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Highlights
1 Synthesis of 23 novel deshydroxy bicalutamide derivatives.
1 Identification of novel and potent double branched AfRagonists.
1 Enhanced anticancer activity against PC compared to bicalutamide and enzalutamide.
1 Strong downregulation of PSA expressiogCR analysis bhCaP cell line.
1 Molecular modelling providea rational explanation of the SAR observed.
Abstract

Deshydroxy propioanilide were synthesed by Michael addition reaction between substituted
thiophenolsonto four different phenylacrylamide derivatives to giteenty-four novel deshydroxy
bicalutamidederivativeslacking the central hydroxyl group. Thatigroliferative activities of these
compound wereevaluatedagainsthumanprostate cancer cell linesnd elevencompoundsshowed
better inhibitory activitieqIGo= 2.6713.19uM) compared tcbicalutamide(lGo= 20.44uM) in LNCaP
Remarkaly, noveldouble brancled bicalutamide analogug@7 and 28) were isdated asmajor by-
products and found to havethe bestactivity across three human prostate cancer cell lirfeBlCaP,
VCaP and PC3)he most active compouritB showssub-micromolar activity(IGo=0.43uM in LNCal
whichrepresents more than 4@ld improvement over the clinical aréindrogen bicalutamide (§¢=
20.44uM) and a more than 3 fold improvement over enzalutamidec*CL.36uM). Moreover,strong

reduction of PSA expressian LNCaP cells upon treatment witompounds27, 28 and 33 was
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observedduring gPCR analysisonfirming their AR antagonist activitylolecular modelling studies
revealed anovel bindingmode of thesestructurally distinctdouble brancled analogues within the
ligand binding domainLBD of the androgen receptor.

1. Introduction

The androgen receptor (AR) is expressed in many cell types arsdptaalanabolic andeproductive
rolesin men and womenAndrogen receptor (AR) signallings been found to play cruciainctionsin
modulating tumourigenesis and metastasis in several types of cancers including prostate, bladder,
kidney, lung, breast and livérThe initiation and progressiothroughout the different stage®f
prostate cancer (PC) is uniquely dependent on the androgen receptor (AR) signalling pathway
Androgen receptor (AR), like other memberdha nuclear receptofamily, is comprised of three main
functional domains: a variable-tédrminal domain, a highly conserddNAbinding domainDBD)and

a conserved ligand binding domain (LBBinding of endogenous hormonetestosterone and
dihydrotestosterone(DHY) to the LBD inducesonformational changgin the ARthat results in its
translocation into the nucleus, interaction with DNA, and modulation of specific gene transcription
(e.g. prostate specific antigen, PSAndrogen receptorantagonists, sedled antiandrogens, are
designedto inhibit these processeand are clinically usefr the treatment of advanced prostate
cancer (PG! Several norsteroidal ani-androgengNSAAhave been pproved for the treatment of
PC.The frst generation NSAAincludeflutamide, hydroxyflutamide nilutamide and bicalutamide
(Figure ). They decreasandrogenic effects by competitively inhibiting the binding of androgens
(testosterone and DHT) tbe AR and induceonformational change of H12 véeric clashes. However,
these antiandrogens eventuallail to inhibit the AR with thedevelopment ofcastration resistant
prostate cancer (CRPC). The development oLBR point mutantse(g. ART877A and ARV741L)
upon long term treatmentwith NSAA ultimately reslt in switching these AR antagonists AR
agonists leading to the relapse GRPG~hichisamore aggressive form of the disease associated with
poor prognosisSimilar to the firsigeneration androgen receptor (AR) antagonists, resistance to the
new second generation aréindrogens (enzalutaide, apalutamide) are developing in PC patients,
despite the fact thatthese drugs have better affinity for the ARnti-androgen resistance can also be
triggered by the upregulation of the androgen receptor expression, which promotes signalling from
low levels of residual hormon&More recently, darolutamide (OD#01,Figure J is under evaluation

in phase 3 clinical trials in patients with naretastatic CRPTThe discovery of new AR antagonists is
urgently needed to improve antindrogen efficacy antb avoid crossesistance with the clinically

used compounds.
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Figure 1.Chemicabtructures of the non-steroidal antiandrogengNSAA)flutamide, hydroxyflutande, nilutamideand
bicalutamide(first generation)enzalutamideand apalutamide(second generatiorgnd carolutamide(phase 11l clinical

trials).

2. Results and discussion

Unfortunately, resistance to clinical arndrogens has plagued the development of effective

therapeutics for advanced prostaieancer (PC)Hutamide andbicalutamide Figure 1) were first

generation nonsteroidal AR antamnists Howeve, these antiandrogenkse their activitywith time
upon the development oARLBD poinmutants ART877/A and ARN741LYriggered byflutamide and

bicalutamide, respectively. On the other hand, AR8®6L mutation causes enzalutamide and

apalutamide (ARMO09) to function as AR agonists and confers drug resistance across multiple AR

models bothin vitro andin viva!® The Xray structure of bicalutamide inside th&D site of the AR

W741L mutant, (PDB 1Z95), provideshasy A F A Ol y (i

Ay a AdEu imteractibris and G K S

explairsthe structural basis for the conversion of bicalutamfadem AR antagonist into AR agonist

1 Thebinding mode obicalutamideas an antagonist of thaRwild type compared to its binding mode

as an agonist of the AR/741L mutant is shown iRigure 2 It is observed thahelix 12 (H12has

changed itgositionfrom an open antagonist conformatio@®R wild type, blue) to a closed agonist

conformation(AR W741Lmutant, greern). In the case of the antagonist megring Bof bicalutamide



is pointing outwards away from Tt and towards helix 12, thus preventing AR from adapting the
closed AR agonist conformatiofhe loss of the steric bulk of the indolyl side chairtryftophan’#*to
the smaller size side chain of Leuctfidead to the elimination of the steric clash am@nce the

incorporation of bicalutamidenoleculeinto the closed activated conformation of AlR!?
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function mutation(W741L); the Xay structure of bicalutamide (gregrinside theclosed agonist conformation of AR L-BD
W741L, (greenPDB1Z95) compared to itsinding mode (blue) inside thepen antagonist conformation of AR LB,
showing ring Borientation to hinder helix 12 from closing to an agonist conformation.

From previousstudies,we have learnt that the sizand structure of ring B determinne activity of

the antrandrogen and if possesss the correct volume and orientation it will prevent the ant
androgen moleculdrom being completely confined in the ABBD pocket cavity, leaving its bulky
substituents protruding agaist helix 12 (H12) and stoppirtipe latter from adopting a position
essential for coactivator interaction (agon@bsedconformation) 1012

Previously, we have found thahe introduction of 3,5bisrt i NA T £ dz2 NESCE) suksiitient® o X p
into ring B ofbicalutamide, enobosarm and umbelliferone derivativieasprofoundly modified their
anti-proliferative activity, pharmacokinetic ahtissue distribution profiles by providing the geometric
bulk needed to kep ring B towards Hed 12while keeping the crucial interactions tbfe nitrile/nitro
groupof ring Awith Arg752.1315 Noting that both flutamide andiarolutamide (ODM201) are lacking
the linker OH groupfFigure 1 in this work westudied whether the central hydroxyl group of
bicalutamide is necessary for maintaining the atdrogen activity and if the successive increase in
the bulk size of ring B substituents (frekf- 4-Ck- 3,5bisCE) would compensate for the smaller
size of the deshydroxynker (lacking the central OH group). Weed four different variationsof
aromaticring A (Figure 3; all containing the necessary@N or 4NQ; for the interaction with Arg 752

in addition to either 2Ckor 3-Cksubstituentto understand better thestructure activity relationship
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Figure 3 Fourdifferent variations of ring A containing@N or 4NQ: group in addition to either ks or 3-Ck

2.1 Chemistry
Thenovel series ofleshydroxy propioanilide analogué®9-41) were synthesiseth three steps. A

acylation reaction betweenthe corresponding substitutedrifluoromethyl anilines {-4) with
methacryloyl chlorideg) in dimethylacetamide (DMA) to obtain phenylmethacrylamide derivati@es (
9) 1617 was followed by Michael addition ofhe correspondingsubstituted thiophena (10-13) to
obtain the thioetherintermediates 14-26, 1956% yield, which weresubsequentlyoxidisedto the
correspondingsulfone derivatives 29-41, 19-95% yieldl using 3-chloroperbenzoic aciqmCPBA)
(Scheme 1 It is worth noting that the thioethers (L4-20 and 24-26) were prepared usingodium
hydride (NaH)in tetrahydrofuran(THF)at room temperaturg(method A), whereaghe thioethers(21-
23) corresponding tahe N-(4-cyana2-(trifluoromethyl)phenyl)methacrylamide(8) were prepared
usingaqueous sodium hydroxide solution atedrabutylammonium chloride in 1;dioxane and reflux
for 3 hoursinstead (method B) as the first method did not yield any produdfsThe intermediate
sulphides {5, 16, 20-22) were usedlirectly into the next oxidation stepincefurther purificationwas
not feasible Interestingly alongside thehioether compounds 15 and 26) we obtained twounusual
disubstituted(double brancled)acrylamide derivative2f and 28, respectivelyasmajor by-products

in an approximate ratio of @oublebranched27 and28) : 1 (single branckd 15, 26), scheme 1
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Scheme 1Synthesis of racemic deshydroxy propioanilide derivatives. Reagents and condijiorethéciyloyl chloride5
(8 equiv), DMA, rt, 3 hjif thiophenolderivatives 10-13, 1.2 equiv)method A NaH (1.2 equiv)THF, rt, 24 1(6,7,9) or
method B NaOH, 1,4lioxane, tetrabutylammonium chloride reflux 3 (8); (i) mCPBA (1.4 equiv), DCM, 6 4.

The mechanism of the formation of the double branched products remains to be fully claAtled.
compounds were purified by column chromatography and/or recrystalli$ée. structures of all the
synthesised compounds were confirmed using analytical aedtspscopic data’d NMRC NMR,

1%F NMR and mass spectrometry), which were in full accordance with their depicted structures.
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D R R Rs X 1Goo (UM)
14 CN 3Ch 4F S 8.69
15 CN 3Ch 4CR S -
16 CN 3Ch 3,5BisCE S -
17 CN 3Ch 3-0CE S 114.97
18 NO 3Ch 4F S 27.16
19 NO 3Ch 4CR S 4.41
20 NO 3Ch 3,5BisCE S -
21 CN 2-Ch 4F S -
22 CN 2-Ch 4Ch S -
23 CN 2-Ck 3,5-BisCE S 457
24 NO 2-Ch 4F s 43.19




25 NO: 2-Ck 4-CR S 54.33
26 NO: 2-Ck 3,5BisCF S 43.68
27 CN 3-Ck 4-CR - 1.68
28 NO: 2-Ck 3,5BisCF - 0.43
29 CN 3-Ck 4-F SQ 114.74
30 CN 3-Ck 4-CR SQ 57.98
31 CN 3-Ck 3,5BisCF SQ 6.16
32 CN 3-Ck 3-OCEk SQ 13.19
33 NG 3-Ck 4-F SQ 2.67
34 NO 3-Ck 4-CkE SO 3.31
35 NG 3-Ck 3,5BisCFk SQ 12.23
36 CN 2-Ck 4-F SO 137.7
37 CN 2-Ck 4-CkE SQ 28.79
38 CN 2-Ck 3,5BisCFk SO 9.56
39 NG 2-Ck 4-F SQ 4.05
40 NO 2-Ck 4-Ck SQ 26.34
41 N 2-Ck 3,5BisCF SQ 3.08
Bical - - - - 20.44
Enzal - - - - 1.31

Table 1.Chemical sucture andin vitro anti-proliferative activity (IGoin niM) of single(14-26, 29-41) and double(27, 28)
brancheddeshydroxy propioanilide analoguesmpared to bicaltamide and enzalutamide ithe LNCaRell line 1Go
values presented are the mean of three independent experiments.

2.2 Cell growth inhibition activity

Thetwenty-four novel deshydroxy antiandrogen compowit4, 17-19, 23-41, were testedfor their
anti-cancer activityas racemic mixtures against humandrogensensitiveprostate cancer cell line
LNCaRt 9 concentrations in halfog increments up to 108M for 96 hoursin triplicate. Bicalutamide
and enzalutamide were used as positive controRotency is expressed as absoluteolZalues,
calculated by no#linear regression analysiShe results summarised irable lindicated thatthirteen
compounds(14, 19, 23, 27, 28, 31-35, 38, 39 and 41) showedbetter antiproliferative activity than
bicalutamidewith 1Go values in the range di.4313.19>M, whilethe positive controls, bicalutamide
NE & Udte@stindy hd dbuble

branchedcompounds27 and 28 exhibited significantlypotent activity compared to bicalutamide and

and enzalutamidexhibited |G valuesof 20.44 and 1.3 a >

enzalutamide irLNCaRell line Table 3. The most active@ampounds27, 28 and 33 (Figure 4 were
selected to be further testedgainstvCaRand PChuman prostate canceselllines, whichrepresent

metastatic andnore aggressivéorms of prostate cancerGRPL

Compound ID LNCaRGso (uM) VC&® G0 (UM) PC3Gso (UM)

27 1.68 0.13 5.45

28 0.43 0.18 0.91

33 2.67 8.21 112.30
Bicalutamide 20.44 5.96 92.63
Enzalutamide 1.31 3.66 15.07

Table 2. In vitroanti-proliferative activity (165 in mM) of compoundg(33, 27 and28) compared to bicalutamide and

enzalutamide irhuman prostate cancer cell lindsNCaP, VCand PC3
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Figure 4 Doseresponse relationship of IGAP cells treated with-000>a 2 F O 3;2T,),¢2¢, B or (33, O (red),
bicalutamide (green) and enzalutamide (blue) for 96 h. Data is presentédet asdan + SD of threeeplicates at each
concentration.

2.3 Downregulation oPSA Expression in LNCaP Cells

Prostate specific antigen (PSA) is a serine protease that is synthesised by both normal and malignant
epithelial cells of the human prostate. The expression of PSA is mainly induced by androgens and
regulated primarily by the androgen receptor (AR) at theanscriptional level%2% The effect of
compounds27, 28 and 33 on prostate specific antigen (PSA, anrABulated gene) expression was
analysed using qPCR aft@cubationof LNCaP calig A G K pX mMnX pn FYR wmnn
compounds27, 28 and 33, for 24-hours. The analysis shows that the three compouR@d<28 and 33
exhibiteddose dependent inhibitiorof PSA expression with compou@8 showing the best activity
significantlyexceeding that obicalutamide(Figure 5. Thesignificantreduction of the ARegulated

PSA expression in the gPCR analysis, sugytfest these compounddave strong ARantagonist

activity.
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Figure 5.The relative change in PSA expressP8A/HK) in LNCaP cells upon treatment with increasing doses of
bicalutamide (A), compound&¥7 (B),28 (C) and33 (D).HK: housekeeping genes (Bactin and GAPDH)

2.4 Docking studies reveal a structural basis for aatidrogen activity
Previous Xay crystallographic studiesf@ndrogen receptohave elucidated the structures of the AR
ligand binding domain (LBD) bound to agoniatsd of mutant AR bound to antagonists in an agonist
like conformation. However, there are no crystal structures of thelLBR in an antagonist
conformation reported so faf>? The human progesterone receptor (hPR residues®®B has 56%
primary sequence homolodg the hAR (residues 66®818) and 32% of these residues are conservative
mutations, giving an overall sequenitemology of 87%? Building on this informationthe hPR crystal
structure [PDB 20VR]was used as a template to buith hAR homology model (HM) using the
sequence of the hAR in the agonist conformation [PDB 2&RApplying the default parameters of
MOE (Molecular Operating Environmenthemical Computing Group, Montreal, Canauanology
modeling module and using the AMBER99 force field, a total of 10 homology models were generated.
The quality of each model was assessed within MOE, and the belglmas chosen for the docking
studies.
GComputational docking studiesvere performed to explore the binding modes of the deshydroxy
propioanilide analoguesl14-41) within the ARLBD binding siteThe chemical structures of our
compounds 14-41) were constructed, rendered and minimized with the MMFF94x force field in MOE.

Docking simulations were performed using Glide SP in Maestro (Glide, version 9.5, Schrodinger, LLC,



New York, NY. http://www.schrodinger.com). The putative docking readfi¢he most active single
branched deshydroxy propioanilide compound&l, 34 and 33 (IGo = 3.08, 3.31 and2.67 nM,
respectively)are shown inFigure6 (A-C respectively. All three compounds show the cruciabldnd
interaction between their nitro groupdNQ,, ring A) and the guanidine group thfe Arg-752 residue.
Other key interactions of compourdil include an H-bond between the aromatic ring BArH) and
carbonyl group of Asn 705 and the carbonyl group and Met 742 (FigyrecCompound34 showsan
additiond H-bond between the nitro group#NQ, ring A) and the amino group of GIn 7Bhd another
H-bond between the amide NH group and the carbonyl group of Leu 704. Alsbpad-between the
sulphone group and the side chain of Met 745 residue was observed (Bigur€ompound3 shows
a hydrogen bond between the aromatic ring A and the sidain of Met 742 residuggnd another H

bond between the sulphone group and the side chain of Met 745 residue.

Figure6. The predicted binding modes of compour{dg, A), (34, B) and(33, © insde the hARLBD showing dond
interactions with key aminacids; Arg752, GIn711, Met 742, Met 745, Leu704, Thr877 and Asn705.

On the other hand, the docking of the doulideancheddeshydroxy compound2{7 and 28) revealed
an interesting binding mode whetée ring Aaryl nitrile @-CN,27) andaryl nitro @-NQ, 28) groups
form a hydrogen bond witthe guanidine group ofArg752 in theARligand binding pocket, mimicking
the interaction between the &eto functionality of the hormonelihydrotestesterone DHT) and the
androgenreceptor. The two branches of ring Boccupy snultaneously the two supocketsthat are
known to be involved in the binding of bicalutamided enzalutamid€ which may explain well the

high potency observed with this type distinctivescaffold Figure7).
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Figure7. The predicted binding modes of bicalutamide (green), enzalutamide (blue) compareddouhbk-branched
compoundgpink); 27 (I) and28 (Il) within the hARLBD (grey ribbon).eftpanel (top) is showing the 2D representation of
compound27 (1) and compand 28 (Il).

Generally, our SAR analysis of this family of compounds indicates that the lack of the linker hydroxy
group of the propioanilide scaffold seems to be tolerated in terms of the@aliferative activity in

PC cell lines and in some casesvei enhanced activity compared to bicalutamide; compourids (

19, 23, 27, 28, 31-35, 38, 39 and 41). Compound=7 and 28 were significantly more potent than both
bicalutamide and enzalutamide in our models. Docking studies suggest that this enhanced activity can
be attributed to the steric bulk added by the two branches of the aromatic ring B which occupy both
the proposedbinding pockets of bicalutamide and enzalutamide simultaneously and would provide
the geometric bulk needed to keep ring B pointing outwards away fromf*Tapd towards helix 12,

thus preventing AR from adapting the AR agonist (closed) conformdtigue 7). These double



branched compounds2f and 28) are distinct from the structures of other nonsteroidal anti

androgens, which is likely to result in differences in biology and resistance mechanisms.

3. Conclusion

A series otwenty-four novel deshydroxypicalutamde analogueg29-41) were synthesised using
Michael additionreaction betweerfour different acrylamide derivative${9) and various fluorinated
thiophenols L0-13) as a key stepElevencompoundsshowed antiproliferative activity(IGo = 0.43
13.19>M) better than bicalutamide (Ié = 20.44> a.dnterestingly, compound87 and 28 exhibited

very potent actiity with 1Go values of 1.68 and 0.48a > NX & LJS O (i doggfatdeor bétierA O K
than enzalutamide (Kg = 1.31> a in the LNCaP cell ling-urther testing for the in vitro anti-
proliferative activity in VCaP and PC3 cell lines showednmsatomolar activity. Furthermore,
compounds?7, 28 and 33 showed remarkable reduction of PSA expression in LNCaP cells confirming
their antiandrogenic activityMolecularmodelling studiesndicated that the enhancednti-androgen
activity of compound27and28appears to be a result of the extra bulk conferred bytine aromatic

rings B, which ensurethe occupation of the two subpockets of the ARBDinvolved in thebinding
interaction ofbicalutamde and enzalutamide simultaneously. Thesy forestall thedrug resistance
seen with current clinical anindrogens Compounds27 and 28 havedistinctive chemicalstructure
andrepresents promising lead for further developmeitAR antagonist®©verall, this study provides,

for the first time, the doubldoranchedconfiguration into the norsteroidal anttandrogen library and

lays a foundation for the development of alternati AR antagonigherapiescapable of combating

prostate cancer.
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4. Experimental section

4.1 Chemistry
All chemicals were purchased from SigAdrich or Alfa Aesar and were used without further



purification. Thin Layer Chromatography (TLC):quated aluminium backed plates (684 0.2 mm
thickness, Merck) were visualized under both short and long viiévdight (254 and 366 nm). Flash
column chromatography was carried out using silica gel supplied by Fisher (60&n85. 'H NMR

(500 MHz)3C NMR (125 MHz) ad®F NMR (470 MHz) spectra were recorded on a Bruker Avance 500
MHz spectrometer at 25C. Chemical shifts \ are expressed in parts per million (ppm) and coupling
constants (J) are given in hertz (Hz). The following abbreviations are used in the assignment of NMR
signals: s (singlet), bs (broad singlet); d (doublet), t (triplet), g (qage (quintet), m (multiplet), dd
(doublet of doublet), dt (doublet of triplet), td (triple doublet); dg (double quartet), m (multiplet), dm
(double multiplet). Mass spectrometry was performed as a service through the EPSRC National Mass
Spectrometry cette (Swansea, UK).

4.1.1General method for the preparation of intermediates-8

Methacryloyl chlorides (8.4 mL,85.96 mmol) was added over the course of 10 minutes to a stirring
solution of the appropriate trifluoromethysubstituted aniline 1-4 (10.75 mmol) in N,N-
dimethylacetamide (10 mL) abom temperaturefor 24h. After the reaction was complete, the mixture
was diluted with ethyl acetate (100 mL), extracted with saturated Nat$Gldtion (2 x 50 mL) then

cold brine (2 x 50 mL). The comhiherganic layer was dried over anhydrous:8la and the solvent

was removed under reduced pressure. The crude oil residue was purified by flash column
chromatography eluting witlchloroformethyl acetate 95:5 v/v to obtain the titled compounds.
N-(4-cyano-3-(trifluoromethyl)phenyl)methacrylamide(6)6. Yield; 2%

IH NMR (CDgH 8.10 (d,J= 2Hz, 1HArH), 8.06 (bs, 1H, 1), 8.01 (dd, J = 2, 8.5 Hz, 1HHA7.81 (d,
J=8.5Hz, 1HArH), 5.89 (dJ= 1Hz, 1H, &), 5.62(q, J= 1.5Hz, 1H,1®), 2.10(dd, J= 0.5, 1.5 Hz, 3H,

OHs). P°F~NMR: (CD@) -62.23

N-(4-nitro -3-(trifluoromethyl)phenyl)methacrylamide(7) 6. Yield;80%

IHNMR (CD@b Y  1-7.95 @nd2HArH), 7.93 (dJ= 9 Hz, 1HArH), 7.8 (bs, 1H\H), 5.81 (qJ= 1Hz

1H, &), 5.55 (qJ)= 1.5 Hz, 1H,H5), 2.02 (ddJ= 1, 1.5 Hz, 3HHE). 2°FNMR (CD@b Y-60109.
N-(4-cyano-2-(trifluoromethyl)phenyl)methacrylamide(8) 1’. Yield;88 %

IHNMR (CD@): d8.69 (d, J= 9 Hz, 1AH), 8.07 (bs, 1HYH), 7.84 (d, J= 1.5 Hz, 1AtH), 7.78 (dd, J=

2,9 Hz, 2 Hz, 11AyH), 5.83 (q, J = 1 Hz, 1H&Y; 5.56 (g, J= 1.5 Hz, 1HLYE 2.02 (dd, J=1, 1.5 Hz, 3H,
(Hs). I9-NMR (CD@): d-61.35.

N-(4-nitro -2-(trifluoromethyl)phenyl)methacrylamide(9)*’ Yield;94 %



IH NMR (CD@H 8.73 (d, J= 9 Hz, 1BirH), 8.46 (d, J= 3 Hz, 1AtH), 8.37 (dd, J= 9 Hz, 2.5 Hz, AHt),

8.17 (bs, 1HNH), 5.85 (q, J= 0.5 Hz, 1HE 5.58 (q, J= 1.5 Hz, 1HELE 2.152.13 (dd, J= 1, 18z,

1H, Gk). °~NMR: (CD@)d -61.31.

4.1.2General method for the preparation ofulphideintermediates

4.1.21 Method A: (14-20 and 24-28)

To a mixture of 60% sodium hydride in mineral oil (94.43 mg, 2.36 mmol) in anhydrous tetrahydrofuran
(5 mL) at 0°C under anhydrous THF under nitrogen atmosphere, was added dropwise the
corresponding thiophenol0-13 (2.05 mmol). This mixture was stirred at room temperature for 20
minutes. A solution of the appropriate intermediaté-9 (1.57 mmol in 5 mL anhydrsu
tetrahydrofuran) was added slowly to the thiophenol mixture and stirred at room temperature for 24h.
The mixture was concentrated under vacuum then diluted vethyl acetate(30 mL)washed with

brine (20 mL)and water (30 mL) dried over anhydrous saglin sulfate and concentrated under
vacuum The crude residue was purified by column chromatography eluting with chloredtmg
acetate gradually increasing from 95:5 to 90:10 v/v.

4.1.2.2Method B: (21-23)

The corresponding thiophenol0-13 (2.05 mmol) was added dropwise to an aqueous sodium
hydroxide solution (79 mg in 1 ml water) for 15 min at room temperature. Then a solution of compound
8 (2.05 mmol) in 1,4dioxan (5mL) was added at room temperature followed by a catalytic amount of
tetrabutylammonium bromide. The reaction mixture was refluxed for 3 h and cooled to room
temperature, followed by addition of 26% aqueous acetic acid. This mixture was extracted with ethyl
acetate (2x 200mL). The ethyl acetate layer was separated, washath water, and concentrated
under reduced presure The crude residue was purified by column chromatography eluting with
chloroform-ethyl acetate gradually increasing from 95:5 to 90:10 v/v.
N-(4-cyano3-(trifluoromethyl)phenyl)-3-((4-fluorophenyl)thio)-2-methylpropanamide (14). Yield;
50%

IHNMR: (CD@) + y ®n M), 7608 @, J m 8.5Hz, THHr7.85 (s, 1H, M), 7.79 (d, J = 9 Hz, 1H,
ArH), 7.38 (dd, J = 5.5, 8 Hz, 2HHA7.00 (t, J = 8.5Hz, 2HH\r3.28 (dd, J = 8, 14Hz, 1HL)C3.04

(dd,J = 5, 13.5Hz, 1HHE}, 2.64 (sext, J = 7Hz, 1H{)C1.37 (d, J = 7Hz, 3HHE °FNMR: (CD@bd - ¢
62.23,-114.26 13GNMR: (CD@ { MCG=@)d162D4 (hLr= 246.4Hz, A, 142.10 (AD), 135.79
(ArCH), 133.99 (ikr= 32.9Hz, A7), 132.64(d, 3kr= 8Hz, ATH), 130.04 ('kr= 3.6Hz, AB), 122.10

(9, Wr = 272.5Hz0rR), 121.85 (AEH), 117.31 (k= 4.6Hz, AHH), 116.32 (Rkr= 21.8Hz, AH),



115.63 ON), 104.08 (AD), 42.62 CH), 38.57 (Hy), 17.66 (Hs). HRMS calcd forigEhdaN.0S [M+H],
383.0836; found, 383.0836.
N-(4-cyana3-(trifluoromethyl)phenyl)-2-methyl-3-((3-(trifluoromethoxy)phenyl)thio) propanamide
(17). Yield;47%

IHNMR: (CD@) { y @ pHl, 8.084(E J =ML5Hz, IHHAr7.94 (dd, J = 2, 8.5Hz, 1HHAT.74
(d, J = 8.5Hz, 1H, W) 7.27 (m, 2H, A, 7.16 (s, 1H, A, 6.99 (d, J = 7.5Hz, THHAr3.35 (dd, J = 9,
13.5Hz, 1H, &), 3.09 (dd, J = 5.5, 13.5Hz, 1H;)C2.83¢ 2.74 (m, 1H, B), 1.40 (d, J = 7Hz, 3H#E
I=NMR: (CD@) -57.86,-62.343GNMR: (CD@ { MCG-@)14960 (&), 142.58 (AT),
138.06 (A€), 135.73 (ABH), 133.91 (Rl = 32.4Hz, AB), 130.21(AEH), 127.10 (AGH), 122.12 (q,
1kr= 272.5Hz, Om), 121.93 (AEH), 121.11 (AH), 120.33 (gikr=253.5Hz(Fs), 118.53 (AEH),
117.42 (q3%r= 4.8Hz, ABH), 115.89QN), 103.41 (A, 42.49 (H), 36.72(Hy), 17.76 CHs). HRMS
calcd for @HisRsN20.S 449.0753; found, 449.0752 [M+H], 466.1015 [M+4NIH
3-((4-Huorophenyl)thio)-2-methyl-N-(4-nitro-3-(trifluoromethyl)phenyl)propanamide(18). Yield45
%

IH NMR (CDgH 8.36 (s, 1H, N), 8.02 (dJ= 1.5 Hz, 1H, M), 7.987.95 (m, 2H, Af), 7.387.33 (m,
2H, AH), 6.996.94 (m, 2H, Af), 3.27 (ddJ= 8.5, 13.5 Hz, 1HHg), 3.03 (ddJ= 5, 13.5 Hz,1H,Hp),
2.72-2.64 (m, 1H, B), 1.36 (dJ= 6.5 Hz, 3H,HB); 1%F NMR (CD§k -60.14,-114.70;*C NMR (CD4}!
1 173.99 (C=0), 161.95 (b = 245.8 Hz, A), 142.68 (AF), 142.36 (AD), 132.52 (d3kr= 7.8 Hz,
ArCH), 130.12 (dbr = 2.9 Hz, A, 127.12 (ABH), 125.15 (q2kr = 34.3 Hz, AD), 122.23 (ATH),
121.74 (qlbr= 271.9 Hz0OR), 118.16 (q3kr= 6.1 Hz, ABH), 116.23 (Blr= 21.9 Hz, AH),42.56
(CH), 38.42@H), 17.72(Ck). MS[ESI, m/zZ]HRMS calcd forifH14FN203S [M+H], 403.0739; found,
403.0746.
2-Methyl-N-(4-nitro-3-(trifluoromethyl)phenyl)-3-((4-(trifluoromethyl)phenyl)thio)propanamide
(19). Yield52 %

IH NMR (CDgHh 8.00-7.92 (m, 3H, Af), 7.74 (s, 1H,N), 7.53 (d,J= 8 Hz, 2H, M), 7.41 (dJ= 8 Hz,
2H, AH), 3.27 (ddJ= 9, 13.5 Hz, 1HH), 3.16 (ddJ= 5, 14 Hz,1H,H5), 2.752.67 (m, 1H, B), 1.44
(d,J= 7 Hz, 3H,&); 1% NMR (CDgk -60.13,-62.56;°C NMR (CDgt 173.16 (C=0), 143.13 @
141.71(Ar0), 140.58 (AB), 128.25 (q2kr= 32.6 Hz, AD), 127.94 (AEH), 127.10 (AGH), 125.95 (3L
F= 3.8 Hz, AtH), 125.30 (Rkr= 33.9 Hz, AD), 122.13 (ATH), 123.90 (gtkr= 270.3 HZF), 121.66
(9, Wr = 272.4 Hz(Rs), 118.22 (q3kF = 6 Hz, ATH), 42.73(CH), 35.92 QHy), 17.90(CHs). MS[ESI,
m/z]: HRMS calcd fori§h4sRsN20sS [M+H], 453.0702; found, 453.0699.



3-((3,5Bis(trifluoromethyl)phenyl)thio)-N-(4-cyano-2-(trifluoromethyl) phenyl)-2-methyl
propanamide (23)Yield;41 %

IH NMR(CDG) ¢ 8.54 (d,J=9 Hz, 1H, Af), 7.92 (dJ=1.5Hz, 1H, At), 7.84 (ddJ=2,9 Hz, 1H, A),
7.75 (s, 1H, Af), 7.70 (s, 1H, M), 7.67 (s, 1H, A, 3.47 (dd)=8.5, 13.5Hz, 1H, B), 3.19 (dd,)=5.5,
13.5Hz, 1H, B), 2.772.69 (m, 1H, , 1), 1.45 (dJ= 7 Hz, 3H,&); 1% NMR (CDgH -61.15,-63.10;
13C NMR (CDgh 172.43 (C=0), 139.27 @y 138.79 (AB), 136.69 (AtH), 132.34 (¢?kr= 33.3 Hz,
ArQ), 130.25 (q3kr= 5.4 Hz, AGH), 128.38 (¢3kr = 3.3 Hz, AH), 123.64 (ATH), 122.89 (gtke=
271.9 Hz(OR), 122.24 (AF), 118.64 (qLkr= 304 Hz(R), 120.01 (septkr = 3.8 Hz, AH), 117.43
(ON), 108.08 (AD), 43.06 (CH), 36.62 (Hp), 17.63 (CHs). GoHigoN20S, MS (ES+) m/z: 523.0491
[M+Na], 518.0943 [M+NH].
3-((4-Huorophenylthio)-2-methyl-N-(4-nitro-2-(trifluoromethyl)phenyl)propanamide(24). Yield;49
%

IH NMR (CDgH 8.65 (d,J= 9 Hz, 1H, Af), 8.52 (dJ= 2 Hz, 1H, Af), 8.42 (ddJ=2,9 Hz, 1H, A),
7.84 (s, 1H, N), 7.40 (ddJ)= 5.5, 8.5 Hz, 2H, Ay, 7.01 (tJ= 8.5 Hz, 2H, A, 3.28 (dd,J= 8.5, 14 Hz,
1H, Gb), 3.28 (ddJ=5, 13.5 Hz, 1HHg), 2.65 (sext)= 7 Hz, 1H,19), 1.38 (dJ= 7 Hz, 3H,i&); 1°F
NMR (CD@) -61.03,-114.95;°C NMR (CDgJ} 173.15 (C=0), 162.14 {dsr= 245.8 Hz, A), 142.89
(ArQ), 140.76 (A©), 133.03 (d3kr= 8 Hz, AtH), 129.83 (d’kr= 3.4 Hz, A3), 128.26 (AtH), 123.36
(ArCH), 122.89 (qikr = 272.1 Hz(Rs), 122.32 (q3br = 6 Hz, AtH), 119.14 (g2kr = 31 Hz, AD),
116.36 (d,2Lr = 22 Hz, AiH), 43.05(CH), 38.76 (Hy), 17.41(CHs). MS[ESI, m/z] HRMS calcd for
Gi7H14RN20sS [M+H], 403.0734; found, 403.0733.
2-Methyl-N-(4-nitro-2-(trifluoromethyl)phenyl)-3-((4-(trifluoromethyl)phenyl)thio)propanamide

(25). Yield;56 %

IH NMR (CD@H 8.62 (dJ= 9 Hz, 1H, Aj), 8.52 (dJ= 2.5 Hz, 1H, A, 8.47 (ddJ=2.5,9 Hz, 1H, A),
7.81 (s, 1H, N), 7.54 (dJ= 8 Hz, 2H, M), 7.43 (dJ= 8 Hz, 2H, Af), 3.42 (ddJ= 8.5, 13.5 Hz, 1H,
(Hp), 3.16 (dd,)=5.5, 14 Hz, 1HH), 2.74 (sextet of triplet)= 7, 1.5 Hz, 1HHJ, 1.44 (dJ= 7 Hz, 3H,
(Hs); 1F NMR (CDgH -61.05,-62.58;13C NMR (CDgh 172.84 (C=0), 140.58 @y 140.49 (AD),
128.36 (A€H), 128.29 (Rlr= 32.5 Hz, A, 128.25 (ABH), 125.91 (fkr= 3.6 Hz, ABH), 123.94 (q,
1Xr= 270 Hz(Rs), 122.85 (qlkr= 271.8 HAR), 122.31 (g3kF= 5.6 Hz, AAH), 119.25 (Akr= 31.5
Hz, AE), 43.03(CH), 36.18 (Hy), 17.51 (CHs). MS[ESI, m/z] HRMS calcd foBisHiaFsN20S [M+H],
453.0708; found, 453.0711.



3-((3,5Bis(trifluoromethyl)phenyl)thio)-2-methyl-N-(4-nitro -2-(trifluoromethyl)phenyl)
propanamide (26)Yield;24%

IH NMR (CD@H 8.64 (d,J= 9.5 Hz, 1H, A, 8.54 (dJ= 3 Hz, 1H, Aj), 8.43 (dd,J=2.5,9.5 Hz, 1H,
ArH), 7.79 (s, 1H,N), 7.76 (s, 2H, A, 7.01 (s, 1H, A, 3.48 (dd,)= 8, 13.5 Hz, 1HHg), 3.21 (dd)
= 5.5, 13.5 Hz, 1HHg), 2.76 (sextet of triplet)= 7, 1.5 Hz, 1HH}, 1.47 (d,)J= 7 Hz, 3H,1&); 1°F NMR
(CDG) ¢ -61.10,-63.11;"*C NMR (CD§k 172.47 (C=0), 143.09 @r 140.41 (AD), 139.21 (AD),
132.38 (q2kr= 33.3 Hz, A, 128.40 (d*Lr= 3.3 Hz, AtH), 128.31 (AGH), 123.30 (AtH), 122.87 (q,
1ke= 271.1 HzOR), 122.85 (qikr= 271.9 Hz(OR), 122.34 (g3kF = 5.9 Hz, ABH), 119.30 (k=
31.1 Hz, AD), 120.06 (septikr = 3.6 Hz, AGH),43.13(CH), 36.62 (Hy), 17.63(CHs). MS[ESI, m/Z]
HRMS calcd forigH3FN.0OsS [M+H], 521.0573; found, 521.0576.
N-(4-cyano3-(trifluoromethyl)phenyl)-2-methyl-2,3-bis((4(trifluoromethyl)phenyl)thio)
propanamide(27). Yield;42%

IHNMR: (CD@ ¢ ® nH), 7.074(E J =v2HZ, 1HE7.85 (dd, J = 2, 8.5Hz, 1HH)\7.79 (d, J
= 8.5Hz, 1H, A, 7.59 (d, J = 8.5Hz, 2&H), 7.51 (d, J = 8Hz, 2HH\7.44 (dd, J = 8.5, 13.5Hz, 4H,
ArH), 3.60 (d, J = 13.5Hz, 1H 3.52 (d, J = 13.5Hz, 1HHLE 1.73 (s, 3H,HG). °FNMR: (CD@) - !
62.23,-62.65,-63.00.°GNMR: (CD@ { wmG=@)Pmn22 (K), 140.60 (AD), 135.86 (A€H),
134.35 (A€H), 134.23 (AD), 134.11 (2% = 31Hz, AB), 131.69 (g2kr= 33.1Hz, AB), 131.26 (ATH),
129.00 (A€H), 128.64 (Rlr= 32.6Hz, A), 126.35 (03kr= 3.6Hz, ATH), 125.8%; 125.74 (m, AEH),
123.77 (qLkr= 270Hz(Fs), 123.51 (qLkr= 270.8Hz(Fs), 122.00 (qlke= 272.3Hz(Fs), 117.14 (q,
3k = 5Hz, AtH), 115.30QN), 105.04 (AD), 59.51 {GCH), 42.06 (Hy), 23.87 (Hs). HRMS calcd for
CoeHh7PN20S, 609.0711; found, 609.0708 [M+H], 626.0965+NH;*].
2,3-Bis(3,5-bis(trifluoromethyl)phenyl)thio)-2-methyl-N-(4-nitro-2-(trifluoromethyl) phenyl)
propanamide(28). Yield;48 %

IH NMR (CDgHh 9.19 (s, 1H, N), 8.59 (dJ= 3 Hz, 1H, Af), 8.54 (dJ= 9.5 Hz, 1H, A, 8.45 (dd,)=
2.5,9 Hz, 1HArH), 7.92 (s, 1H, M), 7.89 (s, 2H, A, 7.78 (s, 2H, M), 7.67 (s, 1H, A, 3.63 (d,)=
13.5 Hz, 1H, &), 3.49 (dJ= 13.5 Hz, 1H,H5), 1.80 (s, 3H, KB); °F NMR (CD§I -61.05,-63.14,
63.19;"°C NMR (CDgk 169.75 (C=0), 143.34 @r139.89 (A€), 138.78 (AB), 132.30 (AG), 132.87
(9,2kr= 33.9 Hz, A)), 132.42 (q2kr= 33.3 Hz, AJ), 134.69, 134.66 (AH), 129.58 (Xr= 3.6 Hz,
ArCH), 128.53 (AGH), 122.44 (otdor= 271.6 HzCRs), 123.87 (septetikr = 3.6 Hz, AiH), 122.53 (q,
3%r= 5.5 Hz, AiH), 122.88 (qlkr= 272.3 Hz(Rs), 122.75 (qikr = 274.4 Hz(Fs), 122.31 (AEH),



120.72 (septet3kr = 3.9 Hz, AH), 119.29 (¢ikr = 31.5 Hz, AB), 57.94 (CkD), 42.43(CH), 14.15
(CHs). MSIESI, m/zZ]JHRMSor GrHisFisN0sS [M+H], 765.0371.

4.1.3General method for the preparation of sulfones derivatives-29

To a stirring solution of the corresponding sulfidet-26 (0.7 mmol) in 5mL anhydrous
dichloromethane was added-chloroperbenzoic acicMCPBAJ1.4 mmol) The solution was stirred at
room temperature for 24 h The reaction mixture was neutralized with 1M sodium hydroxide. 50 mL
distilled water was added to the reaction mixture and was extracted with 2 x 50mL of dichloromethane.
The combined orgda layers were washed, dried over anhydrous sodium sulfate, and concentrated
vacua The crude residue was purified by column chromatographgparative TLC or crystallization
from methanol
N-(4-cyano3-(trifluoromethyl)phenyl)-3-((4-fluorophenyl)sulfanyl)-2-methylpropanamide(29).
Yield;69%

HNMR: (CBf h 0 + M By 812 AIE 2Hz| 1IBHAMSB.09 (d, J = 8.5Hz, THHA7.94 (dd,

J =5, 9Hz, 2H, Wy, 7.82 (dd, J = 2, 8Hz, 1HHAI7.38 (t, J = 9Hz, 2H,H)yy 3.81 (dd, J = 9.34.5Hz,
1H, Gk), 3.50 (dd, J = 4, 14.5Hz, 1H,)C3.06¢ 2.98 (M, 1H, B), 1.23 (d, J = 7.5Hz, 3HLRNMR:
(CR)A{ h 1-61.84,-104.87,°C NMR ((CIpSO) 173.24 (C=0), 165.56 (dsr= 250 Hz, A3, 143.76
(ArQ), 136.92 (AEH), 135.71 (AB), 132.13 (02br= 31.5 Hz, A, 131.61 (dBkr= 9.9 Hz, AiH), 122.86
(9, 3or= 273.3 HZF), 122.49 (ABH), 116.93 (Rkr= 22.6 Hz, AH), 116.84 (m, AH), 116.21QN),
102.26 (A€), 57.72 CHy), 36.81(CH), 18.76 (CHs). HRMS calcd foruEhaFN.0sS [M+H], 415.0734;
found, 415.0735, [M+N#, 432.0999.
N-(4-cyano3-(trifluoromethyl)phenyl)-2-methyl-3-((4-(trifluoromethyl)phenyl)sulfonyl)
propanamide(30). Yield;21%

IHNMR: (CD@ 1 y ®y k), 8AA(E J m8.5Hz, PHHAr7.96 (dJ = 2Hz, 1H, Ay, 7.88¢ 7.83
(m, 3H, AH), 7.72 (d, J = 8.5Hz, 1HH)r3.99 (dd, J = 9.5, 14Hz, 1H)C3.43¢ 3.35 (M, 1H, B), 3.22
(dd, J = 3, 14Hz, 1HHA), 1.43 (d, J = 7.5Hz, 3HLE 1°~NMR: (CD@bd -82.31,-63.42.13CGNMR:
(CDGL 1 .2M@=@), 142.37 (A, 142.25 (AB), 136.04 (2L = 33Hz, AT), 135.75 (ATH), 133.72
(0, 2%r = 32.5Hz, A7), 128.65 (ATH), 126.67 (q3kr= 3.6Hz, AH), 122.87 (qtlr = 271.6Hz(Fs),
122.07 (qkr= 272.5HzCRs), 121.81 (ABH), 117.18 (Bkr= 4.9Hz, ABH), 115.52QN), 104.40 (AD),
58.88 (CHy), 36.69 (H), 18.88 CHs). HRMS calculated fordBhaRsN.0sS [M+H], 465.0708; found,
465.0703.
3-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-N-(4-cyano-3-(trifluoromethyl) phenyl)-2-methyl
propanamide(31). Yield;19%



IHNMR: (CD@) { vy ®ob), 88B(E 2HyA) B.0® (s, 1H, A, 7.88 (d, J = 2Hz, IHH\7.74
(dd, J = 2, 8.5Hz, 1H,H)y 7.68 (d, J = 8.5Hz, 1HH)r3.91 (dd, & 9.5, 14.5Hz, 1HHg), 3.29¢ 3.21
(m, 1H, €), 3.17 (dd, J = 3.5, 14.5Hz, 1H,)C1.37 (d, J = 7Hz, 3H#L FNMR: (CD@) -62.38,-
63.04.13CNMR: (CD@) { MG@)dAly89 (K), 141.81 (AB), 135.82 (AEH), 134.03 (0Rkr =
32.6Hz, A), 133.43 (q2Lr = 34.6Hz, AD, 128.43 (q3kr= 3Hz, AtH), 128.01¢ 127.77 (m, AEH),
122.14 (qXbr = 271.8Hz0R), 122.00 (qLbr = 272.4Hz(Fs), 121.79 (ABH), 117.23 (@kr= 4.6Hz,
ArCH), 115.52 @N), 104.40 (Ap, 58.88 (), 36.69 (CH), 18.88 CHs). HRMS calculated for
CoHh3PN20sS [M+H], 533.0576; found, 533.0572.
N-(4-cyano3-(trifluoromethyl)phenyl)-2-methyl-3-((3-(trifluoromethoxy)phenyl)sulfonyl)
propanamide(32). Yield;95%

IHNMR: (CD@) { y ®cH), 7.88\(& J 2HE, IH, A), 7.82 (d, J = 7.5Hz, 1HHAr7.77 (dd, J =
2, 8.5Hz, 1H, A, 7.72 (s, 1H, A, 7.63 (d, J = 8.5Hz, IHH\r7.57 (t, J = 8Hz, 1H,Hy 7.45 (d, J
=8.5Hz, 1H, Af), 3.86 (dd, J = 9.5, 14Hz, 1H,)C3.34¢ 3.25 (m, 1H, B), 3.12 (dd, 3 3.5, 14.5Hz, 1H,
(Hp), 1.34 (d, J = 7Hz, 3HE P°FNMR: (CD@) -58.04,-62.34.3CGNMR: (CD@ { MGE@)®Pc d o
149.10 (A©), 141.72 (AD), 140.37 (AD), 135.21 (AEH), 133.28 (flr= 32.8Hz, AD), 130.95 (AtH),
126.19 (A€H), 125.65 (ABH), 121.55 (qlkr = 272.3Hz, Oms), 121.30 (AEH), 119.92 (AMH), 119.68
(9, Lbr = 258.3Hz0R), 116.76 (03kF = 4.8Hz, ABH), 115.05QN), 103.58 (A), 58.43 CHy), 35.82 {
CH), 18.46 Q). HRMS calculated fordBhaFsN20sS [M+H], 481.0657; foul, 481.0654.
3-((4-Huorophenyl)sulfonyl}2-methyl-N-(4-nitro-3-(trifluoromethyl)phenyl)propanamide(33).

Yield 41 %

IH NMR (CEDD)! 8.14 (d,J= 2 Hz, 1H, A, 8.14 (dJ= 2 Hz, 1H, A, 8.0£7.97 (m, 2H, Af), 7.88
(dd,J=2, 9 Hz, 1H, Ay, 7.32-7.26 (m, 2H, Af), 3.91 (dd,)= 9.5, 14.5 Hz, 1HHE), 3.34 (ddJ= 3, 14.5
Hz, 1H, &), 3.173.08 (m, 1H, B), 1.34 (d,J= 7.5 Hz, 3H,H5); 1°F NMR (CEDD) -61.67,-105.84;°C
NMR (CBOD)t 175.65 (C=0), 168.31 (dsr= 253.5 Hz, A), 145.40 (AE), 145.01 (AB), 137.66 (d,
43¢ = 3.3 Hz, AD), 133.52 (d3kr= 9.9 Hz, AH), 129.05 (AtH), 126.38 (Rl = 33.5 Hz, AD), 124.53
(ArCH), 124.46 (qhkr= 270.9 HZ(R), 119.95 (q3k+= 5.8 Hz, AHH), 118.53 (RLr= 23.3 Hz, AH),
60.25 (Hp), 39.09(CH), 20.14 (O). MS[ESI, m/zZ] HRMS calcd for1@4RN20sS [M+H], 435.0638;
found, 435.0643.
2-Methyl-N-(4-nitro-3-(trifluoromethyl)phenyl)-3-((4-(trifluoromethyl) phenyl)sulfonyl)
propanamide(34). Yield;78 %

IHNMR (CD@)4 8.77 (s, 1H, N), 8.158.11 (m, 3H, Af), 7.96 (ddJ= 9, 2.5 Hz, 1H, M), 7.947.91
(m, 1H, AH), 7.967.87 (m, 2H, Af), 3.97 (dd,)= 9.5, 14 Hz, 1HHg), 3.453.35 (m, 1H, B), 3.22 (dd,



J=3, 14 Hz,1H,H), 1.45 (dJ= 7 Hz, 3H, K&); °F NMR (CDgh -60.18,-63.35;"°C NMR (CD$Jk
172.02 (C=0), 143.06 @y 142.22 (AT), 141.96 (AT), 136.20 (q2kr= 33.3 Hz, A, 128.58 (ATH),
127.02 (A€H), 126.79 (Bkr= 3.6 Hz, ABH), 125.15 (q2kr = 33.8 Hz, A, 122.87 (qLbr= 271.4
Hz,CRs), 122.12 (AEH), 121.65 (qikr = 271.9 Hz0Rs), 118.22 (q3%r= 5.6 Hz, ATH), 58.98 CHy),
36.22 ((H), 18.94 (Ok). MS[ESI, m/z] HRMS calcd for18hsFN20OsS [M+NH], 502.0866; found,
502.0857.

3-((3,5Bis(trifluoromethyl) phenyl)sulfonyl}2-methyl-N-(4-nitro-3-(trifluoromethyl) phenyl)
propanamide(35). Yield;69%

IH NMR (CEDD) 8.48 (s, 2H, M), 8.25 (s, 1H, A, 8.04 (dJ= 1.5 Hz, Af), 8.01 (dJ= 9 Hz, 1H,
ArH), 7.78 (ddJ= 1.5, 9 Hz, 1H, Ay, 4.13 (dd,)= 10.5, 15 Hz, 1HHg), 3.51 (dd,)= 3, 15 Hz, 1H}p),
3.233.15 (m, 1H, B), 1.36 (dJ= 7 Hz, 3H,1&); °F NMR (CHDD)t -61.79,-64.50;"*C NMR (C{DD)
1172.90 (C=0), 142.79 @s142.71 (AT), 142.01 (AT), 132.65 (q2kr= 38.8 Hz, AD), 128.44 (3L
r= 3Hz, ATH), 127.44 (Bkr= 3 Hz ABH), 126.67 (ABH), 125.58 (m, AD), 124.31 (m, AB), 123.33 (q,
1Lr= 270.3 HZR), 122.01 (ABH), 121.9 (gkkr= 270.9 HZCRs), 117.68 (m, AHH), 57.70(H,), 36.74
(CH),18.23(QHs). MS[ESI, m/zZ]HRMS calcd foréhsFeN-0sS [M+NH|, 570.0740; found, 570.0733.
N-(4-cyana-2-(trifluoromethyl)phenyl)-3-((4-fluorophenyl)sulfonyl}2-methylpropanamide(36).
Yield;68 %

IH NMR (CD§h 8.41 (dJ= 8.5 Hz, 1H, A), 8.007.95 (m, 3H, Ad), 7.86 (dd,J=1.5,8.5 Hz, 1H, Ad),
7.83 (s, 1H, N), 7.287.24 (m, 2H, Afl), 3.853.79 (m, 1H, B), 3.223.14 (m, 2H, B, G+), 1.45 (d,)=
7 Hz, 3H, B); °F NMR (CDgH -61.04,-102.36;°C NMR (CDgHt 171.66 (C=0), 166.08 (dir =
256.3 Hz, AD), 138.82 (AT), 136.59 (AH), 135.19 (AD), 135.16 (AT), 130.89 (d3kr= 9.4 Hz, AH),
130.28 (q3kr= 5.5 Hz, AiH), 124.51 (ABH), 122.84 (oikr= 271.6 HzCRs), 117.25 CN), 116.88 (d,
2F= 22.6 Hz, AH), 108.42 (AB), 58.99 (Hp), 37.06(CH), 18.50(CHs). MS[ESI, m/z]HRMS calcd for
CisHhaFaN20sS [M+H], 415.0734; found, 415.0733.
N-(4-cyano2-(trifluoromethyl)phenyl)-2-methyl-3-((4-(trifluoromethyl)phenyl)sulfonyl)
propanamide(37). Yield;71 %

IH NMR (CEDD)! 8.20 (d,J= 8 Hz, 2H, A, 8.16 (dJ= 2 Hz, 1H, A, 8.027.99 (m, 3H, Af), 7.76
(d, J=8.5 Hz, 1H, M), 3.92 (ddJ= 9.5, 14 Hz, 1HHg), 3.43 (dd]J= 3.5, 14.5 Hz, 1HHg), 3.323.25
(m, 1H, €), 1.34 (dJ= 7 Hz, 3H,1&); 1°F NMR (CEDD)! -62.52,-64.66;°C NMR (CIDD)} 173.92
(C=0), 143.13 (&), 139.04 (¢3kF= 1.5 Hz AB), 136.03 (ACH), 134.96 (flr= 32.9 Hz, AJ), 130.44
(9, 3%F= 5.4 Hz, AH), 129.84 (AtH), 128.85 (ATH), 126.31 (k= 3.8 Hz, AH), 125.35 (RLr=



30.8 Hz, AB), 123.39 (qikr= 270.9 HZCFs), 122.61 (glkr= 271.6 HZOR), 116.82(N), 110.13 (AD),
57.47 (Hp), 35.43(CH), 17.56(CHz). MS[ESI, m/z]HRMS calcd fori&hsFeN2OsS [M+H], 465.0702;
found, 465.0699.
3-((3,5Bis(trifluoromethyl)phenyl)sulfonyl}N-(4-cyano-2-(trifluoromethyl)phenyl)-2-methyl
propanamide(38). Yield;59 %

IH NMR (CDgHk 8.40 (s, 1H, Af), 8.38 (d,J=9 Hz, 1H, A), 8.18 (s, 1H, A), 7.96 (s, 1H, AP, 7.86
(d,J=9Hz, 1H, A1), 7.81 (s, 1H,N), 3.47 (dd,J=10, 15Hz, 1H, &), 3.3%3.23 (m, 2H, B, (H), 1.50
(d, J= 7 Hz, 3H, &); 1°F NMR (CD§k -61.04,-62.95:"°C NMR (CD£IC NMR (CD&t;) + 171.21
(C=0), 142.14 (&), 138.55 (A, 136.65 (AEH), 133.40 (kr= 35 Hz, AD), 132.32 (q3%F= 5.5 Hz,
ArCH), 128.44 (k= 3.4 Hz, AH), 127.81 (sepflr= 3.8 Hz, AH), 124.27 (AGH), 122.84 (gkkr
= 271.8 HZOR:), 122.66 (AD), 117.56 (qikr= 281.5 HZOR), , 117.16QN), 108.64 (AD), 58.77 CHb),
37.12(CH), 18.56(0Hs). MS (ES+) m/z:20Bh3FN205S, 550.084 [M+N#, 555.0395 [M+Ng.
3-((4-Huorophenyl)sulfonyl}2-methyl-N-(4-nitro-2-(trifluoromethyl)phenyl)propanamide(39).
Yield;72 %

IH NMR (CDgHk 8.53 (d,J= 2 Hz, 1H, Af), 8.448.39 (m, 2H, Af), 8.04 (s, 1H, ), 7.97 (ddJ=5,9
Hz, 2H, A), 7.25 (tJ= 8.5 Hz, 2H, AJ), 3.84 (ddJ= 8.5, 14 Hz, 1HHg), 3.363.22 (m, 1H, B), 3.17
(dd,J= 4, 14 Hz, 1H,Hp), 1.44 (dJ= 7.5 Hz, 3H,H); 1% NMR (CD$HK -60.99,-102.41;°C NMR
(CDG)+ 170.91 (C=0), 165.02 {d:r= 255 Hz, A, 143.40 (AF), 140.49 (AD), 135.13 (d*%r= 3 Hz,
ArQ), 130.89 (d3kr= 9.9 Hz, AtH), 128.05 (AGH), 124.67 (ABH), 122.73 (qrkr= 271.9 Hz(F),
122.33 (q3%r= 5.8 Hz, AiH), 120.50 (ks = 31.1 Hz, A, 116.86 (d2kr= 22.6 Hz, AH), 58.21
(CHz), 36.88(CH), 18.53(QHs). HRMS calcd forfEh4FaN2OsS [M+H], 435.0632; found, 435.0631.
2-Methyl-N-(4-nitro-2-(trifluoromethyl)phenyl)-3-((4-(trifluoromethyl)phenyl)sulfonyl)
propanamide(40). Yield;74 %

IH NMR (CDgHk 8.56 (d,J= 2Hz, 1H, M), 8.488.40 (m, 2H, Af), 8.10 (dJ=8.5Hz, 2H, At), 7.91-
7.84 (m, 2H, Ad, 1H, NH), 3.89 (ddJ= 9.5, 15 Hz, 1HHg), 3.263.16 (m,1H, Gk, 1H, &), 1.48 (d,)=
7 Hz, 3H, K); 1°F NMR (CDgh -60.93, 60.97;63.28;1°C NMR (CDgk 171.51 (C=0), 143.41 @y
142.58 (A€), 140.32 (AB), 135.88 (q2kr= 32.9 Hz, AD), 128.70 (AEH), 128.19 (AGH), 126.64 (¢l
F= 3.6 Hz, AH), 124.15 (AtH), 122.95 (dhkr= 271.8 HZ0R), 122.79 (ghkr= 271.9 HZR), 122.36
(9,%kr= 5.5 Hz, AiH), 120.12 (¢°kr= 30.9 Hz, A3, 58.67(CH), 37.08 (H,), 18.57(CHs). MS[ESI,
m/z]: HRMS calcd fori§hsFsN2OsS [M+H], 485.0600pund, 485.0595.



3-((3,5Bis(trifluoromethyl)phenyl)sulfonyl}2-methyl-N-(4-nitro-2-(trifluoromethyl)phenyl)
propanamide(41). Yield;58 %.

IH NMR ((CELSO) 10.10 (s, 1H, N), 8.65 (s, 1H, A, 8.55 (s, 2H, Al), 8.52 (d,)= 8.5 Hz, 1H, A,
8.46 (dJ=2 Hz, 1H, A, 7.72 (d)= 8.5 Hz, 1H, A, 4.01 (dd,J= 9, 14.5 Hz, 1HHp), 3.84 (dd,J= 3,
14 Hz, 1H, &), 3.34 (m, 1H,16), 1.26 (dJ= 7 Hz, 3H, &); 1%F NMR ((CJSO) -59.84,-61.32;°C
NMR ((CE)2SO) 173.28 (C=0),44.86 (AE), 142.40 (AG), 141.27 (AB), 131.92 (q2kr= 34 Hz, AB),
130.21 (A€H), 129.29 (d*kr= 3.4 Hz, AiH), 128.65 (m, AH), 128.33 (AHH), 124.06 (RLr= 31.4
Hz, AQ), 122.79 (q}kr= 275.3 HZAX), 123.01 (q7kr= 271.8 HZOR), 122.68 (0k+= 5.5 Hz, AH),
56.86 (Hz), 35.22(CH), 18.70(CHs). MSIESI, m/z]HRMS calcd fori@hsFoN2OsS [M+NH], 570.0740;
found, 570.0736.

4.21n vitro cell based assay
4.2.1Cell wlture

All cells were cultured in T75 flasks ihamidified atmosphere of 5%6Q at 37°C. LNCaP cells were
cultured in RPMIL640 medium, PC3 and VCaP cells in DM&NMupplemented with 10% FCS and
FYyGAOA20GA0a OLISYAOAfTtAY wmnn! kYt YR AGNBLI2YeO
4.2.2 Anti-androgen teatmentin vitro O

Bicalutamide and enzalutamide were used as posidorols(used as the clinical standard)LNCaP,

t/o FYR /It OStftasz FyYyR 5a{h ¢l & dzZaSR ImM I @S
o0AOlIfdzil YARS & 210fDMBGthGveairdingr&asirg Yonqemtrations fromD> a

to 100> a Al novel deshydroxy compoundsere tested in LNCaP cells, and compou2ig28and 33

were subsequently teéed in PC3 and VCaP cells because of tbeilGo values.

PC3 and LNCaP cellere platedin a 96 well plate (4000cells/welland then incubated overnighto

adhere Each drug concentration-IM0uM) was then added in sequence to ten tubes of fresh media

to achieve a 1:100 dilution. The old medium was then gemtigovedand replaced with 206-L of

fresh media containing the nine increasing drug concentrations and the DMSO control, in triplicate.
Fdlowing 96hours of incubation the samples wetested with the MTT or MTS assay. The Was

then calculated from the mean of these triplicate values and desponse curves were plotted. VCaP

cells were treated as above, with the following exceptions. The novel compounds were diluted 1:50,
only 100>L of the old medium was extracted andwias replaced with 108L of the novel compound

in media. This was done to avoid removing the cells from thev@b plates in view of their poor

adherence.



4.2.3MTT and MTS assays

Colorimetric MTT (LNCaP and PC3) and MTS (VCaP) assays were usedmnioedetdl viability
followingin vitroanti-k Y RNR2 3 Sy  { NBLHAGthvinelyvilume)rofMTT or MTS were added to

the wells as appropriate. MTS absorbance was recorded andBBy the EIX800TM microplate reader

after 1 and 2hours of incubation Forthe MTT assayfollowing the appearance of purple formazan
crystals under the light microscoptne medium was then carefully removaddthe formazan crystals
dissolved in 200G-L of acidified isopropanol and MTT absorbance was recorded at 540nm on the
EIBOOTM microplate reader. Percentage cell viability was normalised to the DMSO control.

4.2 4 Statistics

Cell numbesMTT correlations and tgvalues were calculated from the meahtbree replicates using
Microsoft Excel and GraphPad Prism v@®faphPad Software, Inc., San Diego, CA). Cell nuxdiber
correlations were analysed by linear regression, wheregv#lues were produced through ndmear
NEINBaaAz2yd ljt/ w NBadzZ G§a ¢SNBE Medr |GdadussRverdzheh y 3
analysed for statistical significance (p=<0.05) compared to bicalutamide and enzalutamide using
GraphPad Prism v6.01 with consideration to the OECD guidelines.

Onegl & Fylrteara 2F GFINAFYyOS o6!bh+! 0 F2ffaysedR 08
the doseresponse datdor compounds27, 28 and 33in LNCaP cells, which satisfied the assumptions

of normality and homogeneity of variance according to the D'Agostitearson omnibus, Brown
C2NR@GKS FyR . I NIWalisies & fi2S65S0R @ &¢ KISK SY Nedgaylyrda (S
response data for compour2Bin LNCaP cells amdmpounds27, 28 and33in PC3 cells

4.3 PSA Expression and androgen inhibition gPCR experiments

LNCaP cells were trypsinised anesuspended in 13ml of RPMI. 0.5ml of this cell suspension was then
added to individual wells in-@&ell plates with 3 ml of fresh RPMI, and the cells incubated fend4#s

to adhere. Two individual wells in each platea®ed no treatment and DMSO at a 1:100 dilution as
negative controls. The-&ell plates used to analyse PSA expression by gPCR then were treated with 5,
MnX pn FYR man >a 2 F27,@8a033 fditwed by R4Sokirs iacAbdtloi? dzy R &
4.3.1 RNAIsolation

RNA isolation was carried out in the-gll plates using the Sigma procedure. The media was gently
removed, 1ml of TRiagent added per sample and the viscous lysate containing DNA, RNA and
proteins transferred to 1.5mEppendorfii dzo S & kof IHbmmos-chloropropane was then added,

the Eppendorf tubewvortexed, left to stand for 5 minutes and stored-80°C. The samples were then



warmed to room temperature, vortexed and centrifuged at 12,000 x g for 15 minutes at 4°C to
solubilise the RNAn the upper, colourless aqueous phase. The samples were then kept on ice, the
agueous phase transferred to fre&ppendorftubes and 0.5ml of isopropanol added. The tubes were

then vortexed, left to stand for 5 minutes and centrifuged at 12,000 x g@onihutes at 4°C in order

to recover the RNA pellet. After removing the supernatant, the pellet was washed with 1ml of 75%
ethanol, vortexed and centrifuged at 7500 x g for 5 minutes at 4°C. After this, ethanol was carefully
removed, the samples brieflyrairied for 5Mn YAy dziSa |yR GKS wb! LISt ¢
RNAseF NES t/w 6l SN ¢KS wb! O2yOSYuGNI A2y ¢l a F
2F SIOK m>f alYLX S Fd wHcecnyyY 2y (& wateradméiyol. bl y 21
The samples were then stored &0°C for 24 hours.

4.3.2 Complementary DNA synthesis (cCDNA)

¢KS wb! al YL Sa ¢6SNB dzyAF2NNf & RAfddzSR G2 pny3
centrally added to a 96vell nonskirted PCR plate on ice, thermosealed and centrifuged up to 1000rpm

in the Grant bio LM@000. The components of the RTxmare shown below: The samples were then
placed in the SimplAmp thermal cycler under the following conditions: 25°C for 5 minutes, 42°C for

60 minutes, 70°C for 15 minutes, and 4°C. The samples were then stogfif@tovernight.

4.3.3 Quantitative pdymerase chain reaction (qQPCR)

gPCR was performed in triplicate to analyse the LNCaP cells for relative PSA gene expression. The PS/
primer was run alongside the AR, GAPDH, RPL19 -@autinBas housekeeping genes in order to
normalise the data and validatthe results. These forward and reverse primer pairs were briefly
thawed and vortexed, diluted 1:40 with RNAfsee PCR water in four 1.5rRElppendorftubes, and
NBGdz2NYySR (42 AOS® C2fft2gAy 3T {KAraeSPCR Wafer. @G| ifis & I a
diluted cDNA was then transferred into 0.5Bppendortubes and kept on ice. 2ul of this diluted cDNA

was added to individual wells of an optical gPCRs®t f LI | 1S F2ff26SR o8
gPCR plate was then thermosealed, centrifugpdaui1000rpm in the Grant bio LM&D00, and loaded

into the StepOnePlusredl A YS t / w aedadsSyed ¢KS t/w NBIOGAZ2Y ¢

performed within the standard-hour cycle.
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H NMR spectrum of compouna5
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19F NMR spectrum of compoun2b
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13C NMR spectrum of compourb



