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Abstract—Novel phenolic thiazoles compounds were prepared which demonstrated potent antioxidant activity and potent in vivo
neuroprotection in mitochondrial toxin models and also possess good oral bioavailability.
# 2003 Elsevier Ltd. All rights reserved.
1. Introduction

Neurodegenerative disorders, Alzheimer’s, Hunting-
ton’s and Parkinson’s disease as well as amyotrophic
lateral sclerosis are characterised by a selective or gen-
eralised neuronal dysfunction. The cascade of events
that leads to neuronal dysfunction and ultimately to cell
death is multifactorial involving mitochondrial dys-
function, neuro-inflammatory processes and oxidative
stress.1

Cells exposed to oxidative stress suffer DNA and lipid
damage which may overwhelm the cellular antioxidant
capacity resulting in cell death by apoptosis or necro-
sis.2 Free radicals are mainly produced during mito-
chondrial respiration and mitochondrial dysfunction
has been proposed as a cause of oxidative damage.3

Neuro-inflammatory processes have also been impli-
cated in the toxicity cycle leading to neuronal dysfunc-
tion.4 Inflammatory processes in the central nervous
system (CNS) lead to increased formation of proin-
flammatory cytokines, formation of reactive oxygen
species (ROS) and reactive nitrogen species (RNS).

Recently in our laboratories we have discovered novel
orally-active thiazole containing compounds (1 and 2)
that demonstrate potent in vitro antioxidant activity
and remarkable neuroprotection in in vivo models of
mitochondrial poisoning induced by different toxins.5

This report describes the chemical synthesis of these
compounds, their in vitro antioxidant activities and
preliminary in vivo biological results.
2. Chemistry

The thiazole compounds 1 and 2 were prepared accord-
ing to the synthetic pathway shown in Scheme 1.

Readily available N-Cbz or N-Boc protected a-amino
amides 1a and 2b were treated with phosphorous pen-
tasulphide in dimethoxyethane under basic conditions
to yield the corresponding thioamides 1b and 2c. The
use of the Lawesson’s reagent led to lower yields of
thioamides. The N-Boc protected intermediate 2b was
prepared from sarcosinamide 2a and 1a is commercially
available. The thioamides 1b and 2c in toluene were
then coupled to 3,5-di-tert-butyl-4-hydroxyphenacyl
bromide 3, to afford the thiazoles 1c and 2d. The car-
bamate protecting groups of 1c and 2d were removed
under acidic conditions to afford the primary and sec-
ondary free amines 1d and 2e.

Removal of the N-Cbz protecting group from inter-
mediate 1c under catalytic palladium-hydrogenation
proved problematic and basic hydrolysis (alcoholic
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potassium or sodium hydroxide solutions) afforded low
yields. The free amine were then transformed into their
respective dihydrochloride salts using hydrochloric acid
in anhydrous diethyl ether to provide 1 and 2 as readily
water-soluble compounds.
3. Results and discussion

The butylated hydroxy toluene (BHT) (2,6-di-tert-butyl-
4-methylphenol) moiety of compounds 1 and 2 is a fea-
ture common to many antioxidants. The antioxidant
activity of BHT is believed to be partly due to its capa-
city to scavenge free radicals and by doing so ultimately
terminate the free-radical chain oxidation cycle. The
capacity of 1 and 2 to act as antioxidants was measured
by their ability to inhibit iron-induced lipid peroxi-
dation (LPO) in rat brain microsomes.6 LPO induced by
Fe2+ is due to the generation of free radicals where the
antilipoperoxidant activity of 1 and 2 is measured by
their ability to reduce the concentration of mal-
ondialdehyde, a product of unsaturated fatty acid per-
oxidation.

The compounds 1 and 2 were expected to have
improved antioxidant activity compared to BHT. This
may be partly attributed to the extra stabilisation of the
phenoxy radical (product of free radical scavenging)
provided by the p-conjugated thiazole system in 1 and 2
compared to the simple aromatic nucleus of the BHT
compound. As can be seen from Table 1, the com-
pounds are potent inhibitors of LPO. As antioxidants
they are approximately 30–60 times more potent than
BHT and the antioxidant drug edaravone,7 a recently
launched neuroprotective agent.

The mitochondrial protecting activities of the com-
pounds were evaluated in specific in-vivo mitochondrial
toxin models. 1-Methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) and potassium cyanide (KCN) are
neurotoxins that block ATP production at different sites
of the mitochondrial respiratory chain.8 The toxins
inhibit respectively complex I (NADH dehydrogenase)
and IV (cytochrome c oxidase) of the respiratory chain
causing free radical generation and ultimately leading to
neuronal cell death.

The compounds were evaluated for their ability to pro-
tect against KCN induced toxicity in mice as a measure
of their anti-anoxic effect.9 Compounds were admini-
strated orally 1 h before the KCN challenge and the
time between KCN injection and the last gasp (the sur-
vival time) was determined.

The antioxidants BHT and edaravone orally admini-
strated were inactive while the thiazole derivatives were
found to dramatically delay death (see Fig. 1A). The
compounds 1 and 2 were found to have ED50’s of 9.3
and 9.7mg/kg.

The remarkable protection observed for these com-
pounds in this acute model of intoxication was shown
where the mice treated with the highest dose of 30mg/
kg were still alive 24 h after cyanide intoxication.

MPTP administration to rodents induces a selective and
extensive destruction of dopaminergic neurons in the
substantia nigra pars compacta and provokes the
depletion of brain dopamine thus providing a striking
pathological analogy to Parkinson’s disease.10 Mono-
amine oxidase-B (MAO-B) mediates the conversion of
MPTP to 1-methyl-4-phenylpyridinium (MPP+), its
Scheme 1. (i) BocOBoc, diisopropylethylamine, dichloromethane, 0–
20 �C, 72%; (ii) (a) P2S5, dimethoxyethane, solid NaHCO3, 0–20

�C,
48 h, 75%; (ii) (b) 65%; (iii) (b) toluene, 90 �C, 3 h, 72%; (iii) (c) 28%;
(iv) (c) concentrated HCl, glacial acetic acid, 100 �C, 1 h, basic
workup, 88%; (iv) (d) trifluoroacetic acid, dichloromethane, triethyl-
silane, 0 �C–rt, 1 h, basic workup, 73%; (v) 1N HCl in anhydrous
diethyl-ether, diethyl-ether as solvent, quantitative yields.
Table 1. The effect of compounds 1, 2, BHT and Edaravone on the

inhibition of lipid peroxidation and protection against potassium cya-

nide induced lethality and the neuroprotective effect of 1 and 2 on

MPTP-mediated loss of dopamine.

Compd R1 LPO KCN induced MPTP mediated

inhibition
IC50, mMa
lethality
ED50, mg/kg

b

dopamine loss
ED50, mg/kg

b

1
 H
 0.54
 9.3
 6.5

2
 CH3
 0.93
 9.7
 4.3

BHT
 30.00
 NSc
 —

Edaravone
 32.00
 NSd
 —
aValues are from one experiment in quadruplicate.
bDose producing 50% activity, n=9–10, see Figure 1.
c NS, non significant effect when tested at 30mg/kg (po).
dNS, non significant effect when tested up to 100mg/kg (po).
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toxic metabolite accumulating in the mitochondria
where it disrupts cellular respiration.

Oral administration of 1 at 1, 3, 10mg/kg and 2 at 1, 3,
10, 30mg/kg antagonised, in a dose-dependent manner,
dopamine depletion in the mouse striatum11 induced by
MPTP (see Fig. 1B). The ED50 for 1 was found to be
6.5mg/kg and for 2 was 4.3mg/kg. The remarkable
protection afforded by these compounds in this model
can be seen where 1 provided a 68% protection against
brain dopamine depletion at 10mg/kg and 2 at the same
dose provided 100% protection.

In conclusion, we have synthesised new phenolic thi-
azoles 1 and 2 which are potent antioxidants. They are
orally bioavailable and afford potent in vivo neuropro-
tection in models of mitochondrial toxin administra-
tion. Since the neurotoxins administrated act at different
levels of the mitochondrial respiratory chain it may be
considered that these compounds are acting as mito-
chondrial protecting agents.5b Moreover, it has recently
been shown that 1 provided increased survival and
neuroprotective effects in a transgenic mouse model of
Huntington’s disease.12

In the light of these promising results, compounds 1 and
2 merit further study.
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