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A series of water-soluble L-lysyl- and L-alanyl-amide prodrugs of the lipophilic antitumor 2-(4-
aminophenyl)benzothiazoles has been synthesized to address formulation and bioavailability
issues related to the desired parenteral administration of the chosen clinical candidate. The
prodrugs exhibit the required pharmaceutical properties of good water solubility (in weak acid)
and stability at ambient temperature and degradation to free base in vivo. The lysyl-amide of
2-(4-amino-3-methylphenyl)-5-fluorobenzothiazole (NSC 710305, 6d) has been selected for phase
1 clinical evaluation.

Introduction

Small and simple heterocyclic structures often have
surprisingly complex biological properties. Antitumor
2-(4-aminophenyl)benzothiazoles are a case in point:
their development from humble beginnings as synthetic
intermediates in a program searching for tyrosine
kinase inhibitors to their present status as agents in
advanced preclinical development is a remarkable one.
Structure-activity relationship studies based on the
initial lead compound 2-(4-aminophenyl)benzothiazole
(1a) established that certain substituents (Me, Cl, Br,
I) in the 3′-position of the phenyl group (Figure 1)
produced novel agents with potent activity in certain
breast, ovarian, renal, colon, and lung cell lines in
vitro.2-4 Particularly noteworthy features of this series
were their unique in vitro selectivity fingerprint (COM-
PARE5 negative with other known clinical classes of
antitumor agent in the NCI Developmental Therapeu-
tics 60 cell line screen) and highly unusual biphasic
dose-response relationship. On the basis of superior in
vivo activity, 2-(4-amino-3-methylphenyl)benzothiazole
(DF 203; NSC 674495; 1b) was initially selected as the
lead compound for further study.

Mechanistic studies have established the crucial role
of metabolism6,7 in mediating the antitumor effects of
this class of agent. The major metabolite of compound
1b in vitro was found to be the corresponding 6-hydroxy
analogue (6OH 203; NSC 703785; 2)7 (Figure 1) and the
enzyme responsible for this biotransformation to be the
P450 isoform CYP1A1.8,9 The identification of the 6-hy-
droxy metabolite, however, presented problems in terms
of potential preclinical advancement of the project.
Compound 2 was found to be both inactive in cell lines
sensitive to parent compound 1b and to antagonize the
CYP1A1 activation step crucial to the antitumor activity

of 1b (thus accounting, at least in part, for the biphasic
dose-response relationship). Our medicinal chemistry
approach to circumvent this deactivating metabolism
centered on the synthesis of various fluorinated ana-
logues of 1b, from which, surprisingly, 2-(4-amino-3-
methylphenyl)-5-fluorobenzothiazole (5F 203; NSC
703786; 1d) emerged as the most potent analogue in in
vitro evaluations.10,11 Intriguingly this agent, unlike the
corresponding 6-fluoro isomer (6F 203, 1e), abolished
the biphasic dose-response relationship seen in vitro,
presumably by inhibiting the formation of inactive
exportable hydroxylated metabolites.11

To minimize the possibility of first pass deactivating
metabolism and/or potential hepatotoxicity of a clinical
candidate following induction of P450 1A1 in the liver,
a parenteral formulation of the chosen drug was desired.
As is common at this stage of a development program,
the lipophilicities of this series of agents severely limited
drug formulation options. (For compound 1b: log P in
octanol:buffer at pH 7.4 ) 3.96; log P in cyclohexane:
buffer at pH 7.4 ) 2.51; ∆log P ) 1.45.) Also, their
weakly basic properties (pKa values e 3.0),12 militated
against simple addition salts being considered since they
dissociated to insoluble free bases at physiologically
acceptable pH values.
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Figure 1. Chemical structures of antitumor 2-(4-aminophen-
yl)benzothiazoles 1a-f with numbering scheme, 6-hydroxy DF
203 metabolite 2, and sulfamate salt prodrugs 3.
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Our first attempt to address these formulation and
bioavailability issues through a study of the synthesis
and physicochemical properties of novel sulfamate salt
derivatives 3 (Figure 1) as potential prodrugs of 2-(4-
aminophenyl)benzothiazoles was reported recently.1
Although the salts were found to be sparingly soluble
under aqueous conditions (pH 4-9), significant degra-
dation to the active free amine occurred only under
acidic conditions (pH 4) at 50 °C. Clearly a new
approach to prodrug design was required which would
allow release of the active free amine under physiologi-
cal conditions.

We now report the synthesis of L-lysyl- and L-alanyl-
amide prodrugs of representative 2-(4-aminophenyl)-
benzothiazole antitumor agents. This strategy is similar
to the one used by Pochopin et al.13 in preparing water-
soluble prodrugs of Dapsone.

Subsequent physicochemical evaluations focused on
the chosen clinical candidate, the prodrug lysyl-amide
dihydrochloride (NSC 710305; 6d)14 (Scheme 1). More-
over, analysis of the plasma concentration-time profiles
following i.v. infusion of 6d in mice and dogs has shown
desired accumulation of active free amine 1d accompa-
nied by depletion of prodrug in plasma within 1 h of
treatment.15 A comparison of the mouse pharmacoki-
netics of prodrugs 6d and 7d revealed a higher sus-
tained plasma concentration of active drug 1d in the
case of the lysyl derivative 6d at levels known to elicit
cytocidal activity in vitro in sensitive cell lines.15

Chemistry

We have reported previously on the synthesis of 3′-
substituted derivatives of 2-(4-aminophenyl)benzothi-
azoles 1a-f which were used as the starting point for
our current investigations.2,11 These were coupled to Boc
protected lysine and Boc protected alanine using the
water-soluble carbodiimide 1-ethyl-3-[3′-(dimethylamino)-
propyl]carbodiimide‚HCl (WSC‚HCl) to give the deriva-
tized amino acids 4a-f and 5a-f, respectively (Scheme
1). Removal of the Boc protecting groups was ac-
complished by bubbling HCl gas through dichloro-
methane solutions of the coupled benzothiazoles. In an
earlier NMR study we have shown that simple 2-(4-
aminophenyl)benzothiazoles can undergo additional
protonation on the benzothiazole ring nitrogen in strong
acids.12 Accordingly, the products were dissolved in
water to dissociate any salts formed at these weakly
basic sites, and the dihydrochloride salts of the resulting
deprotected lysines 6a-f and the monohydrochloride
salts of the alanines 7a-f were isolated as yellow solids
following recrystallization from methanol/acetone.

Pharmaceutical Properties of the Lysyl-Amide
Dihydrochloride (NSC 710305, 6d)

The synthesis of the prodrug 6d from the amine
precursor 1d11 using the above method has been scaled
up16 to provide 100 g batches for formulation, toxicology,
and clinical work. The HPLC impurity profile17 of a
typical batch of the drug substance indicates >99.00%
purity accompanied by several minor impurities (data
not shown). Titration of 6d with aqueous sodium
hydroxide was used to determine the pKa1 and pKa2
(Figure 2). Results confirm that pKa1 is in the region
7.5 (representing dissociation of the dihydrochloride to
monohydrochloride) and pKa2 at 10.2 (monohydrochlo-
ride to free base). These observations clearly impact on
the pH-solubility profile of 6d (Table 1): the prodrug
has appreciable solubility (>53.2 mg/mL) at pH 5, where
it is essentially fully diprotonated, but solubility dimin-
ishes from 0.39 mg/mL at pH 7.4 to a meagre 0.010 mg/
mL at pH 10.5 where it is >50% in the neutral species
form.18

Accelerated stability studies of 6d are shown in
Figure 3.17 The prodrug was found to be particularly
stable at 25 °C (pH 4.5) with no loss of product after 45
days; a 10% loss of product was observed at 25 °C (pH
7.4). Final design of the clinical dosage form will be
determined at the conclusion of these studies.

Scheme 1a

a Reagents: (i) BocLys(Boc)OH, WSC‚HCl, HOBt, CH2Cl2; (ii) BocAlaOH, WSC‚HCl, HOBt, CH2Cl2; (iii) HCl (g), CH2Cl2.

Figure 2. Titration of 6d (NSC 710305) with aqueous sodium
hydroxide to determine pKa1 and pKa2.

Table 1. pH-Solubility Profile of 6d (NSC 710305)

pH solubility (mg/mL)

5.0 >53.2
6.3 7.00
7.4 0.39
8.5 0.075
9.6 0.02

10.5 0.010
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Conclusion

L-Lysyl- and L-alanyl-amide prodrugs of the antitumor
2-(4-aminophenyl)benzothiazoles (both fluorinated and
nonfluorinated) have been synthesized in two steps via
Boc protected precursors, from which the salt of 6d has
been selected as the clinical candidate. Prodrug 6d
possesses an attractive solubility and stability profile
amenable for design of a parenteral dosage form. The
results of pharmacokinetic antitumor efficacy and toxi-
cological studies on these agents will be published
elsewhere.

Experimental Section
All new fluorinated benzothiazoles were characterized by

elemental microanalysis (C, H, and N values within 0.4% of
theoretical values). Melting points were determined with a
Gallenkamp melting point apparatus and are reported uncor-
rected. 1H and 13C NMR spectra were recorded on a Bruker
ARX250 spectrometer. IR spectra (as KBr disks) were deter-
mined on a Mattson 2020 GALAXY series FT-IR spectrometer.
Mass spectra were recorded on an AEI MS-902 or a VG
Micromass 7070E spectrometer. TLC systems for routine
monitoring of reaction samples and confirming the homogene-
ity of analytical samples, used Kieselgel 60F254 (0.25 mm)
silica gel TLC aluminum sheets. Sorbsil silica gel C 60-H (40-
60 µm) was used for flash chromatographic separations.
Analytical data for compounds 6d and 7d are presented here;
data for the remaining compounds are presented as Supporting
Information.

General Method for the Synthesis of Amino Acid Salt
Derivatives of 2-(4-Aminophenyl)benzothiazoles (6a-f,
7a-f). 2-(4-Aminophenyl)benzothiazoles (1a-f) (7.75 mmol)
were dissolved in dichloromethane (100 mL) and stirred at
room temperature. To this solution was added 1-ethyl-3-(3′-
(dimethylamino)-propyl)carbodiimide‚HCl (WSC‚HCl) (2.3
mmol), 1-hydroxybenzotriazole (HOBt) (2.3 mmol), and Boc
protected amino acid (2.3 mmol). After the mixture was stirred
for 24 h, a further 2.3 mmol of each reactant was added, and
stirring continued for a further 24 h. This procedure was
repeated twice more and stirring continued for a further 3
days, until a clear solution resulted. The solvent was removed
under reduced pressure and the resulting oil purified by
column chromatography (2% methanol/dichloromethane). Re-
crystallization from ethanol gave a white solid.

The Boc protected amino acid derivative (4, 5) (3.5 mmol)
was dissolved in dichloromethane (20 mL). Dry HCl gas was

bubbled through the solution to saturate it, and then the
reaction mixture was stirred for a further 2 h at 25 °C. The
precipitate was filtered and washed with dichloromethane (10
mL) to leave a bright yellow crystalline solid. Recrystallization,
if required, was carried out using methanol/acetone.

(S)-2,6-Diaminohexanoic acid [4-(5-fluorobenzothia-
zol-2-yl)-2-methylphenyl]amide (6d): from 4d, yield 72%;
mp 290-294 °C; IR 3441 (NH), 1664 (CdO) cm-1; 1H NMR
(DMSO-d6) δ 10.48 (1H, brs, NH), 8.63 (3H, brs, NH3

+), 8.22
(1H, dd, J 5.0, 7.5 Hz, H-7), 8.07 (3H, brs, NH3

+), 8.02 (1H, d,
J 2.0 Hz, H-2′), 7.89-8.00 (2H, m, H-4, H-6′), 7.80 (1H, d, J
7.5 Hz, H-5′), 7.39 (1H, dt, J 2.0, 7.5 Hz, H-6), 4.28 (1H, m,
CH), 2.82 (2H, m, CH2), 2.43 (3H, s, CH3), 2.10-1.41 (6H, m,
CH2CH2CH2); MS (CI) m/z 387.4 (M+1); Acc. mass (ES) m/z
387.1690 (calc. mass for C20H24N4OSF 387.1655); Anal.
(C20H23N4OSF‚2HCl) C, H, N.

(S)-2-Amino-N-[4-(5-fluorobenzothiazol-2-yl)-2-meth-
ylphenyl]propionamide (7d): from 5d, yield 90%; mp 280-
284 °C; IR 3405 (NH), 1791 (CdO) cm-1; 1H NMR (DMSO-d6)
δ 10.31 (1H, brs, NH), 8.43 (3H, brs, NH3

+), 8.23 (1H, dd, J
5.0, 7.5 Hz, H-7), 8.19 (1H, d, J 2.3 Hz, H-2′), 7.99 (2H, m,
H-4, H-6′), 7.72 (1H, d, J 7.5 Hz, H-5′), 7.37 (1H, dt, J 2.5, 7.5
Hz, H-6), 4.28 (1H, m, CH), 2.40 (3H, s, CH3), 1.55 (3H, d, J
7.0 Hz, CH3); MS (CI) m/z 330.3 (M+1); Anal. (C17H16N3OSF‚
HCl) C, H, N.
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