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Abstract

Modulating the vitamin D receptor (VDR) is an etige way to treat for cancer.
We previously reported a potent non-secosteroidaRVmodulator $w-22 with
modest anti-tumor activity, which could be due t® undesirable physicochemical
and pharmacokinetic properties. In this study, messtigated the structure-activity
and structure-property relationships around thehy2iroxyl group of sw-22 to
improve the physicochemical properties, pharmaaldnproperties and anti-tumor
activity. Compoundsl9a and 27b, the potent non-secosteroidal VDR modulators,
were identified as the most effective moleculegmibiting the proliferation of three
cancer cell lines, particularly breast cancer c&lish a low IGy via the distribution
of cell cycle and induction of apoptosigstimulating the expression of p21, p27 and
Bax. Further investigation revealed thd®a and 27b possessed favorable rat
microsomal metabolic stability (2.22 and 2.3 timespectively, more stable thaw-
22), solubility (43.9 and 50.2 times, respectivelyprm soluble tharsw-22 andin
vivo pharmacokinetic propertietn addition,19a and27b showed excellenin vivo
anti-tumor activity without cause hypercalcemia,ichhis the main side effect of
marketed VDR modulators. In summary, the favorgiilgsicochemical properties,
pharmacokinetic properties and anti-tumor activtyl9a and 27b highlight their

potential therapeutic applications in cancer tresim
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1. Introduction

Vitamin D receptor (VDR), a member of the steroidxbid—retinoid receptor
superfamily of ligand-activated transcription fasto which involve regulating
calcium homeostasis and bone metabofismRecently, accumulating evidence
suggests that VDR was involved in antineoplastitoas in various malignancies,
such as breast, pancreatic and prostate c&ficafter being combined with its
modulator, VDR dimerizes with the retinoid X reaapi{RXR) and binds to the
vitamin D response elements (VDRES) to alter the od target gene transcription.
With recruitment of co-modulators, the activated R/[dan decrease tumor growth
mainly by suppressing proliferation or promotingopwsis of cancer celfs In
order to enable VDR play a more effective antinaspt activity, large numbers of
VDR modulators had been applied to anti-tumor nesess"*

The VDR modulators can be classified into “secast¥rand “non-secosteroidal”
based on their structure specificity. Up to now,renthan 3000 secosteroidal VDR
modulators (SVDRMs) have been developed, such lagpotiol (1), tacalcitol @)
and natural VDR modulator 1,25(0#); (3).° However, secosteroidal-based
chemical synthesis has proven to be difficult andtly® What's more, in clinical
cancer treatment, the required doses of these SVAIR8Muced serious hypercalcemia,
the main side effect of VDR modulators which coulduce abdominal pain, kidney
stones and cardiac arréétn addition, clinical studies showed that 20 to@@cent
of cancer patients suffer from hypercalcemia ats@me time, which strongly limit

the clinical application of SVDRMSs in cancer treamn™®**

In order to potentiate beneficial properties of RNIs and avoide their
disadvantages, non-secosteroidal VDR modulatorsQRMs) were developed, such
as LG1901784) and CB-16 %).>> NVDRMs are easy to synthesis, and possess
distinct activities compared with SVDRMscluding VDR binding affinity and
VDR-dependent transcriptional activation. More imtpatly, NVDRMs can carry out

their physiological functions without hypercalcenside effect even at high dos&s.
24



Recently, we successfully designed and characteazaovel series of NVDRM
bearing phenyl-pyrrolyl pentane scaffékf’ Among them, compounsiv-22 (6), the
most potent NVDRM, showed Egvalue for inducing the HL-60 leukaemia cells
differentiation in 1.06 nM, which is better than sgose control tacalcitol ).
Furthermore, irin vivo study,sw-22 showedno significant change on serum calcifim
However,sw-22 showed modest anti-tumactivity in in vitro andin vivo studies,
which may be due to its undesirable metabolic Btakit'2 = 25.76 min, rat liver
microsomes), solubility (1.7 pg/mL, pH 7.4) amdvivo pharmacokinetics property
(t¥2 = 2.89 h, intravenousz?z = 3.47 h, intraperitoneal). Compousw-22contain a 2-
hydroxy-3,3-dimethylbutoxy side chain at phenyltpére 2 -hydroxyl group on this
side chain could form hydrogen bonds with aminal aesidues (His 393) of the VDR
ligand binding domain (LBD), which is important ¥DR transcriptional activity.
However, the hydroxyl group on the side chain ofR/Inodulators is easy to be
oxidated” which could lead to its inactive and therefore stag undesirable
metabolic stability and pharmacokinetic properties sw-22 Accordingly, we
hypothesized that suitable chemical modificatioouad the 2 -hydroxyl group could
improve the physicochemical and pharmacokinetip@riies ofsw-22 and therefore,

lead to the analogues possess better anti-tumieitact
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Figure 1. Chemical structures of VDR modulators

In this work, our first effort was aimed at idemtifg a suitable group to replace
the 2°-OH group on the side chain basedwr22 Sulfonyl group commonly used as
a group to improve the metabolic stability and bdity of molecule$® and
furthermore, the oxygen atoms on the sulfonyl groopld act as hydrogen bond
acceptors, which could form hydrogen bonds withremacid residues and mimic the
function of 2°-OH group on the side chain. Consedye we replaced the 2 -OH
group to sulfonyl group while replacing the suhsiits in the terminal of side chain,
and targeting improved physicochemical properties.,(metabolic stability and
solubility) as well as anti-tumor activity. Thenydrophilic groups were added to the
pyrrol part, which could form hydrogen bonds withiao acid residues of VDR LBD.
Next, to explore the effects of substitutions atnieal of side chain and oxidation
state of sulfur group, compouniti8a-b and20awere designed. Additionally, in order
to investigate the influence of the substitutiorsipons of the pyrrole ring, phenyl-
pentane group on C-4 position of pyrrole ring iast®f C-5 position was designed

and obtained compoun®6ab, 27ab (Figure 2). Furthermore, thén vitro andin



vivo biological activities of these non-secosteroid@R/modulators are evaluated in

this study.
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Figure 2. Design concept of novel non-secosteroidal VDR mattus.

2. Results and Discussion
2.1 Chemistry.

The synthetic pathway of target compourdéa-o, 16a-1 and 17a-ks outlined
in Scheme 1Key intermediate was readily prepared using our previously reported
approach. Compound coupling with H-pyrrole-2-carboxylate in the presence of
lewis acid BR- E£O at 0°C produced the intermediadgfollowing the treatment with
iodoethane in DMF to afford intermedie@e Subsequently, reduction of compouhd
offered compound 10, then compoub@d was dissolved in DMF in the presence of
chloromethyl phenyl sulfide to give compourid. The oxidation reaction of
compoundll obtained the intermediate?, which was hydrolyzed by NaOH to give
13. By reaction of intermediat&3 with the corresponding amines, intermedidtéa-
o were produced. Finally, reduction or hydrolysisappropriate esters group 1da-|,

the target compounds$a-l and16a-k were obtained, respectively.

Scheme 1Synthesis of target compounti4a-o, 15a-kand16a-k
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®Reagents and conditions: (a) ethid-pyrrole-2-carboxylate, BFELO, -20-0°C, 3 h;

(b) CHsl, NaH, DMF, 0-25°C, 5 h; (c) Pd/C, B MeOH, 25°C, 12 h; (d)

chloromethyl phenyl sulfide, NaH, DMF, 0-70C, 12 h; (e) potassium
peroxymonosulfate, EtOHA® (10:1), 25C, 24 h; (f) NaOH, EtOH/kD (10:1), 90

°C, 24 h; (g) EDCI, HOBt, TEA, RNk DCM, rt, overnight; (i) NaBk MeOH, 0-25

°C, 8 h; (j) KOH, MeOH/HO (10:1), 70C, 24 h;

The synthetic pathway of target compou@fs-band20ais outlined inScheme
2. Hydrolysis of compoundO by KOH produced the intermedial& in the presence
of carboxyl group. Substitution of the carboxyl gpo with N,N-
diethylethylenediamine provide the compout®l Compoundsl9a-b were prepared
in a single step by the treatment of compod8dvith different halogen substituted
alkyl sulfide. By oxidation of compouritBa, the target compourZDawas obtained.

Scheme 2Synthesis of target compount@a-band20&
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®Reagents and conditions: (a) NaOH, EtOy@H10:1), 90C, 24 h; (b) EDCI, HOBt,
TEA, N,N-diethylethane-1,2-diamine, DCM, rt, overnight; @)loromethyl sulfide,
NaH, DMF, 0-70°C, 12 h; (d) potassium peroxymonosulfate, EtO#H10:1), 25C,
24 h;

The synthetic pathway of target compourtBa-b and 27a-b is outlined in
Scheme 3 Intermediate21, which was the regioselectivity isomer iotermediates,
was produced byreacting with ethyl pyrrole-2-carboxylate in theepence of lewis
acid BR-ELO at 20°C. Compound?1 treated with iodoethane in DMF to afford
intermediate22. The reduction reaction of compouB®d obtained the intermediais,
which were hydrolyzed by KOH to g\l By reaction of intermediat24 with N,N-
diethylethylenediamine, intermediat@d was produced. CompoundXa-b were
prepared in a single step by the treatment of cam@p@5 with different halogen
substituted alkyl sulfide. By oxidation of compogri2ba-b, the target compounds
27a-bwere obtained, respectively.

Scheme 3Synthesis of target compoun2iBa-band27a-5



®Reagents and conditions: (a) ethjd-pyrrole-2-carboxylate, BFELO, 30°C, 3 h;
(b) GHsl, NaH, DMF, 0-25°C, 5 h; (c) Pd/C, b} MeOH, 25°C, 12 h; (d) NaOH,
EtOH/H,0 (10:1), 90C, 24 h; (e) EDCI, HOBt, TEAN,N-diethylethane-1,2-diamine,
DCM, rt, overnight; (f) chloromethyl sulfide, NaHD)MF, 0-70 °C, 12 h; (g)
potassium peroxymonosulfate, EtOH(H(10:1), 25C, 24 h;

2.2. In Vitro Antiproliferative Activity Screening and SARs Analysis.

The structures of synthesized compounds are showahle 1 And the effect
of these synthesized compounds on cell prolifenati@as investigated in a panel of
human cancer cell lines from diverse tissue oripm®TT assay, the I§g values are
listed in Table 2 Replacing the 2°-OH group with sulfonyl group58 led to a
modest improvement in potency, maintained VDR higdaffinity (Table 3) and
more importantly, the better physicochemical prapsr(Table 4). Given these
results, we decided to proceed with the sulfonglgrfor the next round of analogues
which were aimed at modifying the hydrophilic greup the pyrrol part. Introduction
of different amino acid esters decreased cytottxidiext, we focused on exploring
SAR at thea-position of amide bond by replacing the methylugravith various
steric bulk groups as well as varying the chirathis portion of the molecule. The
steric bulk of thea-position modulated the potency, and the methyupgrwas the
optimal group for the antiproliferative effe@5ag). And introducing another chain
contain hydroxyl group at this position is unfaver(15i-1). In addition, oxidative

product 16ak was devoid of activity, similar detrimental effestas observed in



compounds with methyl ester group at terminal of tide chain, which suggest that
carboxyl acid and methyl ester groups may not prefe Our biggest potency
improvement occurred when we introduced MBl-diethylpropan-1-amine chain in
the pyrrol part 140), which had an 16 value of 6.27uM, 4.68uM and 7.13uM for
BXPC-3, MCF-7 and PC-3 cells, respectively. Givbese results, we decided to
proceed with théN, N-diethylpropan-1-amine chain for the next roundcan@logues.
Changes in substituents at the terminal of sidenchiaphenyl part affected activity,
replaced of the phenyl group with the methyl groegult in decreased acitivit2@a),
and change oxidation state of sulfur group canimgirove activity. Exploration of
the SAR around the substitution positions of thergg ring indicated that

substitution at the C-4 position was greatly fadotempared to the C-5 positions.

To confirm that compounds exhibit anti-tumor adyivihrough VDR, we used
RNA interference (RNAIi) in MCF-7 cells. As shown idgure 3, BrdU was
employed, we found that silence the VDR abolishedrasentative compounds
induced anti-tumor activity. These data suggest tpresentative compounds exert

their anti-tumor activity through VDR.

Table 1. The structures of all target compounds.
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Table 2.Invitro antiproliferative activity of synthesized composraainst various

human cancer cell lines

ICs0 (uM)®
Compd. BXPC-3 MCFE-7 PC-3
14a 17.92+0.73 43.67+0.63 NA
14b 19.98+0.18 NA NA
1l4c NA NA NA
14h NA NA 40.37+2.82
14i NA NA 6.49+0.15
14m NA NA NA
14n 6.43+0.19 6.47+0.04 6.89+0.36
140 6.27+0.04 4.68+0.20 7.13+0.39
15a 15.30+6.16 10.78+2.27 9.52+0.66
15b 19.94+0.05 15.47+1.40 17.74+1.57
15c 10.01+0.30 10.63+1.44 7.79+0.28
15d 18.28+0.89 20.65+0.88 9.85+0.69
15e 45.39+1.67 28.84+1.27 3.56+0.19
15f 7.72+0.85 25.47+0.60 7.30+0.19
15g 13.15+0.76 18.82+1.22 10.61+0.58
15h 26.58+1.70 41.95+0.89 11.32+0.69
15i 15.90+0.75 28.52+2.07 12.14+0.95
15j NA 27.42+0.34 14.07+0.47
15k NA 31.37+0.41 6.81+0.76
15| 16.44+0.74 29.57+0.91 13.43+0.96
16a 20.79+1.03 35.47+0.12 16.79+0.78
16b NA 33.08+0.87 30.05+1.17




16¢c 20.07+0.88 NA 20.07+0.26
16d NA 41.19+0.32 26.30+0.20
16e 16.22+0.20 24.46+1.91 3.65+0.30
16f 13.90+0.66 44.71+0.29 3.07+0.79
169 NA NA 14.36+0.56
16h NA NA NA

16i NA NA NA

16j NA NA NA

16k NA NA NA

19a 5.13+0.35 5.16+0.10 4.01+0.80
19b 5.67+0.40 4.90+0.85 2.23+0.14
20a 33.67+1.24 14.72+0.45 46.68+0.12
26a 4.11+0.34 4.64+0.34 9.54+0.38
26b 5.37+0.35 4.70+0.86 2.62+0.21
27a 30.39+0.71 16.29+1.13 36.57+0.02
27b 4.69+0.61 2.03+0.20 6.08+0.89
Sw-22 15.78+1.58 18.23+0.34 8.50+0.02

1,25(0OH)D5* 21.07+0.29 11.43+0.32 9.53+0.35

#Results are expressed as the meapd€Cthree experiments.
P Not active (IGo > 50uM).

©1,25(0OHyDswas used as the positive control.
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Figure 3. Representative compounds inhibited the proliferatof MCF-7 cells
through VDR. Negative control (SiNC) or VDR-specifsiVDR) siRNA-transfected
MCF-7 cells were treated with9a 27b, sw-22 and 1,25(OHIps 16 hours. BrdU
incorporation was determined via a commercial add ELISA kit (Abcam). BrdU
ELISA optic density (OD) at 450 nm was recorded s®activity curves and Ko

value are shown.(A, B, C and D)

2.3. In Vitro VDR Binding Affinity.

In vitro receptor binding affinity of compounds for VDR wasaluated with
VDR competitor assay and 1,25(QB) was used as the positive control. The target
compounds were performed at a concentration g¥1land we defined VDR binding
affinity of the 1,25(OH)D3; as 100%, so the relative VDR binding affinity efting

compounds (%) = (MBwso - MP Testing compounti/ (MP pmso - MP 1,250H)209 % 100%,

and the relative binding affinity are listedTable 3. Replacing the 2-OH group with
sulfonyl group 158 was generally well tolerated, with only slightaciges in binding



affinity being observed. By modifying the hydropbilgroups in the pyrrol part,
change the chiral af-position carbon atom tgive (15¢) resulted in the complete loss
of VDR binding affinity. Similar detrimental effegtas observed after its replacement
the methyl group with large steric bulk groudbdq, 15e and 15f) as well as with
hydroxyl contained alkyl groupsl®i, 15k and 15l). As similar as SARs of the
antiproliferative activity (section 2.2), compoundgh the carboxyl acid and methyl
ester groups at terminal of side chain show weaHibg affinity. In contrastjn vitro
VDR binding affinity recovered with the introduaticof nitrogen atoms contained
side chain 14n, 140. In particular, high activity was obtained withetN, N-
diethylpropan-1-amine 140 derivatives, showing 1.45-fold better VDR binding
affinity than sw-22 Reduction of sulfonyl19b) as well as replacement the phenyl
adjacent sulfonyl with methyl grou®@a) resulted in weakly active analogues.
Interestingly, reduce the sulfonyl and replace tieenyl with methyl group
simultaneously X93), resulted in maintained binding affinitywhich we postulate to
be due to sulfur atom formed interaction with amawod residues of the VDR LBD.
Substitution at the C-4 position of pyrrole ringadeto an activity maintained

compound27b.

Table 3.The relative VDR binding affinity of all targebmpounds at LM.

Relative VDR Relative VDR
Compd. Compd.
binding ability(%} binding ability(%}

l4a 14 16a 43
14b 31 16b 78
14c 28 16c 51
14h 42 16d 5

14i 73 16e -

14m o 16f 88
14n 65 169 28
140 80 16h 69
15a 54 16i 25
15b 83 16j 41
15¢ - 16k 59
15d 14 19a 76

15e - 19b 72




15f - 20a 53

15g 42 26a 62
15h 71 26D 28
15i 23 27a 60
15j 67 27b 82
15k 42 SW-22 55
15 - 1,25(0H)D3 100

®Relative VDR binding affinity of testing compoun(#) = (mPpmso - MPesting

compoung / (MPpmso - MP 1 25(0H)209 %X 100%.

P means no activity.

Subsequently, we further evaluated the VDR bindaffjnities (IGso) of
compoundsl9aand27b with excellent relative VDR binding affinity atgdM, sw-22
and 1,25(OH)Dswere used as control. As shownHigure 4, compoundd.9a(ICsp =
89.1 nM) and27b (ICsp = 125.4 nM) shown maintained VDR binding affinity
compare with the lead compousd-22 (IC5o = 115.3 nM). However, none of these
compounds showed similar VDR binding affinity witthe natural hormone
1,25(0OH}D3 (IC50 = 1.42 nM). We hypothesized that the lower VDRdig affinity
of phenyl-pyrrolyl pentane derivatives might res@itom less hydrogen bonds
interaction with the ligand binding domain of VDRIR-LBD) than 1,25(OHD3.

3004
o Compound IC5¢ (NM)
£
£ 2504 -e- 1,25(0OH),D, 1.42+0.3
'*E -+ 19a 89.1+26.9
5 200 - 27b 125.4 + 38.7
S 2 sw-22 115.3 + 34.3
150

10 102 10" 10° 10' 102 10° 10* 10%
Concentration (nM)



Figure 4. The VDR ligand binding affinity of representativeompounds.

Fluorescence polarization competition assay wadopeed under equilibrium
conditions in vitro and the competence of the Rluome VDR Red ligand from the
VDR-LBD by different compounds are shown (n = 3).

2.4. Transactivation.

To estimate agonistic properties of representatgmpounds: a transactivation
assay in HEK293 cells was performed using pGL4.RP-&-Luc reporter plasmid as
the VDRE activated reporter, pRL-TK as the intenedkrence and to normalize the
expression of luciferase, pENTER-CMV-hVDR was tdhamce the expression of
VDR and pENTER-CMV-hRXR expressing RXR as the heterodimer partner of
VDR. Representative compounti8a and 27b were testedsw-22 and 1,25(0OH)D3
were used as positive control. As showifrigure 5, compoundd9aand27b showed
concentration-dependent transcriptional activityd aacted as potent agonists.
However, none of the compounds activated the repgene transcription better than
positive controls 1,25(OHIps.

100+

2 ]

% LR Compound ECs,
& - 1,25(0H),D, 1.58 nM
§ - sw-22 6.81 nM
o -+ 19a 6.41 nM
e ~ 27b 38.2 nM
3

T T T

-10 -9 -8 -7 -6 -5
Compound concentration [M]

Figure 5. Transcriptional activities of compounds were deiaed. HEK293 cells
were cotransfected with TK-Spp x 3-LUC reporterspiéd, pRL-TK, pENTER-
CMV-hRXRa and pENTER-CMV-hVDR. Eight hours after transfentiotest
compoundg19aand27b) and positive controlsv-22and 1,25(0OH)D3) were added.
Luciferase activity assay was performed 24 houtsr lasing the Dual-Luciferase

Assay System. Firefly luciferase activity was nolizesd to the corresponding Renilla



luciferase activity. Data are shown as means + 8 0.05 vs. DMSO. All the

experiments were performed three times.
2.5. Molecular docking study

Docking studies were carried out to understandatioenic level interaction of
19aand 27b with VDR. The binding models df9a and 27b with VDR-LBD (PDB
ID: 2ZFX) were predicted and the most suitable oomftions of the ligands were
selected based on the calculated docking scoreselays of the bonding strength. As
shown inFigure 6A, the oxygen atom on the sulfonyl group could fdmgdrogen
bond with His393, the same interaction was founte@m compoungw-222> which
support the hypothesis that the sulfonyl group lo& $ide chain could mimic the
function of 2°-OH group. And the heteroatom on asrdnd could make interactions
with Ser233 and Ser274. Besides, the sulfur atotheaside chain a27b formed the
similar hydrogen bond with His393 and His301, amel Nl atom on amide bond could
form hydrogen bond with Ser23Bigure 6B).



Figure 6. The predicted binding model @Pa (A) and27b (B). VDR-LBD of PDB
reference 2ZFX is applied for molecular dockinghgstGlide 5.5 in Schrodinger 2009.
The most suitable conformations of the ligands veslected based on the calculated
docking scores by means of the bonding strength.Q)&/gen atom on the sulfonyl
group at the side chain of compoub@a was able to form hydrogen bond with the
His393 of VDR-LBD. On the other side of the struetuthe heteroatom on amide
bond could make interactions with Ser233 and SerfBY Sulfur atom at the side
chain of27b formed the similar hydrogen bond with His393 and38il, and the N
atom on amide bond could form hydrogen bond witt2 $&

2.6. Cell Cycle Assay and Cell Apoptosis.



Given the inhibitory effect of compoundgn, 140, 153 15f, 193 19b, 263, 26b
and27b on MCF-7 cells, we analyzed changes in cell cdddéribution and apoptosis
in response to these representative compouridsy cytometry analysis of MCF-7
cells treated with representative compoundaN for 24 h revealed that compared
with the control (49.3% of cells in GO/G1 phase&)ested compounds induced cell
cycle arrest at GO/G1 phadedure 7A). Among them, the percentage of compounds
19aand27binduced cells in GO/G1 phase was 55.3 and 56.8%pexctively Figure
7B). And silence the VDR abolished the cell cycleeatreffect induced by
representative compounds, which suggestiBaiand27b exert their cell cycle arrest
effect through VDR. The results iRigure 8 indicate thatl9a and 27b induced
apoptosis levels in MCF-7 cells by VDR.
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Figure 7. Effects of representative compounds arrested tHecgele in Negative
control (siNC) or VDR-specific (siVDR) siRNA-traresfted MCF-7 cells. (A) Flow
cytometry analysis of cell cycle populations afteatment with 1M compounds for
24 h. (B) The fold differences of cell populationthe GO/G1 phase of the cell cycle
after treatment of each compound. Data are showmemns + SD. P< 0.05 vs.

Control. All the experiments were performed thiieees.
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Annexin-V

Figure 8. Effects of representative compounds induced ap@piodNegative control
(siINC) or VDR-specific (siVDR) siRNA-transfected NFc7 cells. (A) Flow
cytometry analysis of apoptosis. Cells were expdsetl uM compounds for 24 h.
Cells were collected and stained with Annexin \Gfiescein isothiocyanate (FITC)
and PI. (B) The fold differences of apoptotic quigcdtion after exposure to each
compound for 24 hours. Data are shown as means. #/5D0.05 vs. Control. All the

experiments were performed three times.

There were many of anticancer mechanisms of VDR ufabors, including
cyclin-dependent kinase (CDK) inhibitors p21, pZimslation and pro-apoptotic
gene Bax stimulatioh.To determine if representative compounds stimuthe
expression of p21, p27 and Bax, MCF-7 cells weeated withl4n, 140 15a 15f,
194 19b, 263 26b and27b at the concentrations ofyM for 24 h, and the expression
of p21, p27 and Bax were examined. As showifrigure S1, compoundsl9a and

27b significantly increased the expression of p21, a@d Bax.

2.7. Physicochemical and Pharmacokinetic propertiesof Representative

Compounds

We evaluated thdn vitro metabolic stability (rat microsomal) and water

solubility of target compounds with significant etumor activity and VDR binding



affinity (Table 4). These data provide information to further guieled optimization,
with the ultimate goal of testing compounds in assnand identification of a
preclinical candidate. We are targeting solubitifygreater than 50 pg/mL (in pH 7.4
buffer), and rat microsomal stability of approxielgt60 min half life for compounds
to be further evaluateth vivo.** As expectedthe compound containing sulfonyl
group (58 versus compound without sulfonyl grougyw22 had better stability (t%
= 43.76 vs. 25.76 min) in rat microsomes. By maddythe hydrophilic groups in the
pyrrol part, introduceN, N-diethylpropan-1-amine side chain result in compmbi#ho
with desirable metabolic stability (t2 = 62.43 mi®nd compoundsl9a and 27b
showed desirable metabolic stability (t2 = 57.26 &id.23 min) either. In addition,
sulfonyl contained compoundla showed a 21-fold better solubility than the
compound without sulfonyl s(v-22 in solubility assay (35.7 vs. 1.7 pg/mL).
Furthermore, compounds4n, 140, 19a 26a and 27b showed excellent solubility
with 65.0, 117.3, 74.6, 198.2 and 85.3 ug/mL, respely.

Table 4. In vitro metabolic stability and water solubility of seledtcompound$

Compd. Solubility Rat Microsome
(Lg/mL) Stability t¥ (min)
14n 65.0 34.91
140 117.3 62.43
152 35.7 43.76
15f 27.8 46.32
192 74.6 57.26
190 25.6 53.72
26a 198.2 48.13
26b 0.6 71.44
27b 85.3 59 23
Sw-22 1.7 25.76

4See Experimental Section for assay descriptions

Consequently, we profiled the pharmacokinetic prige of our two most potent
analogues]l9aand27b, which showed desirable metabolic stability anldiisitity, as
well as excellent anti-tumor activity. As contraur lead compoundw-22 was

selected, and the pharmacokinetic parameters vesgrsin Table 5. Introduction of



the sulfonyl group led to a modification of the Riofile and we clearly saw an
improvement in terms of half-lives and bioavailéiil Compoundl9a showed with
bioavailability of 43.2% and t% value of 10.75 m®uafter intraperitoneal
administration. And compoun®7b displayed with bioavailability of 40.3% and tY¥2
value of 7.65 hours after intraperitoneal admiaistn. Both of 19a and 27b
possessed better pharmacokinetic properties thad t®mpoundsw-22 whose
bioavailability was 32.5% and t%2 value was 3.47 rBoafter intraperitoneal
administration. These results were in line with tihend we preconceived that
compounds contained the sulfonyl group will posséstter pharmacokinetic
properties. In our another work, we improved phawhkanetic properties with
another approach. We modified the hydroxyl groughenside chain from secondary
alcohol to tertiary alcohol, the steric hineranceuad hydroxyl group was enhanced,
which could delay the metabolish of the hydroxydgy on the side chain and lead to

a longer t¥ valué"

Table 5. Pharmacokinetic Parameters of compoul@ts 27b andsw-22in rats®

Parameters Sw-22 19a 27b
(AY2 i.p. V. i.p. V. i.p.
5 mg/kg 20 mg/kg 5 mg/kg 20 mg/kg 5 mg/kg 20 mag/k
AUC(mg/L*h) 4.65+0.07 6.04+0.23 11.79+0.34 20.37+3.54 7.4430. 12.04+0.19
tva(h) 2.8940.12 3.47+0.18 4.7240.21 10.75+0.07 6.6+£0.25 7.65+0.06
MRT(h) 5.5440.13 5.5+0.24 8.08+0.3 15.67+0.02 9.72+0.2711.87+0.11
CL(L/h) 1.08+0.02 3.31+0.13 0.42+0.01 0.9940.17 0.67+0.04 1.66+0.02
F - 32.47% - 43.19% - 40.29%

8SD rats (male, 3 animals per group) weighted 180-¢2®ere used for the study (n =
3). Data were presented as Mean + SD.

2.8.1n Vivo Anticancer Activity Assay

On the basis of their potent antiproliferative et desirable physicochemical
and pharmacokinetic properties, compoutfga and 27b were selected fom vivo
studies.Breast tumor mouse model was generated by orthotispnsplantation of
human MCF-7 cells in athymic nude mice. Our leachgoundsw-22was selected as
positive control. In addition, the natural VDR mdator 1,25(OH}D3, which has

been used in a number of animal models of cancdr chinical trials for cancer



treatment (prostate cancer and breast cahden)as selected as positive control either.
As shown inFigure 9A and B, 19a and 27b showed better antitumor efficacy
comparedwith sw-22 or 1,25(OH)Ds. In addition, treated with compoundSa and
27b did not affect mouse body weigtgigure 9C), which indicated that th#9a and
27b have no apparent toxicity to mice during the pgebcancer treatment.

We further determined the expression of p21l, p2d &ax in vivo by
immunohistochemistry assalfigure 9D). Compared with control and 1,25(QB}),
there was a significantly increased expression2df, p27 and Bax in sections of the
MCF-7 orthotopic tumors after they were treatedhwiBa or 27b. The results
revealed that treatment wiftBa or 27b dramatically increased the expression levels
of the proapoptotic p21, p27 and Bax in MCF-7 ¢edigggesting that9a or 27b
inhibited the tumor growth by inducing cell-cycleest.
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Figure 9. Compoundd 9aand27b exert antitumor efficiencyn vivo. (A) Differences
in tumor weight in mice treated with vehiclQa 27b, sw-22and 1,25(0OHD3. *P <



0.05 compared to the placebo group. (B) Differencdamor size in mice exposed to
vehicle, 19a 27b, sw-22 and 1,25(0OHpDs;. (C) Changes in body weight of mice
treated with vehiclel9a 27b, sw-22and 1,25(0OHDs. (D) Expression of p21, p27
and Bax in the tumor sections of MCF-7-bearing misas examined by

immunohistochemistry (x200).
2.9.1n Vivo Calcemic Activity Assay.

The level of serum calcium was measured to evaltlesafety profile of
compoundsl9a and 27b. 1,25(0OH)D3; and sw-22 were selected as the positive
controls and vehicle as the negative control. Aewshin Figure 10, the serum
calcium concentration of 1,25(OH); group was 0.3Lumol/mL before injection (day
7), 0.60umol/mL ongoing injection (day 17) and 0.@inol/mL after injection (day
27), indicating significant risk of hypercalcemiaasvinduced by 1,25(ObD)s.
However, there was no significant change on seraloiuon in mice when treated
with compounds19a and 27b. Therefore, compoundd49a and 27b had no

hypercalcemia side effent vivo at therapeutic doses.
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Figure 10. (A) In vivo hypercalcemic effects of compoundlSa 27b, sw-22 and

1,25(OH}D3 in the MCF-7 tumor-bearing micEhe venous blood were withdrawn
before injection (day 7), ongoing injection ( dag) hnd after injection (day 27). The
total calcium ion concentration was determined &lgiam assay kit. Data are shown

as means = SD.Px 0.05 vs. Control.



3. Conclusions

On the basis of the potent neacosteroidal VDR modulator reported by our
group previously, we investigated the structurevdgt and structure-property
relationships around th&-hydroxyl group to improve the physicochemicaigerties,
pharmacokinetic properties and anti-tumor actisitia this study, a new series of
sulfonyl-containing phenyl-pyrrolyl pentane analeguwere synthesized. Screening
assays of these derivatives identified compoursand27b as potential anti-tumor
agentsNovel compound49aand27b, feature sulfonyl groups on the side chain, are
particularly attractive for future studies becausk the following features: (i)
Inhibition of cell proliferation with a low Ig via the arrest of cell cycle and
induction of apoptosisy stimulating the expression of p21, p27 and Bay. The
desirable drug-like propertiescluding metabolic stability, water solubility and
pharmacokinetic profiles that are crucial for compas to exert activityn vivo. (iii)
The excellentin vivo anti-tumor activity without hypercalcemia side ezff. In
summary, the favorable physicochemical properfdsrmacokinetic properties and
anti-tumor activity ofl9aand27b highlight their potential therapeutic applicatians

cancer treatment.

4. Experiment section
4.1. General Materials and Methods

All material and reagents were purchased from coroiadesources and, unless
otherwise stated, were used without further puatfan. High-resolution mass spectra
(HRMS) were recorded on QSTAR XL Hybrid MS/MS masectrometerrH NMR
and**C NMR were recorded employing Bruker AV-300 or AUEbinstruments using

CDCl;. Chemical shifts were given as(ppm) units relative to the internal standard



tetramethylsilane (TMS). Column chromatography s&ji@ns were progressed on
silica gel (200-300 mesh).

4.2. General procedure 1 - synthesis of compounddd-o

To a solution of compounti3 (0.15 g, 0.32 mmol) in dichloromethane (50 mL),
3-(ethyliminomethylideneamind);N-dimethylpropan-1-amine,hydrochloride (74.38
mg, 0.48 mmol), 1-Hydroxybenzotriazole (64.74 mg80mmol) and triethylamine
(48.49 mg, 0.48 mmol) was added &0 After stirring for 0.5 h, appropriate amine
(0.48 mmol) was added. The reaction mixture waeestiat room temperature for 12
h and then KD (100 mL) was added. The organic phase were wasitiedrine and
dried over anhydrous N&8Q,, filtered and concentrated. The residue was @arify
silica gel column chromatography eluting with agprate mixture as indicated in

each case.

4.2.1. methyl (1-ethyl-5-(3-(3-methyl-4-((phenylsibnyl)methoxy)phenyl)pentan-
3-yl)-1H-pyrrole-2-carbonyl)-L-alaninate (14a)

Petroleum ether/ethyl acetate (25/1). Colorless &% yield‘H NMR (300
MHz, CDCk) 6 (ppm) 7.98 (dJ = 7.2 Hz, 2H), 7.67 (1) = 7.3 Hz, 1H), 7.55 (1] =
7.3 Hz, 2H), 6.84 (dJ = 8.5 Hz, 1H), 6.81 (s, 1H), 6.67 @ 8.5 Hz, 1H), 6.62 (d]
= 4.0 Hz, 1H), 6.16 (d] = 4.0 Hz, 1H), 5.03 (s, 2H), 4.66-4.59 (m, 1HB®3.68 (m,
2H), 3.75 (s, 3H), 2.05 (s, 3H), 2.01-1.91 (m, 4H}5 (d,J = 7.1 Hz, 3H), 0.79 (1)
= 6.9 Hz, 3H), 0.56 (&) = 7.3 Hz, 6H)*C NMR (75 MHz, CDCJ) 5 (ppm) 173.40,
161.14, 152.88, 143.09, 140.39, 136.63, 133.81,5629128.70, 128.60, 126.35,
124.93, 124.49, 111.53, 111.30, 107.82, 82.54,%148.38, 45.96, 40.33, 27.95,
18.11, 15.88, 15.51, 7.65. ESI-HRMS calcd fapHGsN20sS [M+Na] 577.2451,
found 577.2355.

4.2.2. methyl (1-ethyl-5-(3-(3-methyl-4-((phenylsibnyl)methoxy)phenyl)pentan-
3-yl)-1H-pyrrole-2-carbonyl)glycinate (14b)

Petroleum ether/ethyl acetate (30/1). Colorless 9% vyield.'H NMR (300
MHz, CDCk) & (ppm) 7.98 (dJ = 7.2 Hz, 2H), 7.67 (t) = 7.3 Hz, 1H), 7.56 (1) =
7.3 Hz, 2H), 6.86-6.81 (m, 2H), 6.68 @= 8.5 Hz, 1H), 6.63 (d] = 4.0 Hz, 1H),



6.16 (d,J = 4.0 Hz, 1H), 5.03 (s, 2H), 4.11 @@= 4.8 Hz, 2H), 3.80 (q] = 7.0 Hz,
2H), 3.76 (s, 3H), 2.06 (s, 3H), 2.04-1.89 (m, 4BiB1 (t,J = 7.0 Hz, 3H), 0.57 (1) =
7.3 Hz, 6H)."*C NMR (75 MHz, CDCJ) & (ppm) 170.35, 152.88, 143.24, 140.37,
136.63, 133.82, 129.55, 128.71, 128.60, 126.36,982411.53, 107.92, 82.54, 51.80,
45.97, 40.64, 40.37, 27.95, 15.88, 15.53, 7.66-HFSMS calcd for GoHseN206S
[M+Na]* 563.2294, found 563.2195.

4.2.3. methyl (1-ethyl-5-(3-(3-methyl-4-((phenylsibnyl)methoxy)phenyl)pentan-
3-y)-1H-pyrrole-2-carbonyl)-D-alaninate (14c)

Petroleum ether/ethyl acetate (30/1). Colorless 88 vyield.'H NMR (300
MHz, CDCh) & (ppm) 7.98 (d,J = 7.2 Hz, 2H), 7.67 (tt) = 7.3 Hz,J = 1.3 Hz, 1H),
7.55 (t,J = 7.3 Hz, 2H), 6.85-6.81 (m, 2H), 6.67 (b= 8.5 Hz, 1H), 6.62 (d] = 4.0
Hz, 1H), 6.15 (dJ = 4.0 Hz, 1H), 5.03 (s, 2H), 4.69-4.59 (m, 1HB:3.68 (M, 2H),
3.75 (s, 3H), 2.06 (s, 3H), 2.03-1.91 (m, 4H), 1(d5) = 7.2 Hz, 3H), 0.79 (1} = 6.9
Hz, 3H), 0.56 () = 7.3 Hz, 6H)*C NMR (75 MHz, CDC}) & (ppm) 173.83, 161.58,
153.30, 143.52, 140.82, 137.06, 134.24, 129.98,1829129.03, 126.78, 125.36,
124.92, 111.97, 111.74, 108.25, 82.97, 52.31, 44819, 40.76, 29.62, 28.39, 18.53,
16.30, 15.94, 8.09. ESI-HRMS calcd fogB3gN,06S [M+Na]" 577.2451, found
577.2363.

4.2.4. methyl 3-(1-ethyl-5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-

carboxamido)propanoate (14h)

Petroleum ether/ethyl acetate (30/1). Colorless &% yield*H NMR (300
MHz, CDCk) 6 (ppm) 7.97 (dJ = 7.3 Hz, 2H), 7.67 (tt) = 7.3 Hz,J = 1.3 Hz, 1H),
7.55 (t,J = 7.3 Hz, 2H), 6.84-6.81 (m, 2H), 6.67 (U5 8.7 Hz, 1H), 6.51 (d] = 4.0
Hz, 1H), 6.13 (dJ = 4.0 Hz, 1H), 5.03 (s, 2H), 3.80 @@= 6.9 Hz, 2H), 3.69 (s, 3H),
3.59 (d,J = 6.0 Hz, 2H), 2.58 (tJ = 6.0 Hz, 2H), 2.05 (s, 3H), 2.03-1.90 (m, 4H),
0.79 (t,J = 6.9 Hz, 3H), 0.55 (] = 7.3 Hz, 6H)}*C NMR (75 MHz, CDC}) & (ppm)
173.10, 162.08, 153.29, 143.20, 140.87, 137.06,2B34129.96, 129.12, 129.02,
126.75, 125.37, 111.96, 111.21, 108.12, 82.97,%146.37, 40.74, 34.59, 34.03,
30.17, 28.37, 16.29, 15.99, 8.08, 0.94. ESI-HRMBdcéor GaoH3sN,06S [M+Na]
577.2451, found 577.2356.



4.2.5. dimethyl (1-ethyl-5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carbonyl)-L-
aspartate (14i)

Petroleum ether/ethyl acetate (20/1). Colorless % yield'H NMR (300
MHz, CDCk) & (ppm) 7.97 (d,J = 7.3 Hz, 2H), 7.67 (tt) = 7.3 Hz,J = 1.3 Hz, 1H),
7.55 (tt,J = 7.3 Hz,J = 1.3 Hz, 2H), 6.84-6.81 (m, 3H), 6.64 (ds 4.0 Hz, 1H), 6.16
(d,J = 4.0 Hz, 1H), 5.03 (s, 2H), 4.96-4.90 (m, 1HBR3.77 (M, 2H), 3.75 (s, 3H),
3.69 (s, 3H), 3.10-3.03 (m, 1H), 2.91-2.84 (m, 1#P6 (s, 3H), 2.04-1.91 (m, 4H),
0.79 (t,J = 6.9 Hz, 3H), 0.56 (1] = 7.3 Hz, 6H)*C NMR (75 MHz, CDC}) 5 (ppm)
171.57, 171.54, 161.55, 153.32, 143.80, 140.77,0737134.24, 129.97, 129.13,
129.02, 126.79, 125.37, 124.65, 112.21, 111.98,3B08B2.96, 52.67, 51.94, 48.26,
46.40, 40.81, 36.31, 28.38, 16.30, 15.92, 8.08-HASMS calcd for GHaoN20sS
[M+Na]* 635.2505, found 635.2414.

4.2.6. tert-butyl (2-(1-ethyl-5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-

carboxamido)ethyl)carbamate (14m)

Petroleum ether/ethyl acetate (20/1). Colorless % yield‘H NMR (300
MHz, CDCk) 6 (ppm) 7.97 (dJ = 7.2 Hz, 2H), 7.66 (tt) = 7.4 Hz,J = 1.3 Hz, 1H),
7.55 (t,J = 7.4 Hz, 2H), 6.85-6.80 (m, 2H),6.67 (U= 8.5 Hz, 1H), 6.57 (dJ = 4.0
Hz, 1H), 6.14 (dJ = 4.0 Hz, 1H), 5.03 (s, 2H), 3.82 @= 7.1 Hz, 2H), 3.43 () =
5.3 Hz, 2H), 3.30 (tJ = 5.3 Hz, 2H), 2.05 (s, 3H), 2.01-1.90 (m, 4H}¥1 (s, 9H),
0.80 (t,J = 7.0 Hz, 3H), 0.56 () = 7.1 Hz, 6H)}*C NMR (75 MHz, CDC}) & (ppm)
162.35, 152.85, 142.73, 140.49, 136.62, 133.80,5629128.69, 128.59, 126.31,
124.93, 124.75, 111.51, 111.03, 107.78, 82.54,44%9.32, 40.15, 39.82, 27.89,
15.86, 15.60, 7.65. ESI-HRMS calcd foksB4sN30sS [M+Na] 634.3029, found
634.2902.

4.2.7. N-(2-aminoethyl)-1-ethyl-5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (14n)

Dichloromethane / methanol (15/1). Colorless diyield'H NMR (300 MHz,
CDCls) & (ppm) 7.96 (dJ = 7.2 Hz, 2H), 7.66 (tt) = 7.4 Hz,J = 1.3 Hz, 1H), 7.55 (t,
J=7.4 Hz, 2H), 6.83-6.80 (m, 2H), 6.67-6.66 (m,) 26113 (d,J = 4.0 Hz, 1H), 5.03



(s, 2H), 3.79 (qJ = 6.7 Hz, 2H), 3.44 (q) = 5.7 Hz, 2H), 2.94 (tJ = 5.7 Hz, 2H),
2.05 (s, 3H), 2.00-1.89 (m, 4H), 1.41 (s, 9H), 079 = 6.9 Hz, 3H), 0.55 (1) = 7.1

Hz, 6H).*C NMR (75 MHz, CDCI3)% (ppm) 162.88, 153.31, 143.54, 140.85, 137.07,
134.28, 129.88, 129.17, 129.04, 126.71, 125.49,8824119.55, 112.41, 112.12,
108.48, 82.97, 46.42, 41.10, 40.86, 39.41, 29.861® 16.34, 16.12, 8.14, 0.98. ESI-
HRMS calcd for GgHs7Nz04S [M+H]* 512.2505, found 512.2589.

4.2.8. N-(2-(diethylamino)ethyl)-1-ethyl-5-(3-(3-mihyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (140)

Dichloromethane / methanol (30/1). Colorless oll%8yield. '"H NMR (300
MHz, CDCk) & (ppm) 7.98 (d,J) = 7.2 Hz, 2H), 7.67 () = 7.4 Hz, 1H), 7.56 () =
7.4 Hz, 2H), 6.86-6.82 (m, 2H), 6.72-6.65 (m, 261115 (d,J = 4.0 Hz, 1H), 5.03 (s,
2H), 3.82 (q.J = 7.1 Hz, 2H), 3.49 (qJ = 5.5 Hz, 2H), 2.77-2.70 (m, 6H), 2.06 (s,
3H), 2.02-1.93 (m, 4H), 1.16 @,= 7.1 Hz, 6H), 0.80 (1) = 6.9 Hz, 3H), 0.56 (i) =
7.3 Hz, 6H)."*C NMR (75 MHz, CDCJ) 5 (ppm) 140.58, 133.80, 129.58, 128.69,
128.60, 124.96, 111.50, 107.90, 82.56, 51.88, 46985, 40.30, 35.62, 27.96, 15.86,
15.63, 10.37, 7.66. ESI-HRMS calcd forB4sN304,S [M+H]" 568.3131, found
568.3249.

4.3. General procedure 2 - synthesis of compoundSét|

To a solution of appropriate estéda-14l (0.33 mmol) in methanol (20 mL),
NaBH,; (31.40 mg, 0.83 mmol) was added portionwise aC0The reaction mixture
was stirred at 25 °C for 8 h and the solution waaperated. Then # (20 mL) and
EtOAc (50 mL) was added and the organic phase wasthed with brine and dried
over anhydrous N&Q, filtered and concentrated. The residue was atiby silica

gel column chromatography eluting with approprmigture as indicated in each case.

4.3.1. (S)-1-ethyl-N-(1-hydroxypropan-2-yl)-5-(3-(3nethyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15a)

Petroleum ether/ethyl acetate (5/1). oil. 81% yi&ti NMR (300 MHz, CDCY)
8 (ppm) 7.98 (dJ = 7.2 Hz, 2H), 7.67 (t) = 7.3 Hz, 1H), 7.56 (&) = 7.3 Hz, 2H),
6.85-6.81 (m, 2H), 6.69 (d, J = 8.2 Hz, 1H), 6.86J(= 4.0 Hz, 1H), 6.14 (d] = 4.0
Hz, 1H), 5.03 (s, 2H), 4.16-4.10 (m, 1H), 3.88-3(M 2H), 3.72-3.53 (m, 2H), 2.06
(s, 3H), 2.01-1.91 (m, 4H), 1.22 (@ 6.8 Hz, 3H), 0.80 (1] = 6.9 Hz, 3H), 0.57 (1]



= 7.3 Hz, 6H)2C NMR (75 MHz, CDC}) 5 (ppm) 162.63, 152.88, 143.14, 140.37,
133.82, 129.52, 128.71, 128.59, 126.35, 124.93561111.04, 107.77, 82.54, 67.36,
47.36, 45.97, 40.33, 27.95, 16.70, 15.88, 15.586.7.ESI-HRMS calcd for
CaoH3sN;0sS [M+Na]* 549.2501, found 549.24009.

4.3.2. 1-ethyl-N-(2-hydroxyethyl)-5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15b)

Petroleum ether/ethyl acetate (5/1). oil. 77% yi&tiNMR (300 MHz, CDC})
d (ppm) 7.98 (dJ = 7.3 Hz, 2H), 7.67 () = 7.4 HzJ= 1.3 Hz, 1H), 7.56 {1 =7.4
Hz, 2H), 6.85-6.81 (m, 2H), 6.68 (d= 8.4 Hz, 1H), 6.57 (d] = 4.0 Hz, 1H), 6.15 (d,
J=4.0 Hz, 1H), 5.03 (s, 2H), 3.80 (&= 7.0 Hz, 2H), 3.76 (t) = 5.0 Hz, 2H), 3.50 (t,
J=5.0 Hz, 2H), 2.06 (s, 3H), 2.04-1.92 (m, 4HBXO(t,J = 7.0 Hz, 3H), 0.57 (J =
7.3 Hz, 6H).°C NMR (75 MHz, DMSO)5 (ppm) 163.07, 152.89, 143.16, 140.37,
136.61, 133.82, 129.52, 128.71, 128.59, 126.36,9824124.55, 111.56, 111.17,
107.85, 82.54, 62.61, 45.98, 42.06, 40.37, 29.129% 15.89, 15.59, 7.66. ESI-
HRMS calcd for GgH3gN20sS [M+Na] 535.2345, found 535.2283.

4.3.3. (R)-1-ethyl-N-(1-hydroxypropan-2-yl)-5-(3-(3methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15c)

Petroleum ether/ethyl acetate (3/1). oil. 65% yi&tiNMR (300 MHz, CDC})
d (ppm) 7.97 (dJ = 7.2 Hz, 2H), 7.67 (1) = 7.3 Hz, 1H), 7.56 () = 7.3 Hz, 2H),
6.85-6.81 (m, 2H), 6.68 (d, J = 8.2 Hz, 1H), 6.86J(= 4.0 Hz, 1H), 6.14 (d] = 4.0
Hz, 1H), 5.03 (s, 2H), 4.16-4.10 (m, 1H), 3.88-3(#1, 2H), 3.71-3.53 (m, 2H), 2.06
(s, 3H), 2.01-1.91 (m, 4H), 1.22 @ = 6.8 Hz, 3H), 0.80 (1) = 6.9 Hz, 3H), 0.56 (1)
= 7.3 Hz, 6H).2*C NMR (75 MHz, CDC}) 5 (ppm) 163.07, 153.32, 143.61, 140.79,
137.06, 134.25, 129.95, 129.14, 129.03, 126.79,3625125.09, 114.53, 111.99,
111.53, 108.22, 82.98, 67.81, 47.84, 46.41, 428738, 17.13, 16.31, 16.01, 8.09.
ESI-HRMS calcd for GH3gN-0sS [M+Na]" 549.2501, found 549.2383.

4.3.4. 1-ethyl-N-(1-hydroxy-2-methylpropan-2-yl)-5(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15d)

Petroleum ether/ethyl acetate (4/1). oil. 68% yi&tiNMR (300 MHz, CDC})
d (ppm) 7.97 (dJ = 7.3 Hz, 2H), 7.67 () = 7.3 Hz,J= 1.3 Hz, 1H), 7.56 (1 = 7.3
Hz, 2H), 6.85-6.81 (m, 2H), 6.69 (@= 8.7 Hz, 1H), 6.49 (d] = 4.0 Hz, 1H), 6.13 (d,



J = 4.0 Hz, 1H), 5.03 (s, 2H), 3.77 @= 7.0 Hz, 2H), 3.61 (s, 2H), 2.06 (s, 3H),
2.03-1.90 (m, 4H), 1.33 (s, 6H), 0.77Jt= 7.0 Hz, 3H), 0.56 (1) = 7.3 Hz, 6H)°C
NMR (75 MHz, CDC}) & (ppm) 163.48, 153.34, 143.60, 140.76, 137.08, 2[34.
130.02, 129.93, 129.15, 129.03, 126.80, 125.64,3825112.04, 111.98, 111.50,
108.05, 107.32, 82.98, 71.20, 56.10, 46.41, 48016, 29.64, 28.41, 24.81, 16.33,
15.96, 8.17, 8.10. ESI-HRMS calcd forsgBiN,0sS [M+Na]" 563.2658, found
563.2558.

4.3.5. 1-ethyl-N-(1-(hydroxymethyl)cyclopropyl)-5-8-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15e)

Petroleum ether/ethyl acetate (5/1). oil. 79% yfeldNMR (300 MHz, CDCY) &
(ppm) 7.97 (dJ = 7.4 Hz, 2H), 7.67 (t] = 7.4 Hz, 1H), 7.55 (t] = 7.7 Hz, 2H), 6.83-
6.79 (m, 2H), 6.68 (d] = 8.6 Hz, 1H), 6.51 (d] = 4.0 Hz, 1H), 6.13 (d] = 4.0 Hz,
1H), 5.03 (s, 2H), 3.78 (g = 6.9 Hz, 2H), 3.61 (s, 3H), 2.05 (s, 3H), 2.0201(fn,
4H), 0.95-0.91 (m, 2H), 0.87-0.84 (m, 2H), 0.81J(t 6.9 Hz, 3H), 0.55 () = 7.3
Hz, 6H).*C NMR (75 MHz, CDCJ) 6 (ppm) 164.79, 153.34, 144.08, 140.67, 137.03,
134.27, 129.91, 129.15, 129.01, 126.81, 125.35542412.02, 108.36, 82.96, 70.01,
46.43, 40.85, 35.26, 30.27, 29.62, 28.37, 16.32)0,6.3.02, 8.08. ESI-HRMS calcd
for CagH3eN,0sS [M+Na] 561.2501, found 561.2400.

4.3.6. (S)-1-ethyl-N-(1-hydroxy-3-methylbutan-2-yh5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15f)

Petroleum ether/ethyl acetate (5/1). oil. 80% yi&ti NMR (300 MHz, CDCY)
8 (ppm) 7.95 (d) = 7.2 Hz, 2H), 7.65 (t) = 7.4 Hz, 1H), 7.53 () = 7.4 Hz, 2H),
6.84-6.81 (m, 2H), 6.56 (d} = 4.0 Hz, 1H), 6.15-6.11 (m, 2H), 5.02 (s, 2HBS.
3.67 (m, 4H), 3.67-3.61 (m, 1H), 2.04 (s, 3H), 21086 (m, 5H), 0.95 (dd] = 3.6
Hz,J = 6.6 Hz, 6H), 0.76 (t) = 7.0 Hz, 3H), 0.54 () = 7.0 Hz, 6H)C NMR (75
MHz, CDCk) & (ppm) 163.45, 159.51, 153.35, 143.54, 140.83, MB7134.27,
129.98, 129.17, 129.06, 126.82, 125.42, 112.04,2611.08.14, 83.02, 64.74, 57.11,
46.43, 40.72, 29.31, 28.43, 19.68, 18.80, 16.3504163.13. ESI-HRMS calcd for
Ca1H42N20sS [M+Na] 577.2814, found 577.2720.

4.3.7. (R)-1-ethyl-N-(1-hydroxy-3-methylbutan-2-yB5-(3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (159)



Petroleum ether/ethyl acetate (4/1). oil. 73% yfeldNMR (300 MHz, CDCY) &
(ppm) 7.97 (d,) = 7.2 Hz, 2H), 7.66 (1] = 7.4 Hz, 1H), 7.55 (] = 7.4 Hz, 2H), 6.85-
6.81 (m, 2H), 6.68 (dJ = 8.5 H, 1H), 6.56 (dJ = 4.0 Hz, 1H), 6.13 (d] = 4.0 Hz,
1H), 5.03 (s, 2H), 3.89-3.63 (m, 5H), 2.04 (s, 3B10-1.87 (m, 5H), 0.95 (dd,=
3.6 Hz,J = 6.6 Hz, 6H), 0.78 () = 6.9 Hz, 3H), 0.55 (t) = 7.0 Hz, 6H)*C NMR
(75 MHz, CDC¥) 6 (ppm) 163.42, 159.46, 153.35, 143.50, 140.83,QB7134.28,
129.98, 129.16, 129.05, 126.81, 125.42, 112.03,2611108.13, 83.00, 64.65, 57.05,
46.42, 40.70, 29.66, 29.29, 28.42, 26.89, 19.67986.34, 16.03, 8.12. ESI-HRMS
caled for GiH4:N20sS [M+Na]* 577.2814, found 577.2718.

4.3.8. 1-ethyl-N-(3-hydroxypropyl)-5-(3-(3-methyl-4
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15h)

Petroleum ether/ethyl acetate (3/1). oil. 76% yi&tiNMR (300 MHz, CDC})
d (ppm) 7.97 (dJ = 7.4 Hz, 2H), 7.67 (1) = 7.4 Hz, 1H), 7.56 (1) = 7.7 Hz, 2H),
6.85-6.80 (m, 2H), 6.68 (d,= 8.6 Hz, 1H), 6.53 (d] = 4.0 Hz, 1H), 6.13 (d] = 4.0
Hz, 1H), 5.03 (s, 2H), 3.81 (d,= 6.9 Hz, 2H), 3.63 (t) = 5.5 Hz. 2H), 3.49 (q] =
5.5 Hz. 2H), 2.05 (s, 3H), 2.03-1.90 (m, 4H), 1786 (m, 2H), 0.78 (1) = 6.9 Hz,
3H), 0.56 (t,J = 7.3 Hz, 6H).*C NMR (75 MHz, CDC}) § (ppm) 163.42, 153.31,
143.46, 140.80, 134.25, 129.93, 129.13, 129.01,7¥26125.37, 125.05, 112.00,
111.33, 108.18, 82.97, 59.10, 46.39, 40.70, 38892, 32.65, 29.61, 28.37, 16.30,
16.01, 8.09, 0.94. ESI-HRMS calcd forgB3sN.0sS [M+Na]' 549.2501, found
549.2405.

4.3.9. (S)-N-(1,4-dihydroxybutan-2-yl)-1-ethyl-5-(33-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15i)

Petroleum ether/ethyl acetate (5/1). oil. 81% yi&tiNMR (300 MHz, CDC})
8 (ppm) 7.96 (d) = 7.4 Hz, 2H), 7.65 (t) = 7.4 Hz, 1H), 7.55 (&) = 7.7 Hz, 2H),
6.83-6.81 (m, 2H), 6.65 (d,= 8.6 Hz, 1H), 6.62 (d] = 4.0 Hz, 1H), 6.13 (d] = 4.0
Hz, 1H), 5.03 (s, 2H), 4.20-4.13 (m, 1H), 3.92-3(8Q 1H), 3.77-3.58 (m, 5H), 2.05
(s, 3H), 2.01-1.86 (m, 4H), 1.86-1.78 (m, 1H), 1173 (m, 1H), 0.78 (1} = 6.9 Hz,
3H), 0.58-0.52 (m, 6H)**C NMR (75 MHz, CDC}) & (ppm) 163.36, 162.60, 153.31,
143.72, 140.76, 137.00, 134.28, 129.91, 129.15,0029126.77, 125.38, 124.82,
112.03, 111.99, 108.30, 82.96, 65.37, 58.79, 4818310, 40.72, 36.48, 34.47, 29.61,



28.43, 16.30, 16.01, 8.11, 8.06, 0.94. ESI-HRMSatdbr GoH4oN20sS [M+Na]’
579.2607, found 579.2510.

4.3.10. (R)-N-(1,4-dihydroxybutan-2-yl)-1-ethyl-5-8-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15j)

Petroleum ether/ethyl acetate (3/1). oil. 69% yi&ti NMR (300 MHz, CDCY)
8 (ppm) 7.97 (dJ = 7.3 Hz, 2H), 7.68 (t) = 7.4 Hz, 1H), 7.56 (&) = 7.4 Hz, 2H),
6.86-6.81 (m, 2H), 6.70-6.63 (m, 2H), 6.15 Jds 4.0 Hz, 1H), 5.04 (s, 2H), 4.24-
4.18 (m, 1H), 3.87-3.70 (m, 6H), 2.90-2.81 (m, 2”6 (s, 3H), 1.99-1.90 (M, 4H),
0.80 (t,J = 6.9 Hz, 3H), 0.57-0.56 (m, 6H)*C NMR (75 MHz, CDCJ) & (ppm)
163.40, 153.36, 143.86, 140.79, 137.07, 134.30,9629129.18, 129.05, 126.83,
125.42, 124.80, 112.06, 111.99, 108.37, 83.02,3%58.91, 48.45, 46.45, 40.79,
34.51, 28.45, 16.35, 16.06, 8.15, 8.10. ESI-HRMBdcéor GaoHaoN20sS [M+Na]
579.2607, found 579.2515.

4.3.11. (S)-N-(1,5-dihydroxypentan-2-yl)-1-ethyl-%3-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15k)

Petroleum ether/ethyl acetate (3/1). oil. 71% yfeldNMR (300 MHz, CDCY) &
(ppm) 7.97 (dJ = 7.3 Hz, 2H), 7.67 (tt) = 7.4 Hz,J = 1.3 Hz, 1H), 7.56 () = 7.4
Hz, 2H), 6.85-6.82 (m, 2H), 6.68 (d= 8.4 Hz, 1H), 6.60 (d] = 4.0 Hz, 1H), 6.13 (d,
J = 4.0 Hz, 1H), 5.03 (s, 2H), 4.05-4.01 (m, 1HB®R3.74 (m, 2H), 3.72-3.57 (m,
4H), 2.06 (s, 3H), 2.01-1.91 (m, 4H), 1.73-1.59 4H), 0.79 (tJ = 6.8 Hz, 3H), 0.56
(t, J = 7.0 Hz, 6H).2*C NMR (75 MHz, CDCJ) & (ppm) 172.64, 163.23, 153.35,
143.59, 140.84, 137.07, 134.29, 129.97, 129.18,0629126.81, 125.42, 125.21,
119.55, 112.06, 111.65, 108.24, 83.02, 65.93, 65861, 46.44, 40.76, 29.66, 28.68,
28.43, 27.90, 16.35, 16.07, 8.13. ESI-HRMS calcd @;H4N-0sS [M+Na]
593.2764, found 593.2677.

4.3.12. (R)-N-(1,5-dihydroxypentan-2-yl)-1-ethyl-43-(3-methyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (15I)

Petroleum ether/ethyl acetate (4/1). oil. 80% yi&ti NMR (300 MHz, CDCY)
d (ppm) 7.97 (dJ =7.3 Hz, 2H), 7.67 () = 7.4 HzJ= 1.3 Hz, 1H), 755 1= 7.4
Hz, 2H), 6.84-6.81 (m, 2H), 6.68 (d@= 8.7 Hz, 1H), 6.59 (d] = 4.0 Hz, 1H), 6.13 (d,
J = 4.0 Hz, 1H), 5.03 (s, 2H), 4.05-4.01 (m, 1HB&3.74 (m, 2H), 3.69-3.59 (m,



4H), 2.05 (s, 3H), 2.00-1.90 (m, 4H), 1.70-1.63 4H), 0.78 (tJ = 6.8 Hz, 3H), 0.55
(t, J = 7.0 Hz, 6H)XC NMR (75 MHz, CDCJ) & (ppm) 163.21, 153.35, 143.57,
140.84, 137.07, 134.30, 129.97, 129.18, 129.05,8026125.43, 125.22, 112.07,
111.67, 108.25, 83.02, 65.86, 62.33, 51.38, 4610376, 29.65, 28.68, 28.43, 27.89,
16.35, 16.07, 8.13. ESI-HRMS calcd fori84N,06S [M+Na]* 593.2764, found
593.2671.

4.4. General procedure 3 - synthesis of compoundéd-k

To a stirred solution of appropriate estdia14k (0.33 mmol) in a mixture of
MeOH/H,O 10:1 (40 mL) was added KOH (185.1 mg, 3.30 mmablj0°C. After 24
h, the solution was evaporated, water (20 mL) at@dAEe (80 mL) was added. The
organic phase were washed with brine and dried awbBydrous N&O,, filtered and
concentrated. The residue was purified by silicdacggumn chromatography eluting

with appropriate mixture as indicated in each case.

44.1. (1-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-L-alanine (16a)

Dichloromethane / methanol (50/1). oil. 66% yield.NMR (300 MHz, CDCJ)
8 (ppm) 7.97 (dJ = 7.2 Hz, 2H), 7.66 (t) = 7.3 Hz, 1H), 7.55 (&) = 7.3 Hz, 2H),
6.85-6.80 (m, 2H), 6.63 (d,= 4.0 Hz, 1H), 6.30 (d] = 6.6 Hz, 1H), 6.16 (d] = 4.0
Hz, 1H), 5.04 (s, 2H), 4.62-4.55 (m, 1H), 3.87-3(#0) 2H), 2.06 (s, 3H), 2.01-1.92
(m, 4H), 1.50 (dJ = 7.1 Hz, 3H), 0.79 () = 6.9 Hz, 3H), 0.57 (t) = 7.3 Hz, 6H).
3C NMR (75 MHz, CDC}) & (ppm) 175.52, 162.12, 152.92, 143.91, 140.22,8¢/33.
129.50, 128.71, 128.60, 126.41, 124.93, 123.77,121211.59, 108.14, 82.53, 47.92,
46.03, 40.43, 27.96, 17.26, 15.89, 15.52, 7.65-HFSMS calcd for GoHzgN206S
[M+Na]* 563.2294, found 563.2202.

4.4.2. (1l-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)glycine (16b)

Dichloromethane / methanol (50/1). oil. 73% yield.NMR (300 MHz, CDCJ)
8 (ppm) 7.98 (dy) = 7.3 Hz, 2H), 7.67 (tt) = 7.4 Hz,J = 1.3 Hz, 1H), 7.56 (1} = 7.4
Hz, 2H), 6.85-6.81 (m, 2H), 6.65 (d= 4.0 Hz, 1H), 6.36 (1) = 5.2 Hz, 1H), 6.18 (d,
J=4.0 Hz, 1H), 5.04 (s, 2H), 4.14 (d, J = 5.1 BH), 3.79 (qJ = 7.0 Hz, 2H), 2.06
(s, 3H), 2.02-1.92 (m, 4H), 0.80 {t= 7.0 Hz, 3H), 0.57 (t = 7.3 Hz, 6H)*C NMR



(75 MHz, DMSO)s (ppm) 172.87, 162.27, 152.91, 143.81, 140.24,8133129.51,
128.71, 128.59, 126.40, 124.93, 123.76, 112.12,58]11108.15, 82.53, 46.01, 41.12,
40.43, 27.95, 15.88, 15.52, 7.65. ESI-HRMS calcd @®gH3N,06S [M+Na]
549.2138, found 549.2078.

4.4.3. (1l-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-D-alanine (16c)

Dichloromethane / methanol (100/1). oil. 63% yietd.NMR (300 MHz, CDC})
d (ppm) 7.97 (dJ = 7.2 Hz, 2H), 7.67 (1) = 7.3 Hz, 1H), 7.55 () = 7.3 Hz, 2H),
6.84-6.80 (m, 2H), 6.68 (d,= 8.5 Hz, 1H), 6.64 (d] = 4.0 Hz, 1H), 6.16 (d] = 4.0
Hz, 1H), 5.04 (s, 2H), 4.64-4.55 (m, 1H), 3.87-3(¥, 2H), 2.05 (s, 3H), 2.04-1.91
(m, 4H), 1.49 (dJ = 7.1 Hz, 3H), 0.78 () = 6.9 Hz, 3H), 0.56 (&) = 7.3 Hz, 6H).
¥C NMR (75 MHz, CDCJ) & (ppm) 176.35, 162.40, 153.34, 144.20, 140.67,Q37.
134.27, 129.94, 129.15, 129.02, 126.82, 125.37,3P24112.50, 112.03, 108.52,
82.96, 48.25, 46.44, 40.84, 29.62, 28.39, 17.8411615.95, 8.08, 0.95. ESI-HRMS
calcd for GgHzeN2OsS [M+Na]" 563.2294, found 563.2186.

4.4.4. 1-(1-ethyl-5-(3-(3-methyl-4-((phenylsulfonyinethoxy)phenyl)pentan-3-yl)-

1H-pyrrole-2-carboxamido)cyclopropane-1-carboxylicacid (16d)

Dichloromethane / methanol (80/1). oil. 72% vyield. NMR (300 MHz, CDCY)
d (ppm) 7.96 (dJ = 7.4 Hz, 2H), 7.65 (1) = 7.4 Hz, 1H), 7.54 (1) = 7.7 Hz, 2H),
6.82-6.79 (m, 2H), 6.66 (d,= 8.6 Hz, 1H), 6.57 (d] = 4.0 Hz, 1H), 6.12 (d] = 4.0
Hz, 1H), 5.03 (s, 2H), 3.77 (4,= 6.9 Hz, 2H), 2.04 (s, 3H), 2.02-1.89 (m, 4H),3.6
1.58 (m, 2H), 1.20-1.18 (m, 2H), 0.78t 6.9 Hz, 3H), 0.54 () = 7.3 Hz, 6H)*°C
NMR (75 MHz, CDC}) 6 (ppm) 177.23, 163.47, 153.29, 144.04, 140.69, AB7.
134.28, 129.92, 129.15, 129.00, 126.76, 125.38,5824112.35, 112.00, 108.36,
82.96, 46.40, 40.85, 36.63, 33.36, 29.62, 28.30018.6.32, 15.93, 8.08. ESI-HRMS
calcd for GoHzeN20sS [M+Na]" 575.2294, found 575.2197.

4.45. (1-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-L-valine (16e)

Dichloromethane / methanol (80/1). oil. 68% vyield. NMR (300 MHz, CDCY)
d (ppm) 7.97 (dJ = 7.2 Hz, 2H), 7.66 (1) = 7.3 Hz, 1H), 7.54 () = 7.3 Hz, 2H),
6.85-6.81 (m, 2H), 6.69-6.64 (m, 2H), 6.16 Jd= 4.0 Hz, 1H), 5.04 (s, 2H), 4.60-



4.56 (m, 1H), 3.85-3.71 (m, 2H), 2.30-2.24 (m, 1BIP5 (s, 3H), 2.01-1.93 (M, 4H),
0.98 (t,J = 7.9 Hz, 6H), 0.76 (tJ = 7.0 Hz, 3H), 0.58-0.54 (m, 6HYC NMR (75
MHz, CDCk) & (ppm) 175.97, 162.43, 153.36, 144.03, 140.74, QB7134.28,
129.98, 129.17, 129.06, 126.84, 125.42, 124.77,121412.05, 108.39, 83.01, 57.14,
46.45, 40.80, 30.89, 28.42, 19.17, 17.85, 16.309,3.13, 8.11. ESI-HRMS calcd
for CogHagN206S [M+Na]* 591.2607, found 591.2511.

4.4.6. (1l-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-D-valine (16f)

Dichloromethane / methanol (80/1). oil. 65% yield.NMR (300 MHz, CDCJ)
8 (ppm) 7.98 (dJ = 7.2 Hz, 2H), 7.67 (t) = 7.5 Hz, 1H), 7.56 () = 7.5 Hz, 2H),
6.86-6.82 (m, 2H), 6.68 (d,= 8.5 Hz, 1H), 6.64 (d] = 4.0 Hz, 1H), 6.17 (d] = 4.0
Hz, 1H), 5.04 (s, 2H), 4.56 (dd,= 5.0 Hz,J = 8.3 Hz, 1H), 3.87-3.72 (m, 2H), 2.34-
2.25 (m, 1H), 2.06 (s, 3H), 2.02-1.92 (m, 4H), 11(@ J = 8.0 Hz, 6H), 0.78 (&) =
6.8 Hz, 3H), 0.59-0.55 (m, 6HY°C NMR (75 MHz, CDCJ) & (ppm) 175.83, 162.45,
153.37, 146.89, 144.05, 140.74, 137.08, 134.28,9829129.17, 129.06, 126.85,
125.42, 124.77, 112.12, 112.05, 108.39, 83.01, 75746.45, 40.80, 30.85, 29.66,
28.43, 19.18, 17.85, 16.34, 15.99, 8.13, 8.10. HESMS calcd for GiH4oN206S
[M+Na]* 591.2607, found 591.2520.

4.4.7. 3-(1-ethyl-5-(3-(3-methyl-4-((phenylsulfonyinethoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carboxamido)propanoic acid (169)

Dichloromethane / methanol (75/1). oil. 69% yield.NMR (300 MHz, CDCJ)
8 (ppm) 7.95 (dJ = 7.4 Hz, 2H), 7.65 (t) = 7.4 Hz, 1H), 7.54 () = 7.7 Hz, 2H),
6.83-6.80 (m, 2H), 6.66 (d,= 8.6 Hz, 1H), 6.53 (d] = 4.0 Hz, 1H), 6.11 (d] = 4.0
Hz, 1H), 5.03 (s, 2H), 3.78 (d,= 7.0 Hz, 2H), 3.57 (q] = 5.8 Hz. 2H), 2.60 (1] =
5.8 Hz. 2H), 2.04 (s, 3H), 2.02-1.89 (m, 4H), O(¥ D = 6.9 Hz, 3H), 0.54 (t) = 7.3
Hz, 6H).*C NMR (75 MHz, CDCJ) 6 (ppm) 175.98, 163.10, 162.40, 153.27, 143.40,
140.81, 137.00, 134.27, 129.92, 129.14, 128.99,7826125.38, 125.16, 112.00,
111.62, 108.21, 82.95, 46.37, 40.74, 36.70, 3438311, 29.60, 28.37, 16.29, 16.00,
8.09. ESI-HRMS calcd for £H3sN-06S [M+Na] 563.2294, found 563.2199.

4.4.8. (1l-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-L-aspartic acid (16h)



Dichloromethane / methanol (75/1). oil. 66% yield. NMR (300 MHz, CDC})
d (ppm) 7.96 (dJ = 7.4 Hz, 2H), 7.65 (1) = 7.4 Hz, 1H), 7.55 (1) = 7.7 Hz, 2H),
6.97 (d,J = 8.6 Hz, 1H), 6.84-6.81 (m, 2H), 6.66 (= 4.0 Hz, 1H), 6.16 (d] = 4.0
Hz, 1H), 5.04 (s, 2H), 4.96-4.90 (m, 1H), 3.85-3(68 2H), 3.16-3.08 (m, 1H), 2.95-
2.94 (m, 1H), 2.06 (s, 3H), 2.01-1.91 (m, 4H), O(79 = 6.9 Hz, 3H), 0.56(t) = 7.3
Hz, 6H).*C NMR (75 MHz, CDCJ) § (ppm) 175.10, 174.37, 163.10, 162.22, 153.33,
144.34, 140.68, 134.27, 129.93, 129.15, 129.02,8126125.40, 124.17, 112.99,
112.04, 108.64, 82.96, 48.43, 46.45, 40.88, 363606, 28.39, 16.31, 15.97, 8.09,
0.95. ESI-HRMS calcd for £gH36N20sS [M+Na] 607.2192, found 607.2104.

4.4.9. (1-ethyl-5-(3-(3-methyl-4-((phenylsulfonyl)mthoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-D-aspartic acid (16i)

Dichloromethane / methanol (50/1). oil. 73% yied.NMR (300 MHz, CDCY)
d (ppm) 7.96 (dJ = 7.3 Hz, 2H), 7.65 (1) = 7.4 Hz, 1H), 7.54 (1) = 7.4 Hz, 2H),
6.86-6.81 (m, 2H), 6.70-6.63 (m, 2H), 6.15 {Jd= 4.0 Hz, 1H), 5.04 (s, 2H), 4.96-
4.91 (m, 1H), 3.80-3.73 (m, 2H), 2.04 (s, 3H), 11990 (m, 4H), 0.77 (1) = 6.9 Hz,
3H), 0.57-0.56 (m, 6H}*C NMR (75 MHz, CDCJ) & (ppm) 175.81, 162.25, 153.37,
144.51, 140.65, 137.05, 134.30, 129.87, 129.18,0829126.81, 125.48, 124.05,
113.27, 112.14, 108.78, 82.97, 48.65, 46.49, 48620, 29.66, 28.44, 16.34, 16.01,
8.13. ESI-HRMS calcd for £5H3sN-0gS [M+H]" 585.2192, found 585.2282.

4.4.10. (1-ethyl-5-(3-(3-methyl-4-((phenylsulfonyfhethoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-L-glutamic acid (16j)

Dichloromethane / methanol (50/1). oil. 55% yield. NMR (300 MHz, CDCY)

8 (ppm) 7.96 (d,) = 7.4 Hz, 2H), 7.65 (t) = 7.5 Hz, 1H), 7.54 () = 7.5 Hz, 2H),
6.82-6.79 (m, 2H), 6.69-6.66 (m, 2H), 6.16 Jd= 4.0 Hz, 1H), 5.04 (s, 2H), 4.67-
4.65 (m, 1H), 3.83-3.68 (m, 2H), 2.54-2.48 (m, 2RB0-2.11 (m, 2H), 2.05 (s, 3H),
2.00-1.94 (m, 4H), 0.76 (1 = 6.5 Hz, 3H), 0.55 (t) = 7.0 Hz, 6H).2*C NMR (75
MHz, CDCk) & (ppm) 177.95, 176.05, 162.35, 153.39, 144.48, 6810137.07,
134.29, 129.94, 129.17, 129.05, 126.87, 125.42,1P24112.83, 112.12, 108.70,
83.02, 51.64, 46.50, 40.92, 29.76, 28.43, 26.6633,615.98, 8.11. ESI-HRMS calcd
for CaHagN20gS [M+Na]" 621.2349, found 621.2261.



4.4.11. (1-ethyl-5-(3-(3-methyl-4-((phenylsulfonythethoxy)phenyl)pentan-3-yl)-
1H-pyrrole-2-carbonyl)-D-glutamic acid (16k)

Dichloromethane / methanol (50/1). oil. 62% vyield. NMR (300 MHz, CDCY)
8 (ppm) 7.97 (d) = 7.4 Hz, 2H), 7.66 (t) = 7.5 Hz, 1H), 7.55 (&) = 7.5 Hz, 2H),
6.83-6.80 (m, 2H), 6.69-6.66 (m, 2H), 6.16 Jd; 4.0 Hz, 1H), 5.04 (s, 2H), 4.67 (q,
J = 6.5 Hz, 1H), 3.84-3.69 (m, 2H), 2.54-2.51 (m,)2R.29-2.16 (m, 2H), 2.05 (s,
3H), 2.01-1.87 (m, 4H), 0.77 @ = 6.5 Hz, 3H), 0.56 () = 7.0 Hz, 6H)*C NMR
(75 MHz, CDC%) & (ppm) 177.67, 175.66, 162.52, 153.35, 144.44,6[40136.99,
134.33, 129.90, 129.20, 129.03, 126.81, 125.46,1P24113.02, 112.13, 108.70,
82.98, 51.68, 46.48, 40.89, 30.03, 29.66, 28.4B846.6.33, 15.99, 8.13. ESI-HRMS
calcd for GiH3gN20gS [M+Na]" 621.2349, found 621.2262.

4.5. General procedure 4 - synthesis of compoundSd-b

To a solution of compountB (0.35 g, 0.85 mmol) in DMF (50 mL), NaH (30.46
mg, 1.27 mmol) was added portionwise €0 After stirring for 0.5 h, appropriate
chloromethyl substituted sulfide (1.23 mmol) wadexdl The reaction mixture was
stirred at 70C for 12 h and then #0 (100 mL) was added dropwise followed by
EtOAc (80 mL). Organic phase was separated andedasith brine and dried over
anhydrous Nz5Q,, filtered and concentrated. The residue was marifiy silica gel
column chromatography eluting with appropriate mmigtas indicated in each case.

45.1. N-(2-(diethylamino)ethyl)-1-ethyl-5-(3-(3-méhyl-4-
((methylthio)methoxy)phenyl)pentan-3-yl)-1H-pyrrole-2-carboxamide (19a)

Dichloromethane / methanol (100/1). oil. 61% yield.NMR (300 MHz, CDC})
8 (ppm) 6.90-6.86 (M, 2H), 6.77 (s, 1H), 6.60Jd; 2.5 Hz, 1H), 6.15 (d] = 2.5 Hz,
1H), 5.11 (s, 2H), 3.88 (g} = 6.6 Hz, 2H), 3.42 (q) = 5.5 Hz, 2H), 2.68-2.59 (m,
6H), 2.23 (s, 3H), 2.17 (s, 3H), 2.09-1.97 (m, 4HP8 (t,J = 7.0 Hz, 6H) 0.83 (1) =
6.6 Hz, 3H), 0.59 (tJ = 7.3 Hz, 6H).2*C NMR (75 MHz, CDC}) & (ppm) 162.39,
143.40, 139.44, 129.77, 127.21, 125.18, 112.60,3111.08.08, 72.74, 51.91, 47.04,
46.38, 40.83, 36.44, 28.44, 16.54, 16.11, 14.75%4118.23. ESI-HRMS calcd for
Co7H4aN30,S [M+H]* 474.3076, found 474.3166.

45.2. N-(2-(diethylamino)ethyl)-1-ethyl-5-(3-(3-mihyl-4-
((phenylthio)methoxy)phenyl)pentan-3-yl)-1H-pyrrole-2-carboxamide (19b)



Dichloromethane / methanol (100/1). oil. 51% yiétd.NMR (300 MHz, CDC})
8 (ppm) 7.49-7.48 (m, 1H), 7.47-7.46 (m, 1H), 7.3277(m, 2H), 7.25-7.20 (m, 1H),
6.92-6.87 (m, 2H), 6.78 (d,= 8.4 Hz, 1H), 6.57 (d] = 4.0 Hz, 1H), 6.167.56 (§,=
7.3 Hz, 2H), 6.86-6.81 (m, 3H), 6.64 (@= 4.0 Hz, 1H), 6.16 (d) = 4.0 Hz, 1H),
5.45 (s, 2H), 3.90 (q] = 7.0 Hz, 2H), 3.40 (g) = 5.6 Hz, 2H), 2.64-2.55 (m, 6H),
2.13 (s, 3H), 2.08-1.96 (m, 4H), 1.06Jt 7.2 Hz, 6H), 0.84 (t] = 7.0 Hz, 3H), 0.60
(t, J = 7.3 Hz, 6H).2*C NMR (75 MHz, CDCJ) & (ppm) 162.38, 153.04, 143.32,
139.70, 130.51, 129.86, 128.95, 127.42, 127.03,7P25125.18, 112.69, 111.08,
108.01, 73.22, 51.79, 46.92, 46.39, 40.85, 36.817(Q® 28.45, 16.63, 16.11, 11.81,
8.23. ESI-HRMS calcd for £5H45N30,S [M+H]* 536.3232, found 536.3325.

4.6. N-(2-(diethylamino)ethyl)-1-ethyl-5-(3-(3-metkil-4-
((methylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (20a)

To a stirred solution ofl9a(0.77 g, 1.63 mmol) in a mixture of EtOHABI 10:1
(40 mL) was added potassium peroxymonosulfate (@.74.32 mmol). After 24 h,
the solution was evaporated, water (20 mL) and Et(3® mL) was added. The
organic phase were washed with brine and dried aveydrous Ng5O, filtered and
concentrated. The residue was purified by colunmoralatography with petroleum
ether/ethyl acetate (10/1, v/v) to give compo@0das oil (0.65 g, 79% yieldjH
NMR (300 MHz, CDCYJ) 6 (ppm) 6.95-6.90 (m, 2H), 6.83 (d~ 8.8 Hz, 1H), 6.63 (s,
1H), 6.16 (dJ = 4.1 Hz, 1H), 4.94 (s, 2H), 3.86 &= 7.0 Hz, 2H), 3.43 (g1 =5.5
Hz, 2H), 3.00 (s, 3H), 2.70-2.61 (m, 6H), 2.233Md), 2.07-1.99 (m, 4H), 1.10 d,=
7.0 Hz, 6H) 0.84 (t) = 7.0 Hz, 3H), 0.59 (] = 7.3 Hz, 6H)*C NMR (75 MHz,
CDCl3) 8 (ppm) 130.30, 125.81, 112.60, 111.31, 108.26,98%54.89, 47.06, 46.54,
40.86, 38.63, 36.59, 29.77, 16.53, 16.25, 11.726.&SI-HRMS calcd for
C27H43N304S [M+H]" 506.2974, found 506.3066.

4.7. General procedure 5 - synthesis of compoundé&-b

To a solution of compounzb (0.35 g, 0.85 mmol) in DMF (50 mL), NaH (30.46
mg, 1.27 mmol) was added portionwise €0 After stirring for 0.5 h, appropriate
chloromethyl substituted sulfide (1.23 mmol) wadexdl The reaction mixture was
stirred at 70C for 12 h and then #0 (100 mL) was added dropwise followed by
EtOAc (80 mL). Organic phase was separated andedasith brine and dried over



anhydrous Nz5Q,, filtered and concentrated. The residue was marifiy silica gel

column chromatography eluting with appropriate mmigtas indicated in each case.

4.7.1. N-(2-(diethylamino)ethyl)-1-ethyl-4-(3-(3-mihyl-4-
((methylthio)methoxy)phenyl)pentan-3-yl)-1H-pyrrole-2-carboxamide (26a)

Dichloromethane / methanol (30/1). oil. 60% yield.NMR (300 MHz, CDCJ)
d (ppm) 7.04-7.02 (m, 2H), 6.75 (d,= 9.0 Hz, 1H), 6.48 (s, 2H), 5.12 (s, 2H), 4.30
(9,3 =7.0 Hz, 2H), 3.57 (¢ = 5.5 Hz, 2H), 2.87-2.79 (m, 6H), 2.25 (s, 3HR®(s,
3H), 1.97-1.89 (m, 4H), 1.34 @,= 7.1 Hz, 3H) 1.18 (t) = 7.0 Hz, 6H), 0.65 (i) =
7.3 Hz, 6H)."*C NMR (75 MHz, CDC}) & (ppm) 162.06, 152.97, 140.98, 130.79,
130.49, 126.42, 125.76, 124.36, 124.32, 111.82,3B1172.54, 51.81, 47.01, 45.01,
43.61, 36.78, 30.49, 17.28, 16.60, 14.75, 11.9B81.8ESI-HRMS calcd for
C27H43N30.S [M+H]" 474.3076, found 474.3171.

4.7.2. N-(2-(diethylamino)ethyl)-1-ethyl-4-(3-(3-mihyl-4-
((phenylthio)methoxy)phenyl)pentan-3-yl)-1H-pyrrole-2-carboxamide (26b)

Dichloromethane / methanol (30/1). oil. 67% yield. NMR (300 MHz, CDCY)
8 (ppm) 7.52-7.49 (m, 2H), 7.33-7.27 (m, 2H), 7.2217(m, 1H), 7.07-7.03 (m, 2H),
6.77 (d,J = 8.1 Hz, 1H), 6.52 (d] = 1.9 Hz, 1H), 6.22 (d] = 1.9 Hz, 1H), 5.46 (s,
2H), 4.32 (q,J = 7.1 Hz, 2H), 3.39 (q) = 5.8 Hz, 2H), 2.63-2.53 (m, 6H), 2.17 (s,
3H), 1.92 (9J = 7.3 Hz, 4H), 1.36 (1 = 7.1 Hz, 3H) 1.01 (t) = 7.0 Hz, 6H), 0.66 (t,
J = 7.3 Hz, 6H)."*C NMR (125 MHz, CDGJ) & (ppm) 162.11, 152.75, 141.30,
130.80, 130.59, 130.44, 128.94, 126.97, 126.65,8D25125.71, 124.41, 124.33,
112.04, 111.41, 73.24, 51.91, 51.85, 47.08, 451880, 36.79, 36.75, 30.55, 17.24,
16.65, 11.85, 11.81, 8.60, 8.54. ESI-HRMS calcddgHsN;0,S [M+H]" 536.3232,
found 536.3328.

4.8. General procedure 6 - synthesis of compoundga&:b

To a stirred solution oR6aor 26b (1.63 mmol) in a mixture of EtOHA® 10:1
(40 mL) was added potassium peroxymonosulfate (@.74.32 mmol). After 24 h,
the solution was evaporated, water (20 mL) and Et(3® mL) was added. The
organic phase were washed with brine and dried aveydrous Ng5O, filtered and
concentrated. The residue was purified by silidacglkimn chromatography eluting

with appropriate mixture as indicated in each case.



4.8.1. N-(2-(diethylamino)ethyl)-1-ethyl-4-(3-(3-mihyl-4-
((methylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (27a)

Dichloromethane / methanol (100/1). oil. 71% yiétd.NMR (300 MHz, CDC})
8 (ppm) 7.08-7.05 (m, 2H), 6.83 (@= 8.3 Hz, 1H), 6.50 (d] = 1.9 Hz, 1H), 6.21 (d,
J=1.9 Hz, 1H), 4.94 (s, 2H), 4.31 @= 7.1 Hz, 2H), 3.39 (g] = 5.9 Hz, 2H), 3.00
(s, 3H), 2.62 () = 6.1 Hz, 2H), 2.58 (q] = 7.3 Hz, 4H), 2.24 (s, 3H), 2.20 (s, 3H),
1.91 (9,d = 7.3 Hz, 4H), 1.35 () = 7.1 Hz, 3H) 1.02 () = 7.1 Hz, 6H), 0.64 (1] =
7.3 Hz, 6H)."*C NMR (75 MHz, CDCJ) & (ppm) 162.05, 153.17, 143.12, 130.89,
130.52, 126.33, 126.15, 124.24, 112.10, 111.349851.90, 47.04, 45.11, 43.63,
38.48, 36.70, 30.40, 17.26, 16.48, 11.71, 8.54-HFSMS calcd for G/H4aN30,S
[M+H]* 506.2974, found 506.3066.

4.8.2. N-(2-(diethylamino)ethyl)-1-ethyl-4-(3-(3-mihyl-4-
((phenylsulfonyl)methoxy)phenyl)pentan-3-yl)-1H-pyrole-2-carboxamide (27b)

Dichloromethane / methanol (100/1). oil. 67% yiétd.NMR (300 MHz, CDC})
§ (ppm) 7.98 (dyJ = 7.3 Hz, 2H), 7.65 (tt) = 7.5 Hz, 1.1 Hz, 1H), 7.55 @d,= 7.9 Hz,
2H), 6.98-6.97 (m, 2H), 6.68 (d,= 9.3 Hz, 1H), 6.47 (d] = 1.8 Hz, 1H), 6.21 (d]
= 1.8 Hz, 1H), 5.02 (s, 2H), 4.30 @= 7.2 Hz, 2H), 3.40 (q] = 5.8 Hz, 2H), 2.64 (t,
J=6.0 Hz, 6H), 2.59 (q] = 7.1 Hz, 4H), 2.08 (s, 3H), 1.89 @= 7.3 Hz, 4H), 1.34
(t, J = 7.2 Hz, 3H) 1.02 (t) = 7.1 Hz, 6H), 0.62 (tJ = 7.3 Hz, 6H)*C NMR (125
MHz, CDCk) & (ppm) 162.09, 153.01, 142.63, 137.27, 134.22, 7130130.60,
129.15, 129.10, 129.04, 129.00, 126.10, 126.08,3824124.28, 124.25, 111.62,
111.47, 111.38, 83.16, 52.00, 47.19, 45.07, 486(®0, 30.43, 17.22, 16.38, 11.55,
8.52. ESI-HRMS calcd for £H4sNz04S [M+H]" 568.3131, found 568.3229.

4.9. MTT Assay.

The effects of the compounds on the proliferatibthe human cell lines were
evaluated by MTT (3-(4,5-dimethylthiazol-2-yl)-2dphenyl-2H-tetrazolium
bromide; Sigma) assay. Briefly, cells were seeddd 96-well plates for 24 h and
then treated with vehicle, the desired compoundsealor 1,25(OHP3; as a positive
control for 24 h supplemented with 10% fetal bovéeeum. After incubation with 10
uL of MTT (5 mg/mL) for 4 h, absorbance of the sd&IMTT product was measured
at 570 nm. The antiproliferation assay was perfarmeriplicate.



4.10. Small interfering RNA (siRNA) transfection.

A VDR-directed siRNA and a scrambled siRNA wereghased from RIBOBIO
Biotechnologies (Guangzhou, China). Transfection earied out at a concentration
of 50 nM using Lipofectamirf2000 Reagent (Invitrogen). Transfected cells were

cultured 24 h prior to terminal assays.

4.11. BrdU ELISA assay

The effects of the representative compounds omptbkferation of the MCF-7
cells were re-evaluated by BrdU (5-Bromo-2-deoxyihe; Abcam) assay. Briefly,
negative control (siNC) or VDR-specific (siVDR) $iRR-transfected MCF-7 cells
cells were seeded into 96-well plates for 24 h, aollured with DMEM media
supplemented 0.4% fetal bovine serum for 3 day®nTtieated with vehicle, the
representative compounds, or sw-22 and 1,25{DH)as positive control, and
incubate with BrdU for 16 h. Afterwards, BrdU inporation was determined via a
commercial available ELISA kit (Abcam). BrdU ELIS#ptic density (OD) at 450 nm

was recorded.
4.12. VDR Binding Assay.

The VDR binding affinity of non-secosteroidal VDRodulators were measured
by PolarScreen VDR Competitor Assay following theogedure previously
described 2 All compounds were tested for their binding affinat 1 uM in
triplicates. Fluorescence polarization was measaredn Ultra384 microplate reader
(Biotek) using a 535 nm excitation filter (25 nmnbaidth) and 590 nm emission
filter (20 nm bandwidth).

4.13. Transcription Assay.

Luciferase activity assay was performed using thelfluciferase Reporter
Assay System (Promega, Madison, WI) according ¢ontlanufacturer’s instructions.
HEK293 cells of 85%-90% confluence were seeded8iwéll plates. Transfections
of 140 ng of TK-Spp x 3-LUC reporter plasmid, 20 of pRL-TK, 30 ng of
PENTER-CMV-hRXRr and 100 ng of pENTER-CMV-hVDR for each well using
Lipofectamin€2000 Reagent (Invitrogen). Eight hours after tracsbn, test



compounds were added. Luciferase activity assaypseermed 24 hours later using
the Dual-Luciferase Assay System. Firefly luciferativity was normalized to the
corresponding Renilla luciferase activity. All tleeperiments were performed three

times.
4.14. Cell Cycle Assay and Cell Apoptosis.

MCF-7 cells were seeded into 6-well plate, testiogmpounds (1 pM)
containing 2% FBS were added, and treated ford#sh For the cell cycle assay,
cells were washed twice with ice-cold PBS, andté@avith ice-cold 70% ethanol
while vortexing fixed overnight at 4 °C. After cefiging for 5 minutes at 1000 g,
cells were washed with 1 mL ice-cold PBS, and sthwith 0.5 mL mixture solution
containing 465 uL 1x PBS, 25 uL propidium iodidé)(Bnd 10 uL RNaseA at 37 °C
for 30 min. Data were collected using Attune NxToAstic Focusing Cytometer (Life
Technologies, Carlsbad, CA, USA) and analyzed usireg ModFit LT software
(Verity Software House, Incf-or analysis of cell apoptosis, the cells wereemdd
and suspended in 0.5 mL of 1 x binding buffer,dakd by two washes with ice-cold
PBS. The Annexin V-FITC Apoptosis Detection Kit @fane, Nanjing, China)
according to the manufacturer’s protocol was usedapoptosis assay. The stained
cells were analyzed by a BD Accuri™ C6 Plus flowtometer equipped with BD
Accuri C6 Software (Becton Dickinson, San Jose,.CA)

4.15. Western Blot.

Proteins were purified from MCF-7 cells. Proteinsrevseparated using 10%
SDS-polyacrylamide gel electrophoresis and weretrglighoretically transferred to
polyvinylidene fluoride (PVDF) membranes using stam procedures. The
following primary antibodies were employed: Rakaiti-p21, rabbit anti-p27, rabbit
anti-Bax, and mouse arfiractin (Santa Cruz Biotechnology). Horseradish
peroxidase-conjugated goat anti-rabbit/mouse Ig&{@&, Wuhan, China) was used
as a secondary antibody. Immunoreactive proteinldarere detected using an
Odyssey Scanning System (LI-COR).

4.16. Microsomal Stability and Solubility.

For the stability studies, test compounds are iatadwith rat liver microsomes

(Research Institute for Liver Diseases (Shanghai)L®) in the presence of NADPH



(Sigma, N5755). Compound concentrations are theasored via analytical methods,
such as HPLC, at various time points, such as 00520, 30, 45, 60 and 90 mifhe
half-life of the test compounds is then calculat®dlubility assay done at pH 7.
The assay measures solubility of test compoundguamHPLC method to quantify

the samples.
4.17. Pharmacokinetics Study.

Compoundsl9a 27b and sw-22 were dissolved in ethanol/EL/saline (1:1:18).
Male Sprague-Dawley (SD) rats (n = 3) weighing 220-gwere injected with these
compounds intravenously (5 mg/kg) or intraperitdlye€20 mg/kg). Blood plasma
samples were collected at 0 h, 0.083 h, 0.16725 0,0.5h, 1 h,2h, 4 h, 8 h, 12 h,
24 h after administration of compounds, and themeéiately centrifuged (12000
rom, 10 min) to obtain plasma samples. The conagotr of compounds in plasma
was measure by HPLCThe pharmacokinetic parameters were calculatedgusin

Kinetica 4.4 software.
4.18. In vivo Antitumor Activity Assay.

Male athymic (BALB/c-nu) mice (10 weeks old) wergta@ined from the Beijing
Vital River Laboratory Animal Technology Co.Ltd (ieg, China). Our
experimental protocol was reviewed and approvedhkylnstitutional Animal Care
Committee of China Pharmaceutical UniversMCF-7 cells (1 x 10cells used for
each injection) were injected in the left fourthmmaary fat pad of nude mice. When
the tumor volume reached approximately 50 h{fhdays after injecting), the mice
were sorted into six groups: (1) control; (2) védig3) 19a (4) 27b; (5) sw-22 (6)
1,25(OH}D3(n = 5), and administration was started. Compour8#s27b andsw-22
was injected via intraperitoneally at doses of Ifkg. 1,25(0OH)Dswas injected via
intraperitoneally at doses of 0.5ug/kg. Compounds were prepared in
ethanol/EL/saline = 1:1:18 and injected three tirmeseek for three week3umor
dimensions were determined using calipers, and ttineor volume (mr) was
calculated using the following the formula: volumdength x (widthj x 0.5. The
total calcium ion concentration was colorimetri¢etmined by Methyl Timolol Blue
(MTB) method in venous blood using a calcium asg&#dy(Nanjing Jiancheng

Bioengineering institute, China)



4.19. Immunocytochemistry.

Tumor tissues were fixed in 4% (w/v) neutral phosphmffered
paraformaldehyde for 24 h, dehydrated, transpaetitand embedded in paraffin.
Tumor tissues were cut intoBn sections. The slides were gotten rid of paraffin,
subjected to antigen retrieval, and quenching dbgenous peroxidase activity using
3% (v/iv) HO, for 10 min. The rabbit anti-p21, rabbit anti-pZi”hd rabbit anti-Bax
(Santa Cruz Biotechnology) were employed. Immunenglexes were visualized
using suitable peroxidase-coupled secondary angbpdaccording to the
manufacturer's protocol of PV-9000 2-step plus gdiRP anti-mouse/rabbit 1gG
detection system (ZSGB-BIO, Beijing, China).

4.20. Statistical Analysis.

Data were expressed as means = standard deviatoon &t least three
independent experiments. The differences betweayupgr were analyzed for
significance P< 0.05) by t test when only two groups were comgareby one-way
analysis of variance (ANOVA). All statistical analy was performed using SPSS for
windows version 11.0 (SPSS, Chicago, IL).
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sw-22 (lead compound)

Relative VDR binding affinity: 55%
Rat microsome stability t'2: 25.76 min
Solubility: 1.7 pg/mL

Rat in vivo t'4: 2.89 h (i.v.), 3.47 h (i.p.)
Bioavailability: 32.47%
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Rat microsome stability t%4: 57.26 min
Solubility: 74.6 pg/mL

Rat in vivo t¥2: 4.72 h (i.v.), 10.75 h (i.p.)
Bioavailability: 43.19%
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® Thirty-eight novel non-secosteroidal VDR modulator were designed and
synthesized.

® VDR affinity, transcriptional activity, molecular docking, drug-like properties, in

vitro and in vivo anti-tumor activity were determined.

® Compounds 19a and 27b possessed favorable VDR affinity, transcriptional
activity and drug-like properties. In addition, 19a and 27b showed excellent in

vivo anti-tumor activity without cause hypercalcemia.



