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Abstract

In the present work, we report convenient methadlsttie synthesis of 3-(4-aminophenyl)-
coumarin-70-sulfamate derivativeN-acylated with fluorinated analogs of benzoic or
phenylacetic acid as steroid sulfatase (STS) itdribi The design of these potential STS
inhibitors was supported by molecular modeling teghes. Additionally, computational
docking methods were used to determine the bingliades of the synthesized inhibitors and
to identify potential interactions between inhilbgcand amino acid residues located in the
active site of STS. The inhibitory effects of thathesized compounds were tested on STS
isolated from human placenta and against estrogegptor-(ER)-positive MCF-7 and T47D
cells, as well as ER-negative MDA-MB-231 and SkBadcer cell lines. In the course of our
investigation, compounddc and6j demonstrated the highest inhibitory effect in enagic
STS assays, both with 4¢values of 0.18 uM (the kg value of coumarin-B-sulfamate is
1.38 uM, used as a reference). Compogjneixhibited the highest potency against the MCF-7
and T47D cell lines (15.AM and 8.7uM, respectively). The G} values of tamoxifen (used
as a reference) were 6.8; 10.6; 15.1; 12.5 uM ayaCF-7, T47D, MDA-MB-231 and
SkBr3 cancer cell lines, respectively. Despitediightly lower activity of compounds and2
(both in enzymatic and cell-based experiments) @ey to6g and 6}, analoguesl and 2
proved to selectively inhibit the growth of ER- aPR-positive cell lines.

1. Introduction

The World Health Organization (WHO) lists biolodlga active hormones, including
estrogens, as one of the most important factorscind the development of breast cancer.
Novel treatment strategies for breast cancer irevaihibitors, which prevent the synthesis of
estrogens in peripheral tissues [1]. Steroid sad@at(STS) is one enzyme responsible for the
formation of active estrogens in the breast tissugostmenopausal women. STS hydrolyses
estrone sulfate (E1S) and dehydroepiandrosterotiates DHEAS) into estrone (E1) and
dehydroepiandrosterone (DHEA), which can be coedeirito steroids that exhibit estrogenic
properties (estradiol and androstenediol) [2].

The design and synthesis of compounds that reghlatmone levels in tissues through
inhibition of STS activity is a major challenge fmodern medicinal chemistry. Most known
STS inhibitors act irreversibly. To date, varioesearch groups have synthesized steroidal



and non-steroidal irreversible inhibitors of STS&ltuted with various functional groups
including phosphates, thiophosphates or sulfam&td$)]. Because the sulfamate moiety of
STS inhibitors such as EMATE was designed to miswi¢ate moiety of natural substrates, it
is assumed that the inhibition mechanism of thesepounds involves an FGly75 residue
located inside the active site of STS. The FGly&&idue coordinates to a calcium ion and
plays a crucial role in the enzymatic hydrolysis safifated substrates. One proposed
mechanism of inhibition assumes nucleophilic attatkhe FGly75 hydroxyl group on the
sulfur atom of the inhibitor containing the sulfamanoiety (Figure 1), which results in
irreversible inactivation of the enzyme [11].
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Fig. 1. Proposed mechanism of STS inhibition by compouwigaining sulfamate moiety (E
— enzyme; R — core of inhibitors).
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Many STS inhibitors had been discontinued from ichh trials due to their estrogenic
properties. For example, the steroid derivative HMAFigure 2) is an efficient inhibitor of
STS activity (IGo value of 65 pM in MCF-7 cell line assay) but washdrawn from clinical
trials due to its estrogenicity [12]. To avoid abary side effects, several research groups
have designed new compounds based on non-stestidelures. An important class of potent
inhibitors of STS includes coumarin derivativesu@arin-7O-sulfamate and its derivatives,
e.g., COUMATE (IGo value of 380 nM in an assay with placental microes) [13] have
been shown to lack significant estrogenicity.
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Fig. 2. Chemical structures of STS inhibitors.

A key strategy in drug design is the introductidril@orine atoms to their chemical structure.
Since 1957, more than 150 fluorinated drugs haveecto the market and now make up
approximately 20% of all pharmaceuticals [14-16jg&hofluorine affects nearly all physical
properties of the drug, as well as its absorptdistribution, metabolism, and excretion. In
this paper we describe the synthesis of new fl@scontaining coumarins as potential
inhibitors of STS. In the course of previous inigetions with fluorinated 3-phenylcoumarin-



7-O-sulfamate derivatives [17], we found that introgoic of fluorinated phenyl rings to
coumarin scaffolds results in increased inhibitacsivity. Two fluorinated compounds,and

2, demonstrated the highest activity in the STS sregssay, with 165 values of 270 nM in
both cases. In most cases, compounds containingb@GrEs showed slightly higher STS
inhibition than analogues without fluorine atomtsstructure.

2. Results and discussion
2.1. Chemistry

The synthesis of coumarin and their derivatives I@sn the subject of extensive research
over many decades. Many convenient synthetic methwl/e been described including
Pechmann [18], Perkin [19], Knoevenagel condensd@®], Reformatsky [21] and Wittig
reactions [22]. Synthesis of newly designed STSbitdrs based on fluorinated-benzoyl
and N-phenylacetoyl derivatives of 3-(4-aminophenyl)-cwuin-7-O-sulfamate was
accomplished using the pathway shown in Scheme 1hd first step, 4-nitrophenyl acetyl
chloride was obtainedh situ by the treatment of 4-nitrophenyl acetic acidshwtionyl
chloride in dry dichloromethane. For the synthedi§-hydroxy-3-(4-nitrophenyl)-coumarin
3, raw 4-nitrophenyl acetyl chloride was refluxedttwR,4-dihydroxybenzaldehyde in the
presence of potassium carbonate. Next, 7-hydrogdH3trophenyl)-coumarir3 was reduced
to 7-hydroxy-3-(4-aminophenyl)-coumarid using sodium hydrosulfite (N&O,). The
progress of the reaction was monitored by TLC after full conversion of the starting
material, productt was isolated from the reaction mixture in satigfacyield (58%). In the
next step, 7-hydroxy-3-(4-aminophenyl)-coumadnwas N-acylated with corresponding
phenylacetoyl or benzoyl chlorides containing C-Bnds (obtainedin situ from
corresponding phenylacetic or benzoic acids reastddthionyl chloride) in the presence of
potassium carbonate. The reactions proceeded wellthe desired productsa-k were
obtained in good vyield (62 - 75%). Finally, OH gpsuof the coumarin scaffoldsa-k were
sulfamoylated. In brief, solutions of stable compds 5a-k in N,N-dimethylacetamide
(DMA) were treated with ENSO,CI (previously generated by the reaction of chlalosyl
isocyanate and formic acid in the presence of alytat amount ofN,N-dimethylacetamide).
The yields of these reactions were high, reachfg.9After standard isolation, we obtained
the desired derivativea-k. The detailed synthesis is shown in Scheme 1. thwatdilly, we
synthesized 3-(4-nitrophenyl)-coumarin@?sulfamate? in the reaction of 7-hydroxy-3-(4-
nitrophenyl)-coumarir8 with H,NSO,CI.



CHO

COOH cocl NO, NH,
SocCl, N Na,S,0, N O
K,CO4 H,0
acetone MO acetone Ho o o

4
O NH,
HO o~ o
4

( COOH ( COcClI
R, " Ry socl, R " R K,COs
DCM acetone
Ry R,

Rs
O -
HO
R
2
DMA O
HCOOH o
o, 0 X
\\S// DMA O\\//o o\\//o Re Ry
ASS\—e—o T s s R
cI” S N—c—o DCM HNT Nl HNT 0 o No  6ak ¢
NO NO
2 ()\\// 2
X X
\\//
HO

Scheme 1. Synthesis of 3-(4-benzoylamino-phenyl)- coumar@®-gulfamate and 3-(4-
phenylacetylamino-phenyl)-coumarin€-sulfamate derivative$a-k (n = 0, 1; R, Ry, R,
R4, Rs = H, F, Ch, OCFR) and 3-(4-nitrophenyl)-coumarin-@-sulfamater.

2.2. Molecular modeling

To examine the possible interactionsNebenzoyl andN-phenylacetoyl derivatives of 3-(4-
aminophenyl)-coumarin-B-sulfamate with amino acid residues within the \etsite of
STS, potential inhibitors were docked into the talystructure of the human steroid sulfatase
(Protein Data Bank accession code 1P49). The puoesdor docking analyses as well as
protein and inhibitor preparations are describedetail in the experimental section.

Our docking experiments revealed that fluorinateldenzoyl andN-phenylacetoyl derivatives
of 3-(4-aminophenyl)-coumarin-@-sulfamate could, at least theoretically, efficigrtind to
the active site of STS. All candidatéa-k expressed satisfactory predicted free docking
energies (in the range of -7.6 to -9.5 kcal/moljl @axhibited significantly lower AutoDock
Vina scores compared to a reference inhibitor tilee of predicted free docking energy for
coumarin-70-sulfamate,1 and2 were -2.9, -6.7 and -6.8 kcal/mol, respectivellhe best
docking result among thid-benzoyl derivatives was obtained for theanalogue (predicted
free docking energy was -8.9 kcal/mol), whereas likst docking result among thé
phenylacetoyl derivatives was obtained for @reanalogue (predicted free docking energy
was -9.5 kcal/mol). Furthermore, we found that ghgoDock Vina score for compound
was -7.2 kcal/mol, lower than reference inhibitQrable 1).



Figure 3 shows a putative enzyme-ligand complexreethe presumed inactivation of STS
and the superimposed best conformations of the theéected potential inhibitoe (blue),

6h (red), 6] (CPK colored). The STS inhibitor candidates docked similar manner to the
mode of the reported STS inhibitor coumari®-sulfamate (green). We found that sulfamate
functional groups are directed to the catalyticrracid FGly75 coordinated to the*Cé#on
and are surrounded by several putative catalyscdues (Asp35, Asp36, Arg79, Lysl34,
His136 and Lys368). In each case, the distance dagtwhe sulfur atom of the designed
compounds and a hydroxyl group of FGly75 are slfm$s than 3 A) suggesting the
possibility of an electrostatic interactions.gf, hydrogen bonds) between the sulfamate
moiety and an OH group of FGIly75 in its gem-dioinfio Furthermore, the cores of the
potential inhibitors are well accommodated by theity delimited by lipophilic amino acids
residues located near the active site of the ST@eddlar modeling studies suggest that the
hydrophobicity of coumarin cores could favor bimglithrough the establishment of
hydrophobic interactions with lipophilic amino asidn the enzyme active site (LeulO3,
PhelO4, Leul67, Vall77, Phel78, Phel82, Leul8523hePhe233, Phe237, Thr484,
Val486, Phe488, Trp550 and Pheb553). In additiorshasvn in Figure 3 and exemplified by
compoundsj, amide moieties and fluorine atonexy(, in CF; groups) of designed compounds
are within a short distance of the backbone NH gsoof Arg98, suggesting the presence of
additional stabilizing interaction®.g., hydrogen bonds). These additional interactiony ma
influence the binding of potential drug moleculedhe enzyme active site.

Fig. 3. Docked binding modes and distances to Arg98 fonmmundste (blue), 6h (red), 6j
(CPK colored) and coumarin{@-sulfamate (green).

2.3. STSenzyme assays

The inhibitory effects of the synthesized compouBdsk were tested using vitro STS
assays according to reported methods [23,24]. Tleesing assays were performed with STS
enzyme extracted from human placenta and purifiethtee-step chromatography.

The results of the enzymatic assays are presemfEahbile 1. As observed in the data collected
in the Table 1, the 1§ values are all fairly similar suggesting that th&ture of R-Rs
substituents does not significantly affect the bigdNevertheless, the compounds containing
fluorine atoms in their structures, in most cadesa®d a higher activity against STS which
was probably due to the stronger hydrophobic efééthe fluorine substituted aromatic ring.
In the course of our investigation, we found th#it the newly synthesized inhibitors
possessed significantly greater inhibitory potettan reported for coumarin@-sulfamate
(ICsp value of 1.38uM). The highest inhibitory activity among tiNebenzoyl derivatives was
exhibited by the6c analogue, with an g value of 0.18uM (consistent with molecular
modeling data) whereas the highest inhibition amtregN-phenylacetoyl derivatives was



observed for th&] analogue, with an I§ value of 0.18M (the value of the predicted free
docking energy calculated by AutoDock Vina softweuas -8.6 kcal/mol). Furthermore, the
ICs0 value for compound was 0.29uM. The best newly synthesized compougdsand 6j
were slightly more potent than inhibitdtsand2, whose design and evaluation we previously
described [17].

Table 1.
Activities of the synthesized compoun@sk and7, and a reference inhibitors (coumarin-7-
O-sulfamatel and?2) in the STS enzyme assays.

Free binding ICeo
No. n Ry R R R, Rs energy
[kcal mol?] [uM]
6a H H H H H -7.6 0.49 £0.04
6b H H F H H -8.6 0.21+£0.01
6c 0 H F F H H -8.9 0.18 £0.01
6d F F F F F -8.8 0.23+0.01
6e H H H H H -8.2 0.26 £ 0.02
of H F F H H -8.7 0.36 £ 0.03
649 H F F F H -7.8 0.30 £0.03
6h 1 F F F F F -9.5 0.34 £0.03
6i H Ck; F H H -8.9 0.38 £0.02
6j Cr H H Cr H -8.6 0.18 £0.01
6k H OCr H H -8.4 0.44 £0.02
7 - - - - - - -7.2 0.29 £0.03
1 - - - - - - -6.7 0.28 £0.02
2 - - - - - - -6.8 0.29 £0.02
g’_‘gﬂ%‘:aze - - - - - - 2.9 1.38+0.13

2.4. Cancer cell viability assay

According to the results of the enzymatic assay,selected the six most active fluorinated
derivatives from three different familie$h( and 6¢, 6g and 6j, 1 and 2) for cytotoxicity
studies. In our panel of test cell lines, we inelddwo estrogen- (ER-) and progesterone-
(PR-) positive (MCF-7, T47D) and two ER- and PRateg (SkBr3, MDA-MB-231) breast
cancer cell lines. The results are presented iteTab

Despite the high activity of compoun@b and6c in in vitro experiments, their cytotoxicity
against the tested cell lines ranged from modgaid-micromolar) to none. Analogugj
demonstrated the most potent antiproliferativevigt(Glso values for MCF-7 and T47D cell
lines of 15.9uM and 8.7uM, respectively). However, it was not selective &oils estrogen-
dependent cells and effectively inhibited the gtowt ER- and PR-negative cell lines &l
values in assays with SkBr3 and MDA-MB-231 cellebnof 18.8uM and 8.1 uM,
respectively). The activities of compoun@g 6j, 1 and2 were found to be comparable or
approximately 2-3 times lower in comparison witintxifen used as a reference. TheyGl
values of tamoxifen were 6.8; 10.6; 15.1; 12.5 gdiast MCF-7, T47D, MDA-MB-231 and



SkBr3 cancer cell lines, respectively. In comparjsooumarin-79-sulfamate, used as a
reference, was inactive against all of the afordmrad cells. No selectivity observed for
compounds$g and6j towards estrogen-dependent cells could be a caeseq of their low
binding affinity to the human estrogen receptorsuEERd ER (confirmed by independent
experiments of molecular docking). In addition, estlprocesses including a membrane
transport and cellular metabolism could be cruimaltthe antiproliferative properties of these
compounds. Despite the slightly lower activity ofgpoundsl and?2 (both in enzymatic and
cell-based experiments) in comparison véighand6j, analogued and2 proved to selectively
inhibit the growth of ER- and PR-positive cell liné.g., for compound? the Gk values
were approximately 30M with MCF-7 and T47D cell lines and above @9 for SkBr3 and
MDA-MB-231 cells). It is noteworthy that the compuis 1 and2 showed selectivity for the
estrogen-dependent cells, although molecular dgcstndies to the Erand ER showed no
affinity. These observations may suggest that tmpoundsl and 2 could be involved
mainly in the inhibition of estrogen biosynthesysibteracting with the STS.

Table2.
Antiproliferative activities of selected compoundsd references (coumarincsulfamate
and tamoxifen).

Glso [HM]
No. MCF-7 T47D SkBr3 MDA-MB-231
ER"; PR’; HerZ ER’; PR’; HerZ ER; PR; Her? ER;PR; Her2
6b >100 >100 >100 >100
6c >100 >100 >100 >100
69 31.3+6.9 13.7+1.0 36.1+0.3 11.7+ 3.0
6] 159+3.7 87+0.1 18.8+0.4 8.1+1.7
1 30.0+£23 43.0+1.7 >100 61.5+3.9
2 326+26 30.7+3.9 61.3+3.8 56.3+0.6
O >100 >100 >100 >100
O-sulfamate
tamoxifen 6.8+2.2 10.6 £ 0.6 125+0.6 15.1+0.1

% ER, estrogen receptor; PR, progesterone receden?, epithelial growth factor receptor 2.
3. Conclusion

We have efficiently synthesized and biologicallyakesated a series of new STS inhibitors.
Computational analyses supported the design ostituetures of potential inhibitors. In the
course of our docking studies, we found that flo@t@d N-benzoyl andN-phenylacetoyl
derivatives of 3-(4-aminophenyl)-coumarind¢sulfamate are well accommodated to the
active site of STS. Furthermore, the amide moiaies fluorine atoms (e.g., in ggroups)

of the designed compounds are within a short distari the backbone NH groups of Arg98,
suggesting the presence of additional stabilizimgractions (e.g., hydrogen bonds). The
results of our molecular modeling studies were gasinfirmed in enzymatic experiments.
An in vitro assay with isolated STS showed that all newlytssized inhibitors possessed
significantly greater inhibitory potency than regaor for coumarin-0-sulfamate (I1G, value

of 1.38uM). The highest inhibitory activity among tibenzoyl derivatives was exhibited
by the6c analogue, whereas the highest inhibition amondhtpbenylacetoyl derivatives was
observed for thesj analogue, both with I§ value of 0.18uM. Six of the most active
fluorinated derivatives in the enzymatic assay wgiped into three different familie6h(



and6c, 6g and6j, 1 and2) and were selected for cytotoxicity studies. la tourse of our
investigation, we found that compouif exhibited the highest potency against the MCF-7
and T47D cell lines at 15.aM and 8.7uM, respectively. However, it was not selective
towards estrogen-dependent cells and effectivélipited the growth of ER- and PR-negative
cells. Despite the slightly lower activity of compwls1 and2 (both in enzymatic and cell-
based experiments) comparedtpand6j, analogued and2 proved to selectively inhibit the
growth of ER- and PR-positive cell lines.

4. Experimental
4.1. Materials and methods

Benzoic acid, 4-fluorobenzoic acid, 3,4-difluorobeit acid, pentafluorobenzoic acid,
phenylacetic acid, 4-nitrophenylacetic acid, 3Hdudrophenylacetic acid, 3,4,5-
trifluorophenylacetic acid, 2,3,4,5,6-pentafluorepklacetic acid, 2,5-
Bis(trifluoromethyl)phenylacetic acid, [4-fluoro{&ifluoromethyl)phenyljacetic acid, 4-
(trifluoromethoxy)phenylacetic acid, thionyl chlde, potassium carbonate, 2,4-
dihydroxybenzaldehyde, sodium  hydrosulfite, chlatfmnyl isocyanate, N,N-
dimethylacetamide, formic acid, tamoxifen (TraceGERare commercially available from
Aldrich. Dichloromethane and acetone were dried distilled using standard procedures.
Melting points (uncorrected) were determined wittStart Scientific SMP30 apparatus.
NMR spectra were recorded on a Varian Gemini 200zM#id Varian Unity Plus 500
spectrometers. Chemical shifts are reported in pplative to the residual solvent peak
(DMSO-d; 2.49 ppm for'H, acetone-¢29.92 ppm for°C). Coupling constants are given in
Hertz. IR spectra were measured on a Nicolet 8f@tteometer. Elemental analysis was
performed using CHNS-Carlo Erba EA-1108. Mass spegere recorded on an Agilent 6540
Accurate Mas€)-TOF LC/MS System. Column chromatography was performed usiiog s
gel 60 (230-400 mesh, Merck). Preparative thindlagleomatography was performed with
Polygram SIL G/UVs, silica gel (Macherey- Nagel GmbH & Co. KG, Dur&egrmany).

4.2. Preparation of 7-hydroxy-3-(4-nitrophenyl)-coumarin (3).

SOCLh (33 mL) was added to a solution of 4-nitrophengtacacid (7.25 g, 40 mmol) in dry
CH.Cl, (33 mL), and the suspension was refluxed for 4The resulting solution was
evaporated, the residue was dissolved in dry aeetq200 mL) and 2,4-

dihydroxybenzaldehyde (5.52 g, 40 mmol) was adddtke mixture was refluxed with

anhydrous KCO;s (22.08 g, 160 mmol) for 4 h. Acetone was remowveden reduced pressure
and cold water (400 mL) was added; 3 N HCI was thdded until the solution became
acidic. The resulting precipitate was filtered, twed with water and recrystallized from
ethanol to give the desired prodact

Yield 68%; mp 298-299 °C (with decompositiom}ax (KBr)/cm™ 3201, 1685, 1588, 1508,
1415, 1336, 1286, 1219, 1169, 1118, 993, 84ANMR 5y (500 MHz, DMSO) 10.81 (1H, s,
OH), 8.39 (1H, s, CH), 8.28 (2H, d8.8, Ar-H), 8.00 (2H, dJ 8.3, Ar-H), 7.64 (1H, dJ 8.8,
Ar-H), 6.85 (1H, dJ 8.8, Ar-H), 6.77 (1H, s, Ar-H)**C NMR (125 MHz, DMSO)3 (ppm):
162.9, 160.3, 156.1, 147.3, 143.9, 142.5, 131.3,92124.0, 120.4, 114.4, 112.4, 102.5.
Anal. Calcd for: GsHgNOs: C, 63.61; H, 3.20; N, 4.95. Found: C, 63.70; 273 N, 4.84%.
HRMS (m/z) [M-HJ calcd 282.0402. Found 282.0444.

4.3. Preparation of 3-(4-aminophenyl)-7-hydroxy-coumarin (4).



First, 7-hydroxy-3-(4-nitrophenyl)-coumar (7.08 g, 25 mmol) was added to a mixture of
acetone (1300 mL) and water (650 mL). The resulioigtion was heated to 50 °C (until the
solution became completely clear). Next, sodiumrbgdifite (43.53 g, 250 mmol) was added
in three portions, and the reaction mixture wagdwe#o reflux. After 2 h, the acetone was
evaporated, and the resulting precipitate wasrditte washed with water and recrystallized
from acetone to give the desired proddict

Yield 58%; mp 292-295 °C (with decompositiom};.x (KBr)/cm™ 3338, 3278, 1670, 1608,
1565, 1507, 1467, 1333, 1284, 1211, 1162, 1132, 89&;'H NMR 6 (500 MHz, DMSO)
10.45 (1H, s, OH), 7.94 (1H, s, CH), 7.53 (1H)@®.3, Ar-H), 7.41 (2H, dJ 8.8, Ar-H), 6.77
(1H, d,J 8.8, Ar-H), 6.71 (1H, s, Ar-H), 6.59 (2H, d,8.8, Ar-H), 5.43 (2H, br s, Nit °*C
NMR (125 MHz, DMSO),s (ppm): 137.6, 137.5, 131.4, 126.0, 114.8, 106.4, 99.9,
99.4, 90.6, 90.4, 89.6, 78.8. Anal. Calcd forgHii:NOs: C, 71.14; H, 4.38; N, 5.53. Found:
C, 71.01; H, 4.41; N, 5.65%. HRMS (m/z) [M-Halcd 252.0661. Found 252.0705.

4.4. General method for the synthesis of N-benzoyl and N-phenylacetoyl derivatives of
3-(4-aminophenyl)-7-hydroxy-coumarin (5a-k).

SOCL (1.65 mL) was added to a solution of benzoic oemfacetic acid derivatives (2
mmol) in dry CHCI, (1.65 mL), and the suspension was refluxed for. A'e resulting
solution was evaporated, the residue was dissoimedry acetone (10 mL) and 3-(4-
aminophenyl)-7-hydroxy-coumar#h (0.51 g, 2 mmol) was added. The mixture was reftLix
with anhydrous KCO; (1.104 g, 8 mmol) for 4 h. Acetone was removedenneduced
pressure and cold water (20 mL) was added. 3 N w3 added until the solution became
acidic. The resulting precipitate was filtered, twed with water and recrystallized from
methanol or ethanol to give the desired prodtatk.

3-(4-benzoylamino-phenyl)-7-hydroxy-coumarin (5a). Yield 72%; mp 281-284 °C (with
decomposition):vmax (KBr)/lcm® 3363, 3198, 1696, 1664, 1601, 1516, 1410. 1328312
1202, 1158, 1129, 988, 83'H NMR 64 (500 MHz, DMSO) 10.59 (1H, s, OH), 10.37 (1H, s,
NH), 8.16 (1H, s, CH), 7.97 (2H, d,7.1, Ar-H), 7.85 (2H, dJ = 8.8, Ar-H), 7.71 (2H, dJ
8.8, Ar-H), 7.62-7.50 (4H, m, Ar-H), 6.82 (1H, d#8.5, 2.3, Ar-H), 6.75 (1H, d] 2.2, Ar-
H); **C NMR (125 MHz, DMSO)5 (ppm): 166.3, 161.8, 160.8, 155.5, 141.0, 1393B.3,
132.4, 130.9, 130.6, 129.2, 129.1, 128.4, 122.9,5,2114.1, 112.8, 102.4. Anal. Calcd for:
CxoH1sNOy4: C, 73.94; H, 4.23; N, 3.92. Found: C, 73.99; H,64 N, 3.83%. HRMS (m/z)
[M-H] " calcd 356.0923. Found 356.0960.

3-[4-(4-fluor o-benzoylamino)-phenyl] - 7-hydroxy-coumarin (5b). Yield 66%; mp 321-324 °C
(with decomposition)vmax (KBr)/cm™ 3544, 3337, 1705, 1665, 1599, 1501, 1412, 1321,
1282, 1213, 1153, 1118, 990, 82R; NMR 6y (500 MHz, DMSO) 10.59 (1H, s, OH), 10.38
(1H, s, NH), 8.16 (1H, s, CH), 8.08-8.02 (2H, m;HY, 7.83 (2H, dJ = 8.8, Ar-H), 7.71
(2H, d,J 8.8, Ar-H), 7.59 (1H, dJ 8.3, Ar-H), 7.40-7.34 (2H, m, Ar-H), 6.82 (1H, di8.3,

2.4, Ar-H), 6.75 (1H, dJ 2.4, Ar-H); **C NMR (50 MHz, DMSO)3 (ppm): 164.4, 164.1 (d,
L.k 249), 161.0, 160.1, 154.7, 140.2, 138.9, 131.2 (8P.5, 130.3, 129.8, 128.4, 121.7,
119.8, 115.3 (m), 113.3, 112.0, 101.7. Anal. Cdtud C,,H:4FNO,: C, 70.40; H, 3.76; N,
5.06. Found: C, 70.49; H, 3.83; N, 4.98%. HRMS (nM-H] calcd 374.0829. Found
374.0883.



3-[ 4-(3,4-difluor o-benzoyl amino)-phenyl] - 7-hydroxy-coumarin (5c). Yield 65%; mp 334-337
°C (with decomposition)ymax (KBr)/cm® 3577, 3337, 1703, 1666, 1600, 1503, 1411, 1322,
1288, 1214, 1160, 1122, 994, 824 NMR Jy (200 MHz, DMSO0) 10.61 (1H, s, OH), 10.44
(1H, s, NH), 8.18 (1H, s, CH), 8.16-8.00 (2H, m;HY, 7.90-7.56 (6H, m, Ar-H), 6.88-6.76
(2H, m, Ar-H); *C NMR (50 MHz, DMSO) (ppm): 163.2, 161.1, 159.7, 154.7, 150.0 (m),
147.8 (m), 140.3, 138.6, 132.1 (m), 130.5, 12928.3, 125.3 (m), 121.6, 119.9, 117.4 (m),
113.4, 112.0, 101.7. Anal. Calcd for>,B:3FNO,4: C, 67.18; H, 3.33; N, 3.56. Found: C,
67.14; H, 3.40; N, 3.63%. HRMS (m/z) [M-Hjalcd 392.0734. Found 392.0777.

7-hydr oxy-3-(4-pentafl uor obenzoylamino-phenyl)-coumarin (5d). Yield 62%; mp 243-245 °C
(with decomposition)vmax (KBr)/cm™ 3307, 3201, 1695, 1666, 1608, 1502, 1412, 1335,
1282, 1214, 1158, 1126, 992, 844 NMR 6y, (500 MHz, DMSO) 11.11 (1H, s, OH), 10.61
(1H, s, NH), 8.17 (1H, s, CH), 7.78-7.68 (4H, m-HY, 7.60 (1H, dJ = 8.8, Ar-H), 6.81
(1H, d,J 8.5, Ar-H), 6.75 (1H, s, Ar-H)}*C NMR (50 MHz, DMSO)3 (ppm): 161.2, 160.0,
154.8, 143.1 (dXJc.r 255), 140.6, 137.6, 137.0 (Hc.r 252), 131.4, 129.9, 129.1, 128.9,
121.4, 119.2, 113.4, 112.7 (m), 112.0, 101.7. Agallcd for: GH;0FsNO4: C, 59.07; H,
2.25: N, 3.13. Found: C, 59.11; H, 2.14; N, 3.29RMS (m/z) [M-HJ calcd 446.0452.
Found 446.0502.

7-hydroxy-3-(4-phenylacetylamino-phenyl)-coumarin (5€). Yield 75%; mp 237-239 °C (with
decomposition):vmax (KBr)/cm™ 3351, 3190, 1705, 1655, 1609, 1517, 1410, 1328512
1211, 1165, 1129, 991, 848 NMR &y, (500 MHz, DMSO) 10.59 (1H, s, OH), 10.30 (1H, s,
NH), 8.12 (1H, s, CH), 7.68-7.54 (5H, m, Ar-H), 8-3.28 (4H, m, Ar-H), 7.26-7.22 (1H, m,
Ar-H), 6.80 (1H, dJ 8.3, Ar-H), 6.73 (1H, s, Ar-H), 3.65 (2H, s, @H*C NMR (125 MHz,
DMSO), s (ppm): 169.9, 161.7, 160.8, 155.4, 140.8, 13935,4, 130.6, 130.5, 129.8, 129.3,
129.0, 127.3, 122.4, 122.4, 119.3, 114.1, 112.8,41314.0. Anal. Calcd for: £H17NO4: C,
74.38; H, 4.61; N, 3.77. Found: C, 74.52; H, 4.55;3.86%. HRMS (m/z) [M-H] calcd
370.1079. Found 370.1092.

3-{4-[ 2-(3,4-difluor o-phenyl)-acetylamino] -phenyl}-7-hydroxy-coumarin (5f). Yield 68%; mp
281-283 °C (with decomposition)max (KBr)/cm™ 3350, 3215, 1702, 1658, 1614, 1514, 1412,
1318, 1283, 1200, 1164, 1129, 994, 84.NMR & (500 MHz, DMSO) 10.58 (1H, s, OH),
10.30 (1H, s, NH), 8.12 (1H, s, CH), 7.68-7.62 (4t],Ar-H), 7.58 (1H, d,) 8.3, Ar-H), 7.42-
7.34 (2H, m, Ar-H), 7.20-7.14 (1H, m, Ar-H), 6.80H, dd,J 8.8, 2.1, Ar-H), 6.73 (1H, dl

2.1, Ar-H), 3.67 (2H, s, Ch; **C NMR (50 MHz, DMS0),5 (ppm): 168.5, 161.0, 160.1,
154.7, 149.2 (dXJc.r 245), 148.5 (d*Jc.r 244), 140.1, 138.9, 133.4 (m), 129.8, 128.6, 126.0
(m), 121.6, 118.7 (m), 118.1, 117.3, 117.0, 11382.0, 101.7, 42.0. Anal. Calcd for:
CosHisFoNO4: C, 67.81; H, 3.71; N, 3.44. Found: C, 67.77; & N, 3.61%. HRMS (m/z)
[M-H] " calcd 406.0891. Found 406.0929.

7-hydroxy-3-{4-[ 2-(3,4,5-trifluor o-phenyl)-acetylamino] -phenyl }-coumarin (5 g). Yield 67%;
mp 280-282 °C (with decomposition)ax (KBr)/cm™ 3342, 3243, 1691, 1662, 1614, 1525,
1413, 1322, 1282, 1201, 1161, 1130, 993, 842NMR 5y (500 MHz, DMSO) 10.58 (1H, s,
OH), 10.31 (1H, s, NH), 8.12 (1H, s, CH), 7.68-7(8Bl, m, Ar-H), 7.58 (1H, dJ] 8.3, Ar-H),
7.32-7.26 (2H, m, Ar-H), 6.80 (1H, dd 8.8, 2.0, Ar-H), 6.74 (1H, d} 2.0, Ar-H), 4.08 (2H,

s, CH); *C NMR (50 MHz, DMS0),5 (ppm): 168.0, 161.0, 160.1, 154.7, 150.0 '®,r
252), 140.2, 138.8, 135.2 (m), 133.0 (m), 129.8 (28.6, 121.6, 118.7, 114.2, 113.8, 113.3,
112.0, 101.7, 41.8. Anal. Calcd foro8#814F3NO,4: C, 64.94; H, 3.32; N, 3.29. Found: C,
64.81; H, 3.35; N, 3.35%. HRMS (m/z) [M-Hjalcd 424.0797. Found 424.0868.



7-hydroxy-3-[ 4-(2-pentafluor ophenyl-acetylamino)-phenyl] -coumarin (5h). Yield 73%; mp
291-293 °C (with decompositionknax (KBr)/cm'l 3322, 3245, 1685, 1655, 1606, 1503, 1416,
1327, 1291, 1194, 1159, 1132, 1001, 842NMR Jy (500 MHz, DMSO) 10.59 (1H, s, OH),
10.50 (1H, s, NH), 8.13 (1H, s, CH), 7.70-7.60 (4t Ar-H), 7.58 (1H, dJ 8.8, Ar-H), 6.80
(1H, dd,J 8.8, 2.4, Ar-H), 6.74 (1H, d] 2.4, Ar-H), 3.92 (2H, s, CH: *C NMR (50 MHz,
DMSO), § (ppm): 165.7, 161.0, 160.0, 154.7, 144.9'0d,r 244), 140.2, 138.6 (d)c.r 234),
138.5, 136.8 (d-Jc.r 249), 130.1, 129.8, 128.7, 121.5, 118.7, 113.2,d,1109.9 (m), 101.6,
29.8. Anal. Calcd for: &H1,FsNOy4: C, 59.88; H, 2.62; N, 3.04. Found: C, 60.01; K532 N,
2.99%. HRMS (m/z) [M-H]calcd 460.0608. Found 460.0670.

3-{4-[ 2-(4-fluor o-3-trifluor omethyl-phenyl)-acetyl amino] -phenyl }-7-hydroxy-coumarin ~ (5i).
Yield 62%; mp 267-271 °C (with decompositiom}ax (KBr)/cm™ 3384, 3262, 1697, 1669,
1601, 1505, 1410, 1326, 1287, 1209, 1159, 1122, 838,'H NMR dy (500 MHz, DMSO)
10.58 (1H, s, OH), 10.35 (1H, s, NH), 8.12 (1HC${), 7.75 (1H, dJ) 6.8, Ar-H), 7.74-7.62
(5H, m, Ar-H), 7.58 (1H, dJ 8.3, Ar-H), 7.52-7.40 (1H, m, Ar-H), 6.81 (1H, d#i8.3, 2.0,
Ar-H), 6.74 (1H, d,J 2.0, Ar-H), 3.80 (2H, s, CH: *C NMR (50 MHz, DMSO0), (ppm):
168.5, 161.0, 160.1, 157.7 (Hic.r 252), 154.7, 140.1, 138.8, 136.1 (m), 132.9 (2.8,
128.6, 127.9 (m), 122.7 (&)c.r 272), 121.6, 120.0, 118.6, 117.1, 116.7, 113.3,0,1101.6,
50.0. Anal. Calcd for: @H1sFsNOy4: C, 63.02; H, 3.31; N, 3.06. Found: C, 62.97; 243N,
3.11%. HRMS (m/z) [M-H]calcd 456.0859. Found 456.0872.

3-{4-[ 2-(2,5-bis-trifluor omethyl-phenyl)-acetyl ami no] -phenyl }-7-hydr oxy-coumarin (5).
Yield 68%; mp 271-272 °C (with decompositiom}ax (KBr)/cm™ 3308, 3262, 1669, 1611,
1516, 1412, 1318, 1290, 1187, 1168, 1114, 997, 83&MR oy (500 MHz, DMSO) 10.58
(1H, s, OH), 10.41 (1H, s, NH), 8.12 (1H, s, CHR&7.94 (2H, m, Ar-H), 7.89 (1H, d,8.3,
Ar-H), 7.70-7.54 (5H, m, Ar-H), 6.80 (1H, dd,8.3, 2.4, Ar-H), 6.74 (1H, d] 2.4, Ar-H),
4.09 (2H, s, Ch); **C NMR (50 MHz, DMSO)3 (ppm): 167.5, 161.0, 160.1, 154.7, 140.2,
138.8, 135.6, 132.5, 131.8, 131.6, 130.6 (m), 12928.7, 127.0 (m), 124.4 (m), 123.7 (q,
YVer 274), 1235 (q,Jc.r 274), 121.6, 118.6, 113.3, 112.0, 101.7. Anal.c@afor:
CosHisFsNO4: C, 59.18; H, 2.98; N, 2.76. Found: C, 59.26; 912 N, 2.81%. HRMS (m/z)
[M-H] " calcd 506.0827. Found 506.0851.

7-hydroxy-3-{4-[ 2-(4-trifluoromethoxy-phenyl)-acetylamino] -phenyl }-coumarin  (5k). Yield
70%; mp 261-262 °Gjnax (KBr)/cm™ 3352, 3260, 1696, 1661, 1612, 1504, 1412, 1322),12
1197, 1156, 1129, 991, 84'H NMR 64 (500 MHz, DMSO) 10.58 (1H, s, OH), 10.33 (1H, s,
NH), 8.12 (1H, s, CH), 7.68-7.62 (4H, m, Ar-H), 8.8LH, d,J 8.8, Ar-H), 7.45 (2H, dJ 8.3,
Ar-H), 7.32 (2H, d,J 8.3, Ar-H), 6.80 (1H, ddJ 8.3, 2.0, Ar-H), 6.74 (1H, d] 2.0, Ar-H),
3.71 (2H, s, Ch); *C NMR (50 MHz, DMS0)3 (ppm): 168.8, 161.0, 160.1, 154.7, 147.1,
140.1, 138.9, 135.4, 131.0, 129.8, 128.6, 121.6,9.2120.1 (q.}Jc.r 256), 118.6, 113.3,
112.0, 101.6, 44.9. Anal. Calcd forp#816F3NOs: C, 63.30; H, 3.54; N, 3.08. Found: C,
63.19; H, 3.45; N, 3.15%. HRMS (m/z) [M-Hjalcd 454.0902. Found 454.0960.

4.5. General method for the synthesis of 3-(4-benzoylamino-phenyl)-coumarin-7-O-
sulfamate and 3-(4-phenyl acetylamino-phenyl)-coumarin-7-O-sulfamate derivatives (6a-k).

A mixture of formic acid (70.9 mg, 1.54 mmol) aNgN-dimethyl acetamide (1.4 mg, 0.016
mmol) was added to a stirred solution of chlorasuyt isocyanate (212.3 mg, 1.50 mmol) in
dry dichloromethane (0.5 mL) at 40 °C over 3.5 Her, a stirred solution of 3-(4-
benzoylamino-phenyl)-7-hydroxy-coumarin and 7-hygr8-(4-phenylacetylamino-phenyl)-
coumarin derivativeSa-k (1.00 mmol) inN,N-dimethyl acetamide (3.4 mL) was added to the



mixture. The mixture was stirred at ambient tempugeaovernight and then poured into water
(10 mL). Eventually, a white precipitate formed.eTbBuspension was stirred at ambient
temperature for an additional two hours. The rasylprecipitate was filtered, washed with

water and recrystallized from acetonitrile or acetto give the desired produéask.

3-(4-benzoylamino-phenyl)-coumarin-7-O-sulfamate (6a). Yield 79%; mp 267-270 °C (with
decomposition):vmax (KBr)/cm™ 3332, 3294, 1701, 1668, 1602, 1513, 1412, 1332412
1190, 1118, 979, 843H NMR Jy (500 MHz, DMSO) 10.42 (1H, s, NH), 8.31 (1H, s, )GH
8.26 (2H, s, NH), 7.97 (2H, dJ 6.3, Ar-H), 7.92-7.84 (3H, m, Ar-H), 7.80-7.74 (2r, Ar-
H), 7.66-7.52 (3H, m, Ar-H), 7.36 (1H, d,2.0, Ar-H), 7.29 (1H, ddJ 8.3, 2.0, Ar-H):**C
NMR (125 MHz, DMSO0),5 (ppm): 166.4, 160.2, 153.9, 152.6, 140.4, 13935.9, 132.4,
130.4, 130.2, 129.5, 129.1, 128.4, 126.6, 120.9.411118.7, 110.2. Anal. Calcd for:
CooH16N20O6S: C, 60.54; H, 3.70; N, 6.42; S, 7.35. Found: Q@66; H, 3.74; N, 6.53; S,
7.31%. HRMS (m/z) [M-H]calcd 435.0651. Found 435.0655.

3-[ 4-(4-fluor o-benzoylamino)-phenyl] -coumarin-7-O-sulfamate (6b). Yield 85%; mp 255-258
°C; Vimax (KBr)/cm™ 3399, 3345, 1701, 1660, 1610, 1499, 1412, 1329312181, 1112, 993,
834;'H NMR dy (200 MHz, DMSO) 10.44 (1H, s, NH), 8.33 (1H, s,)CB.27 (2H, s, Nh),
8.14-8.02 (2H, m, Ar-H), 7.96-7.72 (5H, m, Ar-H)48-7.26 (4H, m, Ar-H)*C NMR (50
MHz, DMSO0),5 (ppm): 164.4, 164.1 (dJc.r 249), 161.0, 160.1, 159.4, 154.7, 153.2, 151.9,
140.2, 139.5, 139.0, 131.2, 130.4 (m), 129.6 (28.4 (m), 125.8, 121.7, 119.8, 118.6,
117.9, 115.3 (m), 113.3, 112.0, 109.4, 101.7. A@allcd for: G,H1sFN,O6S: C, 58.15; H,
3.33; N, 6.16; S, 7.06. Found: C, 58.11; H, 3.41;6[\9; S, 6.99%. HRMS (m/z) [M-H]
calcd 453.0557. Found 453.0608.

3-[4-(3,4-difluor o-benzoylamino)-phenyl] -coumarin-7-O-sulfamate (6¢). Yield 88%; mp 258-
260 °C (with decomposition\max (KBr)/em™ 3416, 3342, 1699, 1651, 1607, 1506, 1411,
1327, 1246, 1184, 1113, 991, 83Rt NMR &4 (200 MHz, DMSO) 10.62 (1H, s, NH), 8.33
(1H, s, CH), 8.27 (2H, s, N#{ 8.20-8.00 (1H, m, Ar-H), 7.92-7.56 (7H, m, Ar;H).40-7.26
(2H, m, Ar-H); *C NMR (125 MHz, DMSO)3 (ppm): 164.0, 160.1, 154.0, 152.6, 152.2 (d,
Ye.r 252), 149.8 (dNJcr 247), 141.1, 139.8 (m), 132.8 (m), 130.5 (m), 62929.2, 126.5,
126.0, 120.6, 119.4, 118.3 (m), 114.1, 112.8, 1,1002.4. Anal. Calcd for: £H;14F2N2O6S:
C,55.93; H, 2.99; N, 5.93; S, 6.79. Found: C, 561, 3.04; N, 5.81; S, 6.71%. HRMS (m/z)
[M-H] " calcd 471.0462. Found 471.0486.

3-(4-pentafl uor obenzoylamino-phenyl)-coumarin-7-O-sulfamate (6d). Yield 81%; mp 259-
265 °C (with decomposition\max (KBr)/cm™ 3257, 3194, 1711, 1666, 1601, 1501, 1417,
1336, 1253, 1191, 1118, 994, 84B; NMR &4 (500 MHz, DMSO) 11.16 (1H, s, NH), 8.31
(1H, s, CH), 8.25 (2H, s, Nj{ 7.87 (1H, d)J 8.3, Ar-H), 7.82-7.72 (4H, m, Ar-H), 7.36 (1H,
d, J 2.4, Ar-H), 7.30 (1H, ddj 8.3, 2.4, Ar-H);**C NMR (50 MHz, DMSOQ) (ppm): 161.2,
1593, 154.8 (m), 153.3, 152.0, 143.1 '@ - 252), 140.6, 139.4, 138.2, 137.6, 136.9'0d,r
247), 131.4, 130.7, 129.9 (m), 129.2, 128.9, 125A,.4, 119.2, 118.6, 117.8, 113.4, 112.0
(m), 109.4, 101.7. Anal. Calcd for:2£111FsN2O6S: C, 50.20; H, 2.11; N, 5.32; S, 6.09.
Found: C, 50.32; H, 2.05; N, 5.29; S, 6.00%. HRM8z) [M-H] calcd 525.0180. Found
525.0177.

3-(4-phenylacetylamino-phenyl)-coumarin-7-O-sulfamate (6€). Yield 85%; mp 208-210 °C;
Vmax (KBr)/cm™ 3289, 3185, 1712, 1665, 1601, 1499, 1415, 1344812182, 1112, 991,
843;*H NMR 6y (500 MHz, DMSO) 10.30 (1H, s, NH), 8.26 (1H, s,)CB.24 (2H, s, Nh),

7.84 (1H, d,J 8.8, Ar-H), 7.72-7.66 (4H, m, Ar-H), 7.36-7.22 (7hkh, Ar-H), 3.66 (2H, s,



CH,); **C NMR (125 MHz, DMSO)$ (ppm): 170.0, 160.1, 153.9, 152.6, 140.4, 1396.4,
130.4, 129.9, 129.8, 129.7, 129.6, 129.0, 127.8,5,2119.4, 119.3, 118.7, 110.1, 44.0. Anal.
Calcd for: GsH1gNoOeS: C, 61.32; H, 4.03; N, 6.22; S, 7.12. Found: €26; H, 3.95; N,
6.11; S, 7.25%. HRMS (m/z) [M-Htalcd 449.0807. Found 449.0813.

3-{4-[ 2-(3,4-difluor o-phenyl)-acetylamino] -phenyl}-coumarin-7-O-sulfamate ~ (6f).  Yield
87%; mp 212-214 °Gimax (KBr)/cm'l 3313, 3192, 1714, 1595, 1515, 1414, 1357, 1249511
1115, 992, 840'H NMR 4y (500 MHz, DMSO) 10.35 (1H, s, NH), 8.27 (1H, s, CH.24
(2H, s, NH), 7.85 (1H, dJ 8.8, Ar-H), 7.74-7.64 (4H, m, Ar-H), 7.44-7.36 (2hkh, Ar-H),
7.35 (1H, dJ 2.0, Ar-H), 7.28 (1H, ddJj 8.3, 2.0, Ar-H), 7.20-7.16 (1H, m, Ar-H), 3.69 (2H
s, CH); °C NMR (50 MHz, DMS0) (ppm): 168.7, 161.0, 159.4, 153.2, 151.8, 149,2 (d
Yce 244), 148.4 (d,lJc_F 244), 140.1, 139.5, 138.9, 133.4 (m), 129.8, 1Z&p 126.1 (M),
118.7 (m), 117.0, 116.5, 113.3, 109.4, 101.7, 4R@l. Calcd for: GsH16F2N2O6S: C, 56.79;

H, 3.32; N, 5.76; S, 6.59. Found: C, 56.91; H, 31255.79; S, 6.50%. HRMS (m/z) [M-H]
calcd 485.0619. Found 485.0621.

3-{4-[ 2-(3,4,5-trifluoro-phenyl)-acetylamino] -phenyl }-coumarin-7-O-sulfamate (6 g). Yield
90%; mp 216-219 °Gjmax (KBr)/cm'l 3304, 3188, 1704, 1677, 1603, 1504, 1415, 13%48,12
1185, 1115, 991, 841H NMR 6y (500 MHz, DMSO) 10.35 (1H, s, NH), 8.27 (1H, s, )¢H
8.24 (2H, s, NH), 7.84 (1H, dJ 8.3, Ar-H), 7.74-7.64 (4H, m, Ar-H), 7.36-7.24 (4R, Ar-
H), 3.72 (2H, s, Ch; *C NMR (50 MHz, DMSO0),5 (ppm): 168.1, 161.0, 159.4, 153.2,
151.8, 149.7 (d*Jc.r 250), 139.4, 138.9, 135.3 (m), 132.9 (m), 129.7, t28.9 (m), 125.7,
118.7, 117.9, 114.0 (m), 109.4, 101.7, 41.8. Aallcd for: GsH15F3N2O6S: C, 54.76; H,
3.00; N, 5.55; S, 6.36. Found: C, 54.71; H, 3.11,5M8; S, 6.40%. HRMS (m/z) [M-H]
calcd 503.0525. Found 503.0586.

3-[ 4-(2-pentafl uor ophenyl-acetylamino)-phenyl] -coumarin-7-O-sulfamate (6h). Yield 82%;
mp 248-250 °Cymax (KBr)/lcm™ 3304, 3188, 1705, 1678, 1603, 1505, 1415, 1358012
1186, 1115, 991, 842H NMR 6y (500 MHz, DMSO) 10.55 (1H, s, NH), 8.28 (1H, s, ¢H
8.24 (2H, s, NH), 7.85 (1H, d,) 8.8, Ar-H), 7.73 (2H, dJ 8.8, Ar-H), 7.66 (2H, dJ 8.8, Ar-
H), 7.35 (1H, d,) 2.0, Ar-H), 7.29 (1H, ddJ 8.3, 2.4, Ar-H), 3.93 (2H, s, GH °C NMR (50
MHz, DMSO0), 5 (ppm): 165.8, 161.0, 159.4, 153.2, 151.9, 145,dXgr 245), 139.0, 138.3
(d, Y. 245), 132.2 (d1Jcr 245), 129.4 (m), 129.0 (m), 125.7, 118.7, 11718.3, 110.4
(m), 109.4, 101.6, 29.9. Anal. Calcd forss8:sFsN-06S: C, 51.12; H, 2.42; N, 5.18; S, 5.93.
Found: C, 51.23; H, 2.45; N, 5.21; S, 5.88%. HRMS8z] [M-H] calcd 539.0336. Found
539.0396.

3-{4-[ 2-(4-fluor o-3-trifluor omethyl-phenyl)-acetyl amino] -phenyl }-coumarin-7-O-sulfamate

(6i). Yield 83%; mp 187-190 °Ginax (KBr)/cm™ 3299, 3188, 1711, 1667, 1611, 1508, 1413,
1356, 1244, 1187, 1115, 991, 84Rt NMR &4 (500 MHz, DMSO) 10.39 (1H, s, NH), 8.26
(1H, s, CH), 8.24 (2H, s, NB| 7.84 (1H, d,) 8.8, Ar-H), 7.78-7.62 (6H, m, Ar-H), 7.52-7.44
(1H, m, Ar-H), 7.34 (1H, s, Ar-H), 7.28 (1H, d,9.3, Ar-H), 3.80 (2H, s, C}: *C NMR
(125 MHz, DMSO),5 (ppm): 169.4, 160.1, 156.2 (Hlc.r 245), 153.9, 152.6, 140.9, 140.2,
139.7, 136.9 (m), 133.6 (m), 130.4 (m), 129.7 (&D8.7 (M), 126.5, 123.5 (4Jc.r 274),
119.4, 118.0, 117.6 (m), 114.1, 110.1, 102.4, 4R&l. Calcd for: GsH16F4sN20O6S: C, 53.73;

H, 3.01; N, 5.22; S, 5.98. Found: C, 53.69; H, 2905.14; S, 6.09%. HRMS (m/z) [M-H]
calcd 535.0587. Found 535.0593.

3-{4-[ 2-(2,5-bis-trifluor omethyl-phenyl)-acetylamino] -phenyl }-coumarin-7-O-sulfamate (6j).
Yield 89%; mp 208-212 °Ginax (KBr)/cm* 3305, 3211, 1710, 1671, 1598, 1517, 1414, 1342,



1249, 1185, 1115, 991, 8434 NMR Jy (500 MHz, DMSO) 10.46 (1H, s, NH), 8.27 (1H, s,
CH), 8.24 (2H, s, Nb), 8.00-7.94 (2H, m, Ar-H), 7.89 (1H, d,8.3, Ar-H), 7.85 (1H, dJ
8.8, Ar-H), 7.71 (2H, dJ 8.8, Ar-H), 7.66 (2H, dJ) 8.8, Ar-H), 7.35 (1H, dJ 2.0, Ar-H), 7.29
(1H, d,J 8.3, Ar-H), 4.11 (2H, s, CH); 3¢ NMR (50 MHz, DMSO)g (ppm): 167.6, 161.0,
159.4, 153.2, 151.8, 140.2, 139.4, 138.9, 135.8,518n), 129.6 (m), 129.0 (m), 127.0 (m),
125.7, 124.4 (m), 123.7 (e]JC—F 274), 123.5 (Q,lJc.F 274), 118.6 (m), 117.9, 113.3, 109.4,
101.7. Anal. Calcd for: £€H16FsN2O6S: C, 51.20; H, 2.75; N, 4.78; S, 5.47. Found: €0S;

H, 2.68; N, 4.88; S, 5.52%. HRMS (m/z) [M-Hjalcd 585.0555. Found 585.0555.

3-{4-[ 2-(4-trifluoromethoxy-phenyl)-acetylamino] -phenyl }-coumarin-7-O-sulfamate (6Kk).
Yield 88%; mp 252-254 °Gjnax (KBr)/cm™ 3304, 3217, 1711, 1670, 1611, 1509, 1413, 1354,
1248, 1182, 1111, 991, 8424 NMR dy (500 MHz, DMSO0) 10.38 (1H, s, NH), 8.26 (1H, s,
CH), 8.24 (2H, s, Nb), 7.84 (1H, dJ 8.8, Ar-H), 7.74-7.64 (4H, m, Ar-H), 7.45 (2H, d,
8.3, Ar-H), 7.36-7.30 (3H, m, Ar-H), 7.28 (1H, d#i8.3, 2.0, Ar-H), 3.72 (2H, s, G} °C
NMR (50 MHz, DMSO0),8 (ppm): 168.9, 161.0, 154.7, 153.2, 151.8, 14740.1, 139.5,
138.9, 135.3, 131.0, 129.6 (m), 129.1 (m), 125&..6, 120.9, 120.1 (d,Jc.r 255), 118.6,
117.5, 113.3, 112.0, 109.4, 101.6, 42.3. Anal. €&be: G4H17/F3N20O;S: C, 53.93; H, 3.21;

N, 5.24; S, 6.00. Found: C, 60.02; H, 3.16; N, 5356.11%. HRMS (m/z) [M-H]calcd
533.0630. Found 533.0681.

4.6. Preparation of 3-(4-nitrophenyl)-coumarin-7-O-sulfamate (7).

A mixture of formic acid (70.9 mg, 1.54 mmol) aNgN-dimethyl acetamide (1.4 mg, 0.016
mmol) was added to a stirred solution of chlorasuyt isocyanate (212.3 mg, 1.50 mmol) in
dry dichloromethane (0.5 mL) at 40 °C over 3.5 hstkred solution of 7-hydroxy-3-(4-
nitrophenyl)-coumarir8 (283.2 mg, 1.00 mmol) iN,N-dimethyl acetamide (3.4 mL) was
added to the mixture. The mixture was stirred abiant temperature overnight and then
poured into water (10 mL). Eventually, a white ppéate formed. The suspension was stirred
at ambient temperature for an additional two hoilitse resulting precipitate was filtered,
washed with water and recrystallized from acetdaitr acetone to give the desired product
7.

Yield 91%; mp 200-203 °Ginax (KBr)/cm™ 3387, 3217, 1697, 1595, 1507, 1341, 1247, 1191,
1111, 988, 853'H NMR 4y (500 MHz, DMSO) 8.5 (1H, s, CH), 8.33 (2H,19.3, Ar-H),
8.30 (2H, s, NH), 8.02 (2H, d,J 8.8, Ar-H), 7.90 (1H, dJ 8.3, Ar-H), 7.40 (1H, dJ 2.0, Ar-

H), 7.33 (1H, d,J 8.8, 2.0, Ar-H):"3C NMR (125 MHz, DMSO) (ppm): 159.7, 154.5,
153.4, 147.9, 142.7, 141.8, 131.1, 130.5, 125.4,112119.5, 118.2, 110.2. Anal. Calcd for:
CisH1oNoO;S: C, 49.72; H, 2.78; N, 7.73; S, 8.85. Found: €.68; H, 2.69; N, 7.80; S,
8.98%. HRMS (m/z) [M+H] calcd 363.0287. Found 363.0277.

4.7. Molecular modeling

Prior to docking procedures, the potential inhitstovere constructed using Portable
HyperChem 8.0.7 Release (Hypercube, Inc., GairlesvifL, USA). Each ligand was

optimized using a MM + force field and the Polakbiere conjugate gradient algorithm
(terminating at a gradient of 0.05 kcal mMa\™). For docking the X-ray structure of human
STS (obtained from Protein Data Bank — accessiate c?49) was prepared for docking
using the standard procedure. First, the water cutde from crystallization were removed
from the structure and the catalytic amino acidy#&lwere converted to the gem-diol form
using the Protein Preparation Wizard module, dedgewith Maestro (Schrodinger, LLC,



New York, NY, USA). Next, hydrogen atoms were buwlito the structure and prepared
model of enzyme will be optimized using the OPLS-fakce field. Docking of the optimized
ligands to the prepared structure of human STS eaased out with Autodock Vina 1.1.2
software (The Molecular Graphic Laboratory, Theigts Research Institute, La Jolla, CA,
USA) [25]. For all of the docking studies, a gridxbsize of 30 A x 30 A x 30 A, centered on
the B atom of amino acid 75, was used. The best posesgarticular ligand were inspected
visually. Illustrations of the 3D model were genedausing VMD 1.9 (University of lllinois
at Urbana — Champaign, Urbana, IL, USA).

4.8. Biological assays
4.8.1. Enzyme purification

STS was extracted from human placenta and puriidtbomogeneity following a multi-step
chromatography protocol as previously describedl [26

4.8.2. In vitro activity assay

The reaction mixture, at a final volume of @0, contained 20 mM Tris—HCI pH 7.4, 3 mM
p-nitrophenyl sulfate (NPS), varied concentratiohgam inhibitor (0.01-10@M) and 5 U of
purified enzyme (1 U is the amount of enzyme thatrblyzes 10QuM of NPS in 1 h at 37
°C). The reaction was performed at 37 °C for 15 anid halted by the addition of 100 mL of
1 M NaOH. The absorbance of the releapetdtrophenol was measured at 405 nm using a
Biotek ELx800 Microplate Reader (BioTek Instrumeniisc. Winooski, VT, USA). IG
values were calculated using GraphPad Prism sadt{@raphPad Software, Inc., La Jolla,
CA, USA). All measurements were performed in toate.

4.8.3. Cell culture and viability assay

MCF7 (ATCC® HTB-22™), T47D (ATCC ® HTB-13%'), MDA-MB-231 (ATCC® HTB-
26™) and SkBr3 (ATCC® HTB-30™) cells lines have meendly provided by prof.
Wesierska-Gadek (Medical University of Vienna, \fian Austria) in 2016. Cells were
cultured in phenol red-free DMEM high glucose mesdigpplemented with 10% FBS and
antibiotics: penicillin (62.6ug/mL) and streptomycin (4Qg/mL). All cells were maintained
at 37 °C in a humidified atmosphere of 10% ;Cidd 90% air and routinely screened for
Mycoplasma contamination. To determine cytotoxicity, expomait grown cells were
exposed to the indicated concentrations of theieiucbompounds for 120 hours, and viability
was determined using the MTT assay. Dose-respanmseswere plotted using GraphPad
Prism software (GraphPad Software, Inc., La J&la, USA) and represent data from two to
three independent experiments performed in quadaipl
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Highlights:

1. A series of 3-(4-aminophenyl)-coumarin©¢sulfamate derivativedN-acylated with
fluorinated analogs of benzoic or phenylacetic &ade been synthesized.

2. Computational docking methods were used to deterrttie binding modes of the
synthesized inhibitors.

3. Compounds6c and 6 demonstrated the highest inhibitory effect in enatic STS
assays, both with Kg values of 0.18 pM.

4. Compound6j exhibited the highest potency against the MCF-@ a47D cell lines
(15.9uM and 8.7uM, respectively).

5. Analoguesl and2 proved to selectively inhibit the growth of ER-daRR-positive cell
lines.



