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Abstract—In our search for potent inhibitors of the enzyme estrone sulfatase (ES), we have undertaken the synthesis and bio-
chemical evaluation of a range of straight chain alkyl esters of 4-[(aminosulfonyl)oxy] benzoic acid. The results of the study show
that the synthesised compounds possess greater inhibitory activity when compared to COUMATE, although they were all found to
possess lower inhibitory activity with respect to EMATE. Furthermore, the data suggest a strong correlation between logP and ICs
and therefore adds further support to our previous report where we suggested a link between inhibitory activity and hydro-

phobicity. © 2002 Elsevier Science Ltd. All rights reserved.

In the treatment of hormone dependent breast cancer,
extensive research has been undertaken to produce
compounds which are both potent and selective inhibi-
tors of the cytochrome P-450 enzyme aromatase
(AR).!> However, the enzyme estrone sulfatase (ES)
provides another source of estrogens and is responsible
for the conversion of the stored (sulfated) form of the
estrogens to the active (non-sulfated) form (Fig. 1).

A number of steroidal inhibitors>~ have been investi-
gated as potent inhibitors of this enzyme, including
estrone-3-O-sulfamate (EMATE)—a time and con-
centration dependent irreversible inhibitor. However,
this compound has been shown to possess potent estro-
genic properties, and as a result, the investigation into
non-steroidal inhibitors has intensified. This search has
resulted in the coumarin derived compound, namely,
4-methylcoumarin-7-O-sulfamate (COUMATE) and
other derivatives, such as, 667- and 669-COUMATE
(Fig. 2). In general, the aminosulfonate moiety is
believed to be involved in the irreversible inhibition of
ES.

We have recently shown that the requirement of the
phenyl group within both the steroidal and, in parti-
cular, the non-steroidal inhibitors, is necessary for the
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stabilisation of the phenoxide ion® and that the incor-
poration of electron-withdrawing groups within the
phenyl ring can further increase the inhibitory activity.
However, the requirement of logP and the nature of the
role of this physicochemical property in the inhibition
of ES has yet to be fully rationalised. From the con-
sideration of the potential mechanism for the de-sulfa-
tation reaction catalysed by ES (Fig. 3), we proposed
that the role of logP was to aid the exit of the carbon
backbone from the active site—which is presumably
polar in nature so as to mimic (and therefore stabilise)
the sulfate group.

Here, we report the initial results of a study in an
attempt to consider the contribution of logP in the
overall inhibition of ES. We have therefore undertaken:
the synthesis of a number of straight chain esters of
4-sulfamated benzoic acid; biochemical evaluation
(including the mode of action, that is, reversible or
irreversible), and; the determination of the logP and pK,
values of the esters of 4-hydroxybenzoic acid in an effort

Figure 1. Action of the enzyme ES on estrone sulfate.
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to determine the effect of these two physicochemical
properties on the inhibitory activity of the ester based
compounds.

In the synthesis of the 4-aminosulfonated derivatives of
benzoic acid, modified literature procedure®’ (Scheme
1) was followed and was found to proceed well and in
good yield without any major problems. The syntheses
of methyl 4-hydroxybenzoate® and methyl 4-[(amino-
sulfonyl)oxy]benzoate® are described as examples. The
synthesised compounds were then evaluated for ES inhi-
bition using standard literature method so as to deter-
mine the initial screening inhibition and ICs, values,!°
whilst the mode of action was determined using a method
involving dialysis of bound/unbound inhibitor.!!

In the calculation of the logP (Table 1) of the amino-
sulfonated compounds, we discovered that very little is
known about the contribution of the sulfamate group
towards the overall logP of the molecule. In an effort to
simplify our logP calculations (using Projectleader™)
and therefore remove any potential problems with the
calculated values, we used the parent non-sulfamated
compounds as a guide to the determination of the
potential optimum logP.

Although the pK, values exist for a small number of the
phenols, we concluded that a more consistent approach
would be the determination of the pK, values of the
parent phenols considered within our present study
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Figure 2. Structures of EMATE and two coumarin-based inhibitors.
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Figure 3. Mechanism of action of ES on estrone sulfate.

(Table 2). The determination of the pK, of the starting
phenols involved a spectroscopic technique!? that con-
sidered the change in UV absorption by the phenolic
group under: acidic (pH 2); pH9, and; basic (pH 11)
conditions. The results of the pK, determination are
shown in Table 2 and are found to be within narrow
range (between 8.0 and 8.5).

The results of the determination of the logP, ICs, and
pK, values are shown in Tables 1 and 2, respectively.
The compounds were also evaluated for their mode of
action—it was discovered that all the synthesised com-
pounds were irreversible inhibitors of ES. A more
detailed consideration of logP and ICs, data from the
current study shows that within a given series of com-
pounds (where pK, is within a narrow range), the logP
of the inhibitors is an important factor in determining
the inhibitory activity (Fig. 4). Within the series of
compounds considered, an ‘optimum’ logP value is
observed at about 3.8 (for the parent phenolic com-
pound). It is interesting to note that the calculated logP
of the carbon backbone of a number of the known
potent inhibitors of ES is also close to the optimum
observed within the current study. For example, the
carbon backbones of two of the most potent inhibitors
known to date [EMATE and 669-COUMATE (Fig. 2)]
are calculated to possess logP values of 3.8 and 3.4,
respectively.

In conclusion, the results of the present study show that
logP is an important factor in determining the inhibi-
tory activity of the sulfamate containing inhibitors of
ES. Results of our previous studies have also shown
that pK, (which is related to the overall stability of the
~OR ion) is also a factor to be considered. Within the
present study, we have maintained the pK, at optimum
value through the use of esters of 4-hydroxybenzoic acid
as the starting compound. As a result, we have synthe-
sised some highly potent compounds which have served
as good lead compounds. As such, this is the first report
to show that these two factors can be combined in the
design of highly potent inhibitors of ES. Furthermore,
we have synthesised, through the consideration of the
physicochemical factors, some of the most potent non-
steroidal compounds known to date (the most potent,
14, being only 6.8 times weaker than EMATE, and 3.5
times more potent than COUMATE), only the tricyclic
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Scheme 1. Synthesis of the 4-sulfamate derivative of the substituted
benzoic acid [a=ROH/A/toluene; b=NaH/H,NSO,Cl/toluene]
(R=Me to Dec).

Table 1. Showing the synthesised compound, the calculated logP (of
the non-sulfamated 4-hydroxybenzoate derivatives) and the mean ICs,
values (n=23)

Compd R Calculated Percentage inhibition % 1Cso/uM
logP
[M=50uM [I]=10pM

2 CH; 1.49 74.7 25.4 31.6+1.23
4 C,H; 1.84 63.4 25.6 31.6+1.95
6 C;H; 2.30 76.9 42.6 13.24+0.4
8 C4Ho 2.70 ND 438.3 10.54+0.28
10 CsHy, 3.10 86.2 64.4 5.9+0.44
12 CeHi3 3.49 ND 72.6 3.8£0.16
14 C;H;s 3.89 83.7 69.5 3.4+0.25
16 CsHyy 4.29 80.4 63.0 5.0£0.26
18 CoHyo 4.68 76.2 ND 4.8+0.17
20 CioHyy 508 ND 36.5 22.4+0.48
EMATE — 3.80 ND 68.6% 0.54+0.001
COUMATE — 1.60 83.1 47.6% 12+0.16

ND =not determined.

Table 2. Calculated pK,, of parent phenols of compounds

Compd R Amax Ab (nm) pK,
2 CH; 296 8.28£0.07
4 C,Hs 296 8.224£0.09
6 CsH; 296 8.03£0.11
8 C,H, 295 8.07-£0.09
10 CsHy, 296 8.47+0.13
12 CeHis 296 8.52£0.15
14 CH,s 295 8.27+0.1
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Figure 4. Plot of ICs, versus logP of the synthesised compounds.

derivatives of COUMATE (namely, 667- to 6612-
COUMATE) are stronger inhibitors of ES.
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9. Methyl 4-[(aminosulfonyl)oxy]benzoate (2): Sodium
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10. ES assay: The total assay volume was 1 mL. 3H-estrone
sulfate (25pL, 20 uM/tube; 300,000 dpm) and the inhibitors
(50 pM/tube) dissolved in ethanol were added to a 10 mL assay
tube, and the ethanol removed with a stream of nitrogen. Tris—
HCI buffer (0.05M, pH 7.2, 0.2mL) was added to each tube.
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Placental microsomes were then diluted with Tris-HCI buffer
(115 pg/mL). The microsomes and assay tubes were pre-incu-
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incubation (at 37 °C), toluene (4 mL) was added to quench the
assay, and the tubes placed on ice. The quenched samples were
vortexed for 45s and centrifuged (3000 rpm, 10 min). 1 mL of
toluene was removed and added to SmL scintillation cocktail
(TRITONX). The aliquots were counted for 3min. All sam-
ples were run in triplicate. Control samples with no inhibitor
were incubated simultaneously. Blank samples were obtained
by incubating with boiled microsomes. It should be noted that
EMATE and COUMATE were synthesised within our
laboratories using published procedures and used within our
assays as the standard compounds.

11. Irreversible ES assay: The irreversible inhibition was

determined using EMATE (10 uM), COUMATE (100 uM), 12
(700 uM) and 14 (700 uM). Placental microsomes (18 mg/mL,
55uLl) were incubated with each of the inhibitors (25 uL in
ethanol, removed with a stream of nitrogen) in Tris-HCI buf-
fer (S0mM, pH 7.2, 945uL) at 37°C for 10 min. A control
tube with no inhibitor was incubated simultaneously (100%
tubes). An aliquot (100puL) in triplicate, was taken from
each sample and tested for ES activity using the procedure
above, except that 900 uL. of Tris—HCI buffer was added to
the assay tubes. A second aliquot (100 pL) in triplicate, was
subjected to dialysis at 4°C for 16h, with regular changes
of Tris—=HCIl buffer. The microsomes were then removed
from the dialysis tubing and tested for ES activity as descri-
bed above.
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