, 1.00 mmol), HOBt (16%), 1.20 mmol), EDCI
(188 mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmai)a similar manner as
described for compount2c The product was obtained as a white solid (368 mg
86%) . Mp: 136.5-139.7 °C. HPLC purity = 99.57%, Ptz = 16.84 min
(Method B). The'H NMR showed 7:1 ratio of atropisomefid. NMR (500 MHz,
CDCl3) 6 8.72 (s, 1H, [7.86 minor isomer]), 7.18 (s, 1H2PZ minor isomer]), 7.07
(d, J = 8.0 Hz, 2H, [7.03 minor isomer]), 6.90 — 6.71, @), 4.79 (s, 2H, [4.68
minor isomer]), 4.36 — 4.20 (m, 1H), 4.06 (s, 2B1B4 (s, 6H), 2.50 (t] = 7.5 Hz,
2H), 1.65 — 1.50 (m, 2H), 1.30 (d= 6.5 Hz, 6H, [1.20 minor isomer]), 0.91 Jtz
7.5 Hz, 3H).°C NMR (125 MHz, CDCI3)s 169.73, 167.78, 155.79, 148.97,
145.76, 136.22, 131.47, 129.61, 114.30, 111.9126]1104.72, 67.57, 56.12, 55.95,
49.47, 46.92, 37.10, 24.65, 21.02, 13.77. HRMS ES8E: calcd for G4H33N20s5
[M + H] ¥, 429.2384; found 429.2390.

4.1.41.
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N-(2-((4-Fluorophenyl)amino)-2-oxoethyl)-N-isoprdif3+(4-propylphenoxy)aceta
mide 18n

This compound was prepared fralidc (293 mg, 1.00 mmol), 4-fluoroaniline
(111 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EFC38 mg, 1.50 mmol) and
DIPEA (0.5 mL, 3.00 mmol) in a similar manner asaé&ed for compound2c
The product was obtained as a white solid (278 12§p). Mp: 177.2-179.1 °C.
HPLC purity = 97.16%, HPLGCkt= 18.56 min (Method B). Th#H NMR showed
9:1 ratio of atropisomersH NMR (500 MHz, CDC}) 6 8.80 (s, 1H, [7.94 minor
isomer]), 7.37 — 7.29 (m, 2H), 7.08 (b= 8.5 Hz, 2H, [7.20 minor isomer]), 6.93 (t,
J = 8.5 Hz, 2H), 6.87 (d) = 8.5 Hz, 2H, [6.77 minor isomer]), 4.79 (s, 24,48
minor isomer]), 4.38 — 4.24 (m, 1H), 4.06 (s, 241D minor isomer]), 2.51 (§,=
7.5 Hz, 2H), 1.63 — 1.53 (m, 2H), 1.29 ®= 6.5 Hz, 6H, [1.19 minor isomer]),
0.92 (t,J = 7.0 Hz, 3H)**C NMR (125 MHz, CDGJ) § 169.76, 167.88, 159.27 (d,
Ycr = 241.7 Hz), 155.75, 136.25, 133.82 {dr = 2.6 Hz), 129.63, 121.61 (d,
3k = 7.8 Hz), 115.40 (FJ c.= 22.4 Hz), 114.28, 67.50, 49.46, 46.69, 37.10,
24.66, 20.99, 13.76. HRMS (ESI) m/z: calcd fopHsFN.Os [M + H] *, 387.2078;
found 387.2092.

4.1.42.
N-Isopropyl-N-(2-oxo0-2-((4-(trifluoromethyl)phenginino)ethyl)-2-(4-propylphen
oxy)acetamidd.8o

This compound was prepared froni7c (293 mg, 1.00 mmol),
4-(trifluoromethyl)aniline (161 mg, 1.00 mmol), HOB62 mg, 1.20 mmol), EDCI
(188 mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmai)a similar manner as
described for compount2c The product was obtained as a white solid (170 mg
39%). Mp: 176.9-180.9 °C. HPLC purity = 98.71%, HP = 20.82 min (Method
B). The'H NMR showed 12:1 ratio of atropisomelid.NMR (500 MHz, CDCJ) 6
9.16 (s, 1H), 7.46 (s, 4H), 7.08 @z 8.5 Hz, 2H, [7.02 minor isomer]), 6.87 ,
= 8.5 Hz, 2H, [6.76 minor isomer]), 4.81 (s, 2H,7@ minor isomer]), 4.36 — 4.27

(m, 1H), 4.08 (s, 2H), 2.51 @,= 7.5 Hz, 2H), 1.62 — 1.53 (m, 2H), 1.31 Jc& 7.0
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Hz, 6H, [7.81 minor isomer]), 0.91 (= 7.5 Hz, 3H)*C NMR (125 MHz, CDG))
 169.94, 168.20, 155.71, 140.88, 136.31, 129.68,002(q,J = 3.7 Hz) , 119.39,
114.27, 67.42, 49.55, 46.93, 37.09, 24.66, 21.8Z5L HRMS (ESI) m/z: calcd for
CaaHoaFaNoO3 [M + H] ¥, 437.2047; found 437.2067.

4.1.43.
N-Isopropyl-N-(2-((4-(methylsulfonyl)phenyl)amin@yoxoethyl)-2-(4-propylphen
oxy)acetamidd.8p

This compound was prepared fronl7c (293 mg, 1.00 mmol),
4-(methylsulfonyl)aniline (171 mg, 1.00 mmol), HO@62 mg, 1.20 mmol), EDCI
(188 mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmai)a similar manner as
described for compounti2c The product was obtained as a white solid (201 mg
45%). Mp: 195.2-196.2 °C. HPLC purity = 98.29%, HPtz = 15.47 min (Method
B). The'H NMR showed 14:1 ratio of atropisomelid.NMR (500 MHz, CDGCY) ¢
9.44 (s, 1H), 7.71 (dl = 8.5 Hz, 2H, [7.81 minor isomer]), 7.51 (W5 8.5 Hz, 2H,
[7.62 minor isomer]), 7.09 (d,= 8.5 Hz, 2H, [7.01 minor isomer]), 6.86 (b5 8.5
Hz, 2H, [6.74 minor isomer]), 4.82 (s, 2H, [4.67nmi isomer]), 4.33 — 4.22 (m,
1H), 4.05 (s, 2H), 3.00 (s, 3H), 2.51 Jt= 7.5 Hz, 2H), 1.64 — 1.51 (m, 2H), 1.30
(d, J = 6.5 Hz, 6H, [1.15 minor isomer]), 0.91 Jt= 7.5 Hz, 3H)*°C NMR (126
MHz, CDCk) ¢ 169.79, 168.19, 155.74, 142.83, 136.30, 134.99,612 128.37,
119.55, 114.30, 67.23, 49.40, 46.70, 44.66, 320%8, 21.07, 13.77. HRMS (ESI)
m/z: calcd for GsHz1N,0sS [M + H] ¥, 447.1948; found 447.1962.

4.1.44.
N-(2-((4-Cyanophenyl)amino)-2-oxoethyl)-N-isoprof#A(4-propylphenoxy)aceta
mide 18q

This compound was prepared fronl7c (293 mg, 1.00 mmol),
4-aminobenzonitrile (118 mg, 1.00 mmol), HOBt (168, 1.20 mmol), EDCI (188
mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmol) inimitar manner as described

for compoundl2c The product was obtained as a white solid (149 38&0). Mp:
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184.5-187.3 °C. HPLC purity = 99.39%, HPLE % 17.79 min (Method B)'H
NMR (500 MHz, CDC}) 6 9.32 (s, 1H), 7.49 (g} = 9.0 Hz, 4H), 7.08 (d] = 8.5
Hz, 2H), 6.86 (d,) = 8.5 Hz, 2H), 4.80 (s, 2H), 4.35 — 4.25 (m, 1#)7 (s, 2H),
2.51 (t,J = 9.0 Hz, 2H), 1.64-1.54 (m, 2H), 1.30 (& 6.5 Hz, 6H), 0.92 (1) = 7.5
Hz, 3H).**C NMR (125 MHz, CDGJ) § 170.05, 168.31, 155.69, 141.89, 136.34,
133.05, 129.64, 119.66, 118.89, 114.27, 106.98%749.59, 47.00, 37.10, 24.69,
21.01, 13.77. HRMS (ESI) m/z: calcd fops2gN303 [M + H]* , 394.2125; found
394.2150.

4.1.45.
N-(2-((1,3,4-Thiadiazol-2-yl)amino)-2-oxoethyl)-epropyl-2-(4-propylphenoxy)
acetamidel8r

This compound was prepared fronl7c (293 mg, 1.00 mmol),
1,3,4-thiadiazol-2-amine (101 mg, 1.00 mmol), H@B82 mg, 1.20 mmol), EDCI
(188 mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmai)a similar manner as
described for compounti2c The product was obtained as a white solid (214 mg
57%). Mp: 70.5-74.5 °C. HPLC purity = 99.75%, HPLC= 15.20 min (Method
B). The'H NMR showed 7:2 ratio of atropisomefid. NMR (500 MHz, CDCJ) ¢
8.78 (s, 1H, [8.82 minor isomer]), 7.08 @@= 8.5 Hz, 2H, [7.00 minor isomer]),
6.85 (d,J = 8.5 Hz, 2H, [6.78 minor isomer]), 4.78 (s, 2K,711 minor isomer]),
4.35 (s, 2H, [4.59 minor isomer]), 4.34 — 4.28 (A, [4.86 minor isomer]), 2.51 (t,
J = 8.0 Hz, 2H, [2.46 minor isomer]), 1.65 — 1.51, @), 1.28 (dJ = 7.0 Hz,
6H, [1.15 minor isomer]), 0.95 — 0.85 (m, 3H}C NMR (125 MHz, CDGJ) ¢
167.88[167.88 minor isomer], 166.78[167.53 minamer], 158.84 [159.26 minor
isomer], 154.92[154.85 minor isomer], 146.57[1%6.6minor isomer],
134.93 [134.69 minor isomer], 128.45 [128.26 mirsmmer], 113.37, 66.57[67.34
minor isomer], 47.81[45.31 minor isomer], 43.60[Bl.minor isomer], 36.10,
23.66, 20.11[18.67 minor isomer], 12.75. HRMS (E8/}: calcd for GgH25N403S
[M + H] ¥, 377.1642; found 377.1649.
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4.1.46. N-Isopropyl-N-(2-(isoxazol-3-ylamino)-2-cethyl)-2-(4-propylphenoxy)
acetamidel8s

This compound was prepared frdvic (293 mg, 1.00 mmol), isoxazol-3-amine
(84 mg, 1.00 mmol), HOBt (162 mg, 1.20 mmol), EXC88 mg, 1.50 mmol) and
DIPEA (0.5 mL, 3.00 mmol) in a similar manner asaé&ed for compound2c
The product was obtained as colourless oil (1333866). HPLC purity = 95.56%,
HPLC & = 12.61 min (Method B). Th#4 NMR showed 17:3 ratio of atropisomers.
'H NMR (500 MHz, CDCY) § 9.59 (s, 1H, [9.78 minor isomer]), 8.24 (s, 1H2[B
minor isomer]), 7.14 — 6.94 (m, 3H), 6.91 — 6.82 @H), 4.77 (s, 2H, [4.65 minor
isomer]), 4.35 — 4.25 (m, 1H), 4.09 (s, 2H, [4.1®on isomer]), 2.51 (t) = 7.5 Hz,
2H), 1.64 — 1.51 (m, 2H), 1.26 (d= 7.0 Hz, 6H, [1.13 minor isomer]), 0.91 JtF
7.5 Hz, 3H).13C NMR (125 MHz, CDG) 6 168.66, 166.90, 157.73, 156.08, 154.75,
135.11, 128.54, 113.29, 98.30, 66.68, 48.29, 4438109, 23.63, 19.97, 12.74.
HRMS (ESI) m/z: calcd for H26N2O4 [M + H] ¥, 360.1918; found 360.1926.

4.1.47.
N-Isopropyl-N-(2-(naphthalen-2-ylamino)-2-oxoethgh(4-propylphenoxy)
acetamidel 8t

This compound was prepared fronl7c (293 mg, 1.00 mmol),
naphthalen-2-amine (143 mg, 1.00 mmol), HOBt (1&2 20 mmol), EDCI (188
mg, 1.50 mmol) and DIPEA (0.5 mL, 3.00 mmol) inimitar manner as described
for compoundl2c The product was obtained as a white solid (334 80§0). Mp:
98.3-102.5 °C. HPLC purity = 99.27%, HPLE % 21.25 min (Method B). The
'H NMR showed 7:1 ratio of atropisomefid. NMR (500 MHz, CDC}) § 9.04 (s,
1H, [8.30 minor isomer]), 8.10 (s, 1H), 7.85 — 7(@&® 3H), 7.50 — 7.29 (m, 3H),
7.08 (d,J = 8.0 Hz, 2H, [7.00 minor isomer]), 6.89 (= 8.0 Hz, 2H, [6.80 minor
isomer]), 4.82 (s, 2H, [4.70 minor isomer]), 4.4@24 (m, 1H), 4.22 — 4.08 (m,
2H), 2.49 (t,J = 7.5 Hz, 2H)1.66-1.48 (m, 2H), 1.32 (d} = 6.5 Hz, 6H, [1.19
minor isomer]), 0.90 (t) = 7.3 Hz, 3H)!*C NMR (125 MHz, CDGJ) J 169.84,

168.17, 155.80, 136.23, 135.30, 133.79, 130.62,6829.28.56, 127.64, 127.50,
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126.37, 124.90, 120.04, 116.57, 114.32, 67.58,24916.97, 37.10, 24.63, 21.03,
13.78. HRMS (ESI) m/z: calcd for »6H30N20s [M + H] ¥, 419.2329; found
419.2335.

4.1.48.
N-Isopropyl-N-(2-((6-methoxybenzo[d]thiazol-2-yl)&mo)-2-oxoethyl)-2-(4-propy
Iphenoxy)acetamid&8u

This compound was prepared froni7c (293 mg, 1.00 mmol),
6-methoxybenzo[d]thiazol-2-amine (180 mg, 1.00 nmelOBt (162 mg, 1.20
mmol), EDCI (188 mg, 1.50 mmol) and DIPEA (0.5 n8.00 mmol) in a similar
manner as described for compourtt. The product was obtained as a white solid
(334 mg, 75%). Mp: 167.2-168.0 °C. HPLC purity =®®6, HPLC % = 20.11 min
(Method B). The'H NMR showed 7:1 ratio of atropisomefid. NMR (500 MHz,
CDCl) ¢ 10.79 (brs, 1H), 7.66 (d,= 8.5 Hz, 1H), 7.25 (d] = 2.5 Hz, 1H), 7.08 (d,
J=8.0 Hz, 2H), 7.00 (ddl = 8.5, 2.5 Hz, 1H), 6.85 (d,= 8.5 Hz, 2H, [6.79 minor
isomer]), 4.78 (s, 2H, [4.67 minor isomer]), 4.3@.26 (m, 1H), 4.16 (s, 2H, [4.29
minor isomer]), 3.85 (s, 3H), 2.50 &= 7.0 Hz, 2H, [2.43 minor isomer]), 1.61 —
1.48 (m, 2H), 1.26 (d] = 6.5 Hz, 6H, [1.12 minor isomer]), 0.90 tz 7.5 Hz, 3H).
3C NMR (125 MHz, CDGJ) 6 169.83, 168.01, 156.82, 155.77, 155.68, 142.66,
136.13, 133.43, 129.57, 121.69, 115.17, 114.33,20047.69, 55.84, 49.37, 45.57,
37.12, 24.66, 21.08, 13.78. HRMS (ESI) m/z: caled G4H3oN30.S [M + H]*,
456.1952; found 456.1970.

4.1.49. N-Isopropyl-N-(2-oxo-2-(pyridazin-4-ylanoyethyl)-2-(p-tolyloxy)
acetamidel8v

This compound was prepared frdma (80 mg, 0.30 mmol), pyridazin-4-amine (32
mg, 0.33 mmol), 4-methylmorpholine (34 mg, 0.34 nma&nd isobutyl
carbonochloridate (45 mg, 0.33 mmol) in a similanmer as described for compound
18g The product was obtained as a white solid (66 6d§p). Mp: 182.4-184.5 °C.

HPLC purity = 98.99%, HPLGxt= 9.19 min (Method B). ThtH NMR showed 13:7
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ratio of atropisomersH NMR (500 MHz, DMSOsdg) J 10.64 (s, 1H, [10.85 minor
isomer]), 9.31-9.25 (m, 1H), 9.02 @@= 6.0 Hz, 1H, [9.06 minor isomer]), 7.89 (dd,
= 6.0, 3.0 Hz, 1H, [7.95 minor isomer]), 7.11 —H @, 2H), 6.87 — 6.69 (m, 2H),
4.84 (s, 2H, [4.69 minor isomer]), 4.21 — 4.12 (A, [4.63 minor isomer]), 4.03 (s,
2H, [4.25 minor isomer]) 2.23 (s, 3H, [2.21 minsomner]), 1.19 (dJ = 6.5 Hz, 6H,
[1.04 minor isomer]).’*C NMR (125 MHz, DMSOds) 6 169.94 [170.84 minor
isomer], 167.68 [168.25 minor isomer], 156.43 [B&6.minor isomer], 151.94
[152.05 minor isomer], 143.58 [143.77 minor isomé&38.32 [138.03 minor isomer],
130.14 [130.07 minor isomer], 130.00 [129.77 mirsmmer], 114.91 [114.76 minor
isomer], 114.25 [113.79 minor isomer], 66.56 [66rBihor isomer], 47.64 [45.28
minor isomer], 45.16 [44.78 minor isomer], 21.19.B3 minor isomer], 19.84 [20.51
minor isomer]. HRMS (ESI) m/z: calcd for;,3N4O0z3 [M + H] ¥, 343.1765; found
343.1777.

4.1.50. 2-(4-Ethylphenoxy)-N-isopropyl-N-(2-oxofRyridazin-4-ylamino)ethyl)
acetamidel8w

This compound was prepared frdmb (58 mg, 0.21 mmol), pyridazin-4-amine (22
mg, 0.23 mmol), 4-methylmorpholine (23 mg, 0.23 nmand isobutyl
carbonochloridate (31 mg, 0.23 mmol) in a similanmer as described for compound
18g The product was obtained as a white solid (46 6d§p). Mp: 199.3-201.5 °C.
HPLC purity = 96.08%, HPLCgt= 10.33 min (Method B). Th&H NMR showed
13:7 ratio of atropisomeréi NMR (500 MHz, DMSOds) J 10.65 (s, 1H, [10.88
minor isomer]), 9.28 (dd] = 3.0, 1.0 Hz, 1H, [9.29 minor isomer]), 9.02 (dd; 6.0,
1.0 Hz, 1H, [9.06 minor isomer]), 7.89 (dbs= 6.0, 3.0 Hz, 1H), 7.13 — 7.06 (m, 2H),
6.87 — 6.79 (m, 2H), 4.85 (s, 2H, [4.69 minor isofnet.22 — 4.11 (m, 1H, [4.64
minor isomer]), 4.04 (s, 2H, [4.25 minor isomeR)57 — 2.50 (m, 2H), 1.19 (d,=
6.5 Hz, 6H, [1.04 minor isomer]), 1.17 — 1.07 (mH)3°C NMR (125 MHz,
DMSOds) ¢ 169.95[170.85 minor isomer], 167.68[168.26 minmomer],
156.60 [156.70 minor isomer], 151.93 [152.04 mismmer], 143.59 [143.78 minor

isomer], 138.32[138.03 minor isomer], 136.56 [B36. minor isomer],
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128.97 [128.90 minor isomer], 114.94 [114.77 mirsmmer], 113.79 [114.25 minor
isomer], 66.55 [66.47 minor isomer], 47.65 [45.2ion isomer], 44.78 [45.14 minor
isomer], 27.75, 21.19[19.84, minor isomer], 16.4HRMS (ESI) m/z: calcd for
CioH25N403 [M + H] ¥, 357.1921; found 357.1940.

4.1.51. 2-(4-Butylphenoxy)-N-isopropyl-N-(2-oxofRyridazin-4-ylamino)ethyl)
acetamidel8x

This compound was prepared frdid (104 mg, 0.34 mmol), pyridazin-4-amine
(35 mg, 0.37 mmol), 4-methylmorpholine (38 mg, 0.8¥mol) and isobutyl
carbonochloridate (51 mg, 0.37 mmol) in a similarmer as described for compound
18g The product was obtained as a white solid (85 6d§p). Mp: 196.1-198.4 °C.
HPLC purity = 99.79%, HPLCgt= 15.11 min (Method B). Th&H NMR showed
13:7 ratio of atropisomers at 2@ % *H NMR (500 MHz, DMSOsdg) J 10.64 (s,
1H, [10.84 minor isomer]), 9.30 — 9.23 (m, 1H),B@,J = 6.0, 0.5 Hz, 1H, [9.05
minor isomer]), 7.89 (dd] = 6.0, 2.5 Hz, 1H, [7.94 minor isomer]), 7.10 8F (m,
2H), 6.84 — 6.79 (m, 2H), 4.84 (s, 2H, [4.69 miswmer]), 4.20 — 4.10 (m, 1H, [4.64
minor isomer]), 4.03 (s, 2H, [4.24 minor isomeg Y9 — 2.46 (m, 2H), 1.54 — 1.44 (m,
2H), 1.33 — 1.23 (m, 2H), 1.19 (d,= 6.5 Hz, 6H, [1.03 minor isomer]), 0.88 Jt=
7.5 Hz, 3H)100 <C: *H NMR (400 MHz, DMSOsg) 6 10.32 (s, 1H), 9.30 (d, J = 2.0
Hz, 1H), 9.00 (d, J = 5.6 Hz, 1H), 7.83 (dd, J 8, 2.4 Hz, 1H), 7.07 (d, J = 8.4 Hz,
2H), 6.85 (d, J = 8.4 Hz, 2H), 4.75 (s, 2H), 4.58.25 (m, 1H), 4.13 (s, 2H), 2.60 —
2.50 (m, 2H), 1.62 — 1.49 (m, 2H), 1.40 — 1.26 2#), 1.18 (d, J = 3.6 Hz, 6H), 0.91
(t, J = 7.2 Hz, 3H)**C NMR (125 MHz, DMSOds) 6 170.84, 169.94 [170.85 minor
isomer], 168.26, 167.68 [170.85 minor isomer], $86156.58 [170.85 minor isomer],
152.04, 151.93[170.85 minor isomer], 143.77, 183150.85 minor isomer],
138.32 [170.85 minor isomer], 138.02, 135.09 [130.8inor isomer], 134.87,
129.49 [170.85 minor isomer], 129.42, 114.88 [1B3M@nor isomer], 114.71, 114.25,
113.78 [170.85 minor isomer], 66.54 [66.48 min@mier], 45.26, 44.78 [45.14 minor

isomer], 34.37, 33.86, 22.14, 21.19 [19.84 minomier], 14.24. HRMS (ESI) m/z:
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calcd for GiH2oN4O3 [M + H] ¥, 385.2234; found 385.2252.

4.1.52.
2-(4-1sobutylphenoxy)-N-isopropyl-N-(2-oxo-2-(pyadin-4-ylamino)ethyl)
acetamidel8y

This compound was prepared frdie (97 mg, 0.32 mmol), pyridazin-4-amine (33
mg, 0.35 mmol), 4-methylmorpholine (35 mg, 0.35 nma&nd isobutyl
carbonochloridate (47 mg, 0.35 mmol) in a similanmer as described for compound
18g The product was obtained as a white solid (69 56§p). Mp: 231.5-232.9 °C.
HPLC purity = 97.39%, HPLCgt= 15.41 min (Method B). Th&H NMR showed
13:7 ratio of atropisomerdd NMR (500 MHz, DMSOsdg) 6 10.68 (s, 1H, [10.88
minor isomer]), 9.28 (dd] = 3.0, 0.5 Hz, 1H, [9.29 minor isomer]), 9.02 (dd; 6.0,
0.5 Hz, 1H, [9.06 minor isomer]), 7.91 (dbs 6.0, 3.0 Hz, 1H, [7.95 minor isomer]),
7.07 — 7.01 (m, 2H), 6.86 — 6.79 (m, 2H), 4.85244, [4.70 minor isomer]), 4.21 —
4.11 (m, 1H, [4.64 minor isomer]), 4.04 (s, 2H2B minor isomer]), 2.40 — 2.34 (m,
2H), 1.82 — 1.70 (m, 1H), 1.19 (d,= 6.5 Hz, 6H, [1.04 minor isomer]), 0.86 — 0.81
(m, 6H). *C NMR (125 MHz, DMSOds) & 169.97 [170.86 minor isomer],
167.69 [168.27 minor isomer], 156.64 [156.73 mimwmer],151.83 [151.99 minor
isomer], 143.59[143.78 minor isomer], 138.50 [138. minor isomer],
133.89 [133.68 minor isomer], 130.15 [130.09 mirsmmer], 114.75 [114.58 minor
isomer], 113.86 [114.30 minor isomer], 66.54 [66.5Mnor isomer], 47.64 [45.26
minor isomer], 44.79 [45.15 minor isomer], 44.19,23, 22.57, 21.20 [19.84 minor
isomer]. HRMS (ESI) m/z: calcd for ,@H,0N4Os [M + H] ¥, 385.2234; found
385.2250.

4.1.53. N-Isopropyl-N-(2-oxo-2-(pyridazin-4-ylamiyahyl)-2-(4-pentylphenoxy)
acetamidel8z

This compound was prepared frdmf (125 mg, 0.39 mmol), pyridazin-4-amine
(41 mg, 0.43 mmol), 4-methylmorpholine (43 mg, 0.A8nol) and isobutyl

carbonochloridate (58 mg, 0.43 mmol) in a similaanmer as described for
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compoundl18g The product was obtained as a white solid (104 @&7§0). Mp:
184.7-185.4 °C. HPLC purity = 99.28%, HPLEC 17.23 min (Method B). ThiH
NMR showed 13:7 ratio of atropisomelid. NMR (500 MHz, DMSO€g) 5 10.64
(s, 1H, [10.84 minor isomer]), 9.30 — 9.24 (m, 1BIY1 (dd,J = 6.0, 1.0 Hz, 1H,
[9.06 minor isomer]), 7.89 (dd, = 6.0, 2.5 Hz, 1H, [7.94 minor isomer]), 7.10 —
7.02 (m, 2H), 6.86 — 6.78 (m, 2H), 4.85 (s, 2H7(minor isomer]), 4.20 — 4.11
(m, 1H, [4.63 minor isomer]), 4.03 (s, 2H, [4.24nmi isomer]), 2.50 — 2.44 (m,
2H), 1.58 — 1.46 (m, 2H), 1.34 — 1.22 (m, 4H), 1(d9 = 6.5 Hz, 6H, [1.04 minor
isomer]), 0.85 (t,J = 7.0 Hz, 3H).®*C NMR (125 MHz, DMSOdg) o
169.94 [170.84 minor isomer], 167.69 [168.27 mirisomer], 156.58 [156.67
minor isomer], 151.93[152.04 minor isomer], 143[5&83.77 minor isomer],
138.32 [138.02 minor isomer], 135.12[134.90 mirisomer], 129.48 [129.42
minor isomer], 114.87 [114.70 minor isomer], 113[¥84.25 minor isomer],
66.54 [66.47 minor isomer], 47.64 [45.25 minor ison 44.78 [45.14 minor
isomer], 34.67, 31.37, 31.30, 22.42, 21.19 [19.840omisomer], 14.39. HRMS
(ESI) m/z: calcd for @H31N4O3 [M + H] ¥, 399.2391; found 399.2407.

4.1.54.
N-Isopropyl-2-(4-methoxyphenoxy)-N-(2-oxo0-2-(pyria-4-ylamino)ethyl)
acetamidel8aa

This compound was prepared frdliig (169 mg, 0.60 mmol), pyridazin-4-amine
(60 mg, 0.63 mmol), 4-methylmorpholine (63 mg, 0.68nol) and isobutyl
carbonochloridate (86 mg, 0.63 mmol) in a similanmer as described for compound
18g The product was obtained as a white solid (162 #5&0). Mp: 197.5-198.5 °C.
HPLC purity = 99.51%, HPLGxt= 6.77 min (Method B). Th&#H NMR showed 13:7
ratio of atropisomersH NMR (500 MHz, DMSOsg) 6 10.64 (s, 1H, [10.85 minor
isomer]), 9.31 — 9.22 (m, 1H), 9.01 (0= 6.0 Hz, 1H, [9.06 minor isomer]), 7.89 (dd,
J = 6.0, 2.5 Hz, 1H, [7.94 minor isomer]), 6.92 ¥%.(m, 4H), 4.81 (s, 2H, [4.67
minor isomer]), 4.20 — 4.12 (m, 1H, [4.63 minornsar]), 4.03 (s, 2H, [4.24 minor

isomer]), 3.70 (s, 3H, [ 3.69 minor isomer]), 1.4H J = 6.5 Hz, 6H, [4.64 minor
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isomer]).**C NMR (125 MHz, DMSOdg) § 169.54 [170.43 minor isomer], 167.37
[167.94 minor isomer], 153.68 [153.53 minor isomé&f2.16 [152.23 minor isomer],
151.52 [151.63 minor isomer], 143.18 [143.36 miismmer], 137.92 [137.61 minor
isomer], 115.60 [115.37 minor isomer], 114.54 [#B4minor isomer], 113.38 [113.84
minor isomer], 66.73 [66.63 minor isomer], 55.44,24 [44.86 minor isomer], 44.75
[44.37 minor isomer], 20.78 [19.43 minor isomer|RMS (ESI) m/z: calcd for
CigH23N404 [M + H] ¥, 359.1714; found 359.1720.

4.1.55. 2-(4-Ethoxyphenoxy)-N-isopropyl-N-(2-oxoj2yridazin-4-ylamino)ethyl)
acetamidel8ab

This compound was prepared frdmh (152 mg, 0.52 mmol), pyridazin-4-amine
(52 mg, 0.54 mmol), 4-methylmorpholine (55 mg, 0.8¥nol) and isobutyl
carbonochloridate (74 mg, 0.54 mmol) in a similaanmer as described for
compoundl18g The product was obtained as a white solid (132 &8§0). Mp:
194.2-194.7 °C. HPLC purity = 99.77%, HPL&= 9.00 min (Method B). Th&H
NMR showed 13:7 ratio of atropisomelid. NMR (500 MHz, DMSO#dg) 6 10.65
(s, 1H, [10.85 minor isomer]), 9.31 — 9.26 (m, 19)02 (dd,J = 6.0, 0.5 Hz,
1H, [9.05 minor isomer]), 7.90 (dd,= 6.0, 2.5 Hz, 1H, [7.94 minor isomer]), 6.91
—6.78 (m, 4H), 4.82 (s, 2H, [4.67 minor isomed]20 — 4.13 (m, 1H, [4.63 minor
isomer]), 4.04 (s, 2H, [4.25 minor isomer]), 3.9890 (m, 2H), 1.32 — 1.26 (m,
3H), 1.19 (dJ = 6.5 Hz, 6H, [1.04 minor isomer}’C NMR (125 MHz, DMSQOdg)
0 169.94 [170.83 minor isomer], 167.80 [168.38 mimawmer], 153.31 [153.17
minor isomer], 152.48 [152.56 minor isomer], 151[932.04 minor isomer],
143.59 [143.77 minor isomer], 138.33[138.02 mirisomer], 115.98 [115.77
minor isomer], 115.54 [115.50 minor isomer], 113[¥94.25 minor isomer],
67.12 [67.02 minor isomer], 63.80, 47.66 [45.26 onilsomer], 44.78 [45.14 minor
isomer], 21.18[19.83 minor isomer], 15.20. HRMSSIE m/z: calcd for
C1oH25N404 [M + H] ¥, 373.1870; found 373.1876.

4.1.56. N-Isopropyl-N-(2-oxo-2-(pyridazin-4-ylamiyahyl)-2-(4-(trifluoromethyl)
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phenoxy)acetamid&8ac

This compound was prepared frdiii (170 mg, 0.53 mmol), pyridazin-4-amine
(53 mg, 0.56 mmol), 4-methylmorpholine (56 mg, 0.&@nmol) and isobutyl
carbonochloridate (76 mg, 0.56 mmol) in a similanmer as described for compound
18g The product was obtained as a white solid (124 %880). Mp: 200.9-203.7 °C.
HPLC purity = 96.84%, HPLGgt= 10.08 min (Method B). Th#H NMR showed 3:2
ratio of atropisomersH NMR (500 MHz, DMSOds) 6 10.63 (s, 1H, [10.90 minor
isomer]), 9.27 (ddJ = 2.5, 0.5 Hz, 1H, [ 9.31 minor isomer]), 9.03 98B (m, 1H,
[9.07 minor isomer]), 7.88 (dd,= 6.0, 2.5 Hz, 1H, [7.96 minor isomer]), 7.64 Jd;
8.5 Hz, 2H), 7.14 — 7.08 (m, 2H), 5.07 (s, 2H,§8minor isomer]), 4.18 — 4.11 (m,
1H, [4.63 minor isomer]), 4.04 (s, 2H, [4.25 minsomer]), 1.21 (dJ = 6.5 Hz, 6H,
[1.07 minor isomer])."*C NMR (125 MHz, DMSOds) 6 169.45 [170.40 minor
isomer], 166.61[167.19 minor isomer], 161.05[P&1. minor isomer],
151.53 [ 151.65 minor isomer], 143.17 [ 143.39 misomer], 137.59 [ 137.88 minor
isomer], 126.80 (qJ) = 3.6 Hz ), 115.26 [ 115.09 minor isomer], 113[9113.39
minor isomer], 65.86 [ 65.96 minor isomer], 47.14.P1 minor isomer], 44.36
[ 44.64 minor isomer], 20.76 [ 19.42 minor isomddRMS (ESI) m/z: calcd for
Ci1gH20FsN4O3 [M + H] ¥, 397.1482; found 397.1484.

4.1.57. 2-(4-Bromophenoxy)-N-isopropyl-N-(2-oxo{2¢(idazin-4-ylamino)ethyl)
acetamideél8ad

This compound was prepared frdhdj (180 mg, 0.55 mmol), pyridazin-4-amine
(57 mg, 0.60 mmol), 4-methylmorpholine (61 mg, 0.6mol) and isobutyl
carbonochloridate (82 mg, 0.60 mmol) in a similanmer as described for compound
18g The product was obtained as a yellow solid (18 80%). Mp: 182.5-184.6 °C.
HPLC purity = 98.75%, HPLCxt= 9.85 min (Method B). Th&H NMR showed 3:2
ratio of atropisomersH NMR (500 MHz, DMSOdg) 6 10.63 (s, 1H, [10.87 minor
isomer]), 9.26 (dd) = 2.5, 1.0 Hz, 1H, [9.29 minor isomer]), 9.01 (dd&; 6.0, 1.0 Hz,
1H, [9.06 minor isomer]), 7.89 (dd,= 6.0, 2.5 Hz, 1H, [7.94 minor isomer]), 7.46 —

7.40 (m, 2H), 6.92 — 6.86 (m, 2H), 4.94 (s, 2H7®minor isomer]), 4.18 — 4.06 (m,
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1H, [4.63 minor isomer]), 4.03 (s, 2H, [4.23 mineomer]), 1.19 (dJ = 6.5 Hz,
6H, [1.03 minor isomer])**C NMR (125 MHz, DMSOdg) J 169.79 [170.72 minor
isomer], 167.25[167.84 minor isomer], 157.89 [D&8. minor isomer],
151.93 [152.05 minor isomer], 143.51 [143.71 mismmer], 138.18 [137.88 minor
isomer], 132.40 [132.37 minor isomer], 117.45 [2B/minor isomer], 113.73 [114.22
minor isomer], 112.69 [112.51 minor isomer], 66.4%,.55 [45.30 minor isomer],
44.73 [45.04 minor isomer], 21.17 [19.83 minor i®@MHRMS (ESI) m/z: calcd for
C17H20BrN4O3 [M + H] ¥, 407.0713; found 407.0730.

4.1.58. Methyl
2-(4-(2-(isopropyl(2-oxo-2-(pyridazin-4-ylamino)gthamino)-2-oxoethoxy)phenyl
)acetatel8ae

This compound was prepared frdiik (590 mg, 1.83 mmol), pyridazin-4-amine
(182 mg, 1.92 mmol), 4-methylmorpholine (194 mg92l.mmol) and isobutyl
carbonochloridate (261 mg, 1.92 mmol) in a simitaanner as described for
compound18g The product was obtained as a white solid (390 &&$0). Mp:
178.6-179.9 °C. HPLC purity = 98.51%, HPL&=t 7.08 min (Method B). ThéH
NMR showed 13:7 ratio of atropisometsl NMR (500 MHz, DMSOds) 6 10.63 (s,
1H, [10.84 minor isomer]), 9.27 (dd,= 2.5, 1.0 Hz, 1H, [9.28 minor isomer]), 9.01
(d,J =6.0 Hz, 1H, [ 9.06 minor isomer]), 7.89 (dbs= 6.0, 2.5 Hz, 1H, [7.95 minor
isomer]), 7.19 — 7.12 (m, 2H), 6.89 — 6.84 (m, 24HR9 (s, 2H, [4.73 minor isomer]),
4.20 — 4.10 (m, 1H, [ 4.63 minor isomer]), 4.032Bl, [4.24 minor isomer]), 3.65 —
3.52 (m, 5H), 1.19 (dJ = 6.5 Hz, 6H, [1.04 minor isomer]}°C NMR (125 MHz,
DMSO-dg) 6 171.91, 169.51 [ 170.43 minor isomer], 167.14 7.X& minor isomer],
157.05 [ 157.18 minor isomer], 151.51 [ 151.64 misomer], 143.17 [ 143.37 minor
isomer], 137.90[ 137.59 minor isomer], 130.28[ 022 minor isomer],
126.71 [ 126.49 minor isomer], 114.58 [ 114.41 miisomer], 113.38 [ 113.86 minor
isomer], 66.00 [ 65.96 minor isomer], 54.96, 51.86,.21 [44.87 minor isomer],
44.37 [ 44.72 minor isomer], 20.78 [ 19.43 minammeer]. HRMS (ESI) m/z: calcd for

CaoH2sN4Os [M + H] ¥, 401.1819; found 401.1833.
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4.1.59.
2-(4-(2-Hydroxyethyl)phenoxy)-N-isopropyl-N-(2-0X{pyridazin-4-ylamino)eth
yl)acetamidel9

To a solution ofLt8ea(90 mg, 0.23 mmol) and Ca{125 mg, 1.13 mmol) in 4
mL MeOH was added NaBH43 mg, 1.13 mmol) at @ The reaction mixture
was warmed to room temperature and stirred for 30. Mihe solvent was
evaporated under vacuum and the residues purifiedSi®2 chromatography
(DCM: MeOH=25:1) to afford the compourk® as colourless oil (43 mg, 50%).
HPLC purity = 99.30%, HPLCxt= 4.58 min (Method B). ThéH NMR showed
13:7 ratio of atropisomertd NMR (500 MHz, DMSOsdg) ¢ 10.63 (s, 1H, [10.84
minor isomer]), 9.29 — 9.21 (m, 1H), 9.02 {ds 6.0 Hz, 1H, [9.02 minor isomer]),
7.89 (dd,J = 6.0, 2.5 Hz, 1H, [7.94 minor isomer]), 7.16 85 (m, 2H), 6.87 —
6.78 (m, 2H), 4.85 (s, 2H, [4.70 minor isomer]p¥— 4.57 (m, 1H), 4.20 — 4.12
(m, 1H, [4.64 minor isomer]), 4.03 (s, 2H, [4.24nmi isomer]), 3.61 — 3.50 (m,
2H), 2.69 — 2.58 (m, 2H), 1.19 (d= 6.5 Hz, 6H, [7.94 minor isomerf’C NMR
(125 MHz, DMSOeés) 6 169.54 [170.43 minor isomer], 167.28 [167.84 minor
isomer], 156.42[156.52 minor isomer], 151.53[B41. minor isomer],
143.19 [143.37 minor isomer], 137.92 [137.61 minsomer], 131.90 [131.66
minor isomer], 129.72[129.65 minor isomer], 114[#14.25 minor isomer],
113.40 [113.87 minor isomer], 66.13 [66.05 minconer], 62.48, 47.26 [44.87
minor isomer], 44.39 [44.75 minor isomer], 38.2D0.78 [19.44 minor isomer].

HRMS (ESI) m/z: calcd for GH2sN4O4 [M + H] ¥, 373.1870; found 373.1891.

4.2. Biological evaluation
4.2.1. 20S proteasome chymotrypsin-like inhibitamsay

The human constitutive proteasome was given by Idang-ping Wu
(Notre-Dame Hospital, Montreal, QC, Canada), the mimoproteasome
proteasome purchased by Boston Biochem. The imdribdf enzyme activity was

determined by monitoring the decrease in hydrolgishe fluorogenic substrate
47



Suc-LLVY-AMC for CT-L, Z-VLR-AMC for T-L, Z-LLE-AMC for PGPH-L and
Ac-ANW-AMC for LMP7. The reaction under the follomg buffer conditions: 20
mM Tris,pH 7.5. Inhibitors at a different concemima were incubated with
constitutive proteasome or immunoproteasome proteasfor 15 min prior to
substrate addition with a final concentration of |B@. Reaction was monitored
using an excitation wavelength of 355 nm and arssiom wavelength of 460 nm
using Envision microplate reader (PerkinElmer). Dose response of inhibition
test was carried out in duplicate. And the IC50adaias calculated using the
software GraphPad Prism 5, and chosen the equ&igmoidal dose-response

(variable slope)” for curve fitting.

4.2.2. Cancer cell anti-proliferation assay
4.2.2.1. Cell culture

The RPMI 8226, MM.1S, and MV-4-11 cell lines werbtaned from the
American Type Culture Collection (ATCC) (Manass®#,, USA). The HepG2
and HGC27 cell lines were obtained from Shanghatitlte of Cell Biology
(Shanghai, China). All cancer cell lines were maimed at 37 °C in a humidified
atmosphere containing 5% @Orhe PRMI 8226, MM.1S, and HGC27 cell lines
were cultured in RPMI-1640 media supplemented wWidlo fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 pg/mL streptamyfrom Invitrogen (Grand
Island, NY, USA). The MV-4-11 and HepG2 cell linegre cultured in Iscove's
modified Dulbecco's medium supplemented with 1096 FBO0 U/mL penicillin,

and 100 pg/mL streptomycin.

4.2.2.2. Cell proliferation assay

A 90 pL aliquot of RPMI 8226 (5x10cells per well), MM-1S (3x10cells per
well), or MV-4-11 cells (8x19cells per well) was seeded into 96-well plates and
then treated with 1QuL of 0.2% DMSO or varying concentrations of tested
compounds for 72 h. Cell viability was measurechgghe CellTiter 96® AQ.ous

Non-Radioactive Cell Proliferation Assay (MTS; Prega, Madison, WI). First, 20
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uL of the combined MTS/PMS solution was pipetteaiatich well of the 96-well

plates and then incubated for 2-4 h at 37 °C immitified, 5% CQ atmosphere.

The optical density was determined at 490 nm (baekgl subtraction at 690 nm)
using a SpectraMax 340 microplate reader (MolecDlavices, Sunnyvale, CA,
USA).

A 90 pL aliquot of HGC27 (1x10cells per well) or HepG2 (1x1@ells per well)
was seeded into 96-well plates and then treated #tuL of 0.2% DMSO or
varying concentrations of tested compounds for 7Eifst, 30uL of tetrazolium
dye (MTT) solution (5 mg/mL) was added to each ve@ldl then incubated for 4 h
at 37 °C in a humidified, 5% CQOatmosphere. The resulting MTT-formazan
crystals were dissolved in 150L DMSO, and absorbance was measured
spectrophotometrically at 570 nm using an ELISAglaader.

The growth inhibitory ratio was calculated as fal® Growth inhibitory ratio =
(Acontrol= Asampld/Acontrot 1Cs0 Values were derived from a nonlineegression model
(curvefit) based on a sigmoidal dose respansee (variable slope) and computed

using GraphPad Prism versibi®2, GraphPad Software.

4.2.3. Human liver microsomal stability assay.

The metabolic stability profiles oi8d, 18x, and PI-1840 were assessed by
monitoring the disappearance of the test compoumntise presence of human liver
microsomes (pooled human liver microsomes (Mongdllawhich was obtained
from Research Institute for Liver Diseases Co. (®RILD Inc, Shanghai, P.R.
China). A typical incubation mixture (19 total volume) for metabolic stability
studies contained 1M test compounds, 1.0 mg/mL microsomal protein,MD.1
phosphate buffer saline (pH 7.4), and 1mM NADPHeApreincubation at 37 °C
for 5 min, the reactions were started by additiértest compounds and further
incubated for another 0, 10, 20, 30 min. The reastiwere terminated by adding
400 pL of ice-cold methanol containing internal standdtduM), followed by
centrifugation at 150009 for 10 min to obtain tlwpernatant. Aliquots (1QQ) of

the supernatant were taken, which were subsequentyyzed by a Shimadzu
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LC/MS-2020 mass spectrometer. The peak area respatie to internal standard
(PARR) of the compounds at different time point wampared to the PARR at O
min to determine the percent of test compounds irenta
4.3. Molecular modeling

Docking calculations were performed using the Glidedule in Schrodinger
(version 11.1) with the default option [32, 33].eTK-ray crystal structure of the
proteasome (PDB entry: 3MG6) was used as the dgctemplate, and it was
prepared by the protein preparation Wizard in Sdimger by adding hydrogens
and disulfide bridges, removing crystallographicteva and ions, fixing bond
orders, assigning partial charges with the OPL$efdreld. The ligandl8x was
prepared using the Ligprep module in Schrodingée Binding box with the size
of 10 A x 10 A x 10 A centered on the centroidtaf tigand in the crystal structure
of 3MG6. For the docking calculations D8x, the standard precision (SP) scoring

function of Glide was used. All graphical imagesevereated using Pymol.
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A series of novel phenol ether derivatives were designed and synthesized as
non-covalent proteasome inhibitors.

Most compounds exhibited moderate to excellent proteasome inhibitory activity.
Compound 18x exhibited a 2-fold higher potency compared to the reported
P1-1840.

Docking studies were carried out to predict the binding mode of compound 18x
within proteasome.

These compounds exhibited excellent metabolic stability and selective
anti-proliferative activity against solid cancer cell lines including HepG2 and

HGC27.



