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In the search of new probes for in vivo brain imaging of vesicular monoamine transporter type 2
(VMAT2), we have developed an efficient synthesis of a novel series of 3-alkyl-dihydrotetrabenazine
(DTBZ) derivatives. The affinity of VMAT2 was evaluated by an in vitro inhibitory binding assay using
[125I]-iodovinyl-TBZ or [18F](+)-FP-DTBZ as radioligands in rat striatal tissue homogenates. New DTBZ
derivatives exhibited moderate to good binding affinity to VMAT2. Among these new ligands, compound
4b showed the best affinity for VMAT2 (Ki = 5.98 nM) and may be a useful lead compound for future
structure–activity studies.

� 2011 Published by Elsevier Ltd.
Vesicular monoamine transporter (VMAT) is responsible for the
movement of monoamine neurotransmitters from the synaptic
cleft into the presynaptic vesicules.1 Two subtypes of VMAT (type
1 and type 2) have been cloned.2–4 Interestingly, the central ner-
vous system (CNS) of rodents and human predominantly expresses
VMAT2. In the brain, VMAT2 is relatively nonspecific and trans-
ports dopamine, serotonin and norepinephrine. Therefore, imaging
VMAT2 provides a measurement reflecting the total number of all
three monoamine neurons in the brain, which is important in the
understanding of neurological and psychiatric disorders such as
Parkinson’s disease.

Tetrabenazine (TBZ, xenazine, 1), first introduced in 1956 by
Brossi et al.,5 was approved by FDA to treat hyperkinetic move-
ment disorders.6 Both TBZ and its metabolites dihydrotetraben-
azine (DTBZ, 2) exhibit high inhibitory activity of VMAT2.
Compared with its parent compound TBZ, DTBZ exhibits higher
biological stability and less sensitivity to drugs affecting dopamine
levels in the brain. DTBZ has been successfully labeled with radio-
nuclide 11C and applied in the diagnosis of Parkinson’s disease.7–9

In vivo studies showed that 11C-DTBZ is an excellent positron emis-
sion tomography (PET) tracer for measuring VMAT2 sites in the
brain.

However, the nature of short half-life of 11C radionuclide (t1/2:
20 min) impeded the large-scale application of this tracer in the
clinical studies. We have therefore started a program to look for
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new VMAT2 ligands, which is suitable for radiolabeling with a
longer half-life radionuclide such as 18F (t1/2: 110 min). The new
F-18 labeled VMAT2 radiotracer would have broad clinical applica-
tion given the established national supply network of [18F]-FDG.
Several series of DTBZ derivatives have been developed in our lab-
oratory and tested in vitro.10–12 Of these compounds, the optically
active (+)-9-FP-DTBZ (AV-133)(3) exhibits the highest binding
affinity of VMAT2 (Ki: 0.10 ± 0.01 nM). Further in vivo studies
showed that [18F]-9-FP-DTBZ is an excellent brain imaging agent
with a striatum (target) to cerebellum (background) ratio of 4.51
at 30 min postinjection.10c As a continuing interest in this area,
we herein reported the modular synthesis and biological evalua-
tion of a new series of 3-alkyl-DTBZ as potential PET imaging radio-
tracers (Fig. 1, compound 4, 10). In addition to be useful as an
imaging agent for mapping the VMAT2 receptors in the brain,
(+)-9-FP-DTBZ (AV-133)(3) also demonstrated potential for imag-
ing VMAT2 on the beta cells in the pancreas.10e–g By substitution
of the isobutyl group with cycloalkyl (four-, five-, six-membered)
methyl group, we aimed to further explore the lipophilic binding
site of VMAT2 and we expect to modulate the in vivo kinetics of
VMAT2 in favor of binding to the VMAT2 binding sites of beta cells
in the pancreas.

A modified synthesis13 of 4a and 4b is shown in Scheme 1.
Alkylation of 2,4-pentadione afforded 6a and 6b in good yields.14

According to Amri’s protocol,15 allylated methyl vinyl ketone 7a
and 7b were obtained in multi-gram scale via addition of formalde-
hyde followed by in situ decarboxylation. Heating the ethanolic
mixture of methyl vinyl ketone and dihydroisoquinoline at 80 �C
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Figure 1. Structure of TBZ (1), DTBZ (2), FP-DTBZ (3) and 3-alkyl-DTBZ (4a–4e,
10a).
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for 2 days provided the desired TBZ derivatives in moderate yields.
TBZs were further converted to DTBZs (4a and 4b).16,17

Desmethylation18 at C-9 position of 4a was complicated with
base-induced isomerization of terminal olefin. Instead, 9a was ob-
tained in 47% yield with major product of E configuration as indi-
cated by coupling constant (J = 15.2 Hz). Alkylation delivered the
FP-DTBZ derivative 10a (Scheme 2).16,19

Attempts on the synthesis of cycloalkyl methyl DTBZ deriva-
tives (4c, 4d and 4e) with the method as depicted in Scheme 1
turned out to be unsuccessful. Alkylation of 2,4-pentadione 5 with
different cycloalkyl methyl halides failed to provide any desired
products.20 Therefore, an alternative synthetic route was designed
and executed (Scheme 3).16,21 Tetrahydroisoquinoline 14 was syn-
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thesized according to Battersby’s protocol.22 Commercially avail-
able 3,4-dimethoxy-phenethylamine 11 was converted to amide
12. Compound 12 underwent P2O5-mediated Bischler–Napieralski
reaction to deliver dihydroisoquinoline 13 in 73% yield. Hydroge-
nation in the presence of Adams’ catalyst provided the tetrahydro-
isoquinoline 14. Diester 15 was obtained via Michael addition to
ethyl acrylate.23 Intramolecular Dieckmann condensation occurred
smoothly to deliver the key intermediate b-keto ester 16.5 Alkyl-
ation of resulting b-keto ester with various cycloalkyl methyl ha-
lides successfully afforded 17 in 15–71% yield (unoptimized).
Finally, decarboxylation24 followed by reduction delivered the de-
sired 3-alkyl-DTBZ (4c–4e). The relative stereochemistry of 4c was
established by X-ray crystallography (Fig. 2).25 As reported by Kil-
bourn,18b product 4c is in the thermodynamically stable chair con-
formation. Both hydroxy group at C-2 position and cyclobutyl
methyl group at C-3 position are in the equatorial position,
whereas C-11b hydrogen is in the axial positions. All DTBZ ligands
used for in vitro studies are racemic, which contain the active iso-
mer (2R,3R,11bR) and inactive isomer (2S,3S,11bS).10c

In vitro studies were carried out by using [125I]-iodovinyl-TBZ or
[18F](+)-FP-DTBZ as radioligands in rat striatal tissue homogenates
and the results are summarized in Table 1.

Our results further reinforced the vital role of isobutyl group at
C-3 position in the VMAT2 binding, which is consistent with previ-
ous structure–activity relationship studies.26 When replacing
isobutyl chain with smaller allyl group, 4a displayed a loss of
245-fold binding affinity to VMAT2 (Table 1, entries 1 and 3). An
increase of the size of substituent at C-3 position restored the
amine-depleting activity to the level of DTBZ (entries 1 and 4). Sur-
prisingly, prop-1-en-1-yl FP-DTBZ 10a showed moderate binding
affinity of 22.4 nM, which is 11-fold more potent than 4a. Consid-
ering the comparable size of allyl and prop-1-en-1-yl side chain,
the difference in binding affinity could be attributed to the pres-
ence of 9-fluoropropoxy on the phenyl ring, which might have
the secondary interaction with VMAT2.10a A further study on this
secondary effect is currently ongoing in our laboratory.
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Scheme 3. The synthesis of 3-alkyl-DTBZ derivatives (4c–4e).

Figure 2. X-ray structure of 3-cyclobutyl methyl DTBZ (4c).

Table 1
Inhibition constants of new ligands on [125I]-iodovinyl-TBZ or [18F](+)-FP-DTBZ
binding to VMAT2 in rat striatal homogenates

Entry Compound Ki
a (nM)

1 (+)-DTBZ, 2 1.03 ± 0.11
2 (+)-FP-DTBZ, 3 0.10 ± 0.0110c

3 4a 253 ± 6.0b

4 4b 5.98 ± 0.23
5 4c 26.9 ± 3.43
6 4d 227 ± 19.0
7 4e 137 ± 35.0
8 10a 22.4 ± 1.25b

a Kd value of 8.2 nM for [125I]-iodovinyl-TBZ was used for the calculation based on
the reported Ki value (see Ref. 12b). The results are the mean ± S.E.M. of three
independent measurements done in duplicates. [125I]-iodovinyl-TBZ was used as
radioligand, unless otherwise stated.

b [18F](+)-FP-DTBZ was used.
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When the isobutyl side chain was replaced with cycloalkyl
methyl group, the binding affinity generally decreased (Table 1, en-
tries 5–7). Cyclobutyl substrate 4c showed better affinity than
cyclopentyl 4d and cyclohexyl 4e. Interestingly, cyclohexyl 4e
exhibited slightly better affinity than cyclopentyl derivative 4d.

In summary, we have synthesized a new series of 3-alkyl DTBZ
derivatives. These new ligands were tested in vitro for their po-
tency to inhibit the binding of [125I]-iodovinyl-TBZ or [18F](+)-FP-
DTBZ in rat striatal membrane homogenates. These compounds
exhibited moderate to good binding affinity to VMAT2 binding
sites in the brain. We have demonstrated that the hydrophobic
binding pocket of vesicular monoamine transporter 2 (VMAT2) is
highly sensitive to steric size of the side chain at the C-3 position.
Further structure–activity relationship studies of DTBZ derivatives
are currently being pursued in our laboratory.
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