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Abstract 6-lodo-2-(4-methoxyphenyl)-1H benzo [d] imidazole is synthesized as example of benzoimidazole derivative.
It could be labeled with auger emitter *°I successfully with yield about 94.5%. The labeled product was evaluated by paper
chromatographic method and paper electrophoresis. Then the reaction parameters studied were amount of benzoimidazole
derivative, pH of the reaction mixture, reaction time, temperature, and amount of oxidizing agents to optimize the
conditions for the labeling of benzoimidazole derivative and to obtain a high radiochemical yield of the **°I benzoimidazole
derivative. In a reaction vial of 1.0 ml capacity with a Teflon septum and screw cap, 200 uCi of sodium [**I] iodide, 0.1
mg of substrate, 50 pl of CAT as oxidizing agent at room temperature for 15 min, a maximum radiochemical yield of
(94.5%) was obtained. The biodistribution data showed substantial uptake of 4.5440.10 (%ID/g+SD) in the brain at 5 min
post-injection. The biological distribution in normal mice indicates that radioiodinated *°I benzoimidazole derivative is a

novel agent for brain imaging.
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1. Introduction

In recent years, different imidazole and benzoimidazole
drugs have been found to be associated with several
biological activities such as antiparasitic, antifungal,
anti-inflammatory, and antibacterial activities [1-7]. Some
imidazole and benozimidazole derivatives have surface
activity and when used in high concentrations are able to
damage membranes [8, 12]. This situation is independent on
the culture medium and growth rate. Imidazoles can interact
directly with the lipid bilayer of the plasma membrane,
probably by binding to the unsaturated fatty acids [13, 17].

Alzheimer’s disease (AD) is a slowly progressive and fatal
neurodegenerative  brain  disorder  associated  with
progressive episodic memory loss and decrease of cognitive
functions and characterized by the presence of amyloid
plaques and neurofibrillary tangles [18-19]. As the number
of affected people, as well as the economical and social
impact, will increase in the future due to the increasing
average life span, the search for a radioactive tracer which
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allows in vivo diagnosis of AD in an early stage has become
an important research object during the last years [20-25].
Developing B — amyloid imaging probes is currently an
emerging field of research. The basic requirements for
suitable probes include (i) good penetration of the
blood—brain barrier, (ii) selectively binding or labeling
B-amyloid plaques, and (iii) displaying clear and contrasting
signals between plaques and non-plaques.

Based on these requirements, several promising agents
with the backbone structure of DDNP, thioflavin-T, and
Congo Red have been synthesized and evaluated for use in
vivo as probes to image B-amyloid plaques in AD brain.
Recently, a number of groups have reported new p-amyloid
binding probes without the basic structures of DDNP,
thioflavin-T and Congo Red. Most of these probes have two
aromatic rings. Among them, 1,4-diphenyltriazole and
2,5-diphenylthiophene derivatives have triazole and
thiophene between two benzene rings, respectively, and it
has been shown that they have tolerance for binding to Ab
aggregates [26, 27]. This paper describes the study carried
out for the preparation of iodinated benozimidazole
derivative using CAT as oxidizing agent and the influence of
various reaction parameters and conditions on
radioiodination efficiency were investigated and optimized
in order to maximize the radiochemical yield.
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2. Experimental

2.1. Materials

All chemicals were purchased from Merck Co. and all
other reagents were of analytical grades. Chloramine-T [N-
chloro-p toluene sulfonamide salt (CAT)] from Aldrich.
Thin layer chromatography (TLC) aluminum sheets (20 9 25
cm) SG-60 F254 (Merck). Na'®1 (185 MBg/5 ml) in diluted
NaOH, pH 7-11 was purchased from Institute of Isotopes,
Budapest, Hungary.

2.2. Equipments

The 1H-NMR spectra were recorded on a Varian Gemini
200 NMR Spectrometer at 300 MHz with TMS as a standard,
Mass spectrum was performed by a shimadzu Gc-MS-QP,
100 Ex (shimadzu, Japan), Faculty of Science, Cairo
University. Radioactivity was measured by means of a
gamma-counter (Nucleus Model 2010) connected with a
well type Nal (TI) crystal.

2.3. Animals

Female Swiss Albino mice weighing 20-25 g were
purchased from the Institute of Eye Research Cairo, Egypt.
The animals were kept throughout the experimental period at
room temperature (22 +2)°C with a 12 h on/off light
schedule. Standard food and water were allowed to mice all
over the experiments.

2.4. Chemistry

2.4.1. 6-Bromo-2-(4-methoxyphenyl)-1Hbenzo]d]imidazole
O]

A mixture of 4-bromobenzene-1,2-diamine (187 mg,1.0
mmol), 4-methoxy benzaldehyde (149mg, 1.0 mmol), and
Na,S,05 (190mg,1.0 mmol) dissolved in 10 ml of
dimethylformamide (DMF) was heated to reflux for 2h. Ice
water (70 ml) was added, and the precipitate formed was
collected by filtration, washed with water and dried under
vacuum to obtain 246 mg of as a yield of 81.2%. 1H NMR
(400 MHz, CDs;0D) 5 8.01 (d, J=8.8 Hz, 2H), 7.71 (s, 1H),
7.47 (d, J=8.2 Hz, 1H), 7.34 (d, J=8.5 Hz, 1H), 7.09 (d, J=8.8
Hz, 2H), 3.88 (s, 3H). m/z calcd for Cy4H;;BrN,O 302.01
found 303.09 (M*H™).

2.4.2. 2-(4-Methoxyphenyl)-6-(tributylstannyl)-1Hbenzo
[d]imidazole (1)

A mixture of (1) (126 mg, 0.4 mmol), (Bu3Sn)z, 0.4 ml and
(PhsP)4Pd (47 mg, 0.04 mmol) in a mixed solvent (10 ml, 1:1
dioxane/EtzN) was stirred under reflux for 10 h. The solvent
was removed, and the residue was purified by TLC (hexane:
ethyl acetate=2:1) to give 35 mg of 1l was obtained in a yield
of 27.2%. 1H NMR (400 MHz, CD30D) 4 8.03 (d, J=9.0 Hz,
2H), 7.68 (s, 1H), 7.57 (d, J=7.8 Hz, 1H), 7.29 (d, J=7.8 Hz,
1H), 7.08 (d, J=9.0 Hz, 2H), 3.88 (s, 3H), 1.73-0.79 (m,
27H). MS: m/z calcd for CysH3sN,0OSn 514.20; found 515.31
(M*H").

2.4.3. 6-lodo-2-(4-methoxyphenyl)-1Hbenzo [d] imidazole
(nn
25 mg of (I1) was used, and 15 mg of (I11) was obtained in
a yield of 45.5%. 1H NMR (400 MHz,CD;0D) & 8.01 (d,
J=8.9 Hz, 2H), 7.91 (s, 1H), 7.52 (dd, J=8.4, 1.6 Hz, 1H),
7.37 (d, J=8.4 Hz, 1H), 7.09 (d, J=8.9Hz, 2H), 3.88 (s, 3H).
HRMS m/z (EI'): calcd for Cy4H11IN,O 349.9916; found
349.9900.

3. Labeling Procedure

Radiolabeled benozimidazole derivative was synthesized
by iododestannylation reaction with **°I under oxidative
conditions in the presence of CAT. '#| affords the ability to
use a high specific activity iodide without adding carrier
iodine. Briefly, In a reaction vial of 1.0 ml capacity with a
Teflon septum and screw cap, 50 pug of CAT was added to a
mixture of a benozimidazole derivative (0.1 mg/100 pl in
ethanol), 200 pCi of sodium [*?I] iodide (specific activity
2200 Ci/mmol), and 100 pl of 1 M HCl in asealed vial. The
reaction was allowed to proceed at room temperature and the
reaction mixture was shaken by electric vortex and left at
room temperature for 5, 15, 30, 45 and 60 min. A 50 pl of
saturated sodium metabisulfite solution (10 mg/mL H,0)
was added to decompose the excess of iodine [12, 13] in
order to quench the reaction by reducing it to iodide (I'). The
reaction mixture was extracted with ethyl acetate (31 ml)
after neutralization with 10 mg of sodium bicarbonate. The
combined extracts were evaporated dry. The residues were
dissolved in 100 pl of EtOH and the radiochemical yield of
the product was determined by paper chromatography and
paper electrophoresis. The influences of various reaction
parameters and conditions on radioiodination efficiency,
such as the amount of oxidizing agents (CAT), concentration
of substrate, pH of the reaction, reaction time and reaction
temperature, were investigated and optimized in order to
maximize the radiochemical yield.
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Figure 1. Scheme Preparation of 6-lodo-2-(4-methoxyphenyl)-1Hbenzo
[d] imidazole (I11)

3.1. Estimation of **I Benzoimidazole Derivative Yield
Radiochemical yield and purity of **°I benzoimidazole
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derivative were determined by paper chromatographic
method using strips of Whatman paper. On paper sheet (1 cm
width and 13 cm length), 1-2 L of the reaction mixture was
placed 2cm above the lower edge and allowed to evaporate
spontaneously. For development a fresh mixture of
chloroform: ethanol (9:1 v/v) was used. After complete
development, the paper sheet was removed, dried, and cut
into strips, each strip is 1 cm width, and then each strip was
counted in a well type ¥-counter. Radiochemical yield was
further confirmed by paper electrophoresis. On Whatman
paper sheet (2 cm width and 47 cm length), 1-2 L of the
reaction mixture was placed 12 cm above the lower edge and
allowed to evaporate spontaneously. Electrophoresis is
carried out for 80 min at voltage of 300 V using a normal
saline (0.9% wi/v NaCl solution) as electrolytes source
solution. After complete development, the paper was
removed, dried, and cut into strips, each strip is 1 cm width,
and then the strip was counted in a well type »-counter. The
percentage of radiochemical yield was estimated as the ratio
of the radioactivity of I benzoimidazole derivative to the
total activity multiplied by 100 [26].

3.2. Estimation of in Vitro Stability of **I
Benzoimidazole Derivative

The reaction mixture was left at room temperature for 72 h
and 1-2 pL samples were taken from it at different time
intervals. The radiochemical yield and purity of the samples
were measured by paper chromatography and paper
electrophoresis.

3.3. Estimation of the Partition Coefficient for *°I

Benzoimidazole Derivative

The partition coefficient was determined by mixing **°I

benzoimidazole derivative with equal volumes of 1-octanol
and phosphate buffer saline (PBS) (0.05 M at pH 7.4) in a
centrifuge tube. The mixture was vortexed at room
temperature for 1 min and then centrifuged at 5,000 rpm for 5
min. Subsequently 100 pl samples from the 1-octanol and
aqueous layers were pipetted into other test tubes and
counted in a gamma counter. The measurement was repeated
three times. The partition coefficient value was expressed as

log p [20].

[SOIUte]octanol

un —ionized
water

Iog F)oct/wat = Iog
[solute]

4. Results and Discussion

The labeled compound was estimated by paper
chromatography where radioiodide (I-) remained near the
origin (Rf = 0-0.1), while the **I benzoimidazole derivative
moved with the solvent front (Rf = 0.8). Radiochemical
purity was further confirmed by paper electrophoresis where
the free radioiodide and 'l benzoimidazole derivative

moved to different distances away from the spotting point
towards the anode (distance from spotting point = 14 and 10
cm, respectively) depending on the molecular weight of each
one. Results of radiochemical yield from the two separation
methods (paper chromatography and paper electrophoresis)
are nearly the same. The influence of various reaction
parameters and conditions on radioiodination efficiency was
investigated and optimized in order to maximize the
radiochemical yield.

4.1. Effect of CAT Amount

Labeling yield was increased with the increase of CAT
content till 50 g, which is the optimum content. Above 50
g no significant change in the labeling yields (Table 1).

Table 1. Effect of CAT content on the radiochemical yield of *I

benzoimidazole derivative

CAT () 125 benzoimidazole Free iodide
(%) derivative (%) (%)
5 75.2 £0.40 248 0.3
15 85.1 +0.40 14.9 +£0.3
50 94.5 +0.40 5.5 +0.35
100 94,7 +£0.04 6.3 +0.06

4.2. Effect of Substrate Amounts

The dependence of radiochemical yield on the amount of
benzoimidazole derivative is shown in table. 2 The reaction
was performed at different benzoimidazole derivative
amounts (25-100pg). The radiochemical yield of *I-
benzoimidazole was small at low substrate concentration (for
instance, at 25 g the labeling yield was 80.4 +0.31%), and
by increasing benzoimidazole derivative concentration, the
labeling yield was increased (for instance the labeling yield
is 94.5 £0.40 % at 100 Lng).

Table 2. Effect of benzoimidazole derivative amounts on the labeling yield

MPTBI 15| benzoimidazole Free iodide
(Lo) (%) derivative (%) (%)
25 80.4 +0.31 19.6 £0.41
50 89.0 +0.36 11.0 +£0.25
75 93.7 £0.18 10.3 £0.28
100 94.5 +£0.40 5.5+0.35

4.3. Effect of pH of the Reaction

The effect of pH of the reaction mixture on the labeling of
benzoimidazole derivative was studied by changing the pH
value in the range from 3 up to 9 using buffers to adjust pH at
the desired value the data representing in (Table 3). The
experiment was performed using 10 g of benzoimidazole
derivative. CAT amount used was 50 g, while other factors
were kept constant. The experiment was repeated using 100
IL of each buffer at different values of pH. The labeling yield
for each pH value of the reaction mixture was measured. It
was observed that, the maximum value of the labeling yield
achieved when the pH value ranged from 4 to 7. As low and
higher pH the labeling yield decreases.
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Table 3. Effect of pH of the reaction medium on the labeling yield of
12| -penzoimidazole derivative

time. The results indicate that the reaction is very fast. After
15 min the maximum radiochemical yield (94.2 0.3 %) was

H value 12| henzoimidazole Free iodide obtained.
P derivative (%) (%)
Table 4. Effect of reaction time on the % labeling yield of '#I
3 85.2 +£0.11 14.8 +0.15 benzoimidazole derivative
4 93.7£0.30 6.3+0.2 i . 1251 penzoimidazole Free iodide
Time (min.) L
7 94.5 +0.30 5.5+0.20 derivative (%) (%)
9 78.2 +0.44 11.8 +0.25 1 89.9 +0.36 10.1 +0.55
. . 5 93.8 £0.5 6.2 +0.15
4.4, Effect of Reaction Time
_ o o 15 94.2 £0.3 5.8 0.2
_ The labeling yield is stro_ngly_dependent on reaction time 30 941 404 59401
in the range from 1 to 30 min. It is clear from table 4 that the
yield is significantly increased with increasing the reaction
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Figure 2.

Injected dose / gram for different organs body fluids and for the time interval equals: (a) 5.0 min, (b) 15.0 min, (c) 30.0 min, and (d) 120.0 min
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4.5. In Vitro Stability of ***I Benzoimidazole Derivative

In vitro stability of ***I benzoimidazole derivative was
studied in order to determine the suitable time for injection to
avoid the formation of the undesired products that result
from the radiolysis of the labeled compound. These
undesired radioactive products might be accumulated in
non-target organs. The results of stability showed that the 2|
benzoimidazole derivative is stable up to 48 h as shown in
table 5.

Table 5. In vitro stability of *°| benzoimidazole derivative

15| benzoimidazole Free iodide
Hours L
derivative (%) (%)
12 94.5 £0.30 5.5+0.20
24 94.5 £0.30 5.5+0.20
48 94.5 £0.30 5.5+0.20
72 86.2 +£0.44 14.8 +0.25

4.6. Partition Coefficient of I Benzoimidazole
Derivative

The partition coefficient value was 2.35 +0.11, showing
that °I benzoimidazole derivative is relatively lipophilic
and can cross the blood—brain barrier.

4.7. Biodistribution Studies

The Biodistribution experiments were performed in
normal mice (average weight, about 25 g). A saline solution
(100 pl, 5% EtOH) containing **°| benzoimidazole derivative
(1 uCi) was injected directly into the tail vein. The mice were
sacrificed at various time points post-injection. The organs
of interest were removed and weighed, and the radioactivity
was measured with gamma counter (Nucleus Model 2010)
connected with a well type Nal (TI) crystal. The percent dose
per gram of wet tissue was calculated by a comparison of the
tissue counts to suitably diluted aliquots of the injected
material.

4.7.1. Biodistribution of *?°I-benzoimidazole Derivative
125|
125|

The biodistribution pattern of benzoimidazole
derivative is shown in figure 2. benzoimidazole
derivative was injected in normal mice via intravenous route
and was distributed all over the body organs and fluids. All
radioactivity levels are expressed as average percentage of
injected dose per gram (% 1D/g =SD). The bio distribution
data showed substantial uptake of 4.5440.10 (% ID/g =SD)
in the brain at 5 min post-injection. After this time, point
radioactivity dropped to 0.0940.01 at 120 min post-injection.
The intestine indicates that excretion of *°I benzoimidazole
derivative occurs mainly through the hepatobiliary pathway.
The low radioactivity located in the thyroid gland indicates
that the iodocompounds are stable against in vivo
deiodination. The high accumulation of the **IMPBI in
lungs is attributed to the fact that lungs function as reservoir
for antidepressants with high affinity to the serotonin
transporter [27]. The bio distribution data showed substantial

lung uptake of (4.1840.54% ID/g % SD) at 15 min post
injection. The maximum brain uptake of | benzoimidazole
derivative (4.5440.10) is higher than that of currently used
radiopharmaceuticals for brain imaging, 99mTc-ECD and
99mTc-HMPAO which have maximum brain uptake of 4.7
and 2.25%, respectively [15]. These preliminary results
strongly suggest that benzoimidazole derivative which is
labeled with 1 could be used as a novel agent for brain
imaging. The high uptake of I benzoimidazole derivative
in stomach also enforces us to do more research about the
possibility of using it as agent for stomach imaging and
treatment comparing it with currently used agents for that
purpose.

5. Conclusions

125 benozimidazole derivative was synthesized in high
yield and excellent quality using of 200 pCi of sodium ['#I]
iodide, 0.1 mg of substrate, 50 ul of CAT as oxidizing agent
at room temperature for 15 min, a maximum radiochemical
yield of 94.5 £0.40% was obtained. The In biodistribution
studies fast clearance from the blood indicated a promising
tracer for B-amyloid plagues imaging.
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