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Abstract

A new radioiodinated tetrabenazine (TBZ) derivative containing an iodovinyl group at 9-position of TBZ (**'I-IV-TBZ,
11a) and the corresponding cold compound IV-TBZ (11b) were synthesized and characterized. Analysis of in vitro
autoradiography with rat brain slices showed 11a has a high uptake in the striatum and the uptake could be blocked by
known vesicular monoamine transporter 2 (VMAT?2) inhibitor. Furthermore, 11b has a competitive binding to VMAT?2.
These results suggest that 11a has ability to bind to VMAT?2 and the binding is specific. Further studies are warranted to
assess this radioiodinated TBZ derivative for VMAT2 imaging in vivo.

Keywords Tetrabenazine analogs - Synthesis - Vesicular monoamine transporter type 2 - Radioiodination -

Autoradiography

Introduction

Vesicular monoamine transporter 2 (VMAT2), a member
of the vesicular neurotransmitter transporter family, is
responsible for transporting monoamine neurotransmitters
(dopamine, norepinephrine and serotonin) into synaptic
vesicles for subsequent storage and release [1, 2]. VMAT2
is found to be highly expressed in the central nervous
system and pancreas beta cells [3—5]. Considerable evi-
dences convincingly implicate that its alternation is asso-
ciated with several neurological and psychiatric disorders
such as Parkinson’s disease (PD) [6-9]. These findings
demonstrate that decrease of VMAT?2 results in mono-
amine depletion and negative behavioral consequences,
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including bradykinesia, rigidity, postural instability and
neurocognitive dysfunction, which are the characteristics
of the PD patients. Moreover, reduction of VMAT?2 in rat
also causes the decrease of neurotransmitter and progres-
sive neurodegeneration in multiple monoaminergic regions
[10]. Thus, imaging VMAT?2 in vivo or in vitro has pro-
vided a valuable measurement for tracing the function of
monoaminergic neurons [11-13].

In recent decades, numerous efforts have been made to
develop VMAT? ligands for positron emission tomography
(PET) in living body [14, 15], and some PET imaging
agents targeting VMAT?2 have been reported [16]. These
VMAT?2 imaging radiotracers are derived from tetra-
benazine (TBZ) or its hydrogenated form dihydrotetra-
benazine (DTBZ) (Fig. 1). For example, one useful TBZ
derivative for imaging VMAT2 was ''C-(4)-dihydrote-
trabenazine (“C—(—}—)—DTBZ, Fig. 1), which showed high
affinity and selectivity to VMAT2 (Ki = 0.97 nM) [17].
However, the short half-life (20 min) of ''C has precluded
its widespread use. Then, ﬁuoride[lsF], which has a rela-
tively longer half-life (110 min) was used to label TBZ
derivative, and  '®F-9-fluoropropyl-(4)-dihydrotetra-
benazine (‘®F-FP-(+)-DTBZ), with higher selectivity and
affinity (Ki = 0.10 nM) to VMAT?2 was developed [18].
Subsequent studies in rhesus monkeys demonstrated that
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Fig. 1 Chemical structures of H,CO_®
TBZ, ''C-(4+)-DTBZ and '®F-
FP-(+)-DTBZ HyCO" g N
2
1 3
Tetrabenazine (TBZ)

VMAT?2 enriched brain region has a rapid and high brain
uptake and retention of 18F-FP-(—}—)-DTBZ. Human studies
further indicates that '®F-FP-(+)-DTBZ is a safe and
effective  VMAT2 imaging agent for clinical use
[5, 19, 20].

Although PET is a useful method for noninvasive
quantification of density and distribution of VMAT2, sin-
gle photon emission computed tomography (SPECT) has
some own advantages: First of all, it does not need an on-
site cyclotron for synthesizing the imaging agent. Sec-
ondly, it is much cheaper and more widespread in clinic.
Finally, radiopharmaceuticals for SPECT can be prepared
conveniently from an optimized kit. Some '**I or **™Tc
labelled compounds for SPECT have been developed for
brain imaging, providing good alternatives for PET brain
imaging. For example, 'ZI-N-(3-fluoropropyl)-2p-car-
bomethoxy-3B-(4-iodophenyl)nortropane (***I-FP-B-CIT),
a selective radiotracer binding to dopamine transporter,
was developed for SPECT imaging, becoming a good
substitute of '®F-FP-CIT with PET [21].

With the development of VMAT2 radioligands for
SPECT, an '*I-labelling TBZ derivative with an iodovinyl
at 2-position of the parent ring, 2-iodovinyl-TBZ, has been
synthesized and evaluated for VMAT2 in early 1990s [22].
However, this radiotracer was not applied to SPECT
imaging possibly due to that the 2-position of TBZ analog
is a sensitive region for VMAT?2 binding. It is noticed that
the successful '®F-FP-(+)-DTBZ has a fluoropropyl in the
9-position of DTBZ (Fig. 1) [23], suggesting good toler-
ance of the 9-position of TBZ analogs for VMAT? binding.
In the present study, we designed a new TBZ derivative
with a 9-iodovinyl in TBZ ring, namely 9-iodovinyl-TBZ
(IV-TBZ, 11b), and completed its radioiodination for
VMAT2 tracing. Due to non-availability of '*’I in our
country, we substitute available '*'I for '*’I to perform an
alternative initiatory investigation of '**I-IV-TBZ. Herein,
we report the synthesis, radiolabelling and preliminary
evaluation of "*'I-IV-TBZ (11a) for VMAT2
measurement.
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Experimental

Materials and methods

Compound 9-benzyloxy-TBZ (5) and TBZ was prepared in
our lab according to the published methods [24]. '*F-FP-
(+)-DTBZ used in in vitro autoradiography, which was
known as VMAT2 radioligand, was synthesized from
tosylate precursor [25]. All other reagents and solvents
were commercial products and used without further
purification. MS spectra were acquired on a Waters SQ
Detector 2 mass spectrometer. 'H NMR and '*C NMR
spectra data were obtained from a Bruker Avance III
Digital NMR Spectrometer (400 MHz for 'H and 100 MHz
for '3C) with CDCl; as solvent. Chemical shifts were
reported as & values (parts per million) from an internal
tetramethylsilane (TMS) resonance and coupling constants
(J) were reported in hertz. Multiplicity is defined as s
(singlet), d (doublet), t (triplet), m (multiplet), or dd
(doublet of doublets). Analytical HPLC system was com-
posed of a binary HPLC pump (Waters 1525, USA), a UV/
visible detector (Waters 2487, USA) set at 280 nm and a
flow scintillation analyzer (Radiomatic 610TR, Perkin-
Elmer, USA). HPLC analysis was carried out on a C;g
column (5 pm, 4.6 x 150 mm, Phenomenex) using ace-
tonitrile/50 mmol (pH = 4.5) ammonium acetate aqueous
solution (60:40, v/v) at a flow rate of 0.8 mL/min.

Male Sprague-Dawley rats weighing 180-200 g were
used for the in vitro studies. The animal experiments were
approved by the Animal Care and Ethics Committee of
Jiangsu Institute of Nuclear Medicine.

Chemistry

3-Tri-n-butylstannyl-2-propen-1-ol (3) Tri-n-butyltin hydride
(7 ml, 26 mmol 2) was added dropwise to a mixture of
propargyl alcohol (1 ml, 18.8 mmol 1) and azobis (isobu-
tyronitrile) (AIBN) (0.32 g, 1.94 mmol) at room tempera-
ture. After heating at 80 °C for 2 h, the reaction mixture
was stirred for 1 h at room temperature. The crude product
was purified by column chromatography on silica gel (ethyl
acetate/hexane, 100/3, v/v) to yield as clear E-isomer oils
of compound 3 (2.2 g, 38%). '"H NMR (400 MHz, CDCls)
0: 6.08-6.33 (m, 2H), 4.16 (s, 2H), 1.75 (d, 1H), 1.54-1.46
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(m, 6H), 1.35-1.26 (dq, J = 14.4, 7.3 Hz, 6H), 0.92-0.83
(m, 15H), >C NMR (100 MHz, CDCly), § 7.71, 7.78, 9.42,
11.06, 11.13, 13.69, 27.01, 27.19, 27.56, 28.97, 29.07,
29.17, 66.34, 128.28, 147.08. MS (ESI) m/z: 291.20
[M—CH;(CH2);]*.

(E)-3-(tributylstannyl)allyl 4-methylbenzenesulfonate (4) Un-
der Ny, to 3 (0.14 g, 0.41 mmol) in the dry ether (30 ml), at
— 25 °C, potassium trimethylsilanolate (0.08 g,
0.64 mmol) was added. After stirring for 30 min, the
p-toluenesulfonyl chloride was dissolved in dry ether and
was added to the solution dropwisely. The resulting mix-
ture was stirred at — 25 °C for 2 h. After the reaction
mixture restore to the room temperature, the water layer
was extracted with ethyl acetate. The combined organic
layers was dried over anhydrous sodium sulfate, filtered,
and concentrated to give the crude product, which was
purified by hexane/ethyl acetate/trimethylamine (10/0.02/
0.05, v/v) to yield product 4 as a colorless oil (60 mg,
30%). '"H NMR (400 MHz, CDCls) &: 7.80-7.76 (d,
J =8 Hz, 2H), 7.52-7.07 (d, J = 8 Hz, 2H), 6.25-6.35 (d,
J=20Hz, 1H), 5.85-595 (dt, J=4, 15Hz, 1H),
4.81-4.35 (m, 2H), 2.45 (s, 3H), 1.52-1.36 (m, 6H),
1.37-1.17 (m, 6H), 0.96-0.76 (m, 15H). '*C NMR
(100 MHz, CDCl3), 6 7.73, 7.87,9.50, 11.11, 11,19, 13.66,
21.64, 2695, 27.23, 27.51, 28.87, 28.98, 29.08,
73.33,127.96, 129.78, 133.61, 136.54, 139.01, 144.52. MS
(ESI) m/z: 525.31 [M + Na]*.

9-hydroxy-3-isobutyl-10-methoxy-1,3,4,6,7,11b-hexahydro-
2H-pyrido[2,1-ajisoquinolin-2-one  (6) A solution of
compound 5 (0.43 g, 1.10 mmol) in ethanol (60 ml) was
stirred at 30 min under N,. Then 10 wt% palladium on
carbon (0.15 g) was added and the mixture was hydro-
genated with H, from hydrogen gas generator for 20 h at
room temperature. The reaction mixture was heated at
50 °C to dissolve some of the product which had precipi-
tated from the mixture and filtered to remove the catalyst.
The filtrates was dried over anhydrous sodium sulfate and
evaporated in vacuum to give a yellow orange solid. The
crude product was purified (CHCI,/MeOH, 10/0.05, v/v) by
column chromatograph as afford 6 as a white solid product
(0.10 g, 32.4%). "H NMR (400 MHz, CDCl5) d: 6.69 (s,
1H), 6.53 (s, 1H), 5.52 (s, 1H), 3.84 (s, 3H), 3.53-3.47 (m,
1H), 3.31-3.26 (dd, J = 8, 12 Hz, 1H), 3.15-3.03 (m, 2H),
2.90-2.86 (dd, J=4, 8 Hz, 1H), 2.78-2.68 (m, 2H),
2.61-2.50 (m, 2H), 2.37-231 (t, J=12Hz, 1H),
1.85-1.75 (m, 1H), 1.70-1.62 (m, 1H), 1.09-0.99 (m, 1H),
0.92-0.90 (m, 6H); '*C NMR (100 MHz, CDCl5), §: 22.08,
23.20, 25.40, 29.14, 35.06, 47.53, 47.72, 50.54, 56.01,
61.52, 62.56, 107.14, 114.37, 126.84, 128.06, 144.34. MS
(ESD) m/z: 304.36 [M + H]".

(E)-3-isobutyl-10-methoxy-9-((3-(tributylstannyl)allyl)oxy)-
1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-alisoquinolin-2-one
(10) To a mixture of compound 6 (0.20 g, 0.66 mmol)
and 4 (0.50 g, 0.99 mmol) in dry acetone was added Cs,.
CO; (1.61 g, 4.95 mmol). The resulting mixture was stir-
red at 60 °C for 4 h. After the reaction mixture was cooled
down, the mixture was then quenched with H,O (10 ml).
The aqueous phase was extracted with ethyl acetate
(3 x 10 ml). The combined organic extracted were dried
over dry anhydrous sodium sulfate, evaporated and purified
by flash column chromatography (hexane/ethyl acetate,
10/0.5, v/v) to afford 0.15 g as slight yellow powder of
35% yield. "H NMR (400 MHz, CDCl3) ¢: 6.62 (s, 1H),
6.55 (s, 1H), 6.36-6.30 (d, J = 20 Hz, 1H), 6.25-6.12 (dt,
J =4, 20 Hz, 1H), 4.63-4.60 (d, J = 4.0 Hz, 2H), 3.83 (s,
3H), 3.53-3.41 (m, 1H), 3.31-3.25 (dd, J = 4.0, 8.0 Hz,
1H), 3.16-3.0 (m, 2H), 2.96-2.86 (dd, J = 4, 12 Hz, 1H),
2.8-2.66 (m, 1H), 2.6-2.5 (m, 2H), 2.40-2.30 (m, 1H),
1.85-1.75 (m, 1H), 1.72-1,62 (m, 1H), 1.55-1.45 (m, 6H),
1.36-1,23 (m, 7H), 1.10-0.95 (m, 1H), 0.94-0.81 (m,
21H). '*C NMR (100 MHz, CDCl3), §: 13.70, 22.08,
22.29, 22.72, 23.22, 25.39, 25.77, 27.27, 29.07, 29.71,
35.06, 40.59, 45.23, 47.56, 49.12, 50.61, 51.67,
56.03,59.73, 61.49, 62.08, 62.49, 72.50, 108.07, 113.70,
125.91, 128.07, 128.88, 132.07, 146.80, 147.81, 210.15.
MS (ESI) m/z: 634.49 [M + H]".

(E)-3-iodoprop-2-en-1-ol (8§) Under N», to compound (E)-
ethyl-3-iodoacrylate 7 (0.71 g, 3.13 mmol) was dissolved
in 5 ml dry dichloromethane at — 70 °C. Diisobutylalu-
minium hydride (6 ml, 1 M in hexane) was added dropwise
for 60 min. The solution was allowed to warm up to 0 °C
and quenched with 5 ml methanol, 10 ml methanol/H,O
(3:1), 5ml H,O, 20 ml dichloromethane and 15 ml
potassium sodium tartrate solution (10% aqueous solution).
The aqueous phase was extracted with dichloromethane
(3 x 10 ml). The combined organic layers were dried over
dry anhydrous sodium sulfate and evaporated to give the
light yellow oil (0.48 g, 83%). The crude product can be
moved to the next step without further purification.

(E)-3-iodoallyl 4-methylbenzenesulfonate (9) Compound 8
(048 g, 1.09 mmol), 1,2,2,6,6-Pentamethylpiperidine
(0.25 g, 1.63 mmol, 0.30 ml) and p-Toluenesulfonic anhy-
dride (0.36 mg, 1.09 mmol) were dissolved in 5 ml dry 1,2-
dichloroethane and was stirred overnight at 50 °C under N,.
The solvent was evaporated and the residue dissolved in
dichloromethane followed by addition of heptane. The
resulting solution was filtered off and the filtrate was con-
centrated. The crude product was purified by flash column
chromatography (hexane/ethyl acetate, 10/0.3, v/v) to afford
compound 9 as a yellow oil (0.40 g, 45.0%). '"H NMR
(400 MHz, CDCl3) 0: 2.46 (s, 3H), 4.44 (d, J = 4.0 Hz, 2H),
6.49 (d, J = 20 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 7.36 (d,
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J=4.0Hz, 2H), 7.80(d, J=28.0Hz, 2H). *C NMR
(100 MHz,CDCl3), &: 21.68, 70.79, 72.12, 83.26, 127.96,
129.98, 133.06, 133.95, 137.49, 145.15, MS (ESI) m/z:
483.57[M + H]"+I + H,O0.

(E)-9-((3-iodoallyl)oxy)-3-isobutyl-10-methoxy-1,3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-ajisoquinolin-2-one (11b) To a
solution of compound 6 (0.10 mg, 0.33 mmol) and com-
pound 9 (0.16 mg, 0.49 mmol) in 20 ml dry acetone,
Cs,COs5 (0.81 mg, 2.48 mmol) was added; the mixture was
stirred for 6 h at 60 °C. After the reaction mixture was
cooled down, water was added and the mixture was
extracted with ethyl acetate. The combined organic layers
was dried over dry anhydrous sodium sulfate, concentrated
to give the crude product, which was purified by flash
column chromatography (hexane/ethyl acetate, 10/2, v/v)
to afford the cold compound as a solid powder (60 mg,
38.76%). 'H NMR (400 MHz, CDCl3) &: 6.80-6.74 (d,
J =12.0 Hz, 1H), 6.61 (s, 1H), 6,57 (s, 1H), 6.54-6.50 (d,
J =16 Hz, 1H), 4.50-4.48 (d, J = 8.0 Hz, 2H), 3.82 (s,
3H), 3.52-3,49 (d, J = 12 Hz, 1H), 3.32-3.26 (d, J = 8 Hz,
1H), 3.16-3.02 (m, 2H), 2.92-2.88 (d, J =4 Hz, 1H),
2.78-2.69 (m, 2H), 2.62-2.50 (m, 2H), 2.38-2.32 (d,
J =8 Hz, 1H), 1.84-1.77 (m, 1H), 1.71-1.63 (m, 1H),
1.07-1.00 (m, 1H), 0.94-0.87 (m, 6H). '*C NMR
(100 MHz, CDCI3) ¢: 22.10, 23.19, 25.45, 29.28, 35.07,
47.56, 47.59, 50.53, 56.09, 61.51, 62.47, 70.91, 79.90,
108.57, 114.16, 126.18, 129.81, 140.76, 146.30, 148.15,
209.92. MS (ESI) m/z: 470.25 [M + H]*.

Radiochemistry

The "*'I-labelled iodovinyl-TBZ derivative at 9-position,
namely iodine[l31I]—(E)—9—((3—i0d0allyl)0xy)—3—isobutyl—]O—
methoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2, I-aJiso-

quinolin-2-one (11a), was prepared by an iododestannyla-
tion reaction. Aqueous hydrogen peroxide (100 pl, 3%
w/v) was added to a vial containing compound 10 (100 pg)
in 50 ul of EtOH, 100 ul of 0.4 N HCI, and 2 mCi Na'’'IL.
The reaction proceeded at ambient temperature for 10 min,
after which it was terminated by addition of 0.1 ml
(300 mg/ml) sodium bisulfite. Then the reaction mixture
was extracted with ethyl acetate. The crude product was
purified with a semi-preparative HPLC on a C,g reversed-
phase column eluted with acetonitrile/50 mmol (pH = 4.5)
ammonium acetate aqueous solution (50:50, v/v) and
detected with a radioactive detector. The radiochemical
purity (RCP) of the compound 1la was determined by
HPLC with an isocratic solvent of acetonitrile/50 mmol
(pH = 4.5) ammonium acetate aqueous solution (60:40,
v/v) and co-injection of authentic compound 11b was used
to prove the identity of the produced '*'I-IV-TBZ. The
specific activity (SA) of BILIV-TBZ (11a) was measured

@ Springer

by comparing the area of the UV peak of *'I-IV-TBZ
(11a) with a standard calibration curve of cold IV-TBZ
(11b). The purified "*'I-IV-TBZ was used for the following
in vitro autoradiography experiment. Stability of '*'I-IV-
TBZ was tested in pH =74 PBS buffer in a 37 °C
incubator.

In vitro autoradiography studies

For in vitro autoradiography studies, Sprague—Dawley rats
(180-200 g) under ether anesthesia were sacrificed and the
brain rapidly removed. Coronal sections of 20 pm thickness
were cut on a cryostat microtome at — 20 °C, thaw-mounted
onto poly-lysine treatment glass slides, and stored at
— 80 °C until use. Before autoradiography experiment, the
brain sections were washed with ice-cold Tris-HCI buffer
(50 mM/120 mM NaCl, pH = 7.4) for 40 min. Then, the
sections were incubated in Tris-HCI-NaCl buffer containing
0.8 pCi/ml "*'1-IV-TBZ and '®F-FP-(+)-DTBZ for 60 min
at room temperature respectively. To determine the binding
specificity of "*'I-IV-TBZ to VMAT2, 0.04 mM TBZ and
cold compound (11b) were added to block the binding of
BILIV-TBZ and "®F-FP-(4)-DTBZ, respectively. The sec-
tions were washed three times with ice-cold Tris-HCI buffer.
The dried tissue sections were then exposed to the imaging
plate for 1 h and analyzed with the phosphor imager (Op-
tiQuant, 5.0.0.2, Perkin Elmer).

Partition coefficients

Partition coefficients were measured by mixing minimal
volume of pure "*'I-IV-TBZ with 3 ml n-octanol and 3 ml
PBS buffer (pH 7.0, 0.01 M phosphate) in a test tube. The
mixture was vortexed for 3 min at room temperature and
then centrifuged at 6000 rpm for 10 min. Two samples (1 ml
each) from the 1-octanol and the buffer layers were taken and
counted in a Wizard2 2480 gamma counter (Perkin-Elmer,
USA). The partition coefficient was calculated from the ratio
of counts per minute (CPM) of the 1 ml n-octanol to that of
buffer. Then, another 1 ml of 1-octanol layer were mixed
with 2 ml n-octanol and 3 ml buffer and repartitioned until
consistent partitions of coefficient values were obtained. The
measurement was repeated for three times.

Results and discussion
Chemistry and radiochemistry
The syntheses of "*'I-IV-TBZ (11a) and its precursor

9-tributylstannylethenyl-TBZ (10) are shown in Scheme 1.
Compound 3 with E-configuraton was prepared by
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Scheme 1 Synthesis of the OH _
radiolabelled compound '*'I- Bu=n-C4Ho
IV-TBZ (11a) and its precursor a
compound 10. (a) AIBN; | | + BusSnH —>
(b) Tosyl chloride; (¢) Pd-C/H,;
(d) Cs,COs3, acetone; (e) Na'>'l, 1 2
H202
o
N
o
5
o
BuzSn. _~~_0
H3CO
10

treatment of propargyl alcohol (1) and tri-butyltin hydride
(2) in a proper proportion (1:1.5) with a catalytic amount of
azobis (isobutyronitrile) at a 30% yield as a colorless oil.
Subsequently, treatment of an ether solution of the result-
ing hydroxyl of compound 3 intermediate with p-toluene-
sulfonyl chloride and potassium trimethylsilanolate
afforded compound 4. '"HNMR for structure confirmation
of compound 3 and 4 were consistent with the reported data
[26]. Simultaneously, the racemic benzyl ether 5§ was
selectively hydrogenated with 10 wt% palladium/carbon to
produce phenol 6 as described previously [27]. Finally, the
tributyltin precursor 10 was prepared by reacting com-
pound 6 and 4 with cesium carbonate at a yield of 35%.
The coupling constants observed for the vinyl protons of
compound 10 (J = 20 Hz) was comparable with the trans
conformation [28].

To synthesis the cold compound IV-TBZ (11b), we had
tried to utilize the precursor 10 to react with I, directly to
obtain the product. Unfortunately, the reaction gave an
unexpected product with a smaller molecular weight of
MW ,—2 (reducing two hydrogen of 11b). We speculated
that the reaction generated a double bond at the Cl1b
position of tetrabenazine ring so that the nitrogen ring and
the carbonyl group consist of conjugated m system. Our
group has previously found the formation of the double
bond on CI11b in a similar reaction of synthesizing TBZ
analogs [29]. Therefore, to obtain the cold compound 11b
as a reference of the radiolabelled 131I—IV—TBZ, we
designed a different synthetic route as illustrated in
Scheme 2. Firstly, the ester 7 with E-configuration was
reacted with a reducing agent diisobutylaluminium hydride
to produce the propenol 8 [30]. Then, the hydroxyl of

3 4
HO
4
N 2 .
—  H,CO
d
6 (0]
131] o)
\/\/
e
—_—
N
N H,CO
O 112 ©

compound 8 was mesylated with 4-toluenesulphonic
anhydride and 1,2,2,6,6-pentamethylpiperidine in 1,2-
dichloroethane under reflux to generate the intermediate 9.
Finally, the cold compound (11b) was synthesized by
reaction of compound 9 and phenol 6, in which the
p-toluene sulfonyl group of 9 was substituted with 6
through Cs,COj in acetone solvent. Compound 11b was
obtained in 38.7% yield with an E-configuration as the
starting reactant ester 7. As indicated by "HNMR spectral
analysis, compound 11b exhibited a doublet centered at &
6.54 for the proton germinal to the iodine with a coupling
constant J = 16 Hz and a doublet centered at & 6.80 for the
trans vinylic proton germinal to the methylene with the
coupling constant J = 12 Hz, which are comparable to the
E-configuration of a iodoethenyl compound reported by
Mark et al. [31].

The final product *'I-IV-TBZ was prepared by Na'>'l
treatment of the tributyltin precursor 10 under H,O, and
HCI. It is assumed that the compound 10 was reacted with
I generated in situ by H,O, in acid condition. We found
that pH value is a key factor of the radiolabelling reaction
to get high yield of ">'I-IV-TBZ. A slight acidic environ-
ment (pH 2-3) gave ~ 80% radioiodinated product,
whereas other pH range solution gave dramatically lower
radiolabeling yield. That is, the radiochemical yield was
about 80% under the optimized condition. The crude pro-
duct of 11a was purified by HPLC to give a radiochemical
purity of 96%, with the same retention time of the cold
compound 11b (Fig. 2), validating the same structure to the
cold compound IV-TBZ. SA of the purified 11a was
850 £ 140 Ci/mmol as determined with analytical HPLC
under the same condition of RCP. Stability test showed that
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Scheme 2 Synthesis of the cold
compound IV-TBZ (11b).

(a) DIBAL; (b) 4-
Toluenesulphonic anhydride;
(c) CSzCOj,

Fig. 2 HPLC analysis of
compound "*'I-IV-TBZ (11a)
with a radiation detector (upper)
and coinjection of
nonradioactive IV-TBZ (11b)
with a UV detector (bottom)
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the radioiodinated ligand 11a retained a RCP of ~ 95% as
long as 24 h at 37 °C in pH = 7.4 PBS buffer, assuring its
application in further pharmacological studies.
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In vitro autoradiography

The technology of in vitro autoradiography can detect the
binding characteristic of radioactive ligand in organs and
tissues sensitively. In this study, the localization of '*'I-IV-
TBZ in brain slices was investigated via in vitro autora-
diography to assess its binding ability and specificity to
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VMAT2. The images gave a good degree of anatomical
resolution of the striatum as shown in Fig. 3a—d.

To assess the ability of '*'I-IV-TBZ to bind to VMAT?2,
in vitro autoradiography was performed with rat brain sli-
ces. As shown in Fig. 3b, the striatum (ST), which is the
VMAT?2 most enriched region of the brain, was clearly
delineated after incubated with '*'I-IV-TBZ while the
cortex (CX), a nontarget region containing a minimal
amount of VMAT?2, was recognized as background at the
same condition. Ratio of striatum to cortex (ST/CX)
reached to 2.71 & 0.55 (n = 3). This ratio is comparable
with '®F-FP-(+)-DTBZ, a known VMAT? ligand with high
affinity and specificity [25], which gave a similar image of
autoradiography (Fig. 3a) and a ratio of ST/CX of
3.86 = 0.21 (n =3) under the same condition. These
results suggested that '>'I-IV-TBZ may has a similar
binding ability as '*F-FP-(4-)-DTBZ, that is, '*'I-IV-TBZ
possibly binds to VMAT?2 specifically. To confirm this, a
VMAT? inhibitor TBZ [32] was added to '*'I-IV-TBZ
solution in in vitro autoradiography. Quantitative analysis
showed a dramatic decrease of radioactivity level in the
striatum as compared to '*'I-IV-TBZ alone (Fig. 3b, d).

Ratio of ST/CX was decreased from 2.71 + 0.55 to
1.18 £ 0.17 (P < 0.05, Fig. 3e), suggesting that uptake of
BILIV-TBZ in the striatum can be blocked by VMAT2
inhibitor. These results indicated that '*>'I-IV-TBZ binds to
VMAT? specifically in rat brain.

To furtherly validate specificity of '*'I-IV-TBZ to
VMAT?2, blocking effect of the cold IV-TBZ (11b) to the
known VMAT? ligand '"*F-FP-(4)-DTBZ was also evalu-
ated. As shown in Fig. 3a, c, a dramatic decrease of the
specific uptake of '®F-FP-(4-)-DTBZ in the striatum was
observed when combined with IV-TBZ. A significant
decrease of ST/CX ratio of IV-TBZ blocking samples was
demonstrated (ST/CX = 1.59 + 0.23 for '|F-FP-(+)-
DTBZ combined with IV-TBZ and ST/CX = 3.86 + 0.21
for '"®F-FP-(4-)-DTBZ alone. P < 0.01 Fig. 3e), implying
that compound IV-TBZ (11b) has competitive capability to
the known VMAT?2 ligand '®F-FP-(4-)-DTBZ [25]. Since
3LIV-TBZ has the same chemical structure of the cold
IV-TBZ, we can infer that 'I-IV-TBZ has a selective
binding to VMAT2.

In summary, results of the above in vitro autoradiogra-
phy analysis preliminarily suggested that '*'I-IV-TBZ has

Fig. 3 In vitro autoradiographic
images of representative rat A
brain striatum sections labelled
with a '®F-FP-(4)-DTBZ,

b B'-IV-TBZ, ¢ '®F-FP-(+)-
DTBZ combined with IV-TBZ,
d P'ILIV-TBZ combined with
TBZ and e ratio of ST/CX of
quantitative analysis from

image a, b, ¢ and d. Data are
expressed as mean £+ SD (n = C
3). ¥**P < 0.01; *P < 0.05

ISF_FP(+)-DTBZ I3 IV-TBZ
D .
™
- o »
- s —
IV-TBZ +'8F-FP-(+)-DTBZ TBZ+ 13- IV-TBZ

E ST/CX ratio - -

= <ot
«‘::"\1“l )‘_\-.'»'\\3“l
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a binding specificity to VMAT?2. One limitation of our
research is the absence of in vivo experiments. A potential
challenge is the ability of '>'I-IV-TBZ to cross the blood
brain barrier (BBB) for in vivo assessment. However, the
partition coefficient value of Log P,y = 1.75 (pH = 7.0)
suggests that '*'I-IV-TBZ can be delivered to the brain for
tracing VMAT2. Biodistribution of '*'I-IV-TBZ and
SPECT imaging with alive animals may further elucidate
the in vivo characteristics of this radioiodinated ligand.

Conclusions

A new radioiodinated TBZ derivative '*'I-IV-TBZ (11a),
its corresponding precursor (10) and cold compound (11b)
were synthesized and characterized. In vitro autoradiogra-
phy and blocking studies demonstrated specific binding of
BILIV-TBZ to VMAT?2 in the striatum of rat brain slices.
These preliminary results suggested that '*'I-IV-TBZ may
be a potential radioiodinated candidate for VMAT2 mea-
surement. Our studies with the isotope '*'I provide a ref-
erence to furtherly develop '**I-labelled TBZ derivatives as
a VMAT?2 SPECT imaging agent.
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