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Abstract

Heme-regulated inhibitor (HRI), a eukaryotic trat®in initiation factor 2 alpha
(elF2x) kinase, is critically important for coupling pemd synthesis to heme
availability in reticulocytes and adaptation to ieas environmental stressors in all
cells. HRI modifies the severity of several hembgiomisfolding disorders including
B-thalassemia. Small molecule activators of HRlemgential for studying normal- and
patho-biology of this kinase as well as for theatneent of various human disorders for
which activation of HRI or phosphorylation of eli-ghay be beneficial. We previously
reported development of 1-((1t¢ang)-4-aryloxycyclohexyl)-3-arylureas (cHAUS) as
specific HRI activators and demonstrated their & as molecular probes for
studying HRI biology and as lead compounds for tineat of various human
disorders. To develop more druglike cHAUSs iiovivo studies and drug development
and to expand the chemical space, we undertookssagaguided structure—activity
relationship studies replacing cyclohexyl ring witarious 4-6-membered rings and
explored further substitutions on tiphenyl ring. We tested all analogs in the
surrogate elF& phosphorylation and cell proliferation assays, arslibset of analogs
in secondary mechanistic assays that included embag elF2 phosphorylation and
expression of C/EBP homologous protein (CHOP),\ardtream effector. Finally, we
tested specificity of these compounds for HRI bgtitey their anti-proliferative
activity in cells transfected with siRNA targetitdRI or mock. These compounds

have significantly improved cLogPs with no losspotencies, making them excellent
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candidates for lead optimization for developmentimMestigational new drugs that

potently and specifically activate HRI.

Abbreviations

®OcH®PUs, 1-phenyl-3-(4-phenoxy)cyclohexyl)ureg®cAlkdUs,
1-phenyl-3-(4-phenoxy)cycloalkyl)ureats CF;-POcAlkPUs,
1-phenyl-3-((1,3/4rans)-4-(4-trifluoromethyl)phenoxy)cycloalkyl)ureps-CF;-POcBPUs,
1-phenyl-3-((1,3rang)-4-(4-trifluoromethyl)phenoxy)cyclobutyl)ureas-CF;-®POcPPUs,
1-phenyl-3-((1,3rang)-4-(4-trifluoromethyl)phenoxy)cyclopentyl)urgasCrs-®OcH®Us,
1-phenyl-3-((1,4trang)-4-(4-trifluoromethyl)phenoxy)cyclohexyl)ureas CFs-®OPyDdUs,
1-phenyl-3-(5-(4-(trifluoromethyl)phenoxy)pyrimidi-yl)ureas HRI, heme regulated inhibitor or
heme regulated ellekinase; elF2, eukaryotic translation initiatiowtfar 2; elF2i, eukaryotic
translation initiation factor 2 alpha; GTP, guamesiriphosphate; Met-tRNAinitiator methionyl
tRNA; mRNA, messenger RNA; ATF-4, activating trarigton factor 4, CHOP, C/EBP

homology protein; PPARy, peroxisome proliferator-activated recepyp8AR, structure-activity

relationship; LC-MS, liquid chromatography-masscpmmetry; NMR, nuclear magnetic
resonance; DIAD, diisopropyl azodicarboxylate; TEAluoroacetic acid; BOC,
tert-butyloxycarbonyl; DMFN,N-dimethylformamide; NMPN-methyl-2-pyrrolidinone; DMSO,
dimethyl sulfoxide; DRL assay, surrogate dual-lecse elF& phosphorylation assay; uUORFs,
upstream open reading frames; 5’'UTR, 5' untrarsledgion; Cycloalk. config., Cycloalkyl
configuration.

1. Introduction

Eukaryotic translation initiation factor 2 alphalf2a) kinases play critical roles in
responding to various stress conditions and adgutlular metabolism to extracellular
cues. Heme regulated elirXinase, also known as heme regulated inhibitorljHRas
first of four elF2x kinases to be discovered. HRI expression is highesie red blood cell
(RBC) precursors where it critically contributes ddferentiation and maturation of

myelogenic lineage into RBCs. In the RBC precursHiRI is maintained in the inactive

state by heme [1]Low levels of free heme lead to HRI activation tmgh
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autophosphorylation [2]. Activated HRI phosphorgkaelF2;, which reduces the level of
the translation initiation complex formed by elFATP and Met-tRNA (the ternary
complex, elF2-GTP-Met-tRNA which is critical for the formation of the 43S
pre-initiation complex [3]. Reducing the amount tife ternary complex inhibits
translation initiation thereby reducing global miot synthesis. By coupling globin
synthesis to heme availability, HRI plays a criticale in attenuating severity of

iron-deficiency anemidi-thalassemiand most likely other anemic disord§4$.

HRI expression is not limited to myelogenic lineadds expressed in almost all tissues
examined. HRI is the only elleXinase activated by arsenate induced oxidatiessts].

It is also activated by nitrous oxide [6], osmosbock, and heat shocdk]. By
phosphorylating elR2 and reducing the amount of the ternary complex] Bi®ivates
downstream effectors of this pathway including\ating transcription factor 4 (ATF-4)
and pro-apoptotic transcription factor C/EBP homglgrotein (CHOP). Activation of
HRI (and the resulting phosphorylation of edffanay initially be cytoprotective but its

sustained activation may cause cell dd&h

Recent discovery of small molecule activators of IHR-12] provided scientific
community with tools to better understand the rofethis kinase as well as el&2
phosphorylation in normal- and patho-biology. Ewample, these agents allowed us and
others to study HRI's regulation of fibroblast gtbwactor 21 (FGF21) activity and its
role in diabetes and fatty liver disease and icteva of HRI/elF2-P/ATF-4 pathway

with the PPARy pathway [13,14], regulation of host/intracellulaatipogen interactions
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[15,16], and treatment of therapy resistant mudtiplyeloma cancers [8,17nportantly,
when employed in combination with other edFRinase activators, HRI activators are
invaluable tools for dissecting contribution of 2dFvs other substrates of elk-Rinases
to normal- and patho-biology. This cannot be acd@hed by using non-specific el&2
activators or elR& phosphatase inhibitors [18,19]nderstanding the molecular basis of
HRI activation by small molecules will be helpfurfbetter understanding diverse roles

heme and heme regulated proteins in normal- arftbgatysiology [20].

Demonstration by us others that modulation of alffhosphorylation is a viable
approach for the treatment of animal models ofifa@ltive and some neurodegenerative
disorders [18,19,21-24] prompted us to further excréibraries of small molecules to
identify inducers of elR2 phosphorylation. Initially, we screened a diverse
N,N'-disubstituted urea library, discovered 1-phemyd3phenoxy)cyclohexyl)ureas
(POcHDUSs) as potenin vitro inducers of HRI-dependent phosphorylation andedimut
a limited structure-activity relationship (SAR) dtu [11]. Subsequently, design and
synthesis of focused library @fOcH®Us led us to novel druglike analogs with improved
biophysical properties that potently induce eiRthosphorylation and expression of its
downstream effector CHOP and inhibit cancer ceblifaration at sub-micromolar
concentrations [12]. Moreover, one of t®cHPUs with more potenin vitro activity
(1-(3-cyano-5-trifluoromethyl)phenyl-3rans-4-(4-(trifluoromethyl)phenoxy)cyclohexyl)
urea, 1-VI in Table 1) displayedn vivo efficacy in xenograft mice model of human

melanoma with no apparent organ toxicity and a wvemgouraging target validation
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profile. To better delineate the pharmacophoréh@xdtOcH®Us and further optimize the
biophysical properties to improve bioavailabilitydadevelop a promising lead candidate
for a comprehensive preclinical development, we etk a new round of SAR
optimization. To this end, our study focuses on tlgelohexyl linker scaffolding the
phenoxy and th&l-phenyl ureido moieties in th@OcH®U chemotype. Herein we report
on novel more druglikedOcH®Us that activate elk2 phosphorylation and its
downstream effectors, and potently inhibit can@dsqroliferation. With this information
in hand we believe to have promising molecular psoand candidates for comprehensive
in vivo preclinical evaluation aimed at understanding tb&e of HRI and elF@
phosphorylation in normal- and patho-biology. Theielies could help the advancement

of HRI activators as mechanistically unique agémtsreatment of human disorders.

2. Results and discussion

2.1. Molecular design

Recently we reported progress in optimizing th&@cH®U chemotype in which a
combination of N-(3-trifluoromethyl-5-cyano)phenyl and
N-(1,44rans)-(4-(4-trifluoromethyl)phenoxy)cyclohexyl) moieteontributes to enhanced
potency and more favorable cLogP val(&z]. Herein we designed focused libraries of
N,N’-disubstituted ureas to examine the role of Nkl,4trans)-cyclohexyl moiety as a
locally constraining linker by replacing it with dppentyl and cyclobutyl that are smaller,
less hydrophobic and more constrained cycloalkyletres. In addition, we also sought to

test the hypothesis that global constraint intreduc by replacing the
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(1,44ran9g)-cyclohexyl with a 2,5-pyrimidyl may form a 6-meered hydrogen bond with
the distant ureido NH. Furthermore, we were eagezxplore the impact of nature and
position of theN-phenyl substituents on HRI activity and drug-likea of the desired
N,N’-disubstituted ureas.
2.2. Synthesis

The common and principal intermediates for the fsg®is of this series of
1-phenyl-3-(4-phenoxy)cycloalkyl)ureas PQcAlkPUs) are the
3/4-(4-(trifluoromethyl)phenoxy)cycloalkan-1-aming8) (Scheme 1). Based on the
commercial availability of starting materials thgnthesis ofB was accomplished by 2
different approaches: 1. Mitsunobu coupling of arietg of tert-butyl
(3/4-hydroxycycloalkyl)carbamates with 4-(trifluen@thyl)phenol in the presence of
triphenylphosphine and diisopropyl azodicarboxy(@&AD) in anhydrous THF delivered
the Mitsunobu products tert-butyl
(3/4-(4-(trifluoromethyl)phenoxy)cycloalkyl)carbatea @). Treatment of A with
trifluoroacetic acid (TFA) removed the protectinggp BOC(tert-butyloxycarbonyl) and
yielded the amineB in good yields (Pathway Al) [25]. The Mitsunobwacgion provides a
highly reliable method to inverting the configuaatiof secondary alcohol chiral carbon
[26]. A-V was prepared from optically purert-butyl (1S3R)-3-hydroxycyclopentyl
carbamate@, m=0, n=1). We have successfully harvested from yhetie chloride single
crystals ofA-V, whose absolute configuration was determined tq1i$3$ by single
crystal X-ray diffraction (Cambridge CrystallograpiData Centre 1871144) (Fig. 1). As

anticipated, this result confirms the inversion adnfiguration of the chiral center
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undergoing the  Mitsunobu reaction. 2. A directO-alkylation  of
(1,44ran9-4-aminocyclohexan-1-ol by 1-fluoro-4-(trifluoroitingl)benzene in the
presence of NaH in DMF furnished the known interiaeB (m=1, n=1) (Pathway All)

[11,12].

With this common and principal intermediat® in hand, the desired
N,N’-disubstituted ureas were readily accessed by tmylavith either commercially
available isocyanate® (Pathway A) or substituted phenyl carbamakesthat were
conveniently prepared from the corresponding aedlif and phenyl chloroformate

(Pathway B) (Scheme 1).

- Pathway A

Fs3 CF3
m om0y Q J
OH HO THF r.t., overnight

Pathway Al

TFA, CH,Cl, R; N

HoN,,. CF3 Cs
+ rt, 1h o
NaH, DMF R
OH F 60°C, 2h 3 D R
Pathway All Re R 1 N_ R
athway o
CF EOAG, 60°C, 20 hig Jm
© (o)

R4 Q« Rs R n
4
Rz M2 poc00r | \© / Compound #
dine, 80°C
R3 CH2C|2 \!T\
R pyridine, r.t.
- Pathway B >
1-phenyl-3-(3-(4-(trifluoromethyl)phenoxy)cycloalkyl)ureas
Comp. Pathway Cycloak. m n Ry Ry Rz Ry Comp. Pathway Cycloak. m n Ry Ry R; R4
# config. # config.

1VI[12] B 14trans 1 1 H CF3 H CN 4V Al 183S 0 1 H F H CN
1-v B 18,38 0 1 H CFz; H CN 4-Iv Al 14-trans 0 O H F H CN
1-Iv B 1,3-trans 0 0 H CF3 H CN 5-VI B 14-trans 1 1 H F CN H
1-IVe B 1,3-cis 0 0 H CF; H CN 6-VI B 1,4-trans 1 1 F H H CN
2-VI[11] All 1,4-trans 1 1 H CF; H H 7-Vi All  14-trans 1 1 CH; H H F
2V Al 18,38 0 1 H CF; H H 7-v Al 1S83S 0 1 CH; H H F
2-lvV Al 1,3-trans 0O 0 H CF; H H 7-Iv Al 13tfrans 0 0 CH; H H F
2-lVe Al 1,3-cis 0 0 H CF3 H H 8-Vi B 1,4-trans 1 1 F H CN H
3-VI[12] All 1,4-trans 1 1 H CN H H 9-VI B 14trans 1 1 H CN F H
3-v Al 15,38 0 1 H CN H H 10-VI All  14-trans 1 1 H F F H
3-Iv Al 1,3-trans 0 0 H CN H H 10-V Al 18,38 0 1 H F F H
3-IVe Al 1,3-cis 0 0 H CN H H 10-IvV Al 13tfrans 0 0 H F F H
4-vi Al 14trans 1 1 H F H CN 11V Al 14trans 1 1 F F H H

11-IV Al 13trans 0 O F F H H

8147



Scheme 1 Synthetic pathways employed for the synthesis of

1-phenyl-3-(3/4-(4-(trifluoromethyl)phenoxy)cycloalkyl)ureas  (4-CF;-®POcAlk®Us). Pathway A
generated the desiredN,N'-disubstituted ureas utilizing isocyanates to aeyldahe substituted
cycloalkylamineB. The later was generated through either a Mitsunoiupling of BOC protected
aminocycloalkanolC (m=0, n=1 for cyclopentyl series; m=0, n=0 for ©mltyl series) and
4-(trifluoromethyl)phenol followed by TFA deprote@mt (Pathway Al) or O-alkylation of

(1,44rang)-4-aminocyclohexan-1-ol (m=1, n=1 for cyclohexyl erigs) by
1-fluoro-4-(trifluoromethyl)benzene (Pathway AllRathway B employed phenyl carbamatésas

acylating agents of th®-substituted 3/4-hydroxycycloalkan-1-amir@sThe phenyl carbamat&were

obtained by acylating substituted anilifewith phenyl chloroformate.

Fig. 1. X-ray ORTEP diagram o&-V.

The synthesis of this series of
1-phenyl-3-(5-(4-(trifluoromethyl)phenoxy)pyrimidia-yl)ureas 4-CF;-®OPydUs: 1-py —
4-py, 7-py and 10-py) utilized Pathways All and B (Scheme 2). The alitattempted
condensation of 5-chloropyrimidin-2-amine and 4f(toromethyl)phenol in the presence of
potassium hydroxide and potassium carbonate atitelévtemperature in DMF or NMP
failed to deliver the key intermediate 5-(4-(trdhomethyl)phenoxy)pyrimidin-2-amine (G).
Alternatively, 2-aminopyrimidin-5-ol was condensed with
1-fluoro-4-(trifluoromethyl)benzene. Due to the a@pexr acidity of 2-aminopyrimidin-5-ols
(1,44rang)-4-aminocyclohexan-1-ol, NaH/DMF used for the nfation of

(1,44ran9)-4-(4-(trifluoromethyl)phenoxy)cyclohexan-1-amif®, m=1, n=1) was replaced
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with C$CO/DMSO for the formation of the key intermediate (hedt at lower yields

(Scheme 2).

Y

- Pathway All

Y\j\ /©/ Cs,CO; DMSO R
OH F wSh R, i Neg
~0
R1
H H
Ry R Y\j\ /©/ R, N._N._N CF,
R, NH, R, o EtOAc, 60°C, 2h T 7
dOCOCI 0 Ns
—_— > Ry 0]

CH.Cl, Ry ° pyridine, 80°C, 4h L
R, F Pyridine r.t R« E 4 Compound #

- Pathway B

Y

1-phenyl-3-(5-(4-(trifluoromethyl)phenoxy)pyrimidin-2-yl)ureas

Comp Pathway R; R, R; Ry

#

1py Al H CF; H CN
2py Al H CFs H H
3py B H CN H H
4py B H F H CN
7py Al CHsH H F
10-py Al H F F H

Scheme 2. Synthetic pathways employed for the synthesis of
1-phenyl-3-(5-(4-(trifluoromethyl)phenoxy)pyrimidin-2-yl)urea series (4-CF;-®POPy®Us). Pathway A
delivered the desiredl,N-disubstituted ureas utilizing isocyanates to atylthe key intermediate G,
5-(4-(trifluoromethyl)phenoxy)pyrimidin-2-amine. €h later was generated througD-arylation of
2-aminopyrimidin-5-ol by 1-fluoro-4-(trifluorometiiypenzene in the presence of cesium carbonate in
DMSO (Pathway All). Pathway B employed phenyl canbhtes E as acylating agents of the key
intermediate G. The phenyl carbamakesvere obtained by acylating substituted anilifesith phenyl
chloroformate.

It's advisable to replace B with G in Scheme 2\toid confusion.
On the basis of analytical reverse-phase high-padace liquid chromatography
(RP-HPLC) analysis, the purity of all fin&,N-disubstituted ureas submitted to biological
characterization and reported herein equaled oeexlad 95%. Their structural identity and

integrity were confirmed by LC-MS as well #4-, **C-, and”*F-NMR.
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2.3. Biological Results and Discussion

Structure-activity relationship studies. All newly synthesizedN,N-disubstituted
ureas were initially evaluated by testing them he surrogate elf2 phosphorylation
dual-luciferase reporter (DLR) assay [9,27]. Byethis assay takes advantage of the fact
that activated HRI phosphorylates edF&hich inhibits elF2 guanine nucleotide exchange
factor elF2B, responsible for exchanging the GDEhanelF2.GDP complex for GTP. The
reduction in the recycling of elF2.GDP into elF2&5interferes with the formation of
elF2GTPMet-tRNA ternary complex. This results in the inhibitionasferall translation,
but paradoxically, increases translation of a smaltlset of mMRNAs that contain multiple
upstream open reading frames (UORFs) in their aoslated region (5’'UTR). These
include mMRNA coding for activating transcriptioncfar 4 (ATF-4) [18,19,28]. In our
assay, firefly (F) luciferase ORF is fused to tHéTR of ATF-4 mRNA that has multiple
UORFs while renilla (R) luciferase ORF is fusecat6’UTR lacking any uORFs. Agents
that reduce the amount of the elBZP-Met-tRNA; ternary complex, such as those
N,N-disubstituted ureas that activate HRI, increasedierase expression while reducing
the R luciferase expression, resulting in an irsedaF/R luciferase ratio. The newly
synthesized ureas were tested at 10, 5, 2.5, &xul1 concentrations in 96-well assay
plates [9,29]. We calculated the activity scores the F/R ratios for every
compound-treated well and normalized these to BfR of vehicle-treated (DMSO) wells
in the same plate, arbitrarily set at 1 (F/R = Data obtained in the surrogate

dual-luciferase elF® phosphorylation (DLR) assay for the series of
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1-phenyl-3/4-(4-trifluorometyl)phenoxy-cycloalkybeas  (4-CE®POcAlkdUs) and
1-phenyl-3-(5-(4-(trifluoromethyl)phenoxy)pyrimidia-yl)ureas (4-CEPOPYDUS)
reported herein are shown in respective Tabledd12an

Table 1 (Uploaded separately)

Table?2

Substitution pattern and cLogP of the 1-phenyl-§4&trifluoromethyl)phenoxy-pyrimidin-2-yl)ureas
((4-CR)®OPYyUS)*

Rt W H
R, N\H/N\Ir\Nj\ /©/CF3
R (o] N__— 0

3

Ra
R; R, Rs Rs cLogP
1-py H CF; H CN 5.27
2-py H CF; H H 5.80
3-py H CN H H 4.37
4-py H F H CN 4.52
7-py CH; H H F 4.97
10-py H F F H 5.12

*No activity in the surrogate dual-luciferase edH2hosphorylation assay up to gM.

In  our previous reports we have identified two Eipyl-3-((1,
4-trang)-4-(4-trifluorometyl)phenoxy)cyclohexyl)uregg-Cr;-®0OcH®Us) 1-VI and 2-VI
as promising leads [11,12] Both have a (4-trifluoromethyl)phenoxy ring and ie&-VI
has aN-(3-trifluoromethyl)phenyl1-VI carries theN-(3-trifluormethyl-5-cyano)phenyl
moiety leading to slightly different cLogP (6.41da6.20, respectively). Accordingly, both
activate HRI thougli-VI is more active (3.6- and 5.7-fold increase ingheogate elFR2

phosphorylation assay at 128 for 2-VI and 1-VI, respectively).The subsequent
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focused library of 4-CF®OcH®Us reported herein was prepared teduce
hydrophobicity without compromising potency. Alicinde a (4-trifluoromethyl)phenoxy
moiety and differ in nature and position of the sitbents on thé-phenyl moiety. The
most potent analog in this libraV1, is almost equipotent witl+-V1 (5.5- and 5.7-fold
increase at 1.2%M, respectively)but has significantly lower cLogP than the latter
(cLogP=5.38 vs 6.20, respectively). Moreover, the3-dfluorophenyl carrying
4-CF3-®OcH®U 11-VI has potency that falls in between the two eafkads,1-VI and
2-VI, but it is somewhat less hydrophobic tHaN| (cLogP=5.17 vs 5.38, respectively).
Evidently, replacement of the hydrophobicsGlabstituent irl-VI with F, a smaller and
less hydrophobic substituent (&fV1 with 5-VI) results in an insignificant loss in potency
but a significant reduction in hydrophobicity. Irgstingly, the leasthydrophobic
4-CR-®OcH®PUs in this series6-VI and 8-VI, presenting two polar and electron
withdrawing substituents as either N-(2-fluoro-5-cyano)phenyl or
N-(2-fluoro-4-cyano)phenyl, respectively, are notomm the most potent analogs. We
suspect that the nature of substituents and thositipns on theN-phenyl ring are more

important for high potency than the overall hydropicity.

Interestingly in the 4-ChL-®OcB®Us series we have 3 pairs af andtransisomers
1-1V and1-1Vc, 2-1V and2-1Vc and 3-1V and 3-1Vc listed in the decreasing order of
potency but almost equipotent within the pairs @agsing 4.4- and 4.3-fold increase in
the F/R ratio in the surrogate eliFphosphorylation assay at %.@M for 1-1V and1- IVc,

respectively, and 1§ of 0.9 uM for bothvsincreasing F/R ratio 1.6- and 1.1-fold at 1.25
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MM and 1Gy=4.9 and >1QuM for 3-IV and3-1Vc, respectively) (Table 1)in line with
this observation, the greater commercial availgbili  of
(1,44ran9-4-aminocyclohexan-1-ol and its greater metabstability [30] we select the

transisomer as preferential leads for further prechhaevelopment.

Our working hypothesis is that the cycohexyl moigtthe ®OcH®U series serves
as a scaffold to link between the two parts ofgharmacophore, th¥-phenyl substituted
urea moiety and the substituted phenoxy moiety. s@sh, reducing the size of the
cycloalkyl linker will reduce the overall hydropholty and at the same time will also
affect the overall rigidity of th&-aryl urea. With that in mind we generated two fexl
libraries of 1-phenyl-3-((1,8ansg)-4-(4-trifluorometyl)phenoxy)cyclopentyl)ureas
(4-CF3-®POcPDUs) and
1-phenyl-3-((1,3rang)-4-(4-trifluorometyl)phenoxy)cyclobutyl)ureag4-CF;-®OcB®PUs).
Indeed, reducing the ring size of the cycloalkylietpwas accompanied by a consistent
lowering of cLogP (e.g. 6.41, 6.29, 6.16 for th€B-POcHDU - 2-VI, 4-CR-dOcPdU
— 2-V and 4-CE-®0OcB®U - 2-1V, respectively). Remarkably, none of the analogs
incorporating either the cyclobutyl or the cyclopgémoieties were more potent or even
equipotent to the corresponding cyclohexyl contani analog. Possibly, the
conformational rigidification accompanying reductim ring size and/or compromise of
critical hydrophobic interactions enabled by theclaliexyl ring prevent both the
4-CR-®0OcPdUs and the 4-CFPOcB®Us from achieving the same effective target

complementing interactions provided by the 4s@fOcH®US.
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Replacement of the (1#an9g)-4-(4-trifluoromethyl)phenoxycyclohexyl moiety in
4-CR-®OcH®Us with 5-(4-trifluoromethyl)phenoxy)pyrimidin-2-yl  as in
4-CR-®OPydUs aimed in addition to testing another mode of redgdiydrophobicity
this time by replacing th#,4-disubstituted cyclohexyl with 2,5-disubstituggimid-2-yl
(cf. e.g. cLogP o2-VI and2-py 6.41 and 5.80, respectively) also testing forraaresting
mode of global molecular rigidification. This rigfidation involves the replacement of the
flexible puckering cyclohexyl ring with the aronmatiplanar pyrimidyl ring and
enablement of the formation of a planar conjuggigeludo six-membered ring generated
by an intramolecular hydrogen bond within the pydim-2-yl-urea motif (denoted in red
in Scheme 3)which was calculated to be more stable than thenebetd conformation
[31,32]. Nevertheless, due to the pairing of ondrbgen bond donor and one hydrogen
bond acceptor to pseudo six-membered ring theserdrdand -acceptors are no longer
available for intermolecular interactions with wagad therefore aqueous solubility was
lower than the one anticipated from compounds ef game cLogP that do not form
intramolecular hydrogen bonds [33]. All the compasirwithin the focusedibrary of
4-CF3-®dOPydUs were devoid of activity in the surrogate etFphosphorylation assay
even up to 2@M as measured in the DLR assay. We suspect tlsanhtbde of molecular
rigidification may lock compounds in an orientatittrat could not accommodate the HRI
activation and therefore did not lead to the afstin the surrogate elff2phosphorylation

assay
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Scheme 3. Potential molecular rigidification by a putativeaphar pseudo six-membered ring generated
by an intramolecular hydrogen bond within the pydim-2-yl-urea motif

Biological activities in secondary mechanistic assays. To validate the newly
synthesized 4-CFPOcAlk®dUs and 4-CEPOPydUs as activators of HRI, and thereby
inducers of elF& phosphorylation, we selected most of the 4@©cH®Us @4-VI,
5-VI, 6-VI, 7-VI, 11-VI and1-VI) and the most potent 4-gBOcB®U (1-1V) (Table 1)
and tested them in the secondary mechanistic agkaysncluded phosphorylation of

endogenous elfe2and expression of its downstream effector CHOP.

Endogenous elf2is the best-known substrate of HRI and the upstresgulator of
the elF2-GTP-Met-tRNAternary complex abundance, while CHOP expresssom i
downstream effector of ellk2phosphorylation. For assessing elfihosphorylation we
blotted cell lysates treated for two hours with igth or selected compounds using
antibodies specific for the total-el&2and the phosphorylated-el&-2(T-elF2x and
[PhoSY-elF20), respectively. [34] (Figure 2A). The least poteamalog 6-VI in
stimulating elF2& phosphorylation as measured by the surrogateceffsphorylation
assay was also the least active one in phosphonyl@ndogenous ell2in adherent
human melanoma CRL-2813 cells as determined by &kfesot analysis. Moreover, in
CRL-2813 cells treated with thd,N-disubstituted ureas for eight hours, expressibn o
CHOP protein as well as expression of cell cyclgutatory proteins, the oncogenic
protein cyclin D1 and the cyclin dependent kina8®K) inhibitor p27** that prevents
activation of cyclin/CDK complexed at the G1 phaseell cycle, was very revealing. As
anticipated, relative to DMSO, the control vehidetive 4-CE-®OcH®Us (1-VI, 4-VI,

5-VIl, 7-VI and11-VI) and 4-CE-®0OcB®Us (1-1V) increased the expression of CHOP, a
16/ 47



downstream effector of elledphosphorylation, and decreased the expressiopctihd1
whose expression is dependent on the abundanbe térhary complex [28,29] (Fig. 2B).
Consistently, 4-CE®OcH®U 6-VI, which was inactive in the DLR assay, neither
increased expression of CHOP and nor inhibitecepression of cyclin D1 [28,35] (Fig.
2B). As anticipated, none of the analogs affechedexpression of housekeeping proteins

such as p2%* andB-actin (Fig. 2B).

In summary, the results obtained with the secondad tertiary mechanistic assays
reported herein are in full agreement with the détam the surrogate ellR
phosphorylation reporter assay and thus support @amclusion that our active

4-CR-®OcAlk ®Us are targeting the ternary complex by activakiiyj.

A

T N — — w— w— P-elF20L

T-elF2a
T — — — — B'Actin
g > 2 %2 5 5 3 3
S = - S 1 0 N~
o i
B
e R pee e e 5= CHoP
B Y O S p27Kip1
— — v — Cyclin D1
B pA— L . Vo
g > 2 5 35 3 3 3
E§ —t - < n {(s] ™~ ::

Fig. 2. HRI activators induce elF2a phosphorylation and modify its downstream

effectors. A. CRL-2813 cells were treated withub1 of each compound for 2 hours, cell
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lysates were probed with phosphorylated (P-a)Féhd total elF@ (T-elF20) andp-actin
specific antibodiesB. CRL-2813 cells were treated withub1 HRI activators for 8 hours
and lysates were immunoblotted with antibodies rjaCHOP, p2'7**, cyclin D1 and

-actin (Also uploaded separately as a TIFF Figure).

In vitro cell proliferation studies. All 4-CF;-®OcAlk®Us were tested in the
sulforhodamine B (SRB) cell proliferation assaystablish the concentrations that inhibit
human melanoma CRL-2813 cells growth by 50%d)ICTable 1). This activity reflects a
combined effect of membrane permeability and oVesali-proliferative effects that
include on target as well as off-target effectserBifiore, by correlating the 4 with the
activity of the compounds in the surrogate duaiférase elF2 phosphorylation reporter
(DLR) assay we may gain valuable insight into comquts’ specificity and mode of
action (Table 1). Evidently, the most active analoghat are part of the
4-CFR-®OcAlkyl dU series display I€ss in the sub-micromolar range (e.g. 0.46 and 0.9
UM for 5-VI and1-1V, respectively). Moreover, there is a very goodaation between
the activity of the compounds in the surrogate allphosphorylation reporter assay and
the 1Gso values in the cell proliferation assay (e.g. 5371- and 4.4-fold at 1.26M and
13.8-, 8.3- and 10-fold at BM in the surrogate elf2P assay vs légs of 0.35, 1.2 and
0.9 uM, for respectivel-VI, 1-V and 1-1V) (Table 1). Together, these results strongly
support our hypothesis that anti-proliferative atyi of 4-CR-®OcAlkyl ®Us analogs is

primarily contributed through the activation of HRhis is consistent with our previously

18/ 47



reported 4-CE®OcH®PUs 1-VI, 2-VI and3-VI that inhibit cell proliferation by activating

HRI and inducing elR& phosphorylation [9-12].

Specificity of HRI activators. To determine the specificity of our newly syntlzesi
lead compounds for HRI we knockdown expressionRf iH MCF-7 cells using a pool of
siRNA targeting HRI and used cell proliferation ags®s a biologic response parameter
[9,11]. We choose this assay because it compaesfisgy of the compounds for HRI
compared to all other cellular targets that canimgg on cell proliferation. We treated
MCF-7 human breast cancer cells transfected wRiNsi targeting HRI or vehicle with
various concentrations of 4-gBOcH®Us (1-VI, 4-VI, and5-VI) and 4-CE-®OcBdU
(2-1V). MCF-7 cells were chosen because knockdown effy in these cells is
significantly higher than in CRL-2813 cells [9]. ABown in Figure 3 knocking down HRI
expression caused a dramatic reduction in theigct¥ all four compounds tested. These

data demonstrate that 4-£®0OcH®Us specifically activate HRI.

@1-VINT B1-VIHRI E1-IVNT B81-IVHRI B4-VINT B84-VIHRI @5-VINT B85-VIHRI
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Figure 3. Inhibition of cell proliferation by lead compoundsis dependent on HRI.
MCF-7 cells transfected with (solid bars) or withgatched bars) siRNA targeting HRI

were treated with the indicated concentrationsawhecompound for three days starting
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one day after transfection and cell proliferatioaswneasured by sulforhodamine B assay
as previously reported [9] (Also uploaded as a Tk

Conclusions

The study reported herein is a continuation of pteviously published studies that
established the 1-phenyl-3-((lt#&ns)-4-phenoxycyclohexyl)ureas®QOcH®Us) as a
promising scaffold for activation of HRI and as Bactivators of elF@ phosphorylation
and subsequent inhibitors of translation initiatidhe major objective of this study was to
further optimize the lead4-VI and 2-VI, identified previously, by lowering their
lipophilicity and if possible enhance their potenBgmoval of the Cfsubstituent from
the N-phenyl in 1-VI and replacing it with a F generating(3-F,5-CN)phenyl and
N-(3-F,4-CN)phenyl moieties as fVI and5-VI, respectively, that were almost as potent
as the previous leads but had significantly lowpophilicity as estimated from their
cLogP, both 5.23 (cf. 6.20 fdt-VI). However, reducing lipophilicity by replacing the
(1,44ran9)-disubstituted cyclohexyl ring with smaller cyclkys such as cyclobutyl and
cyclopentyl resulted in lower potency in the DLR&@g and therefore did not generate any
advantageous compounds. Interestingly, replacenaénthe (1,4trans)-disubstituted
cyclohexyl ring with a 2,5-disubstituted pyrimidineag led to significantly lower cLogPs
but reduced apparent solubility and abolished ptes measured in the surrogate elF2
phosphorylation assay. The planarity and aromadtane of the pyrimidine ring and the
putative extended rigidification originating fromhet potential formation of an
intramolecular hydrogen bond within the pyrimidinA2urea motif do not accommodate

interactions with the solvent or productive intéi@ts with the cognate macromolecular
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targets of these ligands. Taken together, thesdtsemay underscore the unique role of
the (1,4trang)-disubstituted cyclohexyl moiety as an advantagdoker connecting the
two pharmacophore fragments, thghenyl-ureido and the phenomptif, allowing them
acquire the correct spatial orientation and prangdihe right molecular flexibility, bulk
and lipophilicity. Figure 4 depicts a potential rhanism of HRI activation by

4-CR-POcH®DUS.

In addition, this study contributes two 4-£2®0OcH®Us, 4-VI and5-VI, as promising
leads to the previously reportéeV| and2-VI and provides us with the molecular tools to
explore their pharmacokinetic and pharmacodynamipgrties in animals and as drug
candidates in animal model of diseases such aecameurodegenerative disorders and
B-thalassemia. Finally, when employed in combinatiatih other elFa kinase activators,
these compounds are invaluable tools for dissectiogtribution of elF2 vs other

substrates specific to each edH@nase to normal- and patho-biology of those kasas
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Figure 4. A hypothetical model of HRI activation ByCR-®OcH®Us. HRI binding of

heme or cellular chaperones such as HSP-90 anter endogenous inhibitors cause the
N-terminal domain (NTD) to interact with kinase daim such that kinase domain is
inactive cannot bind the elB2 The 4-CB-®OcH®Us displace such inhibitors releasing
the NTD from kinase domain which results a serieauto-phosphorylation events that
changes the relative orientation of N-lobe and k:l@f kinase domain rendering the

substrate binding domain accessible to alH#Znding and catalysis (also submitted
separately in TIFF format)

4. Experimental

4.1. Materials and methods

4.1.1. General methods

All reagents and solvents were purchased from cawcialesources and used as is.
Analytical HPLC was run on a Waters Alliance 269%&ing a reverse-phase column
(XBridge BEH130 C18, 4.6 x 100 mm, particle sizard) eluting with a linear gradient
of acetonitrile in water containing 0.1% trifluosdc acid (TFA). The purity of all target
compounds was greater than 95% by analytical HRigpaction. LC-MS analysis was

run on a Waters Alliance 2695 with UV detector (Ziatl 254 nm) and Micromass ZQ
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quadrupole mass detector in electrospray positE®l'J mode using a reverse-phase
column (Waters Symmetry C18, 2.1 x 100 mm, parscte 3.5um) eluting with a linear

gradient of acetonitrile in water containing 0.1&6nfiic acid. TLC analysis was run on
Merck silica gel 60 fs4 aluminum sheets. Flash chromatography purificatiorere

performed on Biotage SP1 using silica gel prepaakaunal phase columns (200-400
mesh) eluting with a linear gradient of ethyl atetan n-heptane, and fractions were
collected at 254 nm and monitored at 280 nm. Meglijoints were determined on a
Mel-Temp electrothermal apparatus equipped withaanBand thermometer and were
uncorrected. Proton, carbon, and fluorine NMR expents were performed on a Varian
Inova 400 MHz spectrometer using DMS@a$ solvent. Chemical shifts)(are reported

in ppm relative to TMS as the internal standard.

4.2. Chemistry

The synthesis, purification and characterizatiori-dfl, 2-VI and3-VI were previously
reported by us [11,12] and they are brought herecfierence only.

4.2.1. tert-Butyl (1S,3S)-3-(4-(trifluoromethyl)pioxy)cyclopentylcarbamaté{V)

To a solution of tert-butyl (1S,3R-3-hydroxycyclopentylcarbamate (0.50 g, 2.5
mmol) ,4-(trifluoromethyl)phenol (0.49 g, 3 mmoldtriphenylphosphine (0.98 g, 3.75
mmol) in anhydrous THF (8 mL) was dropwise added&DI(0.98 mL, 4.68 mmol) in
anhydrous THF (7 mL). The reaction solution wageti at room temperature overnight.
The resulting solution was concentratedvacuq and the residue was subjected to flash
column chromatography on silica gel (eluting witit©Bc-heptane by a gradient of EtOAc
from 4% to 32%) to deliver title compound as casd crystals (0.63g, 73%); mp
129.3-132.1 °C'*H NMR (400 MHz, DMSO-g) § 7.60 (d,J = 8.7 Hz, 2H), 7.04 (d] =
8.7 Hz, 2H), 6.93 (d) = 6.8 Hz, 1H), 4.96 — 4.86 (m, 1H), 3.95 (dg; 13.8, 7.0 Hz, 1H),
2.15 (ddd,J = 20.2, 8.8, 6.2 Hz, 1H), 1.94 (t#l= 13.9, 7.3 Hz, 2H), 1.86 — 1.76 (m, 1H),
1.64 (ddd,J = 10.2, 8.6, 2.4 Hz, 1H), 1.52 — 1.39 (m, 1H),61(8, 9H).*C NMR (100
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MHz, DMSO-d&)  160.78 (d,J = 1.1 Hz), 155.51, 127.34 (4,= 3.7 Hz), 125.03 (q] =
270.8 Hz), 121.24 (¢] = 32.1 Hz), 116.10, 78.16, 50.48, 30.85, 30.647@8°F NMR
(376 MHz, DMSO-¢) § -59.83.

4.2.2. tert-Butyl trans-3-(4-(trifluoromethyl)phengcyclobutylcarbamateA(1V)

A-1V was prepared in essentially the same wap-a6 White solid (0.78 g, 94%); mp
137.8-141.8 °CH NMR (400 MHz, DMSO-g)  7.61 (d,J = 6.8 Hz, 2H), 7.28 (d] = 5.0
Hz, 1H), 6.96 (dJ = 6.9 Hz, 2H), 4.86 (d] = 2.7 Hz, 1H), 4.08 (d] = 4.6 Hz, 1H), 2.41
— 2.22 (m, 4H), 1.36 (dJ = 2.4 Hz, 9H)."*C NMR (100 MHz, DMSO-g) & 160.50,
155.21, 127.42 (q] = 3.7 Hz), 124.99 (q] = 271.0 Hz), 121.57 (d, = 32.2 Hz), 115.71,
70.04, 42.05, 36.89, 28.66F NMR (376 MHz, DMSO-g) 5 -59.03.

4.2.3. tert-Butyl cis-3-(4-(trifluoromethyl)phenggyclobutylcarbamateX-1Vc)

A-1Vc was prepared in essentially the same wak-& White solid (0.45 g, 27%); mp
157.0-159.0 °C (CHCl,).*H NMR (400 MHz, DMSO-¢) & 7.60 (d,J = 7.6 Hz, 2H), 7.18
(d,J = 7.2 Hz, 1H), 7.00 (d] = 7.8 Hz, 2H), 4.52 — 4.30 (m, 1H), 3.69 (dd; 15.7, 8.0
Hz, 1H), 2.76 (dJ = 6.3 Hz, 2H), 1.97 (d] = 8.2 Hz, 2H), 1.36 (s, 9H)*C NMR (100
MHz, DMSO-a&) & 160.38 (dJ = 1.3 Hz), 155.02, 127.42 (§= 3.7 Hz), 124.98 (4] =
270.6 Hz), 121.59 (g} = 32.1 Hz), 115.64, 65.68, 38.51, 37.65, 28'86NMR (376
MHz, DMSO-d&) § -59.11.

4.2.4. (1S,3S)-3-(4-(Trifluoromethyl)phenoxy)cyelm@anamingB-V)

A-V (518 mg, 1.5 mmol) was dissolved in anhydrous wiette chloride (10 mL), and a
solution of trifluoroacetic acid (5.31 g, 45 mmaol)anhydrous methylene chloride (5 mL)
was added. The reaction solution was stirred atréemperature for 1h. The resulting
solution was rotavapored, and the residue wasedilin methylene chloride (60 mL),
washed with saturated aqueous sodium bicarbonat20(21L), dried over anhydrous
sodium sulfate, and evaporatedvacuoto deliver title compound as semi-solid (380 mg,
103%) that was used in the next step without furfheification.'H NMR (400 MHz,
DMSO-&) 6 7.59 (d,J = 8.7 Hz, 2H), 7.02 (d]l = 8.6 Hz, 2H), 4.93 (m, 2H), 3.41 (m, 1H),
2.22 (m, 1H), 2.01 — 1.81 (m, 2H), 1.76 — 1.66 {i#d), 1.66 — 1.55 (m, 1H), 1.29 (m, 1H),
1.39 — 1.17 (m, 1H)}'°F NMR (376 MHz, DMSO-g) § -59.77.

4.2.5. trans-3-(4-(Trifluoromethyl)phenoxy)cyclodmamine(B-1V)
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B-1V was prepared in essentially the same wag-&s Yellow semi-solid (0.49 g, 100%).
'H NMR (400 MHz, DMSO-g) 5 7.60 (d,J = 8.7 Hz, 2H), 6.95 (d] = 8.6 Hz, 2H), 4.99
—4.77 (m, 2H), 3.70 — 3.45 (m, 1H), 2.25 (ddd&; 11.9, 7.5, 4.1 Hz, 2H), 2.14 (&=
12.3, 6.1 Hz, 2H)*C NMR (100 MHz, DMSO-g) & 160.70, 127.39 () = 3.8 Hz),
125.02 (qJ = 271.0 Hz), 121.37 (4} = 31.7 Hz), 115.70, 70.57, 43.93, 39.6E NMR
(376 MHz, DMSO-@) 6 -59.84.

4.2.6. cis-3-(4-(Trifluoromethyl)phenoxy)cyclobutbiamine(B-1Vc)

B-1Vc was prepared in essentially the same waB-&s Off white solid (0.28 g, 100%);
mp 71.9-74.3 °C.

4.2.7. 5-(4-(Trifluoromethyl)phenoxy)pyrimidin-2-gwa(B-py)

A mixture of 2-aminopyrimidin-5-ol (0.5 g, 4.5 mmpl
1-fluoro-4-(trifluoromethyl)benzene (0.74 g, 4.5 wijnand cesium carbonate (4.4 g, 13.5
mmol) in DMSO (8 mL) were stirred under argon at°80for 5h. The resulting reaction
was diluted with ethyl acetate (90 mL) and wate® (3L). Aqueous phase was
back-extracted with ethyl acetate (60 mL). Combimadract was washed with brine
(5%30 mL), dried over anhydrous sodium sulfate oigdt, and evaporated in vacuo. The
residue was recrystallized from hot ethyl acetatedéliver titte compound as white
crystalline solid (0.12 g, 10%): mp 132.5-134.5 @&OAc). 'H NMR (400 MHz,
DMSO-a) 6 8.20 (s, 2H), 7.68 (d} = 8.7 Hz, 2H), 7.10 (d] = 8.6 Hz, 2H), 6.73 (s, 2H).
¥C NMR (100 MHz, DMSO-g) & 161.95 (dJ = 1.3 Hz), 161.85, 151.94, 141.27, 127.85
(q,J = 3.8 Hz), 124.73 (q] = 271.2 Hz), 123.38 (4} = 32.2 Hz), 116.78"F NMR (376
MHz, DMSO-d) 6 -60.15.

4.2.8. 1-(3-Cyano-5-fluorophenyl)-3-(trans-4-(4#{troromethyl)phenoxy)cyclohexyl)urea
(4-VI)

3-Amino-5-fluorobenzonitrile (0.41 g, 3 mmol) andhgdrous pyridine (0.36 g, 4.5 mmol)
were dissolved in anhydrous methylene chloriderfdd. Phenyl chloroformate (0.70 g,
4.5 mmol) was added dropwise at 0 °C. The reactias stirred under argon at room
temperature for 4 h. The resulting solution washedswith consecutively with 1 mol/L
aqueous hydrochloride, water and brine, dried oaehydrous sodium sulfate, and
evaporatedn vacuoto deliver phenyl (3-cyano-5-fluorophenyl)carbaenatE-4) as white
solid in quantitative yield and used as it withtwrther purification.

Above obtained E-4 (0.13 g, 0.5 mmol) and
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trans-4-(4-(trifluoromethyl)phenoxy)cyclohexan-1-aminB-¥1) (0.13 g, 0.5 mmol) in
anhydrous pyridine (9 mL) were stirred under argdn80 °C for 4 h. The resulting
reaction solution was evaporat@dvacuq and the residue was crystallized from hot ethyl
acetate to deliver the title compound as cryst@lmhite solid (105 mg, 50%); mp
237.8-240.8 °C (EtOAcfH NMR (400 MHz, DMSO-g) & 8.84 (s, 1H), 7.64 (df = 11.8,
2.2 Hz, 1H), 7.59 (dJ = 8.8 Hz, 2H), 7.58 — 7.57 (m, 1H), 7.28 (ddd; 8.3, 2.3, 1.3 Hz,
1H), 7.11 (dJ = 8.7 Hz, 2H), 6.47 (d] = 7.6 Hz, 1H), 4.52 — 4.36 (m, 1H), 3.59 — 3.47
(m, 1H), 2.16 — 1.95 (m, 2H), 1.95 — 1.79 (m, 2HE8 — 1.27 (m, 4H)**C NMR (100
MHz, DMSO-g) 6 162.42 (dJ = 243.3 Hz), 160.72 (d, = 1.1 Hz), 154.45, 143.82 (4,

= 12.1 Hz), 127.36 () = 3.9 Hz), 125.01 (d) = 271.0 Hz), 121.27 (d] = 32.0 Hz),
118.30 (dJ = 3.8 Hz), 117.29 (d] = 2.7 Hz), 116.26, 113.06 (d= 12.3 Hz), 111.39 (d,

J = 25.6 Hz), 109.46 (d] = 26.3 Hz), 74.83, 47.74, 30.19, 29.9%F NMR (376 MHz,
DMSO-as) § -59.82, -109.68 (dd) = 11.7, 8.4 Hz). LC-MS (ESI)m/z 422.09[M+HT,
463.10 [M+H+41].

4.2.9.
1-(5-Fluoro-2-methylphenyl)-3-((1S,3S)-3-(4- (trdhoamethyl)phenoxy)cyclopentyl)urea
(7-V)

B-V (61 mg, 0.25 mmol) was dissolved in anhydrousledbgtate (4 mL), and a solution
of 4-fluoro-2-isocyanato-1-methylbenzene (40 mg@60mmol) in anhydrous ethyl acetate
(3.5 mL) was added dropwise at 55-60 °C. The reacblution was stirred at 60 °C for
2h, and evaporated vacuo The resulting solid residue was recrystallizemhfrhot ethyl
acetate to deliver the title compouiieV as white crystalline solid (58 mg, 59%); mp
209.8-211.4 °C (EtOAcfH NMR (400 MHz, DMSO-g) 6 7.84 (ddJ = 12.5, 2.7 Hz, 1H),
7.63 (d,J = 2.6 Hz, 1H), 7.61 (dl = 8.8 Hz, 2H), 7.11 — 7.07 (m, 1H), 7.06 J& 8.6 Hz,
2H), 6.87 (dJ = 6.9 Hz, 1H), 6.62 (td] = 8.3, 2.8 Hz, 1H), 5.03 — 4.91 (m, 1H), 4.24 —
4.06 (m, 1H), 2.22 (ddd, = 20.3, 8.9, 6.2 Hz, 1H), 2.12 (s, 3H), 2.10 -1/, 2H), 1.88
—1.78 (m, 1H), 1.78 — 1.67 (m, 1H), 1.47 (@& 16.0, 7.1 Hz, 1H)**C NMR (100 MHz,
DMSO-&) 6 161.07 (dJ = 237.5 Hz), 160.75 (d,= 1.1 Hz), 155.09, 140.11 (d= 11.7
Hz), 131.31 (dJ = 9.5 Hz), 127.36 (q] = 3.8 Hz), 125.03 (q] = 271.0 Hz), 121.31 (¢,

= 32.0 Hz), 121.30 (d] = 2.9 Hz), 116.14, 107.66 (d,= 21.1 Hz), 105.94 (d] = 27.3
Hz), 78.11, 49.86, 31.28, 30.82, 17.5% NMR (376 MHz, DMSO-g) 5 -59.83, -116.01
(m). LC-MS (ESI):m/z397.35 [M+HT, 438.42 [M+H+41].

4.2.10. Cyclobutyl serig$V)

4.2.10.1.1-(3-Cyano-5-(trifluoromethyl)phenyl)-8afts-3- (4-(trifluoromethyl)phenoxy)cy
clobutyl)urea(1-1V)
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Prepared in essentially the same way-84 . White solid (60 mg, 27%); mp 191.6-193.0
°C (EtOAc).'H NMR (400 MHz, DMSO-g¢) § 9.09 (s, 1H), 8.15 (s, 1H), 8.03 (s, 1H),
7.77 (s, 1H), 7.62 (d] = 8.7 Hz, 2H), 7.02 (d] = 7.0 Hz, 1H), 6.99 (d] = 8.7 Hz, 2H),
4.99 — 4.85 (m, 1H), 4.40 — 4.21 (m, 1H), 2.55 352(m, 4H).**C NMR (100 MHz,
DMSO-as) 6 160.49 (dJ = 1.2 Hz), 154.62, 142.67, 131.13 Jos 32.0 Hz), 127.45 (d

= 3.7 Hz), 125.00 (g) = 270.0 Hz), 124.58, 123.57 (@7 272.0 Hz), 121.63 (¢}, = 32.0
Hz), 121.30 (m), 118.60 (m), 118.06, 115.76, 11378713, 41.91, 36.93% NMR (376
MHz, DMSO-&) & -59.88, -61.91. LC-MS (ESI):m/z 444.05 [M+HJ, 485.12
[M+H+41]".

4.2.10.2.
1-(trans-3-(4-(Trifluoromethyl)phenoxy)cyclobut@h3-(trifluoromethyl)phenyl)urea
(2-1V)

Prepared in essentially the same way-8& White solid (45 mg, 22%); mp 171.8-174.6
°C (EtOAc).'H NMR (400 MHz, DMSO-g) 5 8.78 (s, 1H), 7.94 (s, 1H), 7.63 (= 8.6
Hz, 2H), 7.51 (d,) = 8.5 Hz, 1H), 7.43 () = 7.9 Hz, 1H), 7.21 (d] = 7.6 Hz, 1H), 7.00
(d,J = 8.6 Hz, 2H), 6.74 (d) = 7.0 Hz, 1H), 4.97 — 4.86 (m, 1H), 4.40 — 4.19 (H),
2.49 — 2.28 (m, 4H)**C NMR (100 MHz, DMSO-¢) & 160.52 (dJ = 1.1 Hz), 154.93,
141.63, 130.14, 129.83 (4= 31.2 Hz), 127.46 (4] = 3.7 Hz), 125.00 (q] = 270.0 Hz),
121.79 (dJ = 1.0 Hz), 121.60 (q] = 32.2 Hz), 117.80 (gl = 3.8 Hz), 115.78, 114.17 (q,
J = 4.0 Hz), 70.17, 41.81, 37.08F NMR (376 MHz, DMSO-g) 5 -59.85, -61.35.
LC-MS (ESI):m/z419.11 [M+HJ, 460.19 [M+H+41].

4.2.10.3. 1-(3-Cyanophenyl)-3-(trans-3-(4-(trifloonethyl)phenoxy)cyclobutyl)urea
(3-1V)

Prepared in essentially the same way7a¢. Off white solid (75 mg, 40%); mp
181.1-182.3 °C (EtOAc)'H NMR (400 MHz, DMSO-¢) & 8.77 (s, 1H), 7.90 (s, 1H),
7.63 (d,J = 8.7 Hz, 1H), 7.59 (dd} = 8.5, 0.9 Hz, 1H), 7.41 (8,= 7.9 Hz, 1H), 7.32 (d]

= 7.6 Hz, 1H), 7.00 (d] = 8.7 Hz, 2H), 6.80 (d] = 7.0 Hz, 1H), 4.99 — 4.84 (m, 1H), 4.29
(m, 1H), 2.48 — 2.27 (m, 4H}C NMR (100 MHz, DMSO-g) § 160.51 (dJ = 1.1 Hz),
154.82, 141.68, 130.46, 127.46 Jo= 3.8 Hz), 125.06, 125.00 (d,= 270.0 Hz), 122.86,
121.61 (gJ = 32.0 Hz), 120.75, 119.39, 115.78, 111.87, 7041680, 37.07'°F NMR
(376 MHz, DMSO-@) & -59.84. LC-MS (ESI)m/z376.18 [M+HJ, 417.19 [M+H+41].

4.2.10.4.
1-(3-Cyano-5-fluorophenyl)-3-(trans-3-(4-(trifluareethyl)phenoxy)cyclobutyl)urea
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(41V)

Prepared in essentially the same way4agl. White crystals (110 mg, 56%); mp
182.8-185.0 °C (EtOAcfH NMR (400 MHz, DMSO-g)  8.96 (s, 1H), 7.65 (dl = 13.3
Hz, 1H), 7.62 (dJ = 8.9 Hz, 2H), 7.29 (d] = 7.5 Hz, 1H), 6.99 (d] = 8.5 Hz, 2H), 6.94
(d,J=6.9 Hz, 1H), 4.96 — 4.86 (m, 1H), 4.34 — 4.23 (), 2.42 (ddd) = 16.3, 12.5,
5.0 Hz, 6H).2*C NMR (100 MHz, DMSO-g) 5 162.38 (dJ = 243.6 Hz), 160.49 (d] =
0.9 Hz), 154.55, 143.73 (d,= 12.1 Hz), 127.44 (q} = 3.7 Hz), 124.99 (q] = 271.0 Hz),
121.63 (q,J = 32.1 Hz), 118.28 (dl = 4.0 Hz), 117.55 (d] = 2.7 Hz), 115.76, 113.03 (d,
J = 12.3 Hz), 111.57 (d] = 25.6 Hz), 109.72 (d] = 26.6 Hz), 70.13, 41.84, 36.98F
NMR (376 MHz, DMSO-¢) 6 -59.87, -109.69 (dd, J = 11.6, 8.4 Hz). LC-MS (E8&l/z
394.37 [M+HTJ, 435.32 [M+H+41].

4.2.10.5.
1-(5-Fluoro-2-methylphenyl)-3-(trans-3-(4-(trifluemethyl)phenoxy)cyclobutyl)urea
(7-1V)

Prepared in essentially the same way7a¢. White crystals (130 mg, 68%); mp
204.2-206.0 °C (EtOAc)H NMR (400 MHz, DMSO-¢) 6 7.81 (dd,J = 12.4, 2.7 Hz,
1H), 7.70 (s, 1H), 7.63 (d,= 8.6 Hz, 2H), 7.16 (d] = 6.8 Hz, 1H), 7.13 — 7.07 (m, 1H),
7.00 (d,J = 8.6 Hz, 2H), 6.64 (td] = 8.3, 2.8 Hz, 1H), 4.92 (@,= 5.2 Hz, 1H), 4.35 -
4.22 (m, 1H), 2.46 — 2.38 (m, 4H), 2.14 (s, 3HE NMR (100 MHz, DMSO-g) § 161.04
(d,J=237.7 Hz), 160.50 (d, = 1.0 Hz), 154.85 (s), 139.95 (@@= 11.6 Hz), 131.36 (dl

= 9.4 Hz), 127.45 (¢ = 3.7 Hz), 125.00 (q) = 271.1 Hz), 121.63 (d] = 32.2 Hz),
121.62 (m), 115.79, 107.90 @@= 21.2 Hz), 106.21 (dl = 27.4 Hz), 70.20, 41.66, 37.20,
17.58.%F NMR (376 MHz, DMSO-g) 5 -59.86, -116.04 (m). LC-MS (ESljn/z383.32
[M+H] ", 424.40 [M+H+41].

4.2.10.6. 1-(3,4-difluorophenyl)-3-(trans-3-(4-flwioromethyl)phenoxy)cyclobutyl)urea
(10-1V)

Prepared in essentially the same way-a& White solid (63 mg, 33%); mp 179.9-182.0
°C.'H NMR (400 MHz, DMSO-g) § 8.62 (s, 1H), 7.62 (d] = 8.6 Hz, 2H), 7.61 — 7.55
(m, 1H), 7.25 (dd) = 19.7, 9.3 Hz, 1H), 7.05 — 7.01 (m, 1H), 6.99Jd; 8.6 Hz, 2H),
6.68 (d,J = 7.0 Hz, 1H), 4.97 — 4.84 (m, 1H), 4.37 — 4.19 (@H), 2.41 (m, 4H)C
NMR (100 MHz, DMSO-g) 6 160.52 (dJ = 1.3 Hz), 154.89, 149.47 (dd= 242.0, 13.3
Hz), 144.45 (ddJ = 238.6, 12.7 Hz), 137.97 (dd= 9.5, 2.5 Hz), 127.45 (4,= 3.8 Hz),
125.00 (gJ = 271.0 Hz), 121.60 (¢}, = 32.1 Hz), 117.59 (dl = 18.6 Hz), 115.77, 114.23
(dd,J = 5.7, 3.2 Hz), 107.07 (d,= 21.8 Hz), 70.16, 41.78, 37.14F NMR (376 MHz,

DMSO-d) § -59.86, -137.83 (ddd, J = 23.1, 13.5, 9.4 Hz)8:18 (m). LC-MS (ESI)m/z
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387.22 [M+HTJ, 428.24 [M+H+41].

4.2.10.7. 1-(2,3-difluorophenyl)-3-(trans-3-(4-flwioromethyl)phenoxy)cyclobutyl)urea
(11-1Vv)

Prepared in essentially the same way7a¢. White crystals (120 mg, 69%); mp
205.9-208.0 °C (EtOAc-heptanéd NMR (400 MHz, DMSO-¢) & 8.83 (s, 1H), 7.62 (d,
J=8.6 Hz, 2H), 7.11 (m, 1H), 6.99 @= 8.6 Hz, 2H), 6.80 (d] = 6.9 Hz, 1H), 6.73 —
6.59 (m, 1H), 5.00 — 4.82 (m, 1H), 4.42 — 4.11 (), 2.41 (m, 4H)*C NMR (100
MHz, DMSO-d¢) 6 163.08 (d,J = 241.8 Hz), 162.92 (d] = 241.8 Hz), 160.50, 154.61,
143.47 (dJ = 13.8 Hz), 127.44 (q] = 3.7 Hz), 124.99 (dJ = 270.9 Hz), 121.61 (d| =
32.1 Hz), 115.76, 101.01, 100.71, 96.30Jd&; 27.4 Hz), 70.14, 41.77, 37.08F NMR
(376 MHz, DMSO-¢) 6 -59.87, -110.04 (dJ = 9.4 Hz), -110.06 (d] = 9.4 Hz). LC-MS
(ESI): m/z387.29 [M+H], 428.37 [M+H+41].

4.2.10.8.
1-(3-Cyano-5-(trifluoromethyl)phenyl)-3-(cis-3- (#luoromethyl)phenoxy)cyclobutyl)ur
ea(1-1vVo)

Prepared in essentially the same way-&4. White solid (80 mg, 62%); mp 194.6-196.1
°C (EtOAc).*H NMR (400 MHz, DMSO-g)  9.08 (s, 1H), 8.13 (s, 1H), 8.03 (s, 1H),
7.77 (s, 1H), 7.62 (d] = 8.6 Hz, 2H), 7.03 (d] = 8.6 Hz, 2H), 6.94 (d] = 7.8 Hz, 1H),
4.54 (p,d = 6.9 Hz, 1H), 4.02-3.81 (m, 1H), 2.87 (m, 2HPR(td, J = 9.1, 2.8 Hz, 2H).
¥C NMR (100 MHz, DMSO-g) § 160.34 (dJ = 1.2 Hz), 154.37, 142.67, 131.11 {&
33.0 Hz), 127.46 (q) = 3.7 Hz), 124.97 (q] = 270.9 Hz), 124.60, 123.57 (§= 272.7
Hz), 121.66 (qJ = 32.0 Hz), 121.30 (q) = 3.7 Hz), 118.63 (¢J = 3.9 Hz), 118.06,
115.67, 113.26, 65.86, 38.69, 37.3%F NMR (376 MHz, DMSO-g) & -59.88, -61.89.
LC-MS (ESI):m/z444.05 [M+HT, 485.12 [M+H+41].

4.2.10.9.
1-(cis-3-(4-(Trifluoromethyl)phenoxy)cyclobutyl3trifluoromethyl)phenyl)urea
(2-1Vo)

Prepared in essentially the same way-a& White solid (40 mg, 32%); mp 166.6-168.5
°C.'H NMR (400 MHz, DMSO-g) § 8.84 (s, 1H), 8.01 (s, 1H), 7.70 (®z= 8.7 Hz, 2H),
7.58 (d,J = 8.5 Hz, 1H), 7.50 (1] = 7.9 Hz, 1H), 7.29 (d] = 7.6 Hz, 1H), 7.12 (d] = 8.6
Hz, 2H), 6.73 (dJ = 7.9 Hz, 1H), 4.62 (pJ = 7.1 Hz, 1H), 4.09 — 3.91 (m, 1H), 3.06 —
2.85 (m, 2H), 2.20 — 2.01 (m, 2HYC NMR (100 MHz, DMSO-¢) § 160.37 (dJ = 1.1

Hz), 154.66, 141.62, 130.14, 129.81 & 31.2 Hz), 127.46 (g} = 3.7 Hz), 124.98 (dJ
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= 270.9 Hz), 124.70 (d] = 272.3 Hz), 121.81 (dl = 1.2 Hz), 121.64 (d] = 32.5 Hz),
117.81 (q,J = 7.6, 4.0 Hz), 115.69, 114.19 @= 7.9, 4.1 Hz), 65.87, 38.88, 37.2%F
NMR (376 MHz, DMSO-g) & -59.86, -61.35. LC-MS (ESI)n/z418.98 [M+H], 460.05
[M+H+41]".

4.2.10.10. 1-(3-Cyanophenyl)-3-(cis-3-(4-(trifluarethyl)phenoxy)cyclobutyl)urea
(3-1Vo)

Prepared in essentially the same way7aél. Off white solid (180 mg, 96%); mp
203.7-206.8 °C*H NMR (400 MHz, DMSO-g) & 8.74 (s, 1H), 7.90 (] = 1.7 Hz, 1H),
7.62 (d,J = 8.7 Hz, 2H), 7.60 — 7.56 (m, 1H), 7.40Jt 7.9 Hz, 1H), 7.31 (m, 1H), 7.03
(d,J=8.6 Hz, 2H), 6.70 (dl = 7.9 Hz, 1H), 4.53 (p] = 7.0 Hz, 1H), 4.02 — 3.83 (m, 1H),
2.97 — 2.77 (m, 2H), 2.01 (m, 2HC NMR (100 MHz, DMSO-g) & 160.36 (dJ = 1.1
Hz), 154.56, 141.68, 130.44, 127.45 Jo= 3.7 Hz), 125.06, 124.98 (d,= 271.0 Hz),
122.88, 121.65 (q) = 32.0 Hz), 120.78, 119.39, 115.67, 111.87, 6538637, 37.21°F
NMR (376 MHz, DMSO-¢) § -59.87. LC-MS (ESI):m/z 376.11 [M+H], 417.12
[M+H+41]".

4.2.11. Cyclopentyl seri€¥)

4.2.11.1.
1-(3-Cyano-5-(trifluoromethyl)phenyl)-3-((1S,3S§48{trifluoromethyl)phenoxy)cyclopen
tyl)urea(1-V)

Prepared in essentially the same way-&4. White solid (80 mg, 70%); mp 144.4-146.2
°C (EtOAc-heptaneYH NMR (400 MHz, DMSO-g) & 8.99 (s, 1H), 8.14 (s, 1H), 8.00 (s,
1H), 7.76 (s, 1H), 7.61 (d, = 8.7 Hz, 2H), 7.06 (d] = 8.6 Hz, 2H), 6.69 (d] = 7.2 Hz,
1H), 5.04 — 4.90 (m, 1H), 4.29 — 4.05 (m, 1H), 2=33.11 (m, 1H), 2.06 (df = 13.3, 7.0
Hz, 2H), 1.96 — 1.80 (m, 1H), 1.80 — 1.62 (m, 1HB1 (dt,J = 16.1, 7.3 Hz, 1H)**C
NMR (100 MHz, DMSO-g) 6 160.73 (dJ = 1.1 Hz), 154.83, 142.73, 131.14 {¢= 32.8
Hz), 127.37 (d,J = 3.8 Hz), 125.02 (d] = 270.8 Hz), 124.43, 123.58 (8= 272.9 Hz),
121.63 (g,J = 31.9 Hz), 121.17 (q] = 2.7 Hz), 118.44 (q) = 3.9 Hz), 118.06, 116.13,
113.28, 78.11, 50.01, 31.01, 30.7& NMR (376 MHz, DMSO-¢) & -59.83, -61.91.
LC-MS (ESI):m/z458.33 [M+HTJ, 499.34 [M+H+41].

4.2.11.2.
1-((1S,3S)-3-(4-(Trifluoromethyl)phenoxy)cyclop&rdy(3- (trifluoromethyl)phenyl)urea
(2-V)
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Prepared in essentially the same way7a¢. Off white solid (60 mg, 56%); mp
123.5-125.3 °C (EtOAc-heptanéld NMR (400 MHz, DMSO-g) & 8.68 (s, 1H), 7.95 (s,
1H), 7.61 (dJ = 8.7 Hz, 2H), 7.51-7.37 (m, 2H), 7.19 {d5 7.4 Hz, 1H), 7.06 (d] = 8.7
Hz, 2H), 6.40 (dJ = 7.2 Hz, 1H), 5.02 — 4.90 (m, 1H), 4.25-4.07 {#d), 2.21 (ddd,] =
20.3, 9.0, 6.1 Hz, 1H), 2.14-1.98 (m, 2H), 1.9291m, 1H), 1.79-1.63 (m, 1H), 1.49 (m,
1H). *C NMR (100 MHz, DMSO-g) § 160.75 (dJ = 1.4 Hz), 155.15, 141.71, 130.13,
129.85 (qJ = 31.3 Hz), 127.37 (] = 3.8 Hz), 125.03 (d] = 270.7 Hz), 124.70 (¢} =
272.2 Hz),121.61, 121.30 (4,= 32.1 Hz), 117.66 (] = 3.7 Hz), 116.13, 113.99 (4=
4.1 Hz), 78.13, 49.90, 31.15, 30.78F NMR (376 MHz, DMSO-g) & -59.82, -61.38.
LC-MS (ESI):m/z433.13 [M+HJ, 474.21 [M+H+41].

4.2.11.3. 1-(3-Cyanophenyl)-3-((1S,3S)-3-(4-(taflmethyl)phenoxy)cyclopentyl)urea
(3-V)

Prepared in essentially the same way-a& White solid (65 mg, 67%); mp 160.2-162.1
°C (EtOAc-heptane)H NMR (400 MHz, DMSO-g) & 8.66 (s, 1H), 7.90 (f] = 1.7 Hz,
1H), 7.61 (dJ = 8.7 Hz, 2H), 7.56 (ddl = 8.3, 1.1 Hz, 1H), 7.40 (§,= 7.9 Hz, 1H), 7.34

— 7.27 (m, 1H), 7.06 (d] = 8.6 Hz, 2H), 6.46 (dJ = 7.2 Hz, 1H), 5.02 — 4.90 (m, 1H),
4.24 — 4.07 (m, 1H), 2.21 (ddd,= 20.2, 9.0, 6.1 Hz, 1H), 2.06 (dd#iz 20.4, 13.8, 7.0
Hz, 2H), 1.85 (ddd) = 14.1, 7.9, 6.4 Hz, 1H), 1.79 — 1.63 (m, 1H),51-51.40 (m, 1H).
3C NMR (100 MHz, DMSO-g) & 160.75 (dJ = 1.2 Hz), 155.04, 141.77, 130.45, 127.37
(g,J=3.8 Hz), 125.03 (g] = 270.9 Hz), 124.92, 122.68, 121.30Jg; 32.1 Hz), 120.57,
119.40, 116.13, 111.89, 78.12, 49.91, 31.15, 30:®NMR (376 MHz, DMSO-¢) &
-59.82. LC-MS (ESI1)m/z390.33 [M+H], 431.35 [M+H+41].

4.2.11.4.
1-(3-Cyano-5-fluorophenyl)-3-((1S,3S)-3-(4-(triffomethyl)phenoxy)cyclopentyl)urea
(4-V)

Prepared in essentially the same way4agl. Off white solid (50 mg, 49%); mp
176.2-177.8 °C (EtOAc-heptanél NMR (400 MHz, DMSO-g) & 8.86 (s, 1H), 7.65 (s,
1H), 7.61 (dJ = 8.9 Hz, 2H), 7.61 (d] = 13.9 Hz, 1H), 7.33 — 7.22 (m, 1H), 7.06 Jc&
8.6 Hz, 2H), 6.61 (d) = 7.2 Hz, 1H), 5.04 — 4.88 (m, 1H), 4.26 — 4.07 i), 2.21 (m,
1H), 2.06 (m, 2H), 1.93 — 1.79 (m, 1H), 1.71 (m)1H49 (m, 1H)}*C NMR (100 MHz,
DMSO-a;) & 162.40 (d,) = 243.3 Hz), 160.73 (d, = 1.2 Hz), 154.77, 143.80 (d= 12.2
Hz), 127.37 (qJ = 3.8 Hz), 125.02 (d] = 271.0 Hz), 121.31 (d,= 32.1 Hz), 118.29 (d]
=3.7 Hz), 117.40 (d] = 2.6 Hz), 116.13, 113.04 (d= 12.3 Hz), 111.45 (d} = 25.6 Hz),
109.57 (d,J = 26.2 Hz), 78.10, 49.95, 31.06, 30.7% NMR (376 MHz, DMSO-g) &
-59.82, -109.71 (dd, J = 11.7, 8.4 Hz). LC-MS (ESN/z 408.1 [M+H], 449.1
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[M+H+41]".

4.2.11.5.
1-(3,4-Difluorophenyl)-3-((1S,3S)-3-(4-(trifluorothgl)phenoxy)cyclopentyl)urga0-V)

Prepared in essentially the same way-a& White solid (40 mg, 34%); mp 175.4-177.5
°C.'H NMR (400 MHz, DMSO-g) & 8.52 (s, 1H), 7.61 (d] = 8.9 Hz, 2H), 7.58 (dd] =
7.6, 2.6 Hz, 1H), 7.24 (dd,= 19.8, 9.2 Hz, 1H), 7.06 (d,= 8.6 Hz, 2H), 7.02 — 6.96 (m,
1H), 6.34 (d,J = 7.2 Hz, 1H), 5.01 — 4.89 (m, 1H), 4.23 — 4.06 (H), 2.20 (ddd,) =
20.3, 8.9, 6.0 Hz, 1H), 2.05 (dd#i= 20.1, 13.6, 6.8 Hz, 2H), 1.90 — 1.77 (m, 1HY, 71~
1.62 (m, 1H), 1.47 (dt) = 16.1, 7.3 Hz, 1H)}*C NMR (100 MHz, DMSO-¢) 5 160.74,
155.12, 149.49 (ddl = 241.8, 13.0 Hz), 144.36 (dd~= 238.6, 12.8 Hz), 138.07 (dd~
9.5, 2.5 Hz), 127.36 (q] = 3.7 Hz), 125.03 (g) = 270.8 Hz), 121.29 (gl = 32.4 Hz),
117.60 (d,J = 17.2 Hz), 116.13, 114.02 (dd,= 5.7, 3.1 Hz), 106.88 (dl = 21.8 Hz),
78.11, 49.86, 31.19, 30.78F NMR (376 MHz, DMSO-g) & -59.82, -137.83 (ddd, J =
23.1, 13.6, 9.5 Hz), -148.33 (dddd, J = 22.5, 11.8, 3.9 Hz). LC-MS (ESI)n/z401.31
[M+H] ", 442.39 [M+H+41].

4.2.12. Cyclohexyl seri€¥1)

4.2.12.1.
1-(4-Cyano-3-fluorophenyl)-3-(trans-4-(4-(trifluareethyl)phenoxy)cyclohexyl)urea
(5-VI)

Prepared in essentially the same way-84 . White crystalline solid (100 mg, 47%); mp
226.0-228.0 °C (EtOAcYH NMR (400 MHz, DMSO-g) § 9.08 (s, 1H), 7.73 — 7.54 (m,
4H), 7.19 — 7.06 (m, 3H), 6.49 (d= 7.5 Hz, 1H), 4.45 (ddd, = 13.5, 9.5, 3.8 Hz, 1H),
3.59 — 3.47 (m, 1H), 2.04 (d,= 10.0 Hz, 2H), 2.01 — 1.79 (m, 2H), 1.62 — 1.86 4H).
'H NMR (400 MHz, DMSO-g) & 9.08 (s, 1H), 7.68 (1] = 8.2 Hz, 1H), 7.65 (d] = 1.9
Hz, 1H), 7.59 (dJ = 8.7 Hz, 2H), 7.15 (dd} = 8.7, 1.8 Hz, 1H), 7.11 (d,= 8.6 Hz, 2H),
6.49 (d,J = 7.5 Hz, 1H), 4.45 (ddd,= 13.5, 9.5, 3.8 Hz, 1H), 3.59 — 3.48 (m, 1H) 420,
J = 10.0 Hz, 2H), 2.01 — 1.79 (m, 2H), 1.62 — 1.26, @H). **C NMR (100 MHz,
DMSO-a;) 6 163.72 (dJ = 251.2 Hz), 160.71 (d,= 1.2 Hz), 154.10, 147.68 (d= 12.1
Hz), 134.42 (dJ = 1.9 Hz), 127.36 (q] = 3.6 Hz), 125.01 (q] = 270.8 Hz), 121.27 (d,

= 32.0 Hz), 116.26, 115.12, 114.18 Jds 2.1 Hz), 104.25 (d] = 24.9 Hz), 91.14 (d] =
15.6 Hz), 74.79, 47.73, 30.11, 29.8% NMR (376 MHz, DMSO-g) & -59.83, -107.34
(dd,J = 12.8, 7.8 Hz). LC-MS (ESIn/z421.95[M+HT, 463.03 [M+H+41].

4.2.12.2.
32/47



1-(5-Cyano-2-fluorophenyl)-3-(trans-4-(4-(trifluarethyl)phenoxy)cyclohexyl)urea
(6-VI)

Prepared in essentially the same way4agl. Off white solid (110 mg, 52%); mp
234.6-237.0 °C (EtOAc}H NMR (400 MHz, DMSO-g) 5 8.56 (d,J = 7.8 Hz, 1H), 8.53
(d,J=2.8 Hz, 1H), 7.60 (d] = 8.7 Hz, 2H), 7.45 — 7.36 (m, 2H), 7.12 J& 8.6 Hz, 2H),
6.77 (d,J = 7.4 Hz, 1H), 4.48 (ddd,= 13.4, 9.4, 3.7 Hz, 1H), 3.65 — 3.39 (m, 1H).2-1
1.98 (m, 2H), 1.99 — 1.87 (m, 2H), 1.51 (@ 12.5, 2.9 Hz, 2H), 1.36 (td,= 12.7, 2.8
Hz, 2H).*C NMR (100 MHz, DMSO-g) § 160.72 (dJ = 1.1 Hz), 154.26, 154.01 (A~
250.5 Hz), 130.18 (dl = 11.5 Hz), 127.36 (g} = 3.6 Hz), 126.20 (d] = 8.6 Hz), 125.01
(g,Jd =270.8 Hz), 122.92 (dl = 3.8 Hz), 121.27 (q) = 31.9 Hz), 118.90, 116.94 (d=
20.9 Hz), 116.28, 107.99 (d,= 3.4 Hz), 74.64, 47.54, 30.05, 29.6% NMR (376 MHz,
DMSO-as) § -59.81, -121.67. LC-MS (ESIn/z422.02[M+H], 463.23 [M+H+41].

4.2.12.3.
1-(5-Fluoro-2-methylphenyl)-3-(trans-4-(4-(triflummethyl)phenoxy)cyclohexyl)urea
(7-VI)

Prepared in essentially the same way-a& White solid (80 mg, 39%); mp 238.2-239.8
°C (EtOAc).*H NMR (400 MHz, DMSO-g)  7.88 (dd,J = 12.6, 2.7 Hz, 1H), 7.65 (s,
1H), 7.60 (dJ = 8.7 Hz, 2H), 7.12 (d] = 8.8 Hz, 2H), 7.08 (d] = 7.5 Hz, 1H), 6.77 (d]

= 7.4 Hz, 1H), 6.61 (td]) = 8.3, 2.8 Hz, 1H), 4.48 (ddd,= 13.4, 9.5, 3.7 Hz, 1H), 3.69 —
3.47 (m, 1H), 2.13 (s, 2H), 2.12 — 2.00 (m, 2H951(dd,J = 12.9, 3.0 Hz, 2H), 1.50 (td,

= 12.5, 2.8 Hz, 2H), 1.35 (td,= 12.7, 2.7 Hz, 2H)**C NMR (100 MHz, DMSO-g) 5
161.08 (dJ = 237.4 Hz), 160.75 (dl = 1.2 Hz), 154.80, 140.22 (d,= 11.8 Hz), 131.30
(d,J = 9.5 Hz), 127.36 (q] = 3.7 Hz), 125.02 (q] = 270.9 Hz), 121.27 (g, = 32.1 Hz),
121.15 (dJ = 2.7 Hz), 116.28, 107.52 (d,= 21.0 Hz), 105.78 (d] = 27.3 Hz), 74.83,
47.59, 30.31, 29.90, 17.6%8F NMR (376 MHz, DMSO-¢) & -59.81, -115.96 (dd) =
13.2, 6.7 Hz). LC-MS (ESIn/z410.97[M+HJ, 452.05 [M+H+41].

4.2.12.4.
1-(4-Cyano-2-fluorophenyl)-3-(trans-4-(4-(trifluareethyl)phenoxy)cyclohexyl)urea
(8-Vl)

Prepared in essentially the same way-84. White solid (100 mg, 47%); mp 221.6-223.6
°C (EtOAc).*H NMR (400 MHz, DMSO-g) § 8.66 (d,J = 2.0 Hz, 1H), 8.38 (1] = 8.4 Hz,

1H), 7.77 (ddJ = 11.5, 1.8 Hz, 1H), 7.60 (d,= 8.7 Hz, 2H), 7.57 — 7.50 (m, 1H), 7.11 (d,
J=8.7 Hz, 2H), 6.87 (d] = 7.4 Hz, 1H), 4.48 (ddd,= 13.2, 9.3, 3.6 Hz, 1H), 3.61 — 3.49
(m, 1H), 2.15 — 1.99 (m, 2H), 1.94 (diiz 12.9, 3.4 Hz, 2H), 1.61 — 1.40 (m, 2H), 1.35

(dt, J = 12.9, 6.6 Hz, 2H)**C NMR (100 MHz, DMSO-¢) § 160.72 (dJ = 1.1 Hz),
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153.90, 150.46 (d] = 243.0 Hz), 134.09 (d} = 10.0 Hz), 130.12 (d] = 3.2 Hz), 127.36
(q,J = 3.8 Hz), 125.01 (d] = 271.0 Hz), 121.27 (d, = 32.0 Hz), 119.44 (dl = 2.8 Hz),

118.99 (d,J = 22.9 Hz), 118.77 (dJ = 2.6 Hz), 116.27, 102.60 (d,= 9.5 Hz), 74.62,
47.52, 30.00, 29.63%F NMR (376 MHz, DMSO-g) § -59.82, -129.13. LC-MS (ESljn/z

422.1 [M+HJ', 463.1 [M+H+41].

4.2.12.5.
1-(3-Cyano-5-fluorophenyl)-3-(trans-4-(4-(trifluareethyl)phenoxy)cyclohexyl)urea
(9-VI)

Prepared in essentially the same way-8&4 . Pinky solid (105 mg, 50%); mp 219.8-222.0
°C (EtOAc)."H NMR (400 MHz, DMSO-g) § 8.62 (s, 1H), 7.90 (dd,= 5.7, 2.7 Hz, 1H),
7.64 — 7.57 (m, 1H), 7.59 (d,= 8.7 Hz, 2H), 7.37 (t = 9.1 Hz, 1H), 7.11 (d] = 8.7 Hz,
2H), 6.32 (d,J = 7.6 Hz, 1H), 4.44 (ddd} = 13.6, 9.5, 3.8 Hz, 1H), 3.58 — 3.46 (m, 1H),
2.09 — 1.98 (m, 2H), 1.96 — 1.88 (m, 2H), 1.59 251(m, 4H).”*C NMR (100 MHz,
DMSO-d) 6 160.73 (dJ = 1.2 Hz), 157.36 (d] = 249.4 Hz), 154.75, 138.14 @ = 2.7
Hz), 127.36 (qJ = 3.6 Hz), 125.18 (dJ = 7.7 Hz), 125.01 (¢J = 270.9 Hz), 121.33,
121.26 (qJ = 32.1 Hz), 117.26 (dl = 20.4 Hz), 116.27, 114.65, 100.09 Jcs 16.0 Hz),
74.86, 47.70, 30.28, 29.96°%F NMR (376 MHz, DMSO-g & -59.82, -118.72 (m).
LC-MS (ESI):m/z422.22 [M+HT, 463.23 [M+H+41].

4.2.12.6. 1-(3,4-Difluorophenyl)-3-(trans-4-(4-{taoromethyl)phenoxy)cyclohexyl)urea
(10-VI)

Prepared in essentially the same way-a& White solid (68 mg, 33%); mp 228.2-229.8
°C (EtOAc).'H NMR (400 MHz, DMSO-g) & 8.49 (s, 1H), 7.63 — 7.57 (m, 1H), 7.60 (d,
J=8.7 Hz, 2H), 7.24 (dd] = 19.7, 9.3 Hz, 1H), 7.11 (d,= 8.6 Hz, 2H), 7.03 — 6.92 (m,
1H), 6.19 (dJ = 7.6 Hz, 1H), 4.44 (ddd] = 13.6, 9.5, 3.7 Hz, 1H), 3.57 — 3.46 (m, 1H),
2.16 — 1.94 (m, 2H), 1.94 — 1.79 (m, 2H), 1.59 251(m, 4H).”*C NMR (100 MHz,
DMSO-d) 6 160.73 (dJ = 1.2 Hz), 154.79, 149.51 (ddi= 241.8, 13.1 Hz), 144.32 (ddl,

= 238.6, 12.8 Hz), 138.10 (dd,= 9.5, 2.5 Hz), 127.36 (¢, = 3.8 Hz), 125.01 (q) =
270.7 Hz), 121.26 (q] = 32.1 Hz), 117.62 (d] = 16.8 Hz), 116.26, 113.88 (ddi= 5.7,
3.2 Hz), 106.75 (dJ = 21.9 Hz), 74.87, 47.60, 30.33, 29.98 NMR (376 MHz,
DMSO-&) 6 -59.82, -137.77 (ddd] = 23.1, 13.6, 9.5 Hz), -148.40 (dddds= 22.4, 11.0,
7.5, 3.8 Hz). LC-MS (ESI)N/z415.21 [M+H], 456.22 [M+H+41].

4.2.12.7. 1-(2,3-Difluorophenyl)-3-(trans-4-(4-{taoromethyl)phenoxy)cyclohexyl)urea
(12-VvI)
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Prepared in essentially the same way7a¢. Off white solid (90 mg, 43%); mp
227.3-229.9 °C (EtOAc)H NMR (400 MHz, DMSO-g) 5 8.69 (s, 1H), 7.60 (dl = 8.7
Hz, 2H), 7.11 (dJ = 8.6 Hz, 2H), 7.10 — 7.05 (m, 1H), 6.65 {t 9.4, 2.3 Hz, 1H), 6.31
(d,J = 7.6 Hz, 1H), 4.52 — 4.37 (m, 1H), 3.62 — 3.42 (i), 2.16 — 1.94 (m, 2H), 1.91
(dd,J = 12.9, 3.2 Hz, 2H), 1.59 — 1.26 (m, 4C NMR (100 MHz, DMSO-g) 5 163.04
(dd,J = 241.6, 15.8 Hz), 160.73 (d= 1.0 Hz), 154.49, 127.36 (4= 3.9 Hz), 125.01 (q,
J=270.9 Hz), 121.26 (¢J,= 32.1 Hz), 120.85 (d] = 6.6 Hz), 116.27, 100.62 (d= 29.3
Hz), 100.62 (dJ = 12.4 Hz), 96.27 (t) = 26.3 Hz), 74.85, 47.65, 30.24, 29.8% NMR
(376 MHz, DMSO-¢) 6 -59.82, -110.01 (d] = 9.5 Hz), -110.03 (d] = 9.5 Hz). LC-MS
(ESI): m/z415.01 [M+H], 456.08 [M+H+41].

4.2.13. Pyrimidine serie@®y)

4.2.13.1.1-(3-Cyano-5-(trifluoromethyl)phenyl)-3{& (trifluoromethyl)phenoxy)pyrimidi
n-2-yl)urea(1-py)

Prepared in essentially the same way-&4. White solid (30 mg, 13%); mp 263.5-265.5
°C (EtOAc).'H NMR (400 MHz, DMSO-g) 5 11.83 (s, 1H), 10.65 (s, 1H), 8.66 (s
3.0 Hz, 2H), 8.38 (d) = 13.9 Hz, 2H), 7.96 (s, 1H), 7.76 @z 6.5 Hz, 2H), 7.30 (d] =
6.3 Hz, 2H).**C NMR (100 MHz, DMSO-¢) 5 160.59 (d,J = 0.8 Hz), 154.70, 151.99,
151.13, 145.44, 140.98, 131.34 Jg; 32.7 Hz), 128.09 (¢} = 3.9 Hz), 126.45, 124.60 (q,
J=271.4 Hz), 124.55 (d) = 31.9 Hz), 124.53 (4] = 269.1 Hz), 123.24 (dl = 4.4 Hz),
120.22 (dJ = 4.3 Hz), 118.18, 117.87, 113.56F NMR (376 MHz, DMSO-¢) 5 -60.31,
-61.68. LC-MS (ESI)m/z467.99 [M+H], 509.06 [M+H+41].

4.2.13.2.1-(5-(4-(Trifluoromethyl)phenoxy)pyrimidtryl)-3-(3-(trifluoromethyl)phenyl)ur
ea(2-py)

Prepared in essentially the same way-8& White solid (55 mg, 31%); mp 232.5-234.8
°C (EtOAc).'H NMR (400 MHz, DMSO-g) 5 11.49 (s, 1H), 10.45 (s, 1H), 8.67 (s, 2H),
8.07 (s, 1H), 7.82 (d] = 8.2 Hz, 1H), 7.75 (d] = 8.7 Hz, 2H), 7.55 (1) = 8.0 Hz, 1H),
7.38 (d,J = 7.7 Hz, 1H), 7.29 (dJ = 8.6 Hz, 2H).**C NMR (100 MHz, DMSO-g) &
160.75 (d,J = 1.2 Hz), 155.01, 151.89, 151.35, 145.11, 13918®.44, 130.08 (dJ =
31.5 Hz), 128.05 (qJ = 3.7 Hz), 124.62 () = 271.4 Hz), 124.57 (q] = 272.2 Hz),
124.41 (qJ = 32.2 Hz), 123.48 (dl = 0.9 Hz), 119.76 (q] = 4.0 Hz), 117.98, 115.84 (q,
J = 4.1 Hz)."*F NMR (376 MHz, DMSO-g) & -60.27, -61.22. LC-MS (ESI)n/z442.99
[M+H] "

4.2.13.3. 1-(3-Cyanophenyl)-3-(5-(4-(trifluoromd)pyenoxy)pyrimidin-2-yl)ureé3-py)
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Prepared in essentially the same way-a& White solid (20 mg, 17%); mp 260.2-261.5
°C (EtOAc).'H NMR (400 MHz, DMSO-g) 5 11.52 (s, 1H), 10.49 (s, 1H), 8.66 (s, 2H),
8.09 (s, 1H), 7.91 (d] = 8.0 Hz, 1H), 7.75 (d] = 8.6 Hz, 2H), 7.59 — 7.41 (m, 2H), 7.29
(d, J = 8.5 Hz, 2H).*C NMR (100 MHz, DMSO-g) 5 160.69 (d,J = 0.9 Hz), 154.94,
151.85, 151.26, 145.17, 139.96, 130.71, 128.06) (d,3.8 Hz), 126.90, 124.62 (d,=
271.5 Hz), 124.45 (d) = 32.3 Hz), 124.37, 122.53, 119.13, 118.02, 112!¥ NMR
(376 MHz, DMSO-d) & -60.28. LC-MS (ESI)m/z399.99 [M+H], 441.07 [M+H+41].

4.2.13.4.
1-(3-Cyano-5-fluorophenyl)-3-(5-(4-(trifluoromethyhenoxy)pyrimidin-2-yl)ure@-py)

Prepared in essentially the same way-&4. White solid (20 mg, 19%); mp 267.5-270.0
°C (EtOAc).'H NMR (400 MHz, DMSO-g) § 11.73 (s, 1H), 10.58 (s, 1H), 8.64 (s, 2H),
7.95 (d,J = 10.9 Hz, 1H), 7.90 (s, 1H), 7.75 (M= 6.9 Hz, 2H), 7.48 (d] = 7.4 Hz, 1H),
7.29 (d,J = 7.0 Hz, 2H).**C NMR (100 MHz, DMSO-g¢) & 162.38 (d,J = 244.4 Hz),
160.58 (dJ = 1.8 Hz), 154.73, 151.83, 151.11, 145.39, 141d94 = 12.0 Hz), 128.08 (q,
J = 3.6 Hz), 124.60 (¢ = 271.2 Hz), 124.55 (q] = 32.2 Hz), 119.27 (d] = 3.4 Hz),
118.17, 118.07 (dl = 3.2 Hz), 113.49 (d] = 25.5 Hz), 113.30 (dl = 12.1 Hz), 111.43 (d,

J = 26.6 Hz)."*F NMR (376 MHz, DMSO-g) & -60.30, -109.35 (dd] = 11.3, 8.4 Hz).
LC-MS (ESI):m/z418.05 [M+HT, 459.13 [M+H+41].

4.2.13.5.
1-(5-Fluoro-2-methylphenyl)-3-(5-(4-(trifluoromethyhenoxy)pyrimidin-2-yl)ure&7-py)

Prepared in essentially the same way7as. White crystalline solid (30 mg, 7%); mp
224.2-226.5 °C (EtOAc)H NMR (400 MHz, DMSO-g) & 11.35 (s, 1H), 10.51 (s, 1H),
8.71 (s, 2H), 7.99 (dd, = 11.9, 2.3 Hz, 1H), 7.74 (d,= 8.6 Hz, 2H), 7.27 (d] = 8.5 Hz,
2H), 7.25 — 7.19 (m, 1H), 6.78 (tdl= 8.3, 2.4 Hz, 1H), 2.29 (s, 3HC NMR (100 MHz,
DMSO-t) 6 161.01 (d,J = 238.4 Hz), 160.91 (d] = 1.3 Hz), 155.15, 151.73, 151.60,
144.87, 138.87 (d] = 11.5 Hz), 131.61 (dl = 9.3 Hz), 128.00 (g] = 4.0 Hz), 124.63 (q,
J=271.5Hz), 124.28 (¢§,= 32.2 Hz), 122.78 (d = 2.9 Hz), 117.74, 109.37 (d~ 21.1
Hz), 106.85 (d,J = 27.2 Hz), 17.86*°F NMR (376 MHz, DMSO-g) & -60.24, -115.62
(m). LC-MS (ESI):m/z407.14 [M+HT, 448.21 [M+H+41].

4.2.13.6. 1-(3,4-Difluorophenyl)-3-(5-(4-(trifluamethyl)phenoxy)pyrimidin-2-yl)urea
(10-py)
Prepared in essentially the same way-a& White solid (40 mg, 39%); mp 224.8-226.2

°C (EtOAC).'H NMR (400 MHz, DMSO-¢) § 11.36 (s, 1H), 10.41 (s, 1H), 8.64 (s, 2H),
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7.83 — 7.77 (m, 1H), 7.75 (d,= 8.9 Hz, 2H), 7.43 — 7.30 (m, 2H), 7.28 {d= 8.6 Hz,
2H). *C NMR (100 MHz, DMSO-g¢) 6 160.73 (d,J = 1.3 Hz), 155.01, 151.80, 151.29,
149.55 (dd,) = 243.3, 13.4 Hz), 145.60 (dd= 241.0, 12.6 Hz), 145.06, 136.09 (dds
9.2, 2.9 Hz), 128.03 (q] = 3.7 Hz), 124.61 (d) = 271.6 Hz), 124.41 (dl = 32.3 Hz),
117.96, 117.90 (d] = 17.1 Hz), 116.06 (d] = 2.3 Hz), 108.89 (d] = 21.6 Hz).**F NMR
(376 MHz, DMSO-@) & -60.30, -137.45 (m), -145.60 (m). LC-MS (ESt)/z 411.04
[M+H] ", 452.12 [M+H+41].

4.3 Biology

4.3.1 Plasmids and Ternary complex assay. The dual luciferase expression vector
and other plasmids used for these studies are idedcm [27]. The dual luciferase
surrogate elF@ phosphorylation assay, has been described elseVi@Briefly, a dual
Renilla and Firefly luciferase mammalian reportector that transcribes both mRNAs
from the same bi-directional enhancer/promoter dempvas utilized for generation of
surrogate elF@ phosphorylation assay [27]. Both mRNAs containgame 90 nucleotide
plasmid derived 5'UTR. In addition, 5'UTR of thedfly luciferase ORF is fused in-frame
to the 267 nucleotide ATF-4 5’UTR [9].

4.3.2 Dual luciferase reporter (DLR) assay. Cells expressing firefly and renilla
luciferases were assayed with a dual glow lucikerassay kit, per manufacturer's
instruction (Promega Inc., Madison, WI). The datécalations were carried out as the
ratio of firefly to renilla luciferase signal [27[Pose-response curves were obtained, and
triplicate data points were fitted to the logisticigmoidal model using nonlinear
least-squares regression performed in GraphPawh Bris

4.3.3 Cdll lines and siRNA transfection. Stable cell lines utilized in this study are
generated as described elsewhere [9,29]. Brieéljs avere seeded at the density of itD

60-mm dish and transfected one day later usind.ifhefectamine 2000 (Invitrogen). For
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selection of stable cell lines, transfected cellsrevtransferred to 100-mm plates and
selected with appropriate antibiotics [9]. siRNAokkdown was carried out in 96-well
plates by reverse transfection as previously desdr|9].

4.3.4 Western blotting. Cells cultured under recommended media conditioese
plated and maintained in serum-containing mediéhaut antibiotics in 14-cm plates
(Nunc) until reaching 70% confluence. Cells werenthreated with compounds for 6
hours, washed with cold PBS once, and lysed witRBR Mammalian Protein Extraction
Reagent (Pierce) for 30 minutes on ice. The cshtys were centrifuged at 12,000 RPM
for 15 min and the supernatants were transferrefileh tubes and the concentrations
were determined by BCA (Pierce). Equal amount otgns were mixed with Laemmli
Sample Buffer, heated at 1@Wfor 5 min and separated by SDS-PAGE and probéd wi
anti-phosphoserine-51-el&2 (Phos-elFg2), anti-total elFa-specific antibodies
(Total-elF2x) (Biosource International, Hopkinton, MA), anti-CIRQanti-cyclin D1 or
anti-actin (Santa Cruz Biotechnology, CA) esselytia$ described [35].

4.35 Cell Growth Inhibition Assay. Cells were seeded in 96-well plates and
maintained for 5 days in the presence of 0.5 taul#0of individual compound, and cell
proliferation was measured by the sulforhodamindSIRB) assay as described [36]:
briefly, at the end of a 5-day treatment, cellsevizxed in 10% cold trichloroacetic acid.
Cell number was estimated by measuring the ren@ibound dye of sulforhodamine B
after washing. The percentage of growth was caledldy using the equation: 10

[(T-To)/(C-Ty)], where T and C represent the absorbance inetleatd control cultures at
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Day 5, and § at time zero, respectively. If T is less thajp dell death has occurred and

can be calculated from 18Q(T-To)/Tq).
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H H
Table 1: cLogP and biological activities of the Re NTN%@m/Q/CFS
1-(4-(trifluoromethyl)phenoxycycloalkyl)-3-(phenyl)ureas ((4-CF3)POcAlkdUs) R; 0 o
R4
Subst;;uents on the Fold stimulation of ATF-4 Surrogate elF20 @ 1Cso? [UM] cLogP
-phenyl 1.25 yM 5 UM
R, R, Rs R, cHex" c-Pent® c-But® c-Hex" c-Pent”  c-But® c-Hex" c-Pent® c-But® c-Hex’ c-Pent® c-But®
5.7+¢1.4 3.140.7 4.4+1.1 13.8+41.5 8.3+2.4 10+1.8 0.35+0.1 1.2+0.5 0.9+0.3  6.20 6.08 5.96
1-VI 1-v 1-IV 1-VI 1-v 1-IV 1-vI 1-v 1-Iv 1-VI 1-V 1-IV
H Ch H CN 43106 8.4+0.5 0.9+0.3 5.96
1-IVe 1-IVe 1-IVe 1-IVc
3.6¢1.2 12+0.4 2.4+0.6 9.2+1.4  7+0.9 6.5+1.2 0.9+0.5 2.5+0.5  3.4+1 6.41 6.29 6.16
2-VI 2-V 2-IV 2-VI 2-V 2-IV 2-VI 2-V 2-Iv 2-VI 2-V 2-1IV
H CF, H H
1.2+0.3 6.2+1.2 2.6+0.4 6.16
2-1Vc 2-1Vc 2-1Vc 2-IVc
1.9+0.4 0.8+0.2 1.6+0.2 6.1+0.9 1.6+0.2 3.540.4  1.6+1  6.5+2.3 4.9+09  5.13 5.01 4.78
3-v| 3-v 3-IV 3-vI 3-v 3-IV 3-vI 3-v 3-Iv 3-vi 3-v 3-IV
H N H H 1.1+0.2 0.9+0.1 >10 4.78
3-IVc 3-IVc 3-IVc 3-IVc
HOF H  oN 4607 24103 24104  9.3+13 8+2  5.3+0.6 0.63+0.3 1.9+1.3 2.8+13 538 5.26 5.03
4-v| 4-v 4-Iv 4-v| 4-v 4V 4-v| 4-v a-lv 4-v| 4-v 4-Iv
H O OF N n 5504 10.4+1 0.46+0.1 5.38
5-VI 5-VI 5-VI 5-V|
1+0.3 1.5+0.5 >10 4.93
F H H N ———— e —_—
6-VI 6-VI 6-VI 6-VI
G, H H  _L8:08 14101 0702 15:04 13404 14:0.1 5318 8125 >10 5.38 5.26 5.03
7-VI 7-V 7-IV 7-VI 7-V 7-IV 7-VI 7V 7-Iv 7-VI 7V 7-IV
E W vy _24:04 6.2+1.3 1.4+0.3 4.93
8-vI 8-vI 8-vi 8-vI
3.7+0.8 6.1+1.1 1.4+0.3 5.38
H CN F H ———— —_— —_— _—
9-v| 9-vI 9-vI 9-vI
W F F H _29$07 09402 22405 56:L2 3.5¢07 4.5+0.4 13:03 52415 55:07 562 5.50 5.27
10-VI 10-V 10-1IV 10-VI 10-V 10-1IV 10-VI 10-V 10-1IV 10-VI 10-V 10-1V
EE W 4.7+1 0.840.1  9.9+13 6.242.7  1.6+02 2.3+0.9  5.17 4.82
11-vI 11-IV 11-vI 11-IV 11-vI 11-IV 11-vI 111V

® Concentration that inhibits growth of human melanoma CRL-2813 cells by 50% ; Bc-Hex (cyclohexyl, m=1, n=1); ‘c-Pent (cyclopentyl, m=0, n=1); de-But (cyclobutyl, m=0, n=0)
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Highlights:

New el F2a Kinase Heme-Regulated Inhibitor (HRI) activators with improved druglikeness.
New HRI activators with significantly improved cLogPs and no loss of potencies.
Mechanistic assays confirm they are targeting el F20. phosphorylation by activating HRI.
These HRI activators are excellent first-in-class preclinical candidates for cancer therapy.

Extensive structure - activity relationship studies complement previous findings.
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