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Abstract

A number of 2-phenylindole sulfamates with lipophilic side chains in 1- or 5-position of the indole were synthesized and evaluated as
steroid sulfatase (estrone sulfatase) inhibitors. Most of the new sulfamates inhibited the enzymatic hydrolysis of estrone sulfate in MDA-MB
231 breast cancer cells with dgvalues between 2 nM andulM. A favorable position for a long side chain is the nitrogen of a carbamoyl
group at C-5 of the indole when the phenyl ring carries the sulfamate function. These derivatives inhibit gene activation in estrogen receptor
(ER)-positive MCF-7 breast cancer cells in submicromolar concentrations and reduce cell proliferationsywidlu€s of ca. uM. All
of the potent inhibitors were devoid of estrogenic activity and have the potential for in vivo application as steroid sulfatase inhibitors.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction of type 1 and decreased concentrations of type @-H3D
in breast cancer tissue have been associated with poor prog-
Since estrogens are known to play a dominant role in nosis for patient$7,8].
the promotion of breast cancer several strategies have been It has also been demonstrated that the steroid sulfa-
developed to reduce the mitogenic effects of estrogens ontase present in breast cancer cells plays a more important
mammary carcinoma cells. Blockade of the estrogen recep-role than the enzyme aromatase in the formation of free
tor (ER) by antiestrogens and inhibition of estrogen biosyn- estrogens[2,9]. In mammary tumors the levels of free
thesis by aromatase inhibitors are therapeutic options whichand conjugated estrogens as well as the sulfatase activity
have proved effective in the treatment of postmenopausalis significantly higher than in normal tissy&,10]. High
patients though number and duration of remissions are farexpression of steroid sulfatase mMRNA has been associated
from being acceptable. Studies on estrogen metabolism inwith poor prognosis in patients with ER-positive breast
man have identified estrone sulfate as the predominant formcancer[11]. These findings have stimulated the search for
of circulating estrogens, and has also been detected in breasnhibitors of steroid sulfatase as a new therapeutic option
cancer tissue as the main estrog@r?]. Mammary tumor or as co-medication in endocrine therapy of patients with
cells have been shown to be capable of cleaving this con-mammary carcinomas.
jugate to free estrone which can subsequently be converted In the first studies the natural substrate estrone sulfate
to 173-estradiol[3,4]. The enzyme involved in this reduc- was chemically modified in the relevant 3-positidi2—14]
tion is 173-HSD which exists in several isoforms showing The most favourable substituent in respect to enzyme inhi-
unidirectional reactivity, preferred substrates and cofactors bition proved to be the sulfamoyloxy group, but the inherent
(NAD*/NADH or NADP+/NADPH), and different tissue  estrogenic potencyl5] made this derivative7, EMATE,
distribution[5]. The conversion of estrone to @-&stradiol Fig. 1) unsuitable for further development as sulfatase
is mainly catalyzed by the BFHSD type 1 enzyme, buttype inhibitor. Meanwhile a variety of steroiddll6,17] and
7 has also the ability for this reducti@,6]. Increased levels  non-steroidal sulfamatg48,19] have been synthesized and
evaluated as enzyme inhibitd0]. Some recently reported
> Comesponding author, Telt49-941-0434821; examp!es f:omprise .2—met'hox.yestradioI—bis—squamate (8)
fax: +49-941.0434820. ' [21], tricyclic coumarin derivatives, such as compound 9
E-mail address: erwin.von-angerer@chemie.uni-regensburg.de (E. von (667-COUMATE)[22], 2-adamantylthiochromenone sulfa-
Angerer). mate (10)[23], and the phenyl sulfamates 124] and 12
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O 0S0,NH, propriate phenyl sulfamates as it has been demonstrated by
other group$19,27-30] Since the antiestrogenic potency of
HaCO steroidal and non-steroidal ligands of the ER benefits from
a side chain of 10 or more atoms including a functional
HoNS0Z0 HoNSO,0 group such as sulfoxidg1], sulfone[32] or amide, it was
Estrone-3-O-sulfamate (7, EMATE) 8 reasonable to link the lipophilic element to the indole nitro-
gen which generally carries the side chain in indole-based
antiestrogens. An alternative would be to modify one of
the aromatic rings in the 2-phenylindole system to use it
S | as carrier for the side chain. Both modifications were per-
HoNSOZ0 formed in this study. Free phenolic hydroxy groups were
o reacted with sulfamoyl chloride to give the respective sulfa-
9 (6,6,7-COUMATE) 10 mates which were tested for enzyme inhibitory activity in
human MDA-MB 231 mammary carcinoma cells, for direct
OH O t-Bu (anti)estrogenic effects and inhibition of estrone sulfate ac-
tion in stably transfected MCF-7/2a breast cancer cells, and
O CePha for antiproliferative activity in wild type MCF-7 cells stim-
H2NSO20 ulated with estrone sulfate.

HoNSOZ0 0" Yo

o HNSO,0 2. Material and methods
N 2.1. General methods
HNSO50 (CH2E
QN Melting points were determined on a Bichi 510 appa-
12 13 ratus and are uncorrected. NMR spectra were recorded on

) ) ) ) ) a Bruker AC-250 spectrometer with TMS as internal stan-
Fig. 1. Chemical structures of steroidal and non-steroidal steroid sulfatase dard and DMSO-gas solvent, and were in accord with the
inhibitors. . ! .

assigned structures. Elemental analyses of crystalline com-
pounds were performed by the Mikroanalytisches Labora-

[25] with lipophilic residues inpara-position of the aro-  torium, University of Regensburg, and were within 0.4% of
matic ring. Recently, we have shown that the non-steroidal the calculated values except where noted. Purity (98—-100%)
antiestrogen ZK 119,010 can be converted into the potentof non-crystalline final products was checked by HPLC
steroid sulfatase inhibitod3 by sulfamoylation of both ~ (MeCN/buffer mixtures; buffer: 0.5% NEtadjusted to pH
phenolic functiong26]. 7.0 with HgP(Qy), detection: UV,A = 250 nm, or fluores-

Since these sulfamates can act as both inhibitor andcence, EX 300 nm, EM 360 nm).
substrate of steroid sulfatase the bioactivity of the free
phenols is of great importance and has to be considered2.2. Synthesis of starting material
in the design of new sulfatase inhibitors for therapeutic
application. Therefore, we developed the concept of an The starting H-2-phenylindolesl were obtained by
antiestrogen based inhibitor of the enzyme steroid sulfa- the Bischler method as described previougB6,33]
tase. We could demonstrate that non-steroidal antiestrogens\-Alkylation to 2a—e and ether cleavage with BBto 3a—e
of appropriate structure can be converted to steroid sul- were performed according to refererj2é]. Analytical data
fatase inhibitors after the phenolic hydroxy groups had of 1-ethyl-2-(4-hydroxyphenyl)-3-methylindol-6-ol 3%)
been modified by sulfamoylation. An important finding of and 1-butyl-2-(4-hydroxyphenyl)-indol-6-0Blf) have been
this study was that the enzyme inhibitory activity of the reported[33].
2-phenylindole derivatives increases in parallel to the estro-
genic potency of the parent structy&6]. This observation  2.2.1. 1-Heptyl-2-(4-hydroxyphenyl)-indol-6-ol (3c)
can be rationalized by overlapping structural requirements  Colorless viscous oil; 93% yieftHd NMR 6: 0.79 (1,37 =
for binding to the ER and the active site of steroid sulfa- 7.1Hz, 3H, CHh—CH,), 1.07-1.20 (m, 8H(CH,)4—CHa),
tase. For further development it is necessary to find struc- 1.51-1.64 (m, 2H, CKH-(CH>)4), 4.05 (t, 8] = 7.3Hz,
tural elements in the 2-phenylindole system that increase 2H, CH,—(CHy)s), 6.19 (s, 1H, indole-B), 6.63 (dd,3J =
enzyme inhibition without giving rise to estrogenic side 8.7Hz,%J = 2.3Hz, 1H, indole-H), 6.82 (d,*J = 2.3Hz,
effects. 1H, indole-H'), 6.87 and 7.29 (AMBB’, 3J = 8.5Hz, 4H,

A suitable strategy for improving the enzyme inhibitory ArH), 7.24 (d,3J = 8.7Hz, 1H, Indol-H), 8.68 (s, 1H,
effects is the introduction of lipophilic side chains into ap- —OH), 9.66 (s, 1H, —OH).
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2.2.2. 1-Decyl-2-(4-hydroxyphenyl)-indol-6-ol (3d)

Colorless viscous oil; 92% yieldH NMR §: 0.85 (t,°J =
6.9 Hz, 3H, CH-CHy), 1.09-1.27 (m, 14H(CH,)7—CHg),
1.49 bis 1.52 (m, 2H, CH-(CHy)7), 4.02-4.07 (m, 2H,
CH,—~(CHy)g), 6.22 (s, 1H, indole-), 6.56 (dd,3J =
8.4Hz,*J = 2.0Hz, 1H, indole-R), 6.75 (d,*J = 2.0 Hz,
1H, indole-H), 6.85 and 7.26 (AMBB/, 3J = 8.5Hz, 4H,
ArH), 7.27 (d,3J = 8.4Hz, 1H, indole-H), 8.98 (s, 1H,
—OH), 9.62 (s, 1H, —OH).

2.2.3. 2-(4-Hydroxyphenyl)-1,3-dimethylindole-
5-carbamide (3e)

Yellow foam; 74% yield1H NMR §: 2.22 (s, 3H, C-CH),
3.59 (s, 3H, N-CH), 6.93 and 7.28 (A/BB’, 3J = 8.5Hz,
4H, ArH), 7.10 (s, br, 1H, CO-NH), 7.44 (d/ = 8.7 Hz,
1H, indole-H), 7.73 (dd,3J = 8.7Hz,%J = 1.6 Hz, 1H,
indole-H), 7.88 (s, br, 1H, CO-NH), 8.15 (4/ = 1.6 Hz,
1H, indole-H), 9.74 (s, 1H, —OH).

2.3. General procedure for the preparation of the
sulfamates

A solution of the hydroxy-2-phenylindole (2.77 mmol) in
dry DMF (15 ml) was cooled to 10-T%. Sulfamoyl chlo-
ride [34], 13.9 mmol per hydroxy group, was added in por-
tions. After the addition, the mixture was stirred for 12h
under Nb. It was hydrolyzed with water (40 ml) followed by
extraction with EtOAc. The combined organic layers were
washed with water and dried (Mg3QP After evaporation of
the solvent the residue was chromatographed oves ®ith
CHCl2/EtOAc mixtures as eluent. In the case of dihydroxy

derivatives the first fractions contained the monosulfamates 1H, indole-H), 7.60 (d, 3/

5a—d, the second the disulfamatda—d.

2.3.1. 1-Ethyl-6-sulfamoyloxy-2-
(4-sulfamoyl oxyphenyl)indole (4a)

Viscous oil; 38% yield*H NMR §: 1.21 (t,°J = 7.0 Hz,
3H, CH,—CHs), 4.23 (,°J = 7.0Hz, 2H, CH-CHg), 6.61
(s, 1H, indole-H), 7.11 (dd3J = 8.9 Hz,*J = 2.3Hz, 1H,
indole-HP), 7.43 and 7.64 (AMBB/’,3J = 8.7 Hz, 4H, ArH),
7.48 (d,*J = 2.3Hz, 1H, indole-H), 7.61 (d,3J = 8.9 Hz,
1H, indole-H", 7.81 (s, br, 2H, OSENH,), 8.09 (s, br, 2H,
OSOGNHy). HPLC (MeCN/buffer 55:45 v/v; UV detection):
retention time 4.15 min (99%).

2.3.2. 4-(1-Ethyl-6-sulfamoyl oxyindol-2-yl)phenol (5a)

Viscous oil; 34% yield*H NMR §: 1.18 (t,°J = 7.0 Hz,
3H, CH,—CHs), 4.21 (q,°J = 7.0Hz, 2H, CH-CHg), 6.46
(s, 1H, indole-H), 6.90 and 7.34 (AMBB’,3J = 8.3 Hz, 4H,
ArH), 7.06 (dd,3J = 8.8Hz,*4J = 2.3Hz, 1H, indole-1),
7.43 (d,*J = 2.3Hz, 1H, indole-H), 7.54 (d,3J = 8.8 Hz,
1H, indole-H), 7.79 (s, br, 2H, OSENH>), 9.76 (s, br,
1H, —OH). HPLC (MeCN/buffer 78:22 v/v; UV detection):
retention time 2.39 min (99%).
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2.3.3. 1-Butyl-6-sulfamoyl oxy-2-
(4-sulfamoyl oxyphenyl)indole (4b)

Colorless oil; 37% vyield!H NMR §: 0.74 (t,3J =
7.2Hz, 3H, CH-CHy), 1.02-1.20 (m, 2H, Ck-CHg),
1.51-1.63 (m, 2H, CH-CH,—CHg), 4.19 (1,%J = 7.3Hz,
2H, CH,~(CH>)>—CH), 6.58 (s, 1H, indole-B), 7.02 (dd,
3] = 86Hz,%J = 2.0Hz, 1H, Indol-H), 7.43 and 7.64
(AA'BB’, 3J = 8.7Hz, 4H, ArH), 7.45 (d*J = 2.0Hz,
1H, indole-H), 7.61 (d,3J = 8.6 Hz, 1H, indole-H), 7.88
(s, br, 2H, OSGNH3), 8.13 (s, br, 2H, OSENH,). HPLC
(MeCN/buffer 55:45v/v; UV detection): retention time
5.60 min (99%).

2.3.4. 4-(1-Butyl-6-sulfamoyl oxy-indol-2-y1)-phenol (5b)

Colorless oil; 31% yieldH NMR &: 0.73 (t, 3J =
7.4Hz, 3H, CH-CHy), 1.02-1.11 (m, 2H, Ck-CHy),
1.49-1.61 (m, 2H, CH-CH,—CHg), 4.13 (t,3J = 7.2 Hz,
2H, —CH,~(CHp)>,—CHg), 6.43 (s, 1H, indole-F), 6.90
and 7.33 (AABB/, 3J = 8.5Hz, 4H, ArH), 6.98 (dd3J =
8.5Hz,4J = 2.0Hz, 1H, indole-R), 7.40 (d,*J = 2.0 Hz,
1H, indole-H), 7.55 (d,3J = 8.5Hz, 1H, indole-H),
7.84 (s, br, 2H, OSENHy), 9.74 (s, br, 1H, OH). HPLC
(MeCN/buffer 78:22vlv; UV detection): retention time
2.67 min (99%).

2.3.5. 1-Heptyl-6-sulfamoyl oxy-2-(4-sulfamoyl oxyphenyl)-
indole (4c)

Colorless oil; 34% vyield'H NMR &: 0.79 (t,3J =
7.1Hz, 3H, CH—CHs), 1.09-1.28 (m, 8H(CH,)4—CHg),
1.53-1.61 (m, 2H, CK-(CHyp)a), 4.22 (1,%J = 7.0Hz,
2H, —CH,~(CHy)s), 6.60 (s, 1H, indole-f), 7.10 (dd,
3] = 8.9Hz,4J = 2.3Hz, 1H, indole-H), 7.43 and 7.64
(AA'BB/, 3J = 8.6 Hz, 4H, ArH), 7.48 (d*J = 2.3Hz,
8.9Hz, 1H, indole-H),
7.82 (s, 2H, OSENH,), 8.13 (s, 2H, OSENH,). HPLC
(MeCN/buffer 55:45v/v; UV detection): retention time
12.12 min (99%).

2.3.6. 4-(1-Heptyl-6-sulfamoyl oxy-indol -2-yl)-phenol (5c)
Viscous oil; 29% yield.'H NMR §: 0.78 (t, °J =
7.1Hz, 3H, CH—CHjy), 1.08-1.25 (m, 8H(CH,)s—CHs),
1.53-1.59 (m, 2H, CKH(CHy)s), 4.16 (t,3J = 7.3Hz,
2H, CH,~(CHy)s), 6.45 (s, 1H, indole-H), 6.90 and 7.33
(AA'BB/, 3J = 8.3Hz, 4H, ArH), 7.05 (dd3J = 8.8 Hz,
4] = 2.3Hz, 1H, indole-H), 7.43 (d,*J = 2.3Hz, 1H,
indole-H), 7.53 (d,%J = 8.8Hz, 1H, indole-H), 7.79 (s,
2H, OSQNHy), 9.74 (s, 1H, OH). HPLC (MeCN/buffer
78:22 vlv; UV detection): retention time 3.63 min (99%).

2.3.7. 1-Decyl-6-sulfamoyl oxy-2-(4-sulfamoyl oxyphenyl)-
indole (4d)

Colorless oil; 41% yieldH NMR §: 0.84 (t,3J =
6.9 Hz, 3H, CH—CHy), 1.09-1.20 (m, 14H(CH,)7—CHy),
1.57 (m, 2H, —CB—~(CHy)7), 4.18 (t,3J = 7.3Hz, 2H,
CH,—~(CHy)g), 6.58 (s, 1H, indole-f), 7.02 (dd,3J =
85Hz, 4J 2.0Hz, 1H, indole-H), 7.42 and 7.63
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(AA'BB’, 3] = 8.7Hz, 4H, ArH), 7.44 (d*J = 2.0Hz,
1H, indole-H), 7.60 (d,3%J = 8.5Hz, 1H, indole-H),
7.91 (s, 2H, OSENH,), 7.92 (s, 2H, OSENH,). HPLC
(MeCN/buffer 55:45v/v; UV detection): retention time
31.02 min (99%).

2.3.8. 4-(1-Decyl-6-sulfamoyl oxy-indol-2-yl)-phenol (5d)

Reddish foam; 27% yield'H NMR §: 0.85 (t,3J =
6.9 Hz, 3H, CH-CHs), 1.09-1.26 (m, 14H(CH,)7—CHy),
1.55 (m, 2H, -CH—~(CHp)7), 4.12 (t,%J = 7.3Hz, 2H,
CH,—~(CHy)g), 6.42 (s, 1H, indole-®), 6.89 and 7.32
(AA'BB/, 3J = 8.5Hz, 4H, ArH), 6.98 (dd3J = 8.5Hz,
4J = 2.0Hz, 1H, indole-H), 7.39 (d,*J = 2.0Hz, 1H,
indole-H'), 7.54 (d,3J = 8.5Hz, 1H, indole-H), 7.84
(s, 2H, OSGNHy), 9.73 (s, 1H, OH). HPLC (MeCN/
buffer 78:22 v/v; UV detection): retention time 5.93 min
(98%).

2.3.9. 1,3-Dimethyl-2-(4-sulfamoyl oxyphenyl)indole-
5-carbamide (4€)

Viscous oil; 23% yield'H NMR §: 2.23 (s, 3H, C-CHh),
3.64 (s, 3H, N-CH), 7.14 (s, br, 1H, CO-NH), 7.45 and
7.59 (AABB’, 3J = 8.7Hz, 4H, ArH), 7.49 (d,3J =
8.7Hz, 1H, indole-H), 7.78 (dd,3J = 8.7Hz, 4J =
1.6 Hz, 1H, indole-H), 7.90 (s, br, 1H, CO-NH), 8.12 (s,
br, 2H, OSQNH,), 8.20 (d,*J = 1.6 Hz, 1H, indole-H).
IR (CHCly): 1670 (s, G0) cmil. HPLC (MeCN/
buffer 78:22v/v; UV detection): retention time 2.16 min
(99%).

2.3.10. 1,3-Dimethyl-2-(4-sulfamoyl oxyphenyl)indol e-
5-carbonitrile (4f)

Second product of the sulfamoylation 8. Viscous oil;
27% yield.*H NMR §: 2.25 (s, 3H, C—CH), 3.67 (s, 3H,
N—CHg), 7.46 and 7.60 (AMBB’, 3J = 8.6 Hz, 4H, ArH),
7.55 (dd,3J = 8.5Hz,*J = 1.5Hz, 1H, indole-H), 7.68
(d, 3J = 85Hz, 1H, indole-H), 8.14 (d,*J = 1.5Hz,
1H, indole-H", 8.14 (s, br, 2H, —OSENH)). IR (CH,Cly):
2222 (s, —CN) cm?. HPLC (MeCN/buffer 78:22 viv; UV
detection): retention time 2.84 min (94%).

2.4. Preparation of the N-alkylamides 6a—c

Under N, a solution of the 2-(4-methoxyphenyl)-1,3-
dimethylindole-5-carbamide2¢) (1.47g, 5mmol) in dry
DMF (25 ml) was added slowly with stirring to an ice-cold
suspension of NaH (177 mg, 7.4 mmol) in dry DMF. Stir-
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with water and dried (MgS%&). The solvent was removed in
vacuo and the residue purified by chromatography $5iO
with CH,ClIlo/EtOAC mixtures as the eluent.

2.4.1. 2-(4-Methoxyphenyl)-1,3-dimethyl-N-octylindole-
5-carbamide (6a)

Colorless crystals; yield 91%; m.p. 90-92. 1H NMR
8:0.86 (t,3J = 6.9 Hz, 3H, -CH-CHy), 1.24 bis 1.34 (m,
10H, HCH,)5—CHg), 1.52 bis 1.55 (m, 2H, N-C#+-CH,-),
2.23 (s, 3H, C-CH), 3.27-3.32 (m, 2H, N-CH-CH,-),
3.60 (s, 3H, -N—CH), 3.84 (s, 3H, —OCH), 7.13 and 7.39
(AA'BB/, 3J = 8.8Hz, 4H, ArH), 7.40 (d3J = 8.7Hz,
1H, indole-H)), 7.71 (dd,3J = 8.7Hz,%J = 1.6 Hz, 1H,
indole-H°), 8.12 (d,*J = 1.6 Hz, 1H, indole-H), 8.33 {t,
3J = 5.6 Hz, 1H, NH-CO). IR 1629 (s, €0) cm L. Anal.
(C26H34N202) C, H (calcd. 8.43; found 9.03%), N.

2.4.2. N-Decyl-2-(4-methoxyphenyl)-1,3-dimethylindol e-
5-carbamide (6b)

Colorless crystals; yield 82%; m.p. 98-99. 'H NMR
8: 0.85 (t,%J = 6.3Hz, 3H, -CH—CH;), 1.18-1.25 (m,
14H, «CH,)7-CHg), 1.52-1.55 (m, 2H, N—CH-CH,-),
2.23 (s, 3H, C—CHh), 3.24-3.32 (m, 2H, N-CH-CH,-),
3.60 (s, 3H, N-CH), 3.84 (s, 3H, —OCH), 7.10 and 7.40
(AA'BB’, 3J = 8.8Hz, 4H, ArH), 7.45 (d3J = 8.7Hz,
1H, indole-H)), 7.71 (dd,3J = 8.7Hz,*J = 1.6 Hz, 1H,
indole-H°), 8.12 (d,*J = 1.6 Hz, 1H, indole-H), 8.33 (t,
3J = 5.5Hz, 1H, NH-CO); IR 1630 (s, €0) cn 1. Anal.
(C2gH3gN202) C, H, N.

2.4.3. N-Dodecyl-2-(4-methoxyphenyl)-1,3-dimethylindol e-
5-carbamide (6c)

Colorless crystals; 92% yield; m.p. 99-102. 'H NMR
8: 0.85 (t,3J = 6.3Hz, 3H, -CH-CH,), 1.15-1.29 (m,
18H, (CH,)g—CHg), 1.52-1.57 (m, 2H, N-C}+CH,-),
2.23 (s, 3H, C-Ch), 3.24-3.32 (m, 2H, N-Ck-CH,-),
3.60 (s, 3H, N-CH), 3.84 (s, 3H, —OCH), 7.11 and 7.41
(AA'BB/, 3J = 8.8Hz, 4H, ArH), 7.45 (d3J = 8.7Hz,
1H, indole-H)), 7.71 (dd,3J = 8.7Hz,*J = 1.6 Hz, 1H,
indole-HP), 8.11 (d,*J = 1.6 Hz, 1H, indole-H), 8.32 (t,
3J = 5.6 Hz, 1H, NH-CO); IR 1630 (s, (€0) cm 1). Anal.
(C30H42N202) C, H, N.

2.5. Cleavage of the methoxy groups with AlICl3/EtSH

To a solution of6 (0.5mmol) in dry CHCI> (10ml)
AICI3 (200mg, 1.5mmol) was added with stirring. Stir-

ring was continued until the gas evolution ceased. Then, thering was continued for 5min followed by the addition
respective alkyl bromide (4.47 mmol) in dry DMF (20 ml) of ethanethiol (155mg, 2.5 mmol). After stirring at 80

was added dropwise with cooling in an ice bath. After the under N for 1 h, the mixture was poored into ice water.
addition, the ice bath was removed and stirring continued The aqueous phase was separated and extracted twice with
for 2h at RT. The excess of NaH was destroyed carefully EtOAc. The combined organic layers were washed with
by dropwise addition of water, followed by the addition of sat. NaHCQ solution and water, and dried (MgQ After
water (50 ml) and EtOAc (50ml). The organic layer was the evaporation of the solvent, the residue was purified by
separated, and the aqueous layer was extracted three timeshromatography (Sig) with CHyCIl,/EtOAC mixtures as

with EtOAc. The combined organic layers were washed eluent.
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2.5.1. 2-(4-Hydroxyphenyl)-1,3-dimethyl-N-octylindole-
5-carbamide (3g)

Yellow foam; 96% vyield.'H NMR &: 0.86 (t,3J =
7.1Hz, 3H, CH—CHj), 1.10-1.29 (m, 10H,(CH,)5—CHy),
1.52-1.57 (m, 2H, N-CH-CH,-), 2.22 (s, 3H, C-CH),
3.26-3.31 (m, 2H, N-CH-CH,-), 3.59 (s, 3H, N-CH),
6.92 and 7.27 (AMB’, 3J = 85Hz, 4H, ArH), 7.43
(d, 3J = 85Hz, 1H, indole-H), 7.70 (dd,3J = 8.5Hz,
4J = 1.5Hz, 1H, indole-H), 8.09 (d,*J = 1.5Hz, 1H,
indole-H"), 8.31 (t,3J = 5.6Hz, 1H, NH-CO), 9.73 (s,
1H, OH).

2.5.2. N-Decyl-2-(4-hydroxyphenyl)-1,3-dimethylindol e-
5-carbamide (3h)

Viscous oil; 73% yield!H NMR §: 0.85 (t,3J = 7.0 Hz,
3H, CH—CH;), 1.19-1.31 (m, 14H, (CH,)7;—CHy),
1.53-1.56 (m, 2H, N-Ch+CH,), 2.22 (s, 3H, C-CHh),
3.25-3.30 (m, 2H, N-CKH-CH,), 3.59 (s, 3H, N-CH),
6.93 and 7.27 (AMBB’, 3J = 8.8Hz, 4H, ArH), 7.43
(d, 3J = 8.4Hz, 1H, indole-H), 7.69 (dd,3J = 8.4Hz,
4] = 1.7Hz, 1H, indole-H), 8.09 (d,*J = 1.7Hz, 1H,
indole-H"), 8.33 (t,%J = 5.6Hz, 1H, NH-CO), 9.77 (s,
1H, OH).

2.5.3. N-Dodecyl-2-(4-hydroxyphenyl)-1,3-dimethylindole-
5-carbamide (3i)

Yellow foam; 89% vyield.'H NMR §: 0.85 (t, 3J =
6.3Hz, 3H, CH—CHs), 1.18-1.29 (m, 18H(CH,)s—CHy),
1.52-1.55 (m, 2H, N-C-CH,), 2.22 (s, 3H, C—Ch),
3.25-3.32 (m, 2H, N-CH-CHy), 3.59 (s, 3H, N-CHj), 6.93
and 7.27 (AABB’, 3J = 8.6 Hz, 4H, ArH), 7.44 (d3J =
8.7 Hz, 1H, indole-H), 7.70 (dd2J = 8.7Hz,*J = 1.5 Hz,
1H, indole-H), 8.09 (d,*J = 1.5Hz, 1H, indole-H), 8.30
(t,3J = 5.6 Hz, 1H, NH-CO), 9.74 (s, br, 1H, OH).

2.6. General procedure for the preparation of the
sulfamates by means of base

NaH (5 mmol; 60% suspension in paraffin oil) in dry DMF
(10 ml) was cooled to 5C followed by the addition of the
respective phenol (5 mmol) dissolved in DMF (10 ml) over
5 min. Stirring was continued at RT for 1 h. With cooling in
an ice-bath sulfamoy! chloride (50 mmol) was added in por-
tions, and the mixture was stirred at RT overnight. AC5
half-concentrated NaHC{>olution (70 ml) was added, and
the mixture extracted three times with EtOAc (70 ml). The
combined organic layers were dried (Mg8Qand the sol-
vent removed in vacuo. The residue was purified by chro-
matography (Si@ CH,Clo/EtOAC 5:1).

2.6.1. 1,3-Dimethyl-N-octyl-2-
(4-sulfamoyl oxyphenyl)indole-5-carbamide (4q)

Yellow viscous oil; 51% yield.'H NMR §: 0.86 (t,
3J = 7.0Hz, 3H, -CH-CHy), 1.17-1.30 (m, 10H,
—(CH,)5—CHg), 1.52-1.58 (m, 2H, N-CH-CH,-), 2.27
(s, 3H, C-CH), 3.26-3.30 (m, 2H, N-CH-CH,-), 3.64
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(s, 3H, N-CH), 7.45 and 7.59 (AMB’, 3J = 8.7Hz,
4H, ArH), 7.49 (d,2J = 8.7 Hz, 1H, indole-H), 7.74 (dd,
8] =8.7Hz,4J = 1.6 Hz, 1H, indole-H), 8.12 (s, br, 2H,
—OSQNH,), 8.15 (d,*J = 1.6 Hz, 1H, indole-H), 8.34
(t, J = 5.6Hz, 1H, NH-CO); IR 1636 (s, €0) cm 1.
HPLC (MeCN/buffer 89:11v/v; fluorimetric detection):
retention time 3.31 min (100%).

2.6.2. N-Decyl-1,3-dimethyl-2-
(4-sulfamoyl oxyphenyl)indole-5-carbamide (4h)

Colorless viscous oil; 56% yieldlH NMR §: 0.85
(t, 3J = 7.1Hz, 3H, -CH—CH,), 1.25-1.31 (m, 14H,
—(CH,)7-CHg), 1.52-1.56 (m, 2H, N-Cp+-CH,-), 2.27
(s, 3H, C-CH}), 3.25-3.31 (m, 2H, N-CH-CH,-), 3.64
(s, 3H, N-CH), 7.45 and 7.59 (AMBB’, 3J = 8.7Hz,
4H, ArH), 7.49 (d,3J = 8.6 Hz, 1H, indole-H), 7.74 (dd,
3] = 8.6Hz,4J = 1.6 Hz, 1H, indole-H), 8.13 (s, br, 2H,
—OSQNH,), 8.15 (d,*J = 1.6Hz, 1H, indole-H), 8.35
(t, 3J = 5.8Hz, 1H, NH-CO); IR 1631 (s, €0) cm L.
HPLC (MeCN/buffer 89:11vl/v; fluorimetric detection):
retention time 4.43 min (99%).

2.6.3. N-Dodecyl-1,3-dimethyl-2-
(4-sulfamoyl oxyphenyl)indol e-5-carbamide (4i)

Yellow viscous oil; 53% yield.lH NMR §: 0.85 (t,
3J = 6.8Hz, 3H, -CH-CH,), 1.18-1.29 (m, 18H,
—(CH,)9—CHg), 1.52-1.55 (m, 2H, N-C}-CH,-), 2.27
(s, 3H, C-CHy), 3.25-3.31 (m, 2H, N-C}+-CH,-), 3.64
(s, 3H, N-Ch), 7.45 and 7.58 (AMBB’, °J = 8.8Hz,
4H, ArH), 7.49 (d,%J = 8.7 Hz, 1H, indole-H), 7.74 (dd,
8] = 8.7Hz,4J = 1.7Hz, 1H, indole-H), 8.12 (s, br, 2H,
—OSQNH,), 8.15 (d,*J = 1.7Hz, 1H, indole-H), 8.34
(t, 3J = 5.7Hz, 1H, NH-CO); IR 1629 (s, €0). HPLC
(MeCN/buffer 89:11 v/v; fluorimetric detection): retention
time 6.62 min (100%).

2.7. Materials and reagents for bioassays

[3H] 17B-Estradiol, PH] estrone sulfate (ammonium
salt), and $%C] estrone were purchased from NEN (Dreie-
ich, Germany); all other biochemicals were obtained from
Sigma (Munich, Germany). Hormone-sensitive human
MCF-7 breast cancer cells and hormone-independent hu-
man MDA-MB 231 breast cancer cells were obtained from
the American Type Culture Collection (ATCC). MCF-7/2a
cells with the reporter construct integrated in the genome
had been cloned in authors’ laboratd8p].

2.8. Seroid sulfatase assay

The previously described assdf6] was used with
one major alteration: MCF-7 cells were replaced by the
hormone-independent MDA-MB 231 cell line. Cells were
grown in 250 ml flasks in phenol red-containing McCoy'’s
medium supplemented with 5% FCS at°& in a hu-
midified atmosphere containing 5% @OShortly before
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confluence they were harvested by addition of trypsin/EDTA and test compound required to decrease the amount of bound
solution and suspended in 11 ml of fresh medium. One radioactivity by 50%, multiplied by 100.

ml-aliquots of the cell suspension were transferred to 25 ml

flasks followed by the addition of 9ml of medium con- 2.11. Estimation of estrogenic activity in stably transfected
taining 10% FCS. After 3—4 days of incubation the cells MCF-7/2a cells

have reached 80% confluence and can be used for this as-

say. After removal of the medium, cells were washed with  One week before the start of the experiment, cells
PBS (2.5ml) followed by the addition of medium without were cultivated with medium supplemented with 10%
FCS (2.5ml), 2Qul of a 0.25uM [3H] estrone sulfate so-  dextran/charcoal-treated fetal calf serum (ct-FCS). Since
lution (520,000dpm), leading to a final concentration of the MCF-7/2a cells carry the gene for neomycin resistance
2nM, and 25ul of inhibitor dissolved in DMF. After an cells were grown in the presence of 0.35mg neomycin
incubation period of 20 h at standard conditions cells were (Geneticin€)/ml. Untreated cells were seeded into six-well
cooled to #C for 15min before 1 ml of the supernatatant plates 24 h prior to the addition of test compounds, ref-
was transferred into a test tube. After the addition’d€] erence drugs or combinations of estrone sulfate (100 nM)
estrone (7500 dpm) the mixture was vortexed with toluene with an inhibitor in various concentrations. The incubation
(5ml). For an efficient separation of the two phases, the period was 50 h. Before harvesting, cells were washed twice
mixture was centrifuged at 1000 g for 10 min. Two ml with PBS. Cell lysis buffer (20, pH 7.8) containing

of the toluene layer and 3ml of scintillation liquid were 5mM TRIS-phosphate, 0.4 mM dithioerythritol, 0.4 mM
used for the separate determination of both nuclei. Values 1,2-diaminocyclohexanB;N,N’,N’-tetraacetate, 10% glyc-
for maximum conversion to3H] estrone (controls) were  erol, and 1% Triton X-100 was added to each well. After
obtained with 2. DMF without inhibitor. Background 20 min at room temperature cells were collected, cleared by
radioactivity was determined in the absence of cells. centrifugation and stored at20°C.

Since all values were standardized for the protein content Luciferase activity was assayed using the Promega kit ac-
of each flask the remaining medium was removed from the cording to manufactor’s protocol. The luminescence gi.BO
flask, the cells were washed with PBS (2.5ml) and lysed samples and Promega assay solution (100 ml) was measured
by the addition of lysis buffer (60@l). The protein content  in a luminometer Lumat LB 9501 (Berthold, Wildbad, Ger-

was quantified according to the method of Bradf{8€]. many). Luminescence (in relative light units, RLU) was in-
tegrated over 10s. The background was approximately 250
2.9. Reversibility of sulfatase Inhibition RLU/10s. All measurements were corrected for the protein

content of the samples quantified according to Bradfaéd

Cells were treated as described above (2.8) with one ex-using bovine serum albumin as standard. Unless stated oth-
ception. The inhibitor in a standard concentration @M erwise, average values and the deviations of three indepen-
was added withouBH] estrone sulfate. After incubation for ~ dent measurements are shownsd@alues were calculated
2 h, medium was removed, the cells were washed twice with from the dose—response curves.
2.5ml PBS, 2.5 ml of FCS-free medium was added together
with 20l of a 0.25uM [3H] estrone sulfate solution. The 2.12. Determination of antiproliferative activity in MCF-7
following steps were identical with those decribed above. cells

2.10. Estrogen receptor binding assay MCF-7 cells were grown in EMEM, supplemented with
sodium pyruvate (110 mg/ml), gentamycin sulfate (50 mg/l),
Relative binding affinities (RBA) were determined as de- NaHCQ; (2.2 g/l) and 10% FCS (Gibco). The serum was
scribed previously32]. The 50Qul incubation mixture com-  sterilized through a 0.20M filter (Sartorius, Goéttingen,
prised 5nM PH] 17B-estradiol (added in 100! Tris-buffer FRG) and stored at20°C. Cells were grown in a humidi-
(0.01 M, pH 7.5), supplemented with EDTA (0.01 M) and fied incubator in 5% C@at 37°C and harvested with 0.05%
NaNz (0.003 M)), 10°-10-°> M competing ligand (in 10| trypsin/0.02% EDTA in 0.15 M NacCl. At the start of the ex-
buffer), 100wl of calf uterine cytosol, and buffer. The mix-  periment, the cell suspension was transferred to 96-well mi-
ture was incubated for 18 h at°€, after which 0.5ml of croplates (100Gl per well). After growing them for 3 days in
dextran-coated charcoal (DCC) slurry (0.8% charcoal Norit a humidified incubator with 5% Cfat 37°C, medium was
A and 0.008% dextran in buffer) was added to the tubes, replaced by one containing the test compound, 100 nM es-
and the contents were mixed. The tubes were incubated fortrone sulfate, and 10% ct-FCS. Control wells (16 per plate)
90 min at £C and then centrifuged at 700 g for 10 min contained 0.1% of DMF that was used for the preparation of
to pellet the charcoal. An aliquot (1@0) of the super- the stock solution. The initial cell density was determined
natant was removed and radioactivity was determined by by addition of glutaric dialdehyde (1% in PBS; 1@Dper
liquid scintillation. Non-specific binding was calculated us- well). After incubation for 4—7 days, medium was removed
ing 5pM 17B-estradiol as competing ligand. RBA was cal- and 10Qul of glutaric aldehyde in PBS (1%) were added
culated as the ratio of the molar concentrations of estradiol for fixation. After 15min, the solution of aldehyde was
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decanted. Cells were stained by treating them for 25 min indole part reacted first and it was not possible to obtain
with 100l of an aqueous solution of crystal violet (0.02%). monosulfamoylated products with the sulfamate function in
After decanting, cells were washed several times with water the phenyl ring. In further studies a route to the isomeric
to remove adherent dye. After addition of 10i0of ethanol monosulfamates should be elaborated. The sulfamoylation
(70%), plates were gently shaken for 2 h. Optical density of reaction of the carbamoyl derivativBe gave predomi-
each well was measured in a microplate autoreader EL 309nantly the corresponding nitrilég as the result of a water
(Bio-tek) at 578 nm. elimination. This sulfamoyl chloride catalyzed dehydration
proceeded smoothly at ambient temperature and only small
guantities of the sulfamoylated amide could be isolated.

3. Results For the synthesis of thd-alkylcarbamoyl derivative$a—c
the amide2e was deprotonated with sodium hydride and
3.1. Synthesis of non-steroidal inhibitors reacted with the respective alkyl bromide. The methoxy

group in these derivatives was cleaved with ethanethiol

The 2-phenylindole-based sulfamates were prepared adn the presence of AlGlto yield the phenols3g-. The
outlined in Scheme 1 The 2-(4-methoxyphenyl)indoles ~Sulfamoylation of3g-i to 4g-i required the deprotonation
la—e with various substituents in the indole moiety were Of the hydroxy groups with sodium hydride prior to the
obtained by the Bischler methog3]. The side chains  reaction with sulfamoyl chioride.
in 1-position were introduced by deprotonation of the
1H-indole with sodium hydride followed by alkylation 3.2. Inhibition of steroid sulfatase
with the respective alkyl bromides to give the 1-substituted
2-(4-methoxyphenyl)indole8a—e. Ether cleavage of these The target enzyme of these investigations is the steroid
derivatives with boron tribromide yielded compourgise sulfatase present in various human tissues including breast
with one or two free hydroxy groups which reacted with cancer cells. An appropriate source are human breast can-
sulfamoyl chloride to give the corresponding sulfamates cer cells which express this enzyme in sufficient quantities
4a—e (Scheme L When hydroxy groups were present in [37,38]and might be more relevant for the intended applica-
both aromatic rings the monosulfamates-d were isolated tion than placental microsomes used by ottj8g§. Unlike
as byproducts. In all these cases, the phenolic group in thein our previous studief26] we used ER negative MDA-MB

R3H3 R3H3 R3H3
R4H3 R4H3 R4H3
\ a \ b \
OMeHy—— OMeH3 OH
R5H3 N RSH3 N R5H3 N
H R R’
1 R®=H, Me; 2a-e R'=CHg, CoHs, 3a-e R*
R4 = H, CONH2 C4Hg, C7H15, C10H21 = Hy
R®=H, OCHj3 CONH;
R®=H,
RSHS
R4H3 OH
¢ N\
3a-e B ———— OSOZNH2H3 + O \ Q OH
R5H N N
k1 H2N5020H3 h1
4a-f R*=H, CONH,, CN 5a-d R'=C,Hs, C4Hg,
Rs =H, OSOZNHz C7H15, C1oH21

ROHNCOH; CH3

RGHNCOH, CHs3
d f
2¢ —E——— OMeH3e’— O \ Q OS
N N o7

CH, CHa NH

6a-c RO = CgHyz, C1oHas, CroHas 4g-i

Scheme 1. Synthetic routes for the preparation of sulfamoyloxy-substituted 2-phenyliddafes5: (a) 1.5 equivalent NaH, DMF, OC, 1 equivalent
R!Br, RT, 2h; (b) 4 equivalent BBt CH,Clo, —20°C, 3h; (c) 5 equivalent pNSQ,Cl, DMF, RT, 12 h; (d) 1.5 equivalent NaH, DMF°C, 1 equivalent
R8Br, RT, 2h; (e) 1.5 equivalent Alg] CH,Clp, 2.5 equivalent EtSH, 50C, 1 h; (f) NaH, DMF, C, 5min, RT, 1h, 10 equivalent #SG,Cl, 5°C
— RT, 12h.
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Table 1
Inhibition of estrone sulfatase by 1-alkyl-2-phenylindole sulfamates

3
R? A
YR A
R’ |
R

1

Compound R R? R3 R* R® Inhibition of sulfatas® Inhibition of E1 sulfate actich
ICs0 (kM) (% at 1uM) ICs0 (kM) (% at 1uM)

4a CoHs OSONH2 H H OSONH2 0.002 >1 (29%)

5a CoHs OH H H OSQNH, 0.72 >1 (17%)

4b CsHg OSONH2 H H OSONH2 0.004 0.17

5b CaHo OH H H OSQNH,  >1 (23%) >1 (34%)

4c C7H1s5 OSO)NH2 H H OSONH2 0.35 0.37

5¢ C/His  OH H H OSQNH,  >1 (28%) 0.8

4ad CioH21 OSONH2 H H OSONH2 >1 (33%) 1.0

5d CioH21 OH H H OSONH» >1 (6%) 0.9

de CH3 OSONH3 CH3 CONH, H 0.21 0.31

4f CH3 OSONH3 CH3 CN H 0.066 0.12

3g CHs OH CHs  CONHGHi;  H >1 (10%) >1 (1%)

4q CHs OSONH» CHs CONHGgH17 H 0.097 0.11

3h CHs OH CHs  CONHGioH»  H >1 (12%) >1 (25%)

4h CH3 OSONH3 CH3 CONHGCoH21 H 0.106 0.02

3i CHa OH CHs  CONHCpHps — H >1 (7%) >1 (4%)

4i CHs OSO)NH2 CHs CONHGC2H25 H 0.039 0.09

EMATE® 0.0006 —(—50%Y

a|nhibitory effect on the conversion ofifi] estrone sulfate (2nM) to®H] estrone by MDA-MB 231 cells; mean of triplicates.

bInhibition of luciferase activity, stimulated by 100nM estrone sulfate, in stably transfected MCF-7/2a cells; mean values of two independent
experiments with six replicates; S.D. axe10%.

¢ Estrone-30-sulfamate.

d Negative % values indicate an additional estrogenic effect.

231 cells instead of ER-positive MCF-7 cells to avoid hor-  These data suggest that the lipophilic residue has to be
monal interference with cell proliferatigd0]. Inhibition of located in a position opposite of the sulfamate function for
enzyme activity was quantified by addintH] estrone sul- strong inhibition. In previous studig83] we showed that
fate to the cells and measuring the conversion to ffé [ the 2-phenylindole system mimics the steroid structure and
estrone. The inhibitory activity of the new sulfamates varied the phenyl ring can play the role of the A-ring. Others have
over a wide rangeTable 1. The data clearly showed that demonstrated that lipophilic substituents in the-dpbsition

a sulfamoyloxy group has to be located in the phenyl ring, of 3-sulfamoylestradiol such as benzyl tert-butyl in-
since all the IGy values of the 6-sulfamoyloxyindoles with  crease the sulfatase inhibitory activity considerafly].

a free hydroxy group in the phenyl ring exceedqdM ex- Non-steroidal inhibitors of steroid sulfatase also benefit
cept for derivativeba (ICs5g 0.72uM). In the 1-alkylindole from lipophilic groups as it has been shown for COUMATE
series the 16 value increased with the length of the alkyl [22]. The positive effect of the lipophilic residue can be
chain. This result was unexpected since the correspond-rationalized by the association of the steroid sulfatase with
ing disulfamate with a 10-(pentylsulfonyl)decyl side chain the membrane of the endoplasmic reticulj4i,42] and
showed a value of 0.0ZM [26], obviously due to the the possibility of achoring the inhibitor in the membrane.
presence of the polar sulfonyl function. In the same study, The inhibition of steroid sulfatase by potent inhibitors is
we demonstrated that the additional sulfamoyloxy group in irreversible Table 3. This observation is in agreement with
the indole moiety can be replaced by other polar residuesthose reported for other sulfama{d$]. The inactivation of
such as ester, amide or nitrile functions. This result was the enzyme lasted for several days (data not shown). The
confirmed by the amidele and the nitrile4f with 1Cso partial reversibility of derivativeSa and4c can be attributed
values of 210 and 66 nM, respectiveljaple J). Since the to their incomplete blockade of the enzyme at the concen-
introduction of a long alkyl side chain into the 1-position tration used in this assay.

decreased the inhibitory effect, we decided to link the

lipophilic residues to the amide group #&. The enzyme 3.3. Estrogenic activity in MCF-7/2a cells

inhibition increased upon this modification. The most potent

inhibitor (4i) with a dodecyl group displayed a dgvalue The aim of this study was the identification of non-steroidal
of 39nM, which is only exceeded by the disulfamaties compounds that inhibit the enzyme steroid sulfatase with-
and4b. out estrogenic side effects, but possibly with antiestrogenic
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Table 2 Table 3

Reversibility of enzyme inhibition after preincubation with inhibitor Relative binding affinities of 1-alkyl-2-(4-hydroxyphenyl)indolo8a—e
and monosulfamatesa—d

Compound Inhibition of steroid Sulfatase activity after %3

sulfatas@ 1Cso (nM) preincubatioR (%) R N

- z ; IOon

5a 720 66 R L

4b 4 0

4c 350 52 Compound R R® R4 RS RBA?

4f 66 0 E® 100

4 39 0 3a CHs  H H OH 7.1

EMATE 0.6 0 5a CoHs H H OSONH; 0.08

aDetermined by incubation of MDA-MB 231 cells wit?Hi] estrone 3b CaHy H H OH 5.7
sulfate and inhibitor for 20 h. Sb CaHo H H OSCNH2 0.15
b Determined after preincubation of MDA-MB 231 cells with inhibitor ~ 3€ CrHis H H OH 2.0

(1 M) for 2h and subsequent removal of inhibitor. 5¢ CrH1s H H OSGNH; 0.04
3d C1oH21 H H OH 0.95
5d CioH21 H H OSO:NH3 0.11

activity. Both actions were determined in stably transfected 3¢ CHs CHg CONH; H 0.02

MCF-7/2a breast cancer cel85]. These cells express the aRelative binding affinities for the calf uterine estrogen receptor,

ER as the wild-type cells and carry the luciferase gene determined by incubation at"€ for 20h.

under the control of an estrogen response element (ERE)  L178-Estradiol.

as the reporter for estrogen-driven gene expression. Signifi-

cant estrogenic activity was observed for the disulfardate

and its dihydroxy precursda at a concentration of LM antiestrogenic activity in this assay when given in combi-
(Fig. 2. The estrogenic effect o8a was not unexpected nation with 1 nM estradiol (data not shown).

since 2-phenylindol-6-ols with short alkyl groups are known

to act as estrogens in vii@3]. The hormonal activity of ~ 3.4. Inhibition of estrone sulfate-stimulated gene

4a can be rationalized by hydrolysis of the sulfamoyloxy expression in MCF-7/2a cells

groups because only the hydroxy derivatives bind to ER

(Table 3. As expected from the literature, EMATE proved All compounds with the hydroxy groups converted to
to be a potent agonist and exceeded the value for estradiokulfamate were shown to act as steroid sulfatase inhibitors of
considerably when tested apM (Fig. 2). Interestingly, the  variable potencies. The overall effect of these agents on gene
two homologues with a heptyl and a decyl chain showed expression of estrogen-sensitive cells may arise from both

140
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Luciferase activity (% of E1)
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Fig. 2. Estrogenic activities of the 2-phenylindole disulfama@gd in stably transfected MCF-7/2a breast cancer cells in comparison to the corresponding
dihydroxy derivatives3a—d and the reference drugs estrone (E1), estrone sulfate (E1S), and estesgfamate 7). Concentrations of estrone and
estrone sulfate were 1 nM, all other concentrations wgr&1Control cells (NH) received only the vehicle. Values are mearts.D. of three independent
experiments.
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Fig. 3. Antiproliferative effects of disulfamateta—c and of the monosulfamatBa on estrogen-sensitive MCF-7 breast cancer cells stimulated with
100 nM estrone sulfate. T/C values are given as ratio of treated cells and controk cEll® after incubation and crystal violet staining, and are means
+ S.D. of 16-24 replicates.
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Fig. 4. Antiproliferative effects of carbamoyl sulfamat&s-i on estrogen-sensitive MCF-7 breast cancer cells stimulated with 100 nM estrone sulfate. T/C
values are given as ratio of treated cells and control celB00 after incubation and crystal violet staining, and are mear&D. of 16—24 replicates.

enzyme inhibition and (antihormonal action. After these and is in agreement with the effect of EMATEaple 1and
different activities had been quantified separately, the com- Fig. 2).

bined effects of the sulfamates on transcriptional activity

was estimated in MCF-7/2a cells by using estrone sulfate 3.5. Inhibition of estrone sulfate-stimulated proliferation

(100 nM) as the agonist instead of estradiol or estrone. Gen-of MCF-7 cells

erally there was a good agreement betwen both inhibitory

effects (Table ). An exception was the indokg, the most Our interest in sulfatase inhibitors is mainly focussed
potent sulfatase inhibitor in this series, which did hardly in- on their potential use as therapeutic drugs for the treat-
terfere with estrone sulfate in this assay. This can be ratio- ment of hormone-dependent breast cancer. Therefore, most
nalized by the estrogenic activity of the free hydroxy form of the sulfamates were tested for antiproliferative activity
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in MCF-7 breast cancer cells stimulated with estrone sul- In a preliminary study with one of the 2-phenylindole
fate at 100 nM, a concentration also used by otljéd. sulfamates, we found that the sulfamate is hydrolyzed to the
All of the tested indoles inhibited the growth of these cells free hydroxy derivative within a few days when kept under
with 1Csg values in the range from 1 to JM (Figs. 3 tissue culture conditions. In the presence of MCF-7 cells, the
and 4. The most active derivatives displayed values close phenolic metabolite is converted to its sulfate by sulfotrans-
to 1M which is one order of magnitude higher than the ferases present in breast cancer d&@8. The formation of
ICs50 values for gene activation. An exception is compound conjugates with sulfuric acid is obviously faster than their
4c which showed similar activity in both assays. This result hydrolysis by steroid sulfatase. Maybe some of the effects
can be explained by the moderate antiestrogenic propertiesattributed to the sulfamates are in fact due to the forma-
of the corresponding hydroxy derivative (data not shown). tion of the analoguous sulfates, which have been shown to
ER-independent cytostatic effects which have been observedoe both inhibitors and substrates of steroid sulfat§$ép
for 2-methoxyestrone-8-sulfamate[45] can be ruled out  The facile hydrolysis and the equilibrium between the hy-
since the growth of hormone-independent MDA-MB 231 is droxy form and the sulfates add to the biological complex-
not inhibited at JuM (data not shown). ity of sulfamates whose free hydroxy forms and/or sulfates
possess also hormonal activity. For further development of
sulfamates as potentially useful inhibitors of steroid sulfa-
4. Discussion tase in the therapy of hormone-dependent breast cancer it
might be necessary to analyze the biological profiles of both

The array of assays used for the evaluation of new the sulfamate and its metabolites.
non-steroidal sulfatase inhibitors was designed to study the
effects of the substances in systems of increasing com-
plexity. The whole cell assay for measuring sulfatase in Acknowledgements
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