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Abstract: The well-known diuretic Ethacrynic acidEfA, Edecrin), showing low anti-
proliferative activities, was chemically modifiedt aifferent positions. The nevEA
derivatives have been testedvitro in anti-proliferative assays on both tumor KB (gpimal
carcinoma) and leukemia HL60 (promyelocytic) cellstable targets for anticancer activity.
Reduction of ther-p double bond oEA completely abolished anti-cancer activities, whsre
introduction of either 2-(4-substituted phenyl)ethmine (series A) or 4-(4-substituted
phenyl)piperazine (series B) moieties generatedpoamds showing moderate to strong anti-
proliferative activities against human cancer taks. Several substitutions on the phenyl of
these two moieties are tolerated. The mechanisactdn of theEA derivatives prepared in
this study is more complex than the inhibition dfitgthione S-transferase ascribed as
unique effect t&=A and might help to overcome tumor resistances

Key words: Anticancer agents, ethacrynic acid, ethacrynid agrivatives, glutathione S-
transferase.

1. Introduction

Cancer is the second leading cause of death irhMarterica and Europe [1]. Although
an armada of anticancer agents has received FDegdpver the past two decades [2], the
inefficiency of their discovery and developmennis longer sustainable and the pipeline of
new cancer agents is slim. Today, the outcome téma with advanced metastasis, for
instance regarding lung, colorectal, prostate am@ddi cancers, remains very poor [3]. The
development of anticancer agents for several descade based on the identification of active
compounds, with cytostatic or cytotoxic activity euimor cell lines, but with many side
effects. Consequently, new anticancer agents witlew chemical families are urgently
needed to allow an extension of this cancer-fighanmada. In addition to the discovery and
development of new anticancer agents, an improvetenstanding of each cancer patient’s
needs is also essential to enhance the abilitiaodsrd treatments to kill cancer cells without
significantly affecting normal cells [4].

One important consideration in the developmentasfcer treatment regimens is resistance
against anticancer drugs, which remains a serioostaole [5]. Indeed, microsomal
glutathione transferase 1 (mGST1) and glutathioransterasenr (GST w) are often
overexpressed in tumors and confer resistance stigainumber of cytostatic drugs, such as
cisplatin and doxorubicin (DOX) [6]. To addressstipioint, the diuretic drug ethacrynic acid
(EA, Edecrin)1, an inhibitor ofn class glutathione S-transferase, has been teg&idsa
multiple myeloma, and as adjuvant in clinical giff]. On the basis of these considerations,
Dyson et al [8] and Osella et al [9] synthesized aharacterized the bifunctiondA-Pt(1V)
complex 2 (ethacraplatin) and the EA-Pt(ll) complex 2’ (cis-
diaminobis(ethacrynato)platinum(ll) (Figure 1), bobof them able to release a cytotoxic
platinum (Il) agent (inducing apoptosis of cancefl)cand two EA moieties (inhibiting
glutathione S-transferase (GST) and overcoming desgstance) via hydrolysis or reduction,
respectively. Ethacraplatihresulted to be an excellent inhibitor of GST imegal tumor cell
lines such as A549 lung adenocarcinoma epitheéillline, MCF7 and T47D breast tumor
cell lines and HT29 colon cancer cell line albetrebnstrating a moderate anti-proliferative
activity. Unfortunately, the bifunctional conjugat2and?2’ did not offer any advantage over
cisplatin for the treatment of malignant pleuralsothelioma (MPM) cells, since the increase
of intracellular glutathione (GSH) counteracts thedest inhibition of GST [10]. Recently,
Yang et al. constructed biodegradable nanopartitlesodeliver EA and dichloro(1,2-



diaminocyclohexane)platinum(ll) (DACHPtyhich is a precursor of oxaliplatin as a
promising approach to overcome the drug resistama@ncer chemotherapy [11]. In vitro
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Figure 1.Chemical structure of ethacrynic aci&A, 1), DACHPt, Pt(IV) and Pt(Il)
ethacrynic derivative2(and2’).

The development of new and potent anticancer adgergsd orEA will undoubtedly
offer new opportunities to tackle cancer and soeports in this direction appeared recently
reviewed by us and others [12,13]. In order to iowprthe poor anti-proliferative activity of
EA [14], we designed originaEA derivatives based on modifications of tBE&A core
structure and tested the resulting derivativesheir capacity to inhibit cell growth in vitro.
For this initial screening, we tested the chemiocalshree cell lines: two actively dividing cell
lines derived from human cancer, human KB carcinamé human leukemia HL60, and the
non-dividing quiescent endothelial progenitor céi®C) from Cyprinus carpio. Cell number
and cellular NADH content evaluated after 72h cloainiexposure provided relevant
information concerning viability. The two differetimor cell lines have been selected as
representative ‘models’ of the two common typesanicer: solid tumor cancers.g. breast,
lung, colon, etc.) and blood-based cancexg (leukemia, lymphoma, myeloma etc.).
According to a recent analysis, the percentageeaf patients annually diagnosed for solid
tumor cancers and blood-based cancers is 34% ande3pectively, whereas the percentage
of cancer related deaths is 43% and 9%, respeg{ii8].

Herein, we report the design, preparation and @noliferative activity of originalEA
derivatives active upon cancer cell lines and eXdgynmg a promising class of potent
anticancer agents. The preparation EOA derivatives and their synthetic pathways are
described in Schemes 1-6 and their mode of actemmoposed. The mechanism of action of
the EA derivatives prepared in this study is more compiet the potent inhibition of class
glutathione S-transferase attributedetd and could potentially overcome tumor resistances.

2. Chemistry

The initial strategic design of theB#& derivatives can be divided into two parts as shown
in Figure 2: part 1: modification of the 3-methygentan-2-one unit; and part 2:



modification of the carboxylic acid unit. In thitugdy, we decided not to modify the core of
theEA.

Figure 2. EA chemical modifications performed in our study.

As a first strategic attempt to identify a strongdyic EA derivative and to investigate
SAR, we targeted the§ unsaturated carbonyl moiety BA (part 1) as shown in Scheme 1.
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Scheme 1Selective reduction dA to afford3 and4.

The synthesis of compoundsand4 was initiated from the commercially available
EA. The treatment oEA with hydrogen (3 bars) in the presence of Pd/@&Gapropanol for
20 min provided compoung in quantitative yield. Compoungiwas prepared in three steps.
Thus, the treatment &A with methanol in the presence mtoluenesulfonic acid (PTSA) at
room temperature led to the corresponding meth@reghis intermediate was subjected to
the Luche reduction with NaBHn presence of Ceglin a mixture of HO/methanol. Then,
the reaction mixture was treated with sodium hydtexn methanol to furnish the free add

Then, to further explore SAR in thEA series, we directed our efforts to the
preparation of two origindEA derivative series based on modifications in the pgFigure
3): series A (2-(4-substituted phenyl)ethanamine)d aseries B (4-(4-substituted
phenyl)piperazine) and for this purpds& derivativess-22 were prepared.
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Figure 3. Representation of series A and B developed t&#m

The synthesis oEA derivatives5-9, 19 and22 is shown in Scheme 2, whereas the
synthesis 0fL0-17is shown in Scheme 3. The preparation of origdlvatives5-9, 19 and
22 was achieved in one step synthesis frB and various amines using conventional
conditions of peptide synthesis (amines in a m&twf dichloromethane (DCMY,N-
dimethylformamide (DMF) in the presence of 1-etBy(3-
dimethylaminopropyl)carbodiimide (EDCI) and 4-ditmglaminopyridine (DMAP) at room
temperature). The desired products were isolategl liaish chromatography in moderate
yields (23-25 %). These low yields are essentidliy to the formation of by-products of
Michael addition on the double bond.
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Scheme 2Synthesis oEA derivativess-9, 19 and22.
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Scheme 3Synthesis of the phosphate bak&dderivativesl0-17.

Starting from EA containing phenol groupss and 7 and either dimethyl
chlorophosphate 10 and 11), diethyl chlorophosphate1l? and 13), 2-chloro-1,3,2-
dioxaphosphorinane 2-oxide [16]14 and 15 or 2-chloro-4-(3-chlorophenyl)-1,3,2-
dioxaphosphorinane 2-oxide [171§ and17) in DCM in the presence of triethylamine, the
expected product$30-17 were isolated after purification by flash chrongaphy in yields
ranging between 36 and 67 %.

Based on the very interesting anti-proliferativéi\aites of compounds$ and12 (see
Table 1,vide infrg), we decided to prepare the disubstituted anal8g$9 and20. Compound
18 was prepared using conventional conditions. Taashown in Scheme BA was treated
by 4-(2-amino-3-ethyl)-2-methoxyphenol in a mixtafeDCM/DMF in the presence &, N-
dicyclohexylcarbodiimide (DCC) and 1-hydroxybenmmole (HOBt) at room temperature
leading in moderate yield (48%) to the desired conmal 18 which in turn was treated by
diethyl chlorophosphate in DCM in the presencerimhéthylamine to lead to the expected
product 20 bearing phosphate moiety in moderate yield (47%)e derivativel9 was
obtained fromEA and 2-(3,4-dimethoxyphenyl)ethanamine using coneeat conditions of
peptide synthesis (EDCI, DMAP DCM/DMF, r.t.) in 45f¢eld (see Scheme 2ide supra.
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Then, to further investigate SAR within the cherhgaries A we turned our attention
to the replacement of the NH group@by either an oxygen orld-methyl group (Scheme 2
and 5). Compound21 was directly obtained by treatment dEA with 4-(2-
hydroxyethyl)phenol in the presence wtoluenesulfonic acid (APTS) in dichloromethane
(DCM) at room temperature with a 92% vyield (SchemeCempound22 was prepared as
indicated in Scheme 2 by condensation &A with 2-(4-methoxyphenyIN-
methylethanamine in a mixture of EDCI, DMAP/DCM/DMEt room temperature with a
92% yield.
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Scheme 5Synthesis of compoun@d and22.

Finally, our attention has been directed towardspreparation of compoun@8-26
in order to confirm or not the crucial role of the unsaturated carbonyl moiety in the
biologically active derivative$ (series A),7 and9 (series B). The synthetic route leading to
compounds23-26, described in Scheme 6, was achieved from correBpg reducecEA
derivatives. Thus, the treatmentbr 4 (Scheme 1) in the presence of EDCI and a catalytic
amount of DMAP and either 4-(2-aminoethyl)phenol(pperazin-1-yl)phenol or 1-(4-



methoxyphenyl)piperazine in a mixture of DCM/DMFcfeme 6) led to the expected
products23 (51% vyield),24 (15% vyield),25 (76% vyield) an®6 (75 % yield).

Having in hand a wide range of ndwA derivatives, we turned our attention to their
anti-proliferative properties and to the elucidataf their mechanisms of action.
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3. Biological evaluation and discussion

First, based on a MTS (multiple target screenirsgpg, we examined the vitro anti-
proliferative effects of the 2BA derivatives prepared on both KB (epidermal cantiapand
HL60 (promyelocytic) cells. In addition, we testégse compounds against the non-dividing
guiescent endothelial progenitor cells (EPC) taurgga selectivity index (SI) and might
suggest that these chemicals are specifically @omcells with a rapid proliferation.

Selective reduction of the ethylene double bon&Af(part 1, Figure 2) afforded the
compound3 and totally abolished the moderate toxicity=#, whatever the cell line exposed
(KB and HL60). Similarly, the simple reduction bt carbonyl moiety to the hydroxyl group
of EA gives the derivativd, which was found also inactive.

Few papers described the transformation of the pat EA. |. Janser et al. [12k]
highlighted the modification on the unsaturated ldeubond or the phenyl ring dEA
derivatives but not fronkA itself. Analogues displayed no or very limitediaties either in
anti-proliferative or anti-metastatic activitieswound healing assays at concentration ranged
50-100 pM. In another study performed by Cottamalet[12c], the reduction of the-§
double bond oA led to a compound corresponding to our compo8ndnd completely
abrogated the anti-proliferative activity againistanic lymphocytic leukemia (CLL) and the
inhibition of the canonical Wrftfcatenin signaling pathway. Never in these studies



carbonyl group has been reduced like in our stadynpoundd). It can be concluded that, the
reduction of thex- double bond oEA completely abolished anti-cancer activities.

A major urinary metabolite A results from the condensation of the ethylene tooub
bond to the thiol of GSH [18a]. The reactivity betethylene double bond was also postulated
to play a crucial role in the inhibition of GSil[18b]. Therefore the reduction of the ethylene
bond might severely reduce the reactivitye# and its derivatives.

These results prompted us to consider modificatadribe part 2 instead of the part 1
of the structure (Figure 2) including two seriesrias A (2-(4-substituted phenyl)ethanamine)
and series B (4-(4-substituted phenyl)piperaziaay for this purpos&A derivatives5-22
were prepared.

The anti-proliferative activities oEA and 5-17 are shown in Table 1. Thus,
introduction of a 2-phenylethanamine chain (seAgsffording the compound, provided
good anti-proliferative activity against both KBdakL60 cell lines with 1G values of 0.6
MM and 1.3 pM, respectively. In addition, compoundhowed low activities against EPC
quiescent cells, with an kgof 4.2 uM, suggesting its specific action on rapjtoliferating
cells, e.g. cancer cells. This encouraging resoivel us to design oth&A derivatives using
amide functions. Thus, as shown in Scheme 2, weapee the derivatives and7 bearing 4-
hydroxy-2-phenylethanamine (series A) and 4-hydspRgnylpiperazine (series B) groups,
respectively.

Both amide derivatives6(and7) displayed anti-proliferative activity against kdhd
HL60 cell lines with IGes of 0.4 uM and 0.7 pM, and 0.4 uM and 0.8 uM, eespely. In
addition, both displayed a reduced activity agaifi3C cell lines, with 1gs around 3-41M.
Based on the promising results of these two aaompounds, we decided to develop two
different chemical series: 2-(4-substituted phestildnamine and 4-(4-substituted
phenyl)piperazine. The simple substitution of tlyelrfoxyl group of6 and7 by a methoxy
moiety, afforded the compound® and 9, respectively. The compounds showed anti-
proliferative activity against both KB and HL60 kkhes, with 1Ggs of 0.8 uM and 1.3 uM,
and 0.4 uM and 0.8 pM, respectively. Interestinttg, replacement of the hydroxyl group of
6 and7 by a dimethyl phosphate moiety afforded the comple0 and11 with ICses of 0.4
MM and 1.2 uM, and 0.17 uM and 0.8 uM against KB HL60 cell lines, respectively. Its
substitution by a diethyl phosphate moiety (compmsut? and13), increased also the anti-
proliferative activityversuseEA, and maintain the anti-proliferative activirgrsus10 andl11,
with 1Cses of 0.8 uM and 1.1 uM, and 0.3 uM and 0.5 uM ajaiB and HLG60 cell lines,
respectively. Importantly, the introduction of a clby phosphate (2-hydroxy-1,3,2-
dioxaphosphinane 2-oxide) in position-4 on the pheroups of6 and 7 instead of the
hydroxyl group, afforded th&A derivatives14 and 15, displaying good anti-proliferative
activities, and showing Kgs of 0.5 uM and 1.2 uM, and 0.2 uM and 0.35 pMragidkB and
HL60 cell lines, respectively. From these derivesiv we then decided to prepare the
derivatives 16 and 17 bearing a 3-chloro-phenyl group in position 4 ofe th,3,2-
dioxaphosphorinane ring as cytochrome CYP3A4-sekegirodrugs of the hydroxyl group of
6 and7. TheEA derivativesl6 and 17 displayed similar anti-proliferative activities tha4
and15.

It is noteworthy that two of the most poteRA analogs within the series B
(compoundd 1 and17), exhibited very promising SI. Compoufd was respectively 17- and
3.6-fold more potent on KB and HL60 than on EPCmPoundl17 was respectivelg1- and
8.7-fold more potent on KB and HL60 compared to EPC

The very interesting anticancer activities of tkenpound8 (series A) prompted us to
orientate our efforts towards the preparation stidstitutedEA derivativesl8, 19 and20 in
order to evaluate the role of an additional gronpghee phenyl ring 08 and12
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Table 1 Anti-proliferative activities oEA and compoundS-17 (series A and B).

™

Series A Series B

cl  Cl R=

0
o) (\N

0

S N%

: o o
EA derivatives

R; R;
Series Compounds Ry KB |Cic|>|-(gl(|)V|) EPC Sfrifjcet)lv[gy IogP[b]
KB/HL60
EA 112 46412 >100 >9/>2 3.0
A 5 H 06:0.1  1.3%03 4.240.7 7/3 4.6
A 6 HO 0.4+0.05  0.740.1 3.6:0.1 9/5 43
A 8 MeO 0.8:0.1  1.30.1 3.7:0.1 46/28 45
A 10 (Me0),P(0)-0 04:0.1  1.24¢0.1 0.740.2 1.75/0.58 4.7
A 12 (Et0),P(0)-0 0.8:0.1  1.1#0.1 3.2+0.2 4/2.9 5.4
A 14 <‘-° O% 05:0.1  1.240.2 3.410.1 6.8/2.8 4.6
Cl
A 16 Oﬁf;' 0.7:02  0.940.1 22402 3.1/2.4 7.0
o]
B 7 HO 0.4:0.1  0.840.1 3.2¢0.1 8/4 43
B 9 MeO 0.4:02  0.840.1 3.6:0.1 9/45 4.6
B 11 (Me0),P(0)-0 0.17:0.02  0.840.1 2.9:0.1 17/36 4.9
B 13 (Et0),P(0)-0 03:0.1  0.540.1 2.8£0.2 93/56 5.6
B 15 C é 02:0.1  035:0.05 125005  6.25/3.6 47
Cl
B 17 O‘Q%’ﬁ 0.4:0.1  0.940.1 7.8+1.4 21/8.7 7.1
b

[a] Selectivity Index (SI): ICsoEPC/IC50KB or HLE0. [b] Calculated partition coefficient (logP), see text

As shown in Table 2, we observed no improvemetihénanti-proliferative activity of
18 and19 versus8. We then decided to introduce a methoxy groupositmpn 3 of12 due to
its excellent anti-proliferative activity to afforthe compound20. Also, we observed no
improvement in the anti-proliferative activity 20 versusl2.
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Then, to further investigate SAR within the serfgswe turned our attention to the
replacement of the NH group @& by either an oxygen or Bl-methyl group affording
compounds21 and 22, respectively. Both compounddl and 22 displayed good anti-
proliferative activities against KB and HL60 (Tab®. Given that22 displayed similar
activities to6, the replacement of a secondary amide group winti@ary amide group did not
influence the cellular potency.

Table 2 Anti-proliferative activities oEA, 8, 12 and18-2Q

g ™
Cl Cl SeriesA |
0 R= N
O O
Nt Rz
R
EA derivatives R1
Selectivity
. ICs0 (UM) a [b]
Series  Compounds Ry Ry 20 Index logP
KB HL60 EPC KB / HL60
EA 1142 46112 >100 >9/>2 3.0
A 8 MeO 0.8+0.1 1.3+0.1 3.710.1 46/28 4.5
A 12 (EtO),P(0)-0 0.8+0.1 1.1+0.1 3.210.2 4/2.9 5.4
A 18 HO MeO 0.8+0.1 1.6+0.1 4.5+0.3 5.6/2.8 4.6
A 19 MeO MeO 0.5+0.1 0.8+0.1 3.410.1 6.8/4.2 4.4
A 20 0O-P(0)(OEt), OMe 0.710.1  0.8+0.1 2.310.1 3.2/2.8 5.1
[a] Selectivity Index (SI): ICsoEPC/IC5,KB or HL60.[b] Calculated partition coefficient (logP), see text
Table 3. Anti-proliferative activities oEA, 6, 21 and22.
0
A /OQ—§/_/
S —X Cl Cl
R
Compounds R X ICs (M) Selectwalty (5]
KB HL60 EPC Index logP
KB / HL60
EA 11+2 46112 >100 >9/>2 3.0
6 HO NH 0.4+0.05 0.7£0.1 3.6x0.1 9/5 4.3
21 OH (0} 0.910.1 1.410.1 3.7+0.1 4/2.65 4.9
22 OMe N-Me 0.7+0.05 1.3140.1 410.3 5.7/3 4.8

[a] Selectivity Index (SI):ICs0EPC/ICs0KB or HL60. [b] Calculated partition coefficient (logP), see text
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Finally, in order to fully confirm the essentialleoof the o, unsaturated carbonyl
moiety of the derivative$ (series A),7 and9 (series B), we focused our attention on the
synthesis of compound®3 and24 (series A), and compoun@% and26 (series B) (Scheme
6). As previously observed for the compour®8land 4, the selective reduction of thep
unsaturated carbonyl moiety totally abolished the-proliferative activity of6, 7 and9 with
ICs0s >100uM against both KB, HL60 or EPC.

Then, we attempted to correlate the anti-prolifeeafictivities ofEA derivatives with
a classical physicochemical parameter such as latdcu membrane-water partition
coefficient (logP). It is well known that lipopltity, which associates both biological and
physicochemical properties, is one of the most irfgm physical properties of a drug
conditioning its absorption, distribution, poteraryd elimination [19,20]. For each compound
prepared (Tables 2-4) we calculated the correspgndibgP using Marvin application
(ChemAxon). No relationship can be reported betwegR and 1G, but readily reveals that a
potent anti-proliferative activity was observed wHegP is higher than 4 (ranging 4.3-7.1)
versus3 for EA. It is important to note that the logP must be toothigh in order to develop
drug-like compoundse(g solubility issue). Additionally, no correlatiora$ been noticed
between 1Gs and either pKa, MW, the number of hydrogen aarsptor the number of
hydrogen donors using Marvin application (ChemAxon)

Based on the anti-proliferative activity and selett index, compound41 and17 are
the most interesting derivatives. They showed afSI7 and 21, respectively (KBvs EPC)
and displayed similar but higher potency against iIKkB.omparison with HL60. The most
promising is the compountil due to its lower logP (4.9s 7.1 for17) and lower molecular
weight (529vs651).

For further investigations, we decided to expldre anti-proliferative activity of a
series of chemical diverdeA derivatives (series A and B) against a panel nteacell lines
representative of diverse tissues/organ tumors:amubmeast cancer cell line (MCF7), human
colon carcinoma cell line (HCT116), human prostatncer cell line (PC3), ovarian
carcinoma cells (SK-OV3 and OVCARS, Table 4).

Table 4. Anti-proliferative activity ofEA and derivatives upon various cancer human

cells.
cl Cl Series A R = Series B

o 0 . P

Y/ N é L
" o
EA derivatives R R
Series Compounds R1 ICso M)
MCF7 HCT116 PC3 SK-0OV3 OVCARS8
EA 4149 7510 7510 >100 7243

A 6 HO 1.8+0.2 1.710.6 1.0+0.5 4,5+1.8 1.5+0.3
A 10 (Me0),P(0)-0 0.910.1 1.51+0.6 0.81£0.2 2.8+0.2 1.5+0.2
B 7 HO 0.81£0.1 2.0+£0.7 3.9+43.1 2.3+1.2 0.81£0.3

B 11 (Me0),P(0)-0 0.520.1 0.840.5 1.1:0.1 2.2¢1.3 1.4+0.2
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B 15 <:O‘P’Oé 0.9+0.4 1.0+0.6 0.5+0.1 3.5%0.5 1.9+0.6
S0
(0]

EA retained a poor anti-proliferative activity agditige five cell lines tested with g
above 50 pM, featuring its general lack of activiishile theEA derivativest, 7, 10, 11 and
15 displayed moderate to good anti-proliferative\atiéis with 1Gses ranking between 4.5 uM
and 0.5 pM. In the series A, the derivative witlimethoxy phosphate group linked to the 4-
hydroxy-2-phenylethanamine moieti0f was a potent anti-proliferative compound witlsJC
slightly better thar6 having only the 4-hydroxy-2-phenylethanamine grdexcept against
OVCARS cell line). This suggests that the introductof a trimethoxyphosphate group
moderately increased the anti-proliferative agfiat EA derivatives. The replacement of the
4-hydroxy-2-phenylethanamine group by the 4-hydrpkgnylpiperazine group (versuso)
had low significant effect except against PC3 lvedls for which6 is about 4-fold better than
7. Within the series B, the addition of the trimetiyohosphate unit instead of the hydroxyl
group on the phenyl rindL.{ versus?) or the introduction of a cyclic phosphate (oxd &,2-
dioxaphosphorinane ring) also on the phenyl gralfpversus?7) moderately increases the
potency except for the SK-OV3 and OVCARS cell lines

All together these data suggested that the natweérophobicity and size of the
terminal group in position 4 of the phenyl unitked to theEA molecule and the series (A
and B) had no noticeable importance for the ardlHarative activity ofEA derivatives. It is
noteworthy that the two phosphate derivatiigsand 11 and the dioxaphosphorinari®
showed good homogeneity related to thedg$Gand higher activity towards MCF7, HCT116
and PC3 cell lines than towards the ovarian cacedlirlines SK-OV3 and OVCARS. A
different sensibility to cisplatin has been repdrte these two ovarian cell lines, SK-OV3
been considered as resistant compared to OVCARBniéar behavior can be observed with
EA and its derivatives [21].

The next step was the determination of the mechmaofsaction ofEA derivatives and
was intended to confirm the modulation of anti-gevhtive capacity by structural
modifications. Evaluations regarding vital cellulgnocesses have been tested essentially in
HL60 cells for relevant comparison with a selectafril3 chemically divers&A derivatives
selected in accordance with their structural desigth bearing modification either in the part
A alleviating activity 23, 24, 25 and 26) or in the part B within the two series A and B:
amide-monosubstituteds,( 6, 7, 8 and 9), ester-monosubstituted?k), N-methyl amide-
monosubstituted2@), and disubstituted18 and 19) showing IGes against KB and HL60
between 0.4 uM and 1.6 uM.

To ensure the cytotoxicity @A and its derivatives, the viability of HL60 cellsas
investigated by Fluorescence Activated Cell SQiR&CS) after a 24h exposure to a selection
of compounds chosen for their structure-activittedained previously. The viacount®
reagent used in these experiments is composedaDMA binding dyes, one permeant to
viable cells and one impermeant allowing the dmaration between the number of viable
and the total number of cells remaining after cloainéxposure. The Kg of EA (measured
with the NADH reagent) was comparable at 24h artdi@24L60 cells resulting from its poor
anti-proliferative activity. Although lower than at2h, anti-proliferative activity ofEA
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derivatives was higher than those BA at 24h (Figure 4). Taking this into account,
concentrations used for testing were 50 uMEArand 7 uM for derivatives.

100% 100% -

80% 80% -

60% - 60% -

40% - 40%

20% 20% -

0% T ; T T T T T T T 0%

A EETRT R AR g g 8" R=REa2
[ =
(=] o
(=] L]

HL60 EA 5 6 21 8 22 18 19
I(lcls'\o/l) 38+1 1.6+0.1 1.7#0.1 2.9+0.4 2.4+0.3 2.3+0.1 2.6+0.1 1.4+0.1

Figure 4. Anti-proliferative activity ofEA (50 uM) and derivatives (7 uM) upon HL60 cells
after a 24h exposure and cytotoxic activity measumrg FACS. Results are expressed as the
percentage of viable cells (in black) and deadsd@ll light grey). 1G, were determined with
the MTS test after a 24h exposure of HL60 cells.

The consequences of modification of the part 1hef nativeEA molecule were not
tested due to the very low basal activity of B molecule. First, modifications on thef
unsaturated carbonyl moiety BA derivatives were examined (Figure 2), the reductibthe
ethylene bond of the 4-hydroxy-phenylpiperazings, (26 vs 7) and 4-hydroxy-2-
phenylethanamine2@ vs 6) linked chain resulted in a noticeable increasehia cellular
viability to reach the value obtained with the watt A molecule. Reduction of the carbonyl
bond @4 vs6) also resulted in the loss of toxicity. These da&in line with those collected
by measuring the reduced nicotinamide adenine thotide (NADH) content of cells after
72h and therefore confirmed the critical role of ¢hB unsaturated carbonyl moiety chain in
the cell death promoted lBA derivatives.

As expected, replacement of the amido by an estkade @1 vs 6) severely impaired the
toxicity of the derivative, in relation with the gposed hydrolysis of the ester bond (Table 3).
The combined presence of a hydroxy and a methorvypgron the phenyl ring of the
phenylethanamine chaiig) also augmented the 4€at 24h and the viability of HL60 cells
compared to compounds having a phebyl & phenyl ring with a single hydroxy or methoxy
group 6 and8), or a dimethoxyX9) leading to potent cytotoxic molecules. The presenf a
-N(CHs)-CO- linkage instead of a -N(H)-CO- oriz2(vs8) had no effect.

Another marker to estimate the viability of cellensists in the determination of the
cellular reduced glutathione content, which is sseatial cellular component protecting from
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damages caused by reactive oxygen species andoplgitit compounds [22]. Reduced
glutathione content was only moderately decreadtat a 24h exposure to 50 puHEA,
whereas potent anti-proliferative derivatives ataatration 7 uM elicited a higher reduction
(Figure 5). Once more the replacement of the arfildage by an ester linkage strongly
prevented the reduction of glutathione conteétt \s 6), as well as the presence of the 3-
methoxy-4-hydroxy-2-phenylethanamine chaid8)( compared to single substitution
compoundsg and8) or to the dimethoxy 2-phenylethanamine deriva(i®, potent inducers
of GSH depletion.

100% - endogenous GSH

80% -

60% -

40%

20%

0%

control
EA

5

6

21

Figure 5. GSH content of HL60 cells exposed for 24t (50 uM) and derivatives (7 uM).
Results are expressed as a percentage of the Giéhtm cells treated with DMSO alone.

Actually the cell viability estimated by FACS arftetendogenous glutathione content
were highly correlated (Figure 6), viable cells ingva high glutathione content. This
suggests that after a 24h exposur&Aoderivatives, the cell death is already proceeding
results in the diminution of the reduced glutatiei@ontent, a reduction of the cellular NADH
content, and finally the decrease of cell viability

120

% viability
100 .
*
. ’/
/ y = 67.533x + 40.544
R2 = 0.8901
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284
40
20
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Figure 6. Relationship between cell viability and GSH contef HL60 cells exposed
to EA (50 uM) and derivatives (7 uM) for 24h. Resulte axpressed as a percentage of
values in cells treated with DMSO.
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To ascertain the mode of action BAA derivatives, we intended to evaluate the
different biological pathways leading to cell deathfirst attempt was to explore a possible
necrotic process [23hduced byEA derivatives in a set of experiments performed &weMH
cells. Necrosis results from the disruption of pfesma membrane and leads to the release of
the cytosolic content. Therefore, necrosis canghienated by measuring the activity of lactate
dehydrogenase (LDH), released into the culture omediuring treatment. Menadione, which
is known to induce necrosis in various cell lineas used as a positive control. At 50 uM,
menadione elicited an increase of the LDH activiigased in the culture medium up to 60%
after a 48h exposure (data not shown) and a rexuofi the total cell number. Exposure of
HL60 cells to 50 pMEA had only a marginal effect on the LDH ratio affgf and 48h,
confirming the poor intrinsic cytotoxicity of thimolecule (Figure 7, upper panel). After a 24h
exposure tdEA derivatives, the release of LDH was limited in BLéells and only a 48h
exposure to a feltA derivatives resulted in a significant but moderaiease of LDH: the
dimethoxy 2-phenylethanamine linkdgA (19) was the more active followed by the 4-
methoxy-2-phenylethanamineN-methyl amido EA (22) and the 4-methoxy-2-
phenylethanamin&A (8). A similar moderate effect was obtained within K&lIs (Figure 7
middle panel) and also in HCT116 and MRC5 cell$gaet shown).

Modifications on thea, unsaturated carbonyl moiety &A derivatives were also
examined (Figure 7 lower panel). The reduction leé ethylene double bond of the 4-
hydroxy-phenylpiperazine6 and25 vs7) or 4-hydroxy-2-phenylethanamin23vs 6) linked
chain or reduction of the carbonyl of the 4-hydr@phenylethanamine linked chai?4j did
not modified substantially the LDH release. Thessults demonstrate that the necrotic
process is only marginally involved in the biolagieffect ofEA derivatives.
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Figure 7. LDH release from cells treated for 24 and 48hhviaA (50 uM) and
derivatives (7 uM). Results are the amount of L2keased in the culture medium from KB
and HL60 cells treated for 24 or 48h wHA\ and derivatives and expressed as a percentage
of LDH released by cells receiving DMSO alone.

Several markers can be utilized to characterizet@se which is a common pathway
used by anti-proliferative drugs to promote cehittie{24].Flow cytometry analysis (FACS) is
a reliable and fast method to demonstrate the esftigells into the apoptotic process. An
early event in the apoptotic process is the exteataon of phosphatidyl-serine from the
inner to the outer cell membrane, then accessibdmhexin V. Later the plasma membrane is
disrupted during the late apoptosis/necrosis séagecells can be classified as intact, in early
apoptosis or in late apoptosis or necrosis. Toh&urtanalyze the biological effect &A
derivatives, annexin-V-7 AAD staining was carriedt and assessed by flow cytometry.
Therefore, HL60 cells were treated for 24h wiA and four of its derivatives selected for
their activity. Results are shown in Table 5. Cohtells were treated with vehicle onlyA
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at low concentration had no effect after 24h, Imgtuced the cell entry in early apoptosis at
high concentration.

Table 5. FACS analysis of cell death induced BYA and derivatives after 24h
exposure.

Compound dead cells necrosis/late intact early
p apoptosis cells apoptosis
Control 0.1 0.6 91.6 7.7
EA (10 uM) 0.1 0.9 87.8 11.2
EA (50 puM) 0 0.8 57.9 413
5 (5 uM) 0.3 21.9 12.8 65
6 (5 uM) 0.3 16.0 33.7 50
21 (5 pM) 0.2 10.0 473 425

EA derivatives promoted early apoptosis at a low&ceatration (5 uM instead of 10
or 50 uM) and also late apoptosis/necrosis: asa@gdrom former data, the replacement of
the amido linkage by the ester linkadd (/s 6) reduced the entry of cells in the apoptotic
process, especially in the late apoptosis/necisige. The nature of the substituent on the
NH amino linkage had no effect since all derivadivéisplayed comparable capacity to
activate apoptosis (data not shown). Similar daeevebserved after a 48h exposure (data not
shown) indicating that the activation of the apdiptpathway was a rapid answer to chemical
exposure. Therefore it is conceivable to concluus EA derivatives induced cell death
through the activation of the apoptotic pathway.

Caspases (cysteine-aspartic acid proteases) avatadtduring apoptosis in many cells and
are known to play a vital role in both initiationdaexecution of apoptosis. It was reported
that caspase-3 is the terminal effector in the ayimpcascade and is a major contributor to
cellular DNA fragmentation. To go further in theueldation of the apoptotic pathway
stimulated byEA derivatives, the catalytic activity of caspase-@svassayed in HL60 cells
treated for 24h witiEA (50 uM) and the selectddlA derivatives (5 pM). Doxorubicin (50
nM) was used as a positive control. At low concaticn, EA failed to activate caspase
activity, in line with data obtained by FACS, butexpectedly had also no effect at high
concentration (Figure 8). Consistent with the emtryearly apoptosis observed abo®d
derivatives activated to a great extent caspaseBa24h exposure: 2-phenylethanamible (
and 4-hydroxy-2-phenylethanamine) (linked derivatives elicited comparable striking
activation, whereas the ester linked anali) (vas much less active.
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Figure 8. Activation of caspase 3/7 activity in HL60 celly EA (50 uM) and
derivatives (5 uM) after 24 h exposure.

The Jun-JNK signaling pathway is a mechanism pregoto explain caspase
activation. JNK is a pro-apoptotic kinase [25a]ogssted to GSTt in the cell cytosol then
impairing the kinase activity [25b]. The exposure@STr inhibitors prevents the repression
of JNK activity and impacts apoptosis [25b,c]. Foegly, EA at high doses was found to
synergize the arsenic oxide action in HL60 celisptigh the activation of JNK and caspase 3
[26]. Therefore it is conceivable that the actii& derivatives might be potential inhibitors of
GSTx, produce an activation of JNK to finally stimulagoptosis.

Another mechanism involves the Witzatenin pathway. Overexpressionpetatenin
induces apoptosis in hematopoietic stem/progermétls and NIH 3T3 fibroblasts via the
elevation of caspase 3 [27a,lJA and EA amine derivatives have been reported as Wnt
inhibitors in a cell based Wnt reporter assay aldcsively suppressed chronic lymphocytic
leukemia (CLL) cells survival although no striclatgonship was observable between CLL
inhibition growth and Wnt inhibition [12c, 27c]. €hinhibition of Wnt by activeEA
derivatives described in this study might explieit antiproliferative capacity.

It has been assumed that anti-proliferative druiggyéring apoptosis and cell death,
ultimately promoted DNA fragmentation associatedatr with prior cell cycle arrest in either
Gi1, S or G/M phases. To ascertain whether or Bt and its derivatives are capable to
interact with the cell cycle, the impact of 2.5 B derivatives was investigated in HL60
cells treated for 24 and 48h. For that purpose,selected theEA derivatives6, 7, 15
derivatives having high anti-proliferative activitgs well as two inactive derivatives, 24.
Cells were stained with propidium iodide (P1), aarthlyzed by FACS: a majority of control
cells contained 2n chromosomes (phagsisg or participated in an active DNA synthesis
(phase S), with some cells already engaged in mi{ghase @M). In apoptotic cells the
DNA was partly fragmented (phase suh) GTable 6). After a 24h exposure to either
derivative, no modification of the proportion ofllsecontaining 2n, intermediate and 4n
chromosomes was noticeable. After 48h, 2.5 EM did not alter the partition of cells
between the cell cycle phases, whereas activepanitferative EA derivatives6, 7 and 15
rose the proportion of apoptotic cells with a redhrc of cells in S phase and an almost
complete disappearance of/M phase. As anticipated, the two inactiZ& derivatives23
and24 did not raise the proportion of apoptotic cellst bmexpectedly reduced the number of
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cells in phases S and,81 and augmented they®&; phase. It could be concluded tlzA
had no effect on the control of cell cycle, white active derivatives prevented the DNA
synthesis and mitosis to favor resting cells befétoe promote apoptosis and DNA
fragmentation.

Table 6. Cell cycle analysis by FACS of HL60 cells treated 24 and 48h witlEA
and derivatives (2.5 uM)

control EA l 15 24

Compounds G0/G1 S Phase G2/M SubG1
Control 24h 43.5 48.9 5.1 2.6
EA 45.4 43.6 8.3 2.7
43.2 47.3 6.2 3.3
41.7 49.3 6.1 2.9
15 40.7 47.1 9.6 2.6
23 42.1 46.7 7.9 3.3
24 42.3 50.5 5.2 2.0
Control 48h 43.8 52.6 2.2 1.4
EA 41.5 54.1 13 3.1
44.3 45.8 0.1 9.9
49.3 33.8 0.4 16.5
15 41.7 30.7 0.0 27.6
23 51.7 419 2.2 4.2
24 51.9 41.5 0.6 6.1

4. Conclusions

The starting point of this original study is theiditic drug ethacrynic acid which displays
by itself a modest anti-proliferative activity aggh doses (>60 uM) [10a] and is believed to
have no direct effect on cell death but acts agitdn of © class glutathion&transferase, in
line with its role of adjuvant in chemotherapy. how intrinsic anti-proliferative activity
could be markedly enhanced through the introduatioan additional lateral chain affording
original EA derivatives. Clearly, our data feature severah{zoi
- the presence of the-p double bond ofEA is essential for its cytotoxic activity, any
alteration of this residue resulting in a totalslad activity.

- addition of a lateral chain raising the logP t&sun a drastic increase of the anti-
proliferative capacity, reduces the intracelluldutgthione content and finally the cell
viability.

- the replacement of the stable amido bond by avelale ester bond generates the release of
nativeEA and significantly lowers the anti-proliferativetiaty of derivatives.
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- when theo- double bond of activdieA derivatives is modified, the anti-proliferative
activity is totally lost confirming the crucial inlvement of thex- double bond in the cell
death process.

Therefore, the anti-proliferative activity &A derivatives prepared during this study is the
combinational result of two elements: the basiddibx due to thea-p double bond and its
potentiation by the addition of a hydrophobic latechain. Thus, it becomes possible to
modulate the poor anti-proliferative capacityEoA by introduction of relevant lateral chain
leading to the activation of the apoptotic cascade.

In summary, this study points out the potentialnefv EA derivatives as novel
efficient anticancer agents, with enhanced poteretgtive to EA itself. Basically and
interestingly, the activ&A derivatives prepared in this study induce prinyaitile apoptosis
process without activation of necrosis, throughdhgvation of the caspase cascade without
alteration of the cell division, while in markedntmst inactiveEA derivatives promote cell
resting. This mechanism of action of tB& derivatives reported in this study is not single -
which potentially will avoid tumor resistances -aththe unique mechanism of action
established foEA, which is an inhibitor oft class glutathion&transferase.

Clearly our study demonstrates the optimizationE& which shows low anti-
proliferative activities (IG > 50 uM) with unclear/several mechanism(s) andrdf potent,
original and simpld&A derivatives (IGy 0.2-1.6 uM) through apoptotic process.

5. Experimental Section

Syntheses were carried out using standard highuwacand dry-argon techniques. All
chemicals were purchased from Across, Aldrich, &Judnd used without further purification.
The solvents were freshly dried and distilled adeay to standard procedures prior to use.
'H, ¥c, and*'P NMR spectra were recorded with Bruker AV300, DP®3 AV400,
spectrometers. AFC NMR and*'P NMR spectra were generally recorded decouptef. {
The signal of the non-deuterated solvent servedingsrnal standard. The following
abbreviations have been used for indicating theipligity of signals: s (singlet), d (doublet),
g (quadruplet), h (heptuplet), m (multiplet). Fauriransformed infrared (FTIR) spectra were
obtained with a Perkin—Elmer Spectrum 100 FT-IRctpeneter on neat samplé&TR FT-

IR) or in solutions. Mass spectrometry was carreed with a Thermo Fisher DS QIl
(DCI/NH3z or DCI/CH,). Compounds [12c], 4 [28] as well as compoundsand7 [10] were
prepared following the previously reported proceddrhe methyl ester &A, which is the
intermediate for the preparation of compouhdvas prepared according to reference [29].
The chloro-2-oxo-2-dioxophosphorinase used for simethesis ofl4 and 15 was prepared
according to reference [13]. The 2-chloro-4-(3-cbjhenyl)-1,3,2-dioxaphosphorinane 2-
oxide used for the preparation 6 and17 was prepared according to reference [17], 2-(2,3-
dichloro-4-(2-methylbutanoyl)phenoxy)acetic aci@) @ccording to reference [12c] and 2-
(2,3-dichloro-4-(1-hydroxy-2-methylenebutyl)phendagetic acid 4) according to reference
[30].

General Procedure: Preparation ob, 8, 9, 19 and22. To a mixture of EDCI (1.2 equiv),
catalytic amount of DMAP and ethacrynic acid (1 igyun dry DMF (5 mL), amine (2-
phenylethanamine, 2-(4-methoxyphenyl)ethanamine, (4-xethoxyphenyl)-N-
methylethanamine, 4-(2-aminoethyl)-2-methoxyphefe(3,4-dimethoxyphenyl)ethanamine)
and 1-(4-methoxyphenyl)piperazine (1 equiv) waseaddt 0°C. The reaction mixture was
stirred overnight at room temperature. Then, etiggtate (100 mL) was added and the
organic layer was washed with water (2 x 50 mL) dmithe (3 x 50 mL), dried over
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anhydrous MgS® and concentrated under reduced pressure. Thenebtaiesidue was
purified by flash chromatography.

2-(2,3-dichloro-4-(2-methylenebutanoyl)phenoxyN-phenethylacetamide (5). Following
general procedure, the crude residue was purifigd flash chromatography, using
DCM/EtOACc, 2:8 (v/v) to THF, as eluents, to furniShas a white solid (155 mg, yield of
58%).'"H NMR (300 MHz, CDGJ) & = 7.31-7.38 (m, 2H, Har), 7.24-7.30 (m, 3H, Hatp1
(d,J = 8.5 Hz, 1H, Har), 6.89 (d,= 8.5 Hz, 1H, Har), 6.74 (s, 1H), 6.00 (s, 1HKI5(s, 1H),
4.57 (s, 2H), 3.67 (g1 = 6.9 Hz, 2H), 2.91 ( = 6.9 Hz, 2H), 2.49 (q] = 7.4 Hz, 2H), 1.18
(t, J = 7.4 Hz, 3H).*C NMR (75 MHz, CDCJ) & = 195.3 (C, C=0), 166.3 (C, C(=O)N),
154.6 (C, Car), 150.2 (C, Car), 138.6 (C, Car),.23%, Car), 131.0 (C, Car), 128.7 (2CH,
Car), 128.6 (2CH, Car), 128.7 (gHC=CH,), 127.2 (CH, Car), 126.6 (C, Car), 122,7 (C,
Car), 110.9 (CH, Car), 68.2 (GHOCH,), 39.9 (CH), 35.4 (CH), 23.4 (CH), 12.2 (CH). IR
(neat): v = 3404 (NH), 1661(C=0) cth HRMS [M+H]" calculated for GH,;ClLNOs:
406.0977, found: 406.0972.

2-(2,3-dichloro-4-(2-methylenebutanoyl)phenoxyN-(4-methoxyphenethyl)acetamide

(8). Following general procedure, the crude residue piagfied by flash chromatography,
using DCM/EtOAc, 3:7 (v/v) to THF, as eluents, torfish8 as a white solid (181 mg, yield
of 63%).*H NMR (300 MHz, CDC}) 6 = 7.18 (d,J = 8.6 Hz, 1H, Har), 7.13 (d,= 8.7 Hz,
2H, Har), 6.87 (dJ = 8.7 Hz, 2H, Har), 6.83 (d,= 8.6 Hz, 1H, Har), 5.97 (s, 1H), 6.75 (s,
1H, NH), 5.59 (s, 1H), 4.55 (s, 2H), 3.82 (s, 3HCKR), 3.65 (g,J = 6.6 Hz, 2H), 2.84 (1] =
6.6 Hz, 2H), 2.49 (q) = 7.4 Hz, 2H), 1.17 () = 7.4 Hz, 3H)!*C NMR (75 MHz, CDC}) §
=195.5 (C, C(=0)), 166.5 (C, C(=O)N), 158.4 (Cr)-a54.4 (C, Car), 150.2 (C, Car), 134.1
(C, Car), 131.4 (C, Car), 130.1 (C, Car), 129.7H2Car), 128.7 (CH C=CH,), 127.2 (CH,
Car), 122.9 (C, Car),114.2 (2CH, Car), 110.7 (CHy)C68.1 (CH), 55.3 (OCH), 40.2
(CH,), 34.7 (CH), 23.4 (CH), 12.4 (CH). IR (neat):v = 3404 (NH), 1661(C=0) cth
HRMS [M+H]" calculated for gH,3:CI,NO;,: 436.1082, found: 436.1094.

1-(2,3-dichloro-4-(2-(4-(4-methoxyphenyl)piperazirt-yl)-2-oxoethoxy)phenyl)-2-
methylenebutan-1-one (9)Following general procedure, the crude residue puagied by
flash chromatography, using DCM/EtOAc, 8:2 (v/v)dsent, to furnisi® as a white solid
(180 mg, yield of 47%)'H NMR (400 MHz, CDC}) § = 7.15 (d,J = 8.5 Hz, 1H, Har), 6.99
(d,J=8.5Hz, 1H, Har), 6.93-6.82 (m, 4H, Har), 5.931H), 5.59 (s, 1H), 4.86 (s, 2H), 3.83-
3.73 (m, 7H), 3.08 (1) = 5.0 Hz, 2H), 3.03 (] = 5.0 Hz, 2H), 2.46 (gl = 7.4 Hz, 2H), 1.14
(t, J = 7.4 Hz, 3H)*C NMR (101 MHz, CDG)) § = 195.9 (C, C(=0)), 165.3 (C, C(=O)N),
155.4 (C, Car), 154.7 (C, Car), 150.3 (C, Car),.24E, Car), 133.9 (C, Car), 131.7 (C, Car),
128.8 (CH, C=CH,), 127.3 (2CH, CHar), 123.0 (C, Car), 119.3 (CH,a0}1114.7 (2CH,
CHar), 110.9 (CH, CHar), 68.9 (GK55.7 (OCH), 51.6 (CH), 51.0 (CH), 45.8 (CH), 42.6
(CH,), 23.7 (CH), 12.6 (CH). IR (neat)v = 1661 (C=0) cril. HRMS [M+H]" calculated for
CoH26CIbN2O,  477.1348, found 477.1324. Elemental analysis ¢atled (%) for
C24H26CI2N20O4: C 60.38, H 5.49, N 5.85, found: C 60.42, H 5124.69.

2-(2,3-dichloro-4-(2-methylenebutanoyl)phenoxyN-(3,4-dimethoxyphenethyl)acetamide
(19). Following general procedure, the crude residue puagied by flash chromatography,
using DCM/EtOAc, 2:8 (v/v) to THF, as eluents, torfish19 as a white solid (138 mg, yield
of 45%).*H NMR (300 MHz, CDC}) 6 = 7.21 (d,J = 8.6 Hz, 1H, Har), 6.90 (d,= 8.6 Hz,
1H, Har), 6.69-6.91 (m, 4H, Har), 6.00 (s, 1H),((6,1H), 4.56 (s, 2H), 3.84 (s, 6H), 3.65 (q,
J = 6.6 Hz, 2H), 2.84 (1) = 6.9 Hz, 2H), 2.49 (q] = 7.6 Hz, 2H), 1.17 (tJ = 7.6 Hz, 3H).
13C NMR (75 MHz, CDCJ) & = 195.3 (C, C(=0)), 166.3 (C, C(=O)N), 154.6 (CEfr),
150.2 (CH, Car), 149.3 (C, Car), 148.0 (C, Car)3.23C, Car), 131.0 (C, Car),130.9 (C,
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Car), 128.59 (CH, Car), 127.2 (CH, Car), 122.7 @ar), 120.7 (CH, Car), 112.1 (CH, Car),
111.7 (CH, Car), 110.9 (CH, Car), 68.3 (§}+b5.8 (OCH), 55.7 (OCH), 40.1 (CH), 35.0
(CHy), 23.4 (CH), 12.2 (CH). IR (neat):v = 3404 (NH), 1661(C=0) cth HRMS [M+H]"
calculated for gzH»5CIoNOs: 466.1188, found: 466.1188.

2-(2,3-dichloro-4-(2-methylenebutanoyl)phenoxyN-(4-methoxyphenethyl)N-
methylacetamide (22).Following general procedure, the crude residue puasied by flash
chromatography, using DCM/EtOAc, 2:8 (v/v) to THES eluents, to furnisB2 as a white
foam (184 mg, yield of 58%).Two conformations (50960%) were observed at room
temperature'H NMR (500 MHz, CDCJ) & = 7.09-7.16 (m, 3H, Har), 7.03-7.09 (m, 3H, Har),
6.84-6.91 (m, 3H, Har), 6.05 (d~= 1.6 Hz, 1H, Har), 5.95 (s, 1H), 5.94 (s, 1HE3H(s, 5H),
5.61 (s, 1H), 4.80 (s, 1H), 4.44 (s, 1H), 3.803¢3, OCH), 3.79 (s, 3H, OC}), 3.61 (t,J =
6.8 Hz, 4H), 3.03 (s, 3H, NG} 2.98 (s, 3H, NCh), 2.86 (t,J = 6.6 Hz, 2H), 2.80 (§ = 7.2
Hz, 2H), 2.46-2.57 (m, 4H), 1.17 @,= 7.2 Hz, 6H)!°C NMR (126 MHz, GD¢) & = 195.92
(d, C, C(=0)), 195.86 (d, C, C(=0)), 166.59 (C, O}N),166.25 (C, C(=O)N), 158.34 (C,
Car), 157.79 (C, Car), 155.30 (C, Car), 155.22@ar), 149.53 (C, Car), 132.88 (C, Car),
132.62 (C, Car), 131.15 (C, Car), 130.84 (C, CaBQ.45 (CH, Car), 130.43 (CH, Car),
130.36 (CH, C=CH,), 130.26 (CH, C=CH,), 130.04 (CH, Car), 129.81(C, Car), 127.17 (CH,
Car), 127.03 (CH, Car), 122.42 (C, Car), 122.04 @ar), 114.28 (CH, Car), 113.74 (CH,
Car), 110.32 (CH, Car), 110.21 (CH, Car), 67.42 {C186.77 (CH), 55.46 (OCH), 55.44
(OCHg), 50.76 (CH), 50.41 (CH), 35.49 (NCH), 33.45 (NCH), 32.92 (CH), 32.53 (CH),
23.27 (CH), 23.24 (CH), 12.4 (2CH). IR (neat):v = 1658 (C=0) crl. HRMS [M+H]"
calculated for gH»3CI,NO4: 450.1239, found: 450.1235.

General Procedure:Preparation 010, 11, 12, 13, 14, 15, 16, 17 and20. To a mixture of the
corresponding phenol (1 equiv) and triethylaminel (quiv) in dry DCM at 0 °C,
chlorophosphate was added dropwise (1 equiv). &aetion mixture was allowed to warm at
room temperature, then stirred at that temperatueznight. DCM (20 mL) was added and
the organic layer was washed with water (10 mL) ride (10 mL), dried over anhydrous
MgSQO, and then concentrated under reduced pressurecrlide product was purified by
flash chromatography.

4-(2-(2-(2,3-dichloro-4-(2-methylenebutanoyl)pheno®acetamido)ethyl)phenyl dimethyl
phosphate (10).Following general procedure, the crude residue wasfied by flash
chromatography, using DCM/EtOAc, 8:2 (v/v) as elu¢o furnish10 as a colorless oil (50
mg, yield of 36%)3'P NMR (162 MHz, CDGJ) & = -4.0 (s, 1P)*H NMR (400 MHz, CDC})

6 =7.12-7.22 (m, 5H, Har), 6.82 (@= 8.5 Hz, 1H, Har), 6.76 (§ = 5.9 Hz, 1H, NH), 5.94
(t, 3= 1.3 Hz, 1H, Har), 5.57 (s, 1H), 4.50-4.56 (m, 2Bi188 (s, 3H), 3.85 (s, 3H), 3.64 (@,
= 6.6 Hz, 2H), 2.86 (t) = 6.6 Hz, 2H), 2.46 (q] = 7.4 Hz, 2H), 1.14 (1) = 7.4 Hz, 3H)}*C
NMR (101 MHz, CDC}) 6 = 195.6 (C, C=0), 166.7 (C, C(=O)N), 154.5 (C,-460.3 (C,
Car), 149.6 (dJ = 6.9 Hz, C, Car), 135.3 (C, Car), 134.3 (C, CaB1.6 (C, Car), 130.2
(2CH, CHar), 128.9 (CH C=CH,), 127.3 (C, Car), 123.0 (C, Car), 120.3J¢; 4.8 Hz, 2CH,
Car), 110.9 (CH, Car), 68.2 (GHOCH,), 55.1 (d,J = 6.2 Hz, 2CH), 40.2 (CH), 35.0 (CH),
23.5 (CH), 12.5 (CH). IR (neat):v = 3416 (NH), 1666 (C=0) cth HRMS [M+H]"
calculated for GgH26CI,NO;P: 530.0902, found: 530.0909.

4-(4-(2-(2,3-dichloro-4-(2-methylenebutanoyl)phengRacetyl)piperazin-1-yl)phenyl

dimethyl phosphate (11).Following general procedure, the crude residue magied by
flash chromatography, using DCM/EtOAc/Et 80:20:0.5 (v/v/v) as eluent, to furnigh as a
colorless oil (51 mg, yield of 39%3'P NMR (162 MHz, CDGJ) & = -3.6 (s, 1P)'H NMR
(400 MHz, CDC}) 6 = 7.20-7.28 (m, 3H, Har), 6.99 (d,= 8.6 Hz, 1H, Har), 6.87 (td, =
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9.3, 2.3 Hz, 2H, Har), 5.93 ,= 1.5 Hz, 1H), 5.58 (s, 1H), 4.86 (s, 2H), 3.863(d), 3.83 (s,
3H), 3.75-3.81 (m, 4H), 3.14 @,= 5.0 Hz, 2H), 3.09 (t) = 5.0 Hz, 2H), 2.46 (q] = 7.4 Hz,
2H), 1.13 (t,J = 7.4 Hz, 3H).*C NMR (101 MHz, CDG) § = 195.9 (C, C=0), 165.3 (C,
C(=O)N), 155.3 (C, Car), 150.3 (C, Car), 148.4Q@y), 144.7 (dJ = 7.1 Hz, C, Car), 133.9
(C, Car), 131.6 (C, Car), 128.8 (GHC=CHp), 127.2 (CH, Car), 122.9 (C, Car), 120.7 &
4.7 Hz, 2CH, Car), 118.2 (2CH, Car), 110.8 (CH,)C&8.9 (CH, OCH,), 55.0 (d,J = 6.2
Hz, 2CH;), 50.6 (CH), 50.0 (CH), 45.6 (CH), 42.3 (CH), 23.6 (CH), 12.5 (CH). IR
(neat):v = 3416 (NH), 1666 (C=0) cih HRMS [M+H]" calculated for GsHCl,NO;P:
530.0902, found: 530.09009.

4-(2-(2-(2,3-dichloro-4-(2-methylenebutanoyl)pheng®acetamido)ethyl)phenyl  diethyl
phosphate (12).Following general procedure, the crude residue wasfied by flash
chromatography, using DCM/EtOAc, 7:3 (v/v) as eluém furnishl12 as a colorless oil (103
mg, yield of 39%)}'P NMR (121 MHz, CBCly) & = -6.32 (s, P)!H NMR (300 MHz,
CD.Cl,) 6 = 7.15-7.29 (m, 5H, Har), 6.91 (d= 8.5 Hz, 1H, Har), 6.77 (s, 1H, NH), 6.00 (s,
1H), 5.60 (s, 1H), 4.57 (s, 2H), 4.14-4.29 (m, 4BIB5 (g,J = 6.9 Hz, 2H), 2.89 (1) = 6.9
Hz, 2H), 1.17 (tJ = 7.4 Hz, 3H), 2.48 (q] = 7.4 Hz, 2H), 1.37 (td] = 7.1, 1.0 Hz, 6H)**C
NMR (75 MHz, CDQCl,) 8 = 195.5 (C, C=0), 166.4 (C, C(=O)N), 154.6 (C, -ab0.2 (C,
Car), 149.6 (dJ = 6.8 Hz, Car), 135.3 (d,= 1.2 Hz, Car), 133.9 (C, Car), 131.0 (2C, Car),
129.9 (C, Car), 128.6 (C, GH 127.3 (C, Car), 125.4 (C, Car), 120.1Jd; 4.8 Hz, 2C, Car),
111.0 (C, Car), 68.2 (CH 64.5 (d,J = 6.1 Hz, 2CH), 40.0 (CH), 34.8 (CH), 23.4 (CH),
15.9 (d,J = 6.6 Hz, 2CH)), 12.2 (CH). IR (neat):v = 3419 (NH), 1666 (C=0) cth HRMS
[M+H] * calculated for gsH3,Cl.NO,P: 558.1215, found: 558.1227.

4-(4-(2-(2,3-dichloro-4-(2-methylenebutanoyl)phengRacetyl)piperazin-1-yl)phenyl

diethyl phosphate (13).Following general procedure, the crude residue puagied by flash
chromatography, using DCM/EtOAc, 2:1 to 1:1 (v/e)euent, to furnisi3 as a white solid
(47 mg, yield of 46%Y'P NMR (162 MHz, CDQ) & = -5.8 (s, 1P)'H NMR (400 MHz,
CDCl;) 8 = 7.09-7.18 (m, 3H, Har), 6.98 (d,= 8.6 Hz, 1H, Har), 6.82-6.88 (m, 2H, Har),
5.93 (t,J = 1.5 Hz, 1H), 5.58 (s, 1H), 4.86 (s, 2H), 4.1084(m, 4H), 3.74-3.74 (m, 4H), 3.14
(t, J=5.1 Hz, 2H), 3.09 (] = 5.1 Hz, 2H), 2.45 (q] = 7.4 Hz, 2H), 1.34 (td] = 7.1, 1.0 Hz,
6H), 1.13 (t,J = 7.4 Hz, 3H).**C NMR (101 MHz, CDG) § = 195.9 (C, C=0), 165.3 (C,
C(=O)N), 155.3 (C, Car), 150.3 (C, Car), 148.2 @ay), 144.9 (dJ = 7.0 Hz, C, Car), 133.9
(C, Car), 131.6 (C, Car), 128.8 (gHC=CH,), 127.2 (CH, Car), 122.9 (C, Car), 120.8Jd;
4.7 Hz, 2CH, Car), 118.2 (2CH, Car), 110.8 (CH,)C6&8.9 (CH, OCH,), 64.6 (d,J = 6.1
Hz, 2CH), 50.7 (CH), 50.0 (CH), 45.6 (CH), 42.3 (CH), 23.5 (CH), 16.2 (d,J = 6.7 Hz,
2CHs), 12.5 (CH). IR (neat):v = 1663 (C=0) cml. HRMS [M+H]" calculated for
Cz7H23C|2N207P: 599.1481, found: 599.1486.

2-(2,3-dichloro-4-(2-methylenebutanoyl)phenoxyN-(4-((2-oxido-1,3,2-
dioxaphosphinan-2-yl)oxy)phenethyl)acetamide (14 Following general procedure, the
crude residue was purified by flash chromatograpising DCM/EtOAc, 8:2 to 1:1 (v/v) as
eluent, to furnisi4 as a colorless oil (75 mg, yield of 58%¥ NMR (162 MHz, CBCl,) &
=-13.4 (s, 1P)'H NMR (400 MHz, CRQCl,) & = 7.13-7.23 (m, 5H, Har), 6.81 @= 6.1 Hz,
1H, Har), 6.77 (tJ = 8.5 Hz, 1H, NH), 5.94 (§ = 1.3 Hz, 1H, Har), 5.57 (s, 1H), 4.51-4.58
(m, 6H), 3.63 (gJ = 6.6 Hz, 2H), 2.85 (t) = 6.6 Hz, 2H), 2.45 (g] = 7.4 Hz, 2H), 2.31-2.42
(m, 1H), 1.77-1.81 (m, 1H), 1.13 (= 7.4 Hz, 3H)*C NMR (101 MHz, CRCl,) § = 195.6
(C, C=0), 166.8 (C, C(=O)N), 154.6 (C, Car), 1502 Car), 149.4 (d) = 6.7 Hz, C, Car),
135.2 (C, Car), 134.3 (C, Car), 131.5 (C, Car),.33@CH, CHar), 129.1 (CH C=CH,),
127.3 (C, Car), 123.1 (C, Car), 119.9J& 5.2 Hz, 2CH, Car), 110.9 (CH, Car), 69.5J¢&
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7.4 Hz, 2CH, OCH,), 68.3 (CH, OCH,), 40.3 (CH), 34.9 (CH), 26.2 (d,J = 7.3 Hz, CH),
23.5 (CH), 12.52 (CH). IR (neat):v = 3418 (NH), 1664 (C=0) ch HRMS [M+H]"
calculated for GuH26CIb-NO;P: 542.0902, found: 542.0911.

1-(2,3-dichloro-4-(2-(4-(4-((2-oxido-1,3,2-dioxaphsphinan-2-yl)oxy)phenyl)piperazin-1-
yl)-2-oxoethoxy)phenyl)-2-methylenebutan-1-one (15)Following general procedure, the
crude residue was purified by flash chromatograpising DCM/EtOAc, 2:1 to 1:1 (v/v) as
eluent, to furnisi4 as a white solid (60 mg, yield of 59%JP NMR (162 MHz, CDGJ) § =
-13.0 (s, 1P)*H NMR (400 MHz, CDCJ) & = 7.12-17.19 (m, 3H, Har), 6.99 (@= 8.6 Hz,
1H, Har), 6.84-6.91 (m, 2H, Har), 5.93 (s, 1H),%(5, 1H), 4.86 (s, 2H), 4.42-4.55 (m, 4H),
3.74-3.82 (m, 4H), 3.14 (§,= 5.1 Hz, 2H), 3.09 (1} = 5.1 Hz, 2H), 2.46 (gl = 7.4 Hz, 2H),
2.30-2.42 (m, 1H), 1.75-1.86 (m, 1H), 1.14)& 7.4 Hz, 3H)!*C NMR (101 MHz, CDG))

6 =195.9 (C, C=0), 165.4 (C, C(=O)N), 155.4 (C,)-460.3 (C, Car), 148.5 (C, Car), 144.5
(d,J=6.8 Hz, C, Car), 133.9 (C, Car), 131.7 (C, Ca28.7 (CH, C=CH,), 127.3 (CH, Car),
122.9 (C, Car), 120.6 (d,= 5.0 Hz, 2CH, Car), 118.5 (2CH, Car), 110.9 (CHr), 69.4 (d,

= 7.3 Hz, 2CH), 68.9 (CH, OCH,), 50.7 (CH), 50.1 (CH), 45.7 (CH), 42.3 (CH), 26.1 (d,

J = 7.3 Hz, CH), 23.6 (CH), 12.6 (CH). IR (neat):v = 1661 (C=0) cil. HRMS [M+H]"
calculated for ggH29CI.N,O7P: 583.1168, found: 583.1177.

N-(4-((4-(3-chlorophenyl)-2-oxido-1,3,2-dioxaphosphan-2-yl)oxy)phenethyl)-2-(2,3-
dichloro-4-(2-methylenebutanoyl)phenoxy)acetamide 16). Following general procedure,
the crude residue was purified by flash chromafagyausing DCM/EtOAc, 2:1 to 1:1 (v/v)
as eluent, to furnist6 as a white foam (40 mg, yield of 509 NMR (162 MHz, CDG))

8= -11.3 (s, 1P)*H NMR (400 MHz, CDC}) & = 7.29-7.31 (m, 2H, Har), 7.25-7.28 (m, 1H,
Har), 7.15-7.24 (m, 6H, Har), 6.76-6.83 (m, 2H, ;1&r94 (t,J = 1.5 Hz, 1H, Har), 5.60-5.74
(m, 1H), 5.56 (s, 1H), 4.62-4.78 (m, 1H), 4.45-4(66 3H), 3.65 (q,) = 6.7 Hz, 2H), 2.88 (t,
J=6.7 Hz, 2H), 2.46 (¢ = 7.4 Hz, 2H), 2.24-2.38 (m, 1H), 2.06-2.18 (m,)1H14 (t,J =
7.4 Hz, 3H).2*C NMR (101 MHz, CDGJ) § = 195.7 (C, C=0), 166.8 (C, C(=O)N), 154.5 (C,
Car), 150.4 (C, Car), 149.6 @+ 7.5 Hz, C, Car), 140.7 (d,= 7.9 Hz, C, Car), 135.7 (d,=
1.3 Hz, C, Car), 134.9 (C, Car), 134.4 (C, Car)l.63C, Car), 130.2 (CH, CHar), 130.2
(2CH, CHar), 129.1 (CH, CHar), 128.9 (gHC=CH,), 127.3 (CH, Car), 125.9 (CH, Car),
123.8 (CH, Car), 123.1 (C, Car), 120.7 J& 4.7 Hz, 2CH, Car), 110.9 (CH, Car), 80.11d,
= 5.5 Hz, CH), 68.3 (CK OCH,), 67.3 (d,J = 5.8 Hz, CH), 40.3 (CH), 35.0 (CH), 33.4 (d,
J=7.4 Hz, CH), 23.6 (CH), 12.5 (CH). IR (neat)v = 3419 (NH), 1666 (C=0) cth HRMS
[M+H] * calculated for GH29sClIsNO,P: 652.0825, found: 652.0851.

1-(2,3-dichloro-4-(2-(4-(4-((4-(3-chlorophenyl)-2xido-1,3,2-dioxaphosphinan-2-
yl)oxy)phenyl)piperazin-1-yl)-2-oxoethoxy)phenyl)-2methylenebutan-1-one @an.
Following general procedure, the crude residue puaied by flash chromatography, using
DCM/EtOAc, 1:1 (v/v) as eluent, to furnisky as a white foam (60 mg, yield of 67%P
NMR (162 MHz, CDC}) 6 = -10.9 (s, 1P)'H NMR (400 MHz, CDC}) 6 = 7.27-7.33 (m,
2H, Har), 7.24-7.27 (m, 1H, Har), 7.11-7.18 (m, #4y), 6.99 (dJ = 8.6 Hz, 1H, Har), 6.86-
6.91 (m, 2H, Har), 5.93 (§ = 1.5 Hz, 1H, Har), 5.61-5.69 (m, 1H), 5.58 (s)14486 (s, 2H),
4.61-4.77 (m, 1H), 4.40-4.54 (m, 1H), 3.78 J¢; 5.3 Hz, 4H), 3.06-3.22 (m, 4H), 2.45 (1,
= 7.4 Hz, 2H), 2.15-2.37 (m, 1H), 2.02-2.20 (m, 1H)3 (t,J = 7.4 Hz, 3H)!*C NMR (101
MHz, CDCk) 6 = 195.9 (C, C=0), 165.4 (C, C(=O)N), 155.4 (C,-a60.3 (C, Car), 148.7
(C, Car), 144.6 (d) = 7.8 Hz, C, Car), 140.9 (d,= 8.0 Hz, C, Car), 134.9 (C, Car), 133.9 (C,
Car), 131.6 (C, Car), 130.3 (2CH, CHar), 129.1 (@HHar), 128.8 (Ch C=CH,), 127.3
(CH, Car), 125.9 (CH, Car), 123.8 (CH, Car), 12Z9Car), 121.1 (d) = 4.5 Hz, 2CH, Car),
118.2 (CH, Car), 110.8 (CH, Car), 80.1 {d& 5.5 Hz, CH), 68.9 (Ck OCH,), 67.4 (d,J =
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5.8 Hz, CH), 50.5 (CH), 49.9 (CH), 45.5 (CH), 42.3 (CH), 33.5 (dJ = 7.2 Hz, CH), 23.5
(CHy), 12.6 (3). IR (neat):v = 1663 (C=0) cml. HRMS [M+H]" calculated for
CsoH3.ClsN2O/P: 693.1091, found 693.1124. Elemental analysiscutated (%) for
Cs2H32CIsN20O,P: C 55.39, H 4.65, N 4.04, found: C 55.49, H 4188.77.

4-(2-(2-(2,3-dichloro-4-(2-methylenebutanoyl)pheno®acetamido)ethyl)-2-
methoxyphenyl diethyl phosphate (2Q)Following general procedure, the crude residug wa
purified by flash chromatography, using DCM/EtOARc8 (v/v) as eluent, to furniskO as a
white foam (122 mg, vield of 47%J*P NMR (121 MHz, CBCl,) & = -5.85 (s, P)'H NMR
(300 MHz, CDQCl,) & = 7.22 (d,J = 8.6 Hz, 1H, Har), 7.21 (dd, = 8.1, 1.9 Hz, 1H, Har),
6.91 (d,J = 8.6 Hz, 1H, Har), 6.89 (s, 1H), 6.84 (s, 1H, NBI)BO (ddJ = 8.1, 1.9 Hz, 1H),
5.99 (s, 1H), 5.60 (s, 1H), 4.57 (s, 2H), 4.16-431 4H), 3.88 (s, 3H, OCHl 3.66 (q,J =
6.9 Hz, 2H), 2.89 (tJ = 7.0 Hz, 2H), 2.48 (q] = 7.4 Hz, 2H), 1.37 (td] = 7.1, 1.0 Hz, 6H),
1.17 (t,J = 7.4 Hz, 3H)."*C NMR (75 MHz, CDQCl,) & = 195.3 (C, C=0), 166.4 (C,
C(=O)N), 154.6 (C, Car), 150.7 (d= 5.3 Hz, C, Car), 150.2 (C, Car), 138.6Jd¢; 7.1 Hz,
C, Car), 136.4 (d) = 1.5 Hz, C, Car), 134.0 (C, Car), 131.0 (C, CaRg.6 (CH, C=CH),
127.3 (CH, Car), 122.7 (C, Car), 121.2 Jd= 2.8 Hz, CH, Car),120.6 (d,= 1.3 Hz, CH,
Car), 113.1 (CH, Car), 111.1 (CH, Car), 68.3 ;184.5 (d,J = 6.1 Hz, 2CH), 55.9 (OCH),
39.9 (CH), 35.3 (CH), 23.4 (CH), 15.9 (d,J = 6.8 Hz, 2CH),12.2 (C, CH). IR (neat):v =
3419 (NH), 1666 (C=0) cth

4-hydroxyphenethyl 2-(2,3-dichloro-4-(2-methylenebtanoyl) phenoxy)acetate (21Yo a
mixture of paratoluenesulfonic acid (APTS) (1.1 ieyjand ethacrynic acid (1 equiv) in DCM
(10 mL) was added at 0°C 4-(2-hydroxyethyl)pherblequiv). The reaction mixture was
heated to 50 °C for 12h and then evaporated toedsynThe crude residue was purified by
flash chromatography using hexane/EtOAc, 4:6 (a&/eluent, to furnis@l as a white solid
(256 mg, yield of 92%)'H NMR (400 MHz, CRCl,) 6 = 7.08 (d,J = 8.6 Hz, 1H, Har), 7.01
(d,J = 8.4 Hz, 2H, Har), 6.69 (d,= 8.4 Hz, 2H, Har), 6.62 (d,= 8.6 Hz, 1H, Har), 6.02 (s,
1H), 5.63 (s, 1H), 5.54 (s, 1H, OH), 4.76 (s, 2#X0 (t,J = 6.5 Hz, 2H), 2.91 (1) = 6.5 Hz,
2H), 2.49 (gJ = 7.4 Hz, 2H), 1.18 (tJ = 7.4 Hz, 3H)."*C NMR (101 MHz, CDCl,) =
196.3 (C, C=0), 167.7 (C, C(=O)N), 155.5 (C, Cap4.6 (C, Car), 150.3 (C, Car), 133.5 (C,
Car), 131.1 (C, Car), 129.8 (2CH, Car), 129.3 (@r)£129.2 (CH, C=CH,), 126.8 (CH,
Car), 122.7 (C, Car), 115.4 (2CH, Car), 110.4 (CHr), 66.2 (CH), 66.1 (CH), 33.9 (CH),
23.4 (CH), 12.2 (CH). IR(neat):v = 3438 (NH), 1750 (C=0) cih HRMS [M+H]
calculated for GH,¢Cl,0s: 423.0766, found: 423.0773.

2-(2,3-dichloro-4-(2-methylenebutanoyl)phenoxyN-(4-hydroxy-3-methoxyphenethyl)
acetamide (18)To a mixture of DCC (1.1 equiv), HOBt (1.1 equand ethacrynic acid (1
equiv) in dry DMF (5 mL) were added at 0°C, 4-(2kaoethyl)-2-methoxyphenol (1 equiv).
The reaction mixture was stirred overnight and tthensolution was filtered and evaporated.
The product was purified by flash chromatographng®©CM/EtOAc, 3.7 (v/v) as eluent, to
furnish 18 as a white solid (143 mg, 48%H NMR (300 MHz, CBCl,) & = 7.20 (d,J = 8.5
Hz, 1H, Har), 7.00 (s, 1H, Har), 6.66-6.91 (m, 4tr and NH), 5.99 (s, 1H, C=GH 5.60
(s, 1H, C=CH), 5.20 (s, 1H, OH), 4.56 (s, 2H, OQH3.85 (s, 3H, OC}Hj, 3.62 (ddJ = 12.3,
6.3 Hz, 2H, CH), 2.82 (t,J = 6.9 Hz, 2H, CH), 2.48 (QJ=7.4 Hz, 2H, CH), 1.17 (tJ=7.4
Hz, 1H, CH). **C NMR (75 MHz, CDGJ) & = 195.39 (C, C=0), 166.39 (C, C(=O)N), 154.59
(CH, Car), 150.16 (C, Car), 147.10 (C, Car), 144@8 Car), 135.82 (C, Car), 133.92 (C,
Car), 131.02 (C, Car), 129.87 (C, Car), 128.66 {GE+CH,), 127.24 (CH, Car), 121.29 (CH,
Car) , 114.71 (CH, Car), 111.41 (CH, Car), 110.68i( Car), 68.28 (Ch), 55.79 (OCH),
40.20 (CH), 35.05 (CH), 23.38 (CH), 12.20 (CH).
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General Procedure Preparation 023, 25 and26. To a solution of ethacrynic acid analdg
(1 equiv) and amine (1-(4-methoxyphenyl)piperazif®;(4-hedroxyphenyl)piperazine or
tyramine) (1 equiv) in a mixture of DCM/DMF (5 mlgDCI (1.5 equiv) and a catalytic
amount of DMAP were added. The reaction mixture vedisred overnight at room
temperature, then, ethyl acetate (50 ml) was adaheldthe organic layer was washed with
water (2 x 50 ml) and brine (3 x 50 ml). The condgirorganic layers were dried over MgSO
and concentrated under reduced pressure. The ebtassidue was purified by column
chromatography.

2-(2,3-dichloro-4-(2-methylbutanoyl)phenoxy)N-(4-hydroxyphenethyl)acetamide  (23).
Following general procedure, the crude residue p@fied by column chromatography,
using DCM/EtOAc, 8:2 (v/v) as eluent, to furniB as a white foam (50 mg, yield of 51%).
'H NMR (400 MHz, CDCY) 6 = 7.22 (d,J = 8.6 Hz, 1H, Har), 7.00 (td, = 8.6, 1.4 Hz, 2H,
Har), 6.68-6.75 (m, 3H), 6.61 @,= 5.8 Hz, 1H, NH), 5.78 (br s, 1H, OH), 4.54 (bl)23.62
(q,J = 6.6 Hz, 2H), 3.12-3.23 (m, 1H), 2.79Jt= 6.6 Hz, 2H), 1.72-1.88 (m, 1H), 1.38-1.51
(m, 1H), 1.17 (dJ = 6.9 Hz, 3H), 0.93 (1) = 7.4, Hz, 3H)*C NMR (100 MHz, CDG)) & =
206.8 (C, C=0), 166.9 (C, C(=O)N), 154.9 (C, Cab4.8 (C, Car), 135.3 (C, Car), 131.3 (C,
Car), 129.84 (C, Car), 129.79 (2CH, Car), 127.2 (CHr), 123.3 (C, Car), 115.9 (2CH, Car),
110.8 (CH, Car), 68.1 (CHOCH,), 47.1 (CH), 40.3 (CbJ, 34.4 (CH), 26.0 (CH), 15.7
(CHs), 11.7 (CH). IR (neat)v = 3402 (OH), 1664 (C=0) cm HRMS [M+H]" calculated for
C21H23CIoNO,: 424.1082, found: 424.1075.

1-(2,3-dichloro-4-(2-(4-(4-hydroxyphenyl)piperazini-yl)-2-oxoethoxy)phenyl)-2-
methylbutan-1-one (25).Following general procedure, the crude residue masied by
column chromatography, using DCM/EtOAc, 8:2 to b)) as eluent, to furnis5 as a
white foam (58 mg, yield of 76%3JH NMR (400 MHz, CDC}) § = 7.26 (d,J = 8.6 Hz, 1H,
Har), 6.98 (dJ = 8.6 Hz, 1H, Har), 6.74-6.85 (m, 4H, Har), 5.8t ¢, 1H, OH), 4.86 (s, 2H),
3.77 (t,J = 5.0 Hz, 4H), 3.17 (K] = 6.8 Hz, 1H), 3.03 (td] = 21.0, 5.0 Hz, 4H), 1.77 (dqd,
=13.5, 7.5, 6.0 Hz, 1H), 1.43 (p#i= 14.5, 7.5 Hz, 1H), 1.16 (d,= 6.9 Hz, 3H), 0.91 () =
7.4, Hz, 3H)*C NMR (100 MHz, CDGJ) § = 206.3 (C, C=0), 165.4 (C, C(=O)N), 155.7 (C,
Car), 150.8 (C, Car), 145.1 (C, Car), 135.0 (C,)CH81.4 (C, Car), 127.3 (CH, Car), 123.3
(C, Car), 119.4 (2CH, Car), 116.1 (2CH, Car), 11(CH, Car), 68.8 (ChH OCH,), 51.7
(CHy), 51.0 (CH), 46.9 (CH), 45.8 (Ch), 42.6 (CH), 26.1 (CH), 15.8 (CH), 11.7 (CH). IR
(neat):v = 3320 (OH), 1692 (C=0) cm HRMS [M+H]" calculated for GsH»6Cl,N,O4
465.1348, found 465.1339. Elemental analysis caled! (%) for GsH26CI2N2O,4: C 59.36, H
5.63, N 6.02, found: C 59.36, H 5.46, N 5.84.

1-(2,3-dichloro-4-(2-(4-(4-methoxyphenyl)piperazint-yl)-2-oxoethoxy)phenyl)-2-
methylbutan-1-one (26).Following general procedure, the crude residue pasied by
column chromatography, using DCM/EtOAc, 8:2 (v @luent, to furnisi26 as a white
foam (64 mg, yield of 75%)}H NMR (400 MHz, CDCY) § = 7.27 (d,J = 8.7 Hz, 1H, Har),
6.99 (d,J = 8.7 Hz, 1H, Har), 6.82-6.92 (m, 4H, Har), 4.87ZH), 3.75-3.80 (m, 7H), 3.14-
3.25 (m, 1H), 3.01-3.13 (m, 4H), 1.72-1.86 (m, 1HB7-1.52 (m, 1H), 1.16 (d,= 6.9 Hz,
3H), 0.92 (t,J = 7.4, Hz, 3H)*C NMR (100 MHz, CDGJ) 6 = 206.2 (C, C=0), 165.2 (C,
C(=O)N), 155.8 (C, Car), 154.7 (C, Car), 145.2 @&yr), 135.0 (C, Car), 131.4 (C, Car),
127.3 (2CH, Car), 123.3 (C, Car), 119.2 (CH, Caty.7 (2CH, Car), 111.0 (CH, Car), 68.9
(CH,, OCH), 55.7 (CH, OCH;), 51.6 (CH), 51.0 (CH), 46.9 (CH), 45.8 (Ch), 42.5 (CH),
26.1 (CH), 15.8 (CH), 11.8 (CH). IR (neat):v = 1692 (C=0) cnl. HRMS [M+H]"
calculated for GuH2sCIoN2O,4: 479.1504, found: 479.1499.
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2-(2,3-dichloro-4-(1-hydroxy-2-methylenebutyl)phengy)-N-(4-
hydroxyphenethyl)acetamide (24).To a mixture of compound 4 (1 equiv) and tyram(he
equiv) in a mixture of DCM/DMF (30 ml), EDCI (1.5qeiv) and a catalytic amount of
DMAP were added. The reaction mixture was stirrgdroight at room temperature, then,
ethyl acetate (50 ml) was added and the organear lags washed with water (2 x 50 ml) and
brine (3 x 50 ml). The combined organic phases vaered over MgS®@ and concentrated
under reduced pressure. The obtained residue wédgg@ly column chromatography using
DCM/EtOAC, 8:2 to 5.5 (v/v) as eluent, to furnigh as a white foam (70 mg, yield of 15%).
'H NMR (400 MHz, CDCY) 6 = 7.32 (dJ = 8.7 Hz, 1H, Har), 6.97 (d,= 8.5 Hz, 2H, Har),
6.64-6.73 (m, 4H), 6.51 (br s, 1H, OH), 5.55 (s),15115 (s, 1H), 5.03 (s, 1H), 4.49 @F
14.8 Hz, 1H), 4.43 (d] = 14.8 Hz, 1H), 3.50-3.70 (m, 2H), 2.68-2.87 (1H)31.85-2.04 (m,
2H), 1.02 (tJ = 7.4 Hz, 3H)!*C NMR (100 MHz, CDGJ) § = 167.7 (C, C(=O)N), 154.9 (C,
Car), 153.0 (C, Car), 151.0 (C, Car), 134.9 (C,)CaB3.1 (C, Car), 129.8 (2CH, CHar),
129.7 (C, Car), 126.8 (CH, Car), 122.1 (C, Cark.21(2CH, Car), 111.3 (CH, Car), 110.4
(CH,, C=CH,), 73.4 (CH), 68.0 (CH OCH,), 40.4 (CH), 34.3 (CH), 25.3 (CH), 12.2
(CHs). IR (neat): v =3400 (OH), 1662 (C=0) cm HRMS [M+H]" calculated for
021H23C|2NO4: 424.1082, found: 424.1066.

Cell culture. The human cell lines KB (nasopharyngeal epidegarsinoma) and SK-OV-3
(ovary adenocarcinoma) were originated from the ,NHEIT116 (colon adenocarcinoma) and
PC3 (prostate adenocarcinoma) were purchased fromCE (Salisbury, UK), EPC (carp
skin epithelium), MRC5-SV2 (human fetal lung) antl@d (promyeocytic leukaemia) cells
from ATCC. MCF7 (breast adenocarcinoma) were kimatlyvided by Dr M. Kassack (Bonn
University, Germany) and OVCARS8 (ovary carcinomg) Dr M. Liscovitch (Rehovot,
Israel). KB and MRC5 cells were grown in D-MEM meh supplemented with 10% fetal
calf serum, in the presence of penicillin, strepfom and fungizone in 75 cm? flask under
5% CQ, whereas all other cell lines were grown in cortgRRPMI medium.

Cell proliferation assay. Cells were plated in 96-well tissue culture pate200 pL medium
and treated 24 h later with compounds dissolveDMSO. Control cells received the same
volume of DMSO (1% final volume). After 24 or 72kp®sure to the drug, inhibition of cell
proliferation was determined as previously reporf2itl]. For 1Go determinations (50%
inhibition of cell proliferation) experiments weperformed in duplicate with concentrations
ranged 0.5 nm to 10@m.

Cell viability. Cell viability and GSH content were measured in6BLcells treated with
compounds for 24h. 100,000 cells were grown in fOOGnedium in 24-well microplates:
viability was monitored on a 20 pl aliquot by flawytometry after addition of the Viacount
reagent following the recommendations of the martufar and fluorescence was measured
with a Guava EasyCyte plus cytometer (Guava, Méfdkpore, Billerica, USA). Remaining
cells were pelleted by gentle centrifugation, resmsled in 250 pl phosphate buffered
solution and sonicated. Lysate (20 pl) was transteto a 384-well black microplate and
incubated in a 50 pl final volume of 100 mM sodiyrosphate (pH 7.5) with 100 uM
monochlorobimane and 0.4 pg recombinant human @{Dxford Biomedical Research,
Oxford, USA). Fluorescence was monitored (excita®80 nm, emission 460 nm) over a 60
min period.

Necrosis.Necrosis was estimated through the release of iDtde culture medium. 20,000
HL60 cells were incubated for 24 and 48 h in thespnce of chemicals in 96-well [21,31].
Fluorescence was recorded (exc 560 nm, em 590 mes)its are expressed as the residual
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activity in the presence of chemicals comparecctvidy in the presence of vehicle alone. 50
KM Menadione was used as positive control.

Flow cytometric detection of apoptosisApoptotic and necrotic cells were analysed invflo
cytometry using HL60 cells [21,31]. The cellulaudtescence was measured by flow
cytometry with a Guava EasyCyte plus cytometer I{pole).

Caspase activity assayCaspase activities were assayed in HL60 cell aftedh treatment
with compounds [21,31]. Fluorescence was recorded 860 nm, em 435 nm) after O, 30, 60,
120, and 180 min. Reaction rates were calculatad the slope of the linear time-dependent
reaction and are expressed as the fold-activagtative to the control (HL60 with DMSO
alone). 50 nm Doxorubicin was used as a positiverob

Cell cycle analysis. HL60 cells (25,000 cells/welB6-well microplates) were exposed for 24
and 48 h as reported elsewhere [21,31]. Contrasived the same volume of DMSO (1%
final volume). Cells were analyzed by flow cytonyetwith a Guava Easycyte cytometer
(Millipore) and cell populations were quantifiedng Modfit LT (Verity Software House).
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Highlights
- New ethacrynic acid derivatives were found as efficient antiproliferative agents

- Anti-proliferative activities increased by substitution of the carboxylic function of the
classical ethacrynic acid by hydrophobic aryl-alkyl(cycloalkyl) chains

- More complex mechanism of action than the simple inhibition of glutathione S-transferase
observed with ethacrynic acid was pointing out.



