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Abstract—A series of sulfamate salt derivatives of the potent and selective 2-(4-aminophenyl)benzothiazole antitumour agents has
been prepared and their evaluation as potential prodrugs for parenteral administration carried out. The salts were sparingly soluble
under aqueous conditions (pH 4-9), and degradation to the active free amine was shown to occur under strongly acidic conditions.
The salts were found to be markedly less active than their parent amines against sensitive human tumour cell lines in vitro. © 2001

Elsevier Science Ltd. All rights reserved.

Introduction

The structurally simple and synthetically accessible 2-(4-
aminophenyl)benzothiazoles 1 possess potent and selec-
tive activity in certain human tumour cell lines in vitro
and in vivo.? As a series, their biological profile is unlike
any known investigational anticancer agents, and for
these reasons they are currently the focus of extensive
preclinical study.?

The lipophilicity of these agents, however, presents
limitations on drug formulation and bioavailability,
posing a pharmaceutical challenge as an aqueous iv
formulation is desired to minimise the possibility of first
pass deactivating metabolism* and improve drug
bioavailability. Compounds of this class are known to
be weak bases, for example, compound 1la (R=H) has a
pK, of 3.0 in cyclohexane,® and the salts undergo dis-
sociation in the pH range suitable for parenteral
administration. In previous studies in this area the sim-
ple mono- and di-hydrochloride salts of series 1 have
been synthesised, together with salts with methane- and
ethane-sulfonic acids, and analysis of the sites of proto-
nation carried out through observation of changes in
NMR chemical shifts on titration with TFA.%7 As part
of our attempts to develop water-soluble prodrugs
which generate the active free base under physiological
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conditions, we report here on the synthesis and physico-
chemical properties of one such class of agent, the 2-(4-
aminophenyl)benzothiazole sulfamate salts.

It is known that N-arylsulfamic acids are normally too
unstable to isolate and only a few are known in the free
state; the corresponding salts however are fairly stable
in neutral solution.® In order to investigate the pre-
viously unexplored potential for sulfamate salts to act as
prodrugs suitable for parenteral administration, sodium
and ammonium salts of the most potent members of the 2-
(4-aminophenyl)benzothiazole series were prepared.

Chemistry

The N-arylsulfamic acid salts 2a—d were prepared in
good vyields according to the method of Sureau and
Obellianne® from 2-(4-aminophenyl)benzothiazoles
1a—d as shown in Scheme 1.!0-!1
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Reagents and conditions: (i) CISO3H, 2-picoline; (ii) ag. Na,CO3 or NH3

Scheme 1. The synthesis of sulfamic acid salt prodrugs.
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Physico-Chemical Properties

In order to evaluate the potential of sulfamate salt pro-
drugs for potential iv formulation, we conducted a
number of studies on the physico-chemical properties of
both the sulfamate salts and the parent free amines. In
this respect log P determinations, solubility in solvents
suitable for parenteral administration, and the effect of
pH on the aqueous solubility and stability profiles were
determined. Studies were concentrated on compounds
where R was either a methyl or halogen group (Cl or I)
since these compounds have previously been shown to
be more potent and have an extended spectrum of
activity in certain human tumour cell lines as compared
to the unsubstituted (R =H) compound.?

Log P determination

The partitioning of benzothiazole free amines and the
sulfamate salts 2b and 2¢ was determined at ambient
temperature for systems of octanol:pH 7.4 phosphate
buffer and cyclohexane:pH 7.4 phosphate buffer with
the following results (Table 1).

Effect of pH on aqueous solubility and stability

Preliminary preparative chemical studies indicated that
sulfamate salt 2b degraded to free base 1b rapidly in 1
M HCI (aq) (59% conversion over 8§h at room tem-
perature) (Scheme 2) but was essentially stable in water.

The solubility of the sulfamate salt 2b was also deter-
mined at pH 3 and pH 7.4 using a citrate—citric acid and
a phosphate buffer, respectively. In each case, 2b was
shaken vigorously with the buffer for 1 h prior to filter-
ing the suspension through a 0.2 um polysulfone filter
unit. The filtrate was collected for HPLC analysis,'? and
solubility quantified by comparison of compound peak
areas in test samples with those containing known con-
centrations of 2b. The solubilities at pH 3 and pH 7.4
were found to be 0.01 and 2.1 mg/mL, respectively,
lower than was anticipated.

Table 1. Log P determinations for selected 2-(4-aminophenyl)benzo-
thiazoles and their sulfamate salts

Compound Log P* Log P® ALog P
1b 3.96 2.51 1.45
1lc >33 >3.2 Ind®
1d >3.3 >2.7 Ind®
le >33 >2.8 Ind®
2b —0.60 <-3.00 >2.40
2¢ —0.02 <-2.19 >2.17

2Qctanol:buffer (pH 7.4).
®Cyclohexane:buffer (pH 7.4).
“Ind, indeterminate.
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Scheme 2. Degradation of sulfamate salt 2b under acidic conditions.

The solubility of sulfamate salt prodrug 2¢ was deter-
mined over a pH range of 4-9 using a citrate—citric acid
buffer at pH 4, a phosphate buffer over the pH range of
5-7.5 and a glycine—sodium hydroxide buffer at pH 9,
using the method described for salt 2b. The solutions
prepared for the assessment of solubility were divided
and aliquots stored at ambient temperature and at
50°C. After a period of 2 days samples were subjected
to HPLC analysis for assessment of levels of degrada-
tion to free base 1¢ (Table 2).

The results below indicate that 2¢ has a rather limited
aqueous solubility over the pH range investigated. In
acidic media, there was significant degradation of 2¢ to
1c at 50°C with 21% being converted to 1c at pH 4.2
over 2 days. However, at neutral and alkaline pH this
degradation was not significant, nor was loss of sulfur
trioxide evident at ambient temperature over the pH
range studied.

Examination of the stability of compounds 2b and 2c¢ in
the presence of freshly prepared human plasma at 37°C
over a 4 h period by the HPLC method revealed that the
salts were stable under these conditions.

In view of the limited aqueous solubility of 2¢, its solu-
bility was also evaluated in a series of potential co-sol-
vents, resulting in greatly enhanced solubility, most
notably when using DMSO as co-solvent (Table 3).

Biological Results

The sulfamate salts 2a—d have been tested for in vitro
antitumour activity against the human breast tumour
cell lines MCF-7 (oestrogen receptor, ER +ve) and
MDA 468 (ER-ve) and compared to the results

Table 2. Aqueous solubility and stability of salt 2¢ over the pH range

4-9
Solution Solubility 1c (% total peak area)
pH of 2¢ (mg/mL)

50°C Ambient

temperature

4.2 0.5 21.3 0.4
5.4 0.3 33 0.3
6.0 0.4 0.7 0.1
7.1 0.3 0.2 0.1
7.5 0.3 <0.1 <0.05
9.0 0.7 0.2 0.1

Table 3. The effect of co-solvents on the solubility of 2¢

Co-solvent Estimated solubility
(mg/mL)
Ethanol >10
DMSO >140
Propylene glycol >5
5% Glucose >10
0.9% w/v Sodium chloride <2
10% DMSO in 0.9% saline 3

2Cannot be diluted further with aqueous media without precipitation.
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Table 4. 1Cs, values in sensitive breast cell lines MCF-7 (ER ) and
MDA 468 (ER™)

Sulfamate salt ICs5o (uM) (MCF-7)* ICso (UM) (MDA 468)*

2a (Y = Na) 3.4 75
2b 0.49 0.72
2 0.42 9.0
2d 1.8 1.9

aResults are the mean of at least three determinations.

obtained on the parent free bases according to methods
(MTT assay) previously described.? The sulfamate salts
were found to be generally several orders of magnitude
less active (typical ICsgs in the low micromolar range) in
comparison to their parent amines (ICsps in the range
<0.0001-0.001 pM)? in the MCF-7 and MDA 468 cell
lines (Table 4).

Conclusions

A series of sulfamate salt derivatives of the antitumour
2-(4-aminophenyl)benzothiazole series has been synthe-
sised in good yields. Studies focused on sulfamate salts
2b and 2c¢ revealed that neither was particularly soluble
in water over the pH range 4-9 and, furthermore,
decomposition of salt 2¢ to the active free base 1c¢c was
evident only at acidic pH at 50 °C. Since no degradation
of 2b or 2¢ was found in biological matrices conducted
as part of this study, further development of sulfamate
salts would depend on the salts demonstrating potency
in their own right. However, tests carried out on human
tumour cell lines in vitro, which were previously found
to be exquisitely sensitive to the parent amines, revealed
that the corresponding sulfamate salts were much less
active (Table 4). The sulfamate prodrug approach in
this instance, whilst a novel strategy in prodrug design,
was not found to yield the expected physico-chemical
characteristics for further drug development. The results
concerning other related prodrug strategies in the 2-(4-
aminophenyl)benzothiazole area will be reported in due
course.
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