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Abstract—A series of novel fluoroalkyl-containing tropane derivatives (6–8, 10–14, 17, and 18) were synthesized from cocaine.
Novel compounds were evaluated for affinity and selectivity in competitive radioligand binding assays selective for cerebral seroto-
nin (5-HT), dopamine (DA), and norepinephrine (NE) transporters (SERT, DAT, and NET). The nortropane-fluoroalkyl esters (7,
10, 11) were most potent for SERT (Ki: 0.18, 0.24, and 0.30nM, respectively). Tosylate esters 17 and 18, synthesized as precursors
for [18F]-labeled, Positron Emission Tomography (PET) imaging agents, also showed high affinity for DAT.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Cocaine blocks reuptake of dopamine (DA), serotonin
(5-HT), and norepinephrine (NE) by transporter pro-
teins specific to each neurotransmitter amine (DAT,
SERT, and NET)1 in a process that terminates the physio-
logical action of each released monoamine neurotrans-
mitter by reuptake into the corresponding presynaptic
neurons.2 Changes in the density and function of these
amine transport processes contribute to the actions of
drugs effective for the treatment of clinical major depres-
sion3 and may contribute to the pathophysiology of Alz-
heimer�s4 and Parkinson�s diseases,5 as well as to the
neurotoxic effects of some illicit drugs.6,7 These synaptic
amine-regulating neuronal transporter systems also play
a prominent role in the behavioral effects of cocaine and
other stimulants.8–11
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The development of radioligands with which to charac-
terize the in vivo distribution, density, and occupancy of
specific monoamine transporters by the use of Positron
Emission Tomography (PET) should advance efforts to
define the function and pharmacology of these important
proteins as highly specific molecular markers of their
responsive neuron types in the living human brain. Clin-
ical applications of such radioligands might include the
diagnosis of major depression or other neurobehavioral
disorders, monitoring the potency and actions of antide-
pressant drugs that interact with monoamine transmit-
ters, and monitoring of responses to such treatment.12–16

PET is sensitive and specific neuroimaging technology
for quantitative measurement of in vivo density of neuro-
transmitter transporters and receptors. For PET stud-
ies,18 F is a particularly attractive radionuclide. Its
110-min half life allows sufficient time (3 · 110min) for
chemical incorporation into tracer molecules and purifi-
cation of products suitable for administration. In addi-
tion, the relatively low energy of positrons emitted by
18F (0.635MeV, 2.4mm positron range) affords particu-
larly high-resolution images.17–19
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Major efforts have focused on development of radio-
labeled phenyltropane derivatives to study the physio-
logy, pharmacology, and pathophysiology of cerebral
monoamine transporters. Most PET radiotracers devel-
oped to target monoamine transporters have been radio-
carbon [11C]-labeled phenyltropanes.20–27 There are a
few available [18F]-labeled tracers for amine transport-
ers, but most of them require multi-step radiosynthe-
sis.28–37 Moreover, the selectivity of such compounds
for specific monoamine transporters varies, and requires
further improvement.

Given the circumstances just summarized, our objectives
in this study were to synthesize and pharmacologically
evaluate novel N- or O-fluoroalkyl tropane derivatives,
aiming at simplified, one-step [18F]-radiolabeling of
novel radiopharmaceuticals for PET imaging.28,38 We
report the synthesis and monoamine transporter binding
potencies and selectivities of a series of novel fluoro-
alkyl-substituted tropane derivatives, as well as the syn-
thesis of two tosylate compounds, which were developed
as precursors for the one-step radiolabeling to provide
PET imaging agents. We found that several novel com-
pounds of this type possess high affinity and selectivity
for both DAT and SERT, and are attractive potential
ligands for labeling these monoamine transporters in
brain tissue, including compounds suitable for efficient
conversion to [18F]-labeled radiopharmaceuticals.
2. Chemistry

We first hydrolyzed cocaine with 6N HCl, followed by
treatment with POCl3 andMeOH to obtain anhydroecgo-
nine-methyl ester in 97% overall yield after bulb-to-
bulb distillation. Grignard addition with 4-trimethyl-
silyl-phenylmagnesium bromide yielded a series of 2-b-
carbomethoxy-3b-(4-trimethylsilylphenyl)-tropanes
after quenching the reaction with trifluoroacetic acid at
low temperature. The halogen-substituted phenyltro-
panes, 2-b-carbomethoxy-3-b-(4-bromophenyl)-tropane
(b-CBT; 1) and its 4-iodo congener (b-CIT; 2) were pre-
pared by previously reported procedures.38 Hydrolysis
of 1 and 2 in aqueous dioxane gave the corresponding
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Scheme 1. Reagents and conditions: (a) dioxane/H2O (1:1, v/v), reflux 1da

reflux 2h; (d) ACE-Cl, ClCH2CH2Cl, reflux 2days; (e) MeOH, rt.
acids 3 and 4 in P90% yields. Treatment of 3 with POCl3
yielded the acid chloride; without further purification,
this material was treated with 1,3-propane-diol mono-
mesylate to produce compound 5. Treatment of the
mesylate ester 5 with tetrabutylammonium fluoride
(TBAF) in refluxing THF provided the 3-fluoropropyl
ester 6 in P90% yield. N-demethylation of compound
6 with a-chloroethyl-chloroformate (ACE-Cl)39 in ethyl-
ene dichloride, followed by treatment with MeOH, pro-
vided the nortropane 7 (see Scheme 1).

The fluoroalkyl-containing ester and amide analogs of
the tropanes 8, 9, 13, and 14 were prepared by treatment
of the corresponding acid chloride with 2-fluoroethanols
and 2-fluoroethylamines (see Scheme 2). N-demethyl-
ation of 8 and 9 provided the nortropanes 10 and 11.
N-(fluoroalkyl)Phenyltropane 12 was prepared by alkyl-
ation of 10 with fluoropropyl bromide according to pre-
viously reported procedures.40,41

Attempts to treat the acid chlorides of 3 or 4 with 2-(p-
toluylsulfonyl)ethanol failed to yield desired tosylates 17
and 18. However, 17 and 18 were readily prepared by
treatment of alcohols 15 and 16 with p-toluenesulfonyl
chloride and N,N,N 0,N 0-tetramethyl-1,6-hexanediamine
in acetonitrile at 0–5 �C for 3h (see Scheme 3). The tosyl-
ates 17 and 18 can be readily converted to the fluoro-
compounds 8 and MCL 301 using microwave
technology. A CEM explorer microwave discover sys-
tem was used for this conversion, which required
15min at 100 �C in 80% yield. This conversion to the
18F compounds was subsequently reported by Baldwin
et al.44
3. Structure–activity relationships

In vitro transporter-binding potencies of test com-
pounds were evaluated by radioligand competition as-
says based on tritiated radioligands that are highly
selective for DAT, SERT, and NET sites in rat forebrain
tissue preparations, as detailed previously.42,43 Potencies
are expressed as affinity constants (Ki) in nanomolar
(nM), and selectivities for specific transporter-types are
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Scheme 2. Reagents and conditions: (a) POCl3, HOCH2CH2F, Et3N, CH2Cl2; (b) ACE-Cl, ClCH2CH2Cl, reflux 2days; (c) MeOH, rt; (d)

FCH2CH2CH2Br, KI, Et3N, EtOH, reflux 2h; (e) POCl3, NH2CH2CH2F, Et3N, CH2Cl2.
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Scheme 3. Reagents and conditions: (a) POCl3, HOCH2CH2OH, Et3N, CH2Cl2; (b) TsCl, Me2N(CH2)6NMe2, CH3CN.
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expressed as Ki ratios; our previously reported38 Ki val-
ues for CBT, nor-CBT, FP-CBT, MCL 301 are included
for comparison (Table 1).

In general, the novel fluoroalkyl esters of halophenyltro-
panes showed higher affinity than fluoroalkyl amides at
both DAT and SERT (compare: 8 vs 13, and MCL301
vs 14; Table 1). The fluoroethyl ester of nor-CIT (11)
showed highest SERT potency (Ki = 0.18nM), and
moderate selectivity for SERT over DAT (4.7-fold).
The fluoroethyl ester of nor-CBT (10; Ki = 0.57nM),
as well as the tosyl-ethyl ester 18 (Ki = 0.52nM)) showed
the highest DAT potencies, and the fluoroethyl ester of
FP-CBT (12) showed relatively high affinity at NET sites
(Ki = 2.03nM).

The fluoroethyl (8) and fluoropropyl (6) esters of CBT
had lower affinity at DAT and NET sites than did
CBT itself, but similar affinity for SERT, resulting in
greater selectivity for SERT compared to CBT. The
fluoroethyl ester N-fluoropropyl derivative 12 showed
3.2-fold less affinity at DAT than did the N-fluoropropyl
methyl ester,38 as well as greater potency at both SERT
(2-fold) and NET (over 200-fold), resulting in decreased
selectivity for DAT versus SERT and NET.

The potency of the nortropane esters 7, 10, and 11, rel-
ative to their N-methyl analogs 6 and 8 indicated that
replacement of the N-methyl group by hydrogen en-
hanced potency at all three monoamine transporters
and led to greater selectivity for SERT (9.5–22 fold)
and NET (18.4–27.6 fold) than at DAT (1.1–3.4 fold).
Compared to nor-CBT, the nortropane fluoroalkyl
esters 7, 10, and 11 showed little change in DAT
affinity, but lower potency at SERT or NET, so as to
yield 3.2–5.3 fold selectivity for DAT over SERT,
and 8.7–14.9 fold selectivity for DAT over NET
(Table 1).

The fluoroethyl amide derivatives (13 and 14) showed
lower affinity for DAT and SERT, and are expected to
have a longer pharmacological action. The tosylate ester
analogs 17 and 18 were designed as precursors for the
preparation of [18F]-labeled PET agents. Compared to
fluoroethyl ester analogs, the tosylates (20 and 21)
showed relatively high affinity at both DAT and SERT
(Ki = 0.5–1.6nM), suggesting that DAT and SERT can
accommodate sterically demanding functional groups
at the 2-b position of phenyltropanes (compare: 7 vs
17, and 18 vs MCL 301; Table 1).

In conclusion, a series of fluoroalkyl derivatives of halo-
phenyltropanes and two tosylate precursors for the
preparation of [18F] radiolabeled derivatives (17 and
18) were synthesized and evaluated for potency and
selectivity at monoamine transporters for DA, NE,
and 5-HT in rat forebrain tissue. Novel halophenyltro-
panes 6, 7, 8, 10, and 11 are especially attractive



Table 1. Transporter binding affinity and SAR of fluoroalkyl derivatives of halophenyltropanes

N
R1

COR2

X

Compda,b R1 R2 X Potency (Ki ± SE, nM)c Selectivityd

DAT SERT NET DAT/SERT DAT/NET

6 CH3 OCH2CH2CH2 F Br 1.91 ± 0.10 2.86 ± 0.14 244 ± 28 1.50 128

7 H OCH2CH2CH2F Br 0.72 ± 0.10 0.30 ± 0.10 8.85 ± 0.66 0.42 12.3

8 (MCL322) CH3 OCH2CH2 F Br 2.33 ± 0.19 5.10 ± 0.22 280 ± 37 2.19 120

10 H OCH2CH2F Br 0.57 ± 0.05 0.24 ± 0.01 15.2 ± 1.1 0.42 26.7

11 H OCH2CH2F I 0.85 ± 0.07 0.18 ± 0.02 — 0.21 —

12 CH2CH2CH2F OCH2CH2F Br 10.6 ± 0.55 18.3 ± 1.5 2.03 ± 2.48 1.72 0.19

13 CH3 NHCH2CH2 F Br 25.7 ± 3.1 38.7 ± 2.6 ca. 3000 1.51 ca. 117

14 CH3 NHCH2CH2F I 44.5 ± 2.3 30.8 ± 2.2 >10,000 0.69 >225

17 CH3 OCH2CH2OTs Br 1.23 ± 0.07 1.65 ± 0.09 225 ± 25 1.34 183

18 CH3 OCH2CH2OTs I 0.52 ± 0.10 0.62 ± 0.02 413 ± 59 1.19 794

Nor-CBT H OCH3 Br 0.52 ± 0.10 0.95 ± 0.10 1.02 ± 0.15 0.55 0.51

CBT CH3 OCH3 Br 0.30 ± 0.05 4.95 ± 0.50 15.3 ± 1.0 0.06 0.02

MCL301e CH3 OCH2CH2F I 0.93 ± 0.10 4.02 ± 0.48 116 ± 12 4.30 125

FP-CBTe CH2CH2CH2F OCH3 Br 3.33 ± 0.99 36.4 ± 2.2 196 ± 14 10.9 58.9

a All compounds exhibited 1H NMR spectra consistent with their assigned structures.
b CHN analyses were within 0.4% of theoretical values.
c Transporter binding affinity assays were detailed previously.42,43 For DAT, rat striatal homogenates incubated with 0.3nM [3H] CIT (Tocris-

Cookson); for SERT, rat cerebral cortical homogenates incubated with 0.71nM [3H]cyanoimiprimine (NEN); for NET, rat cerebral cortical

homogenates incubated with 0.35nM [3H]nisoxetine (NEN).
d Selectivity = ratios of Ki for SERT or NET versus for DAT (ratios >1.0 indicate preference for DAT over SERT or NET).
e Reported previously,38 and included for comparison with novel agents.
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candidates for the development of [18F]-labeled PET
radiotracers for clinical imaging DAT in human brain
in that they all showed high affinity (Ki < 5nM) for
DAT sites. We recently prepared both [18F]-labeled 8
(MCL322) and [18F]-labeled MCL301 in one step from
the respective tosylate precursors 17 and 18, and re-
ported on their assessment by PET imaging of baboon
and rodent brains.44 These preliminary findings
indicated high selectivity for both novel [18F]-radiolig-
ands for DAT over SERT or NET, are in keeping with
the in vitro affinity data shown in Table 1.

Finally, the fluoroethyl ester of nor-CBT (10) showed
the highest potency and selectivity for SERT versus
DAT. Since inhibition of serotonin reuptake may
modulate the reinforcing properties of cocaine,45 com-
pounds such as 10 may be of interest as therapeutic
agents for the clinical management of stimulant abuse
disorders.
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