
1914 J. Med. Chem. 1993,36, 1914-1917 

Communications to the Editor 

Enantioselectivity of Cocaine Recognition 
Sites: Binding of (15)- and (lJZ)-2/?-
Carbomethoxy-3/?-(4-iodophenyl)tropane 
(/9-CIT) to Monoamine Transporters 

Shaoyin Wang,* Yigong Gao,' Marc Laruelle,8 

Ronald M. Baldwin,* B. Ellen Scanley,* 
Robert B. Innis,8 and John L. Neumeyer*-*'1 

Section of Medicinal Chemistry, Northeastern University, 
Boston, Massachusetts 02115, Research Biochemicals 

International, One Strathmore Road, Natick, Massachusetts 
01760, and Department of Psychiatry, Yale University 

School of Medicine and VA Medical Center, 
West Haven, Connecticut 06516 

Received April 7, 1993 

(LR)-Cocaine (1) is one of the most powerful reinforcing 
drugs known1 and exhibits a complex set of pharmaco
logical actions, primarily by inhibiting the reuptake of 
monoamines.1 The inhibition of dopamine uptake by 
cocaine leads to a buildup of dopamine in the synaptic 
cleft and results in significant potentiation of dopaminergic 
transmission. This potentiation has been implicated in 
the reinforcing properties of cocaine and perhaps for some 
of its euphoric effects as well. 

Multiple saturable binding sites at the dopamine 
transporter for natural (LR)-cocaine (1) have been iden
tified in striatal tissue of rodents,2-6 humans,7 and non-
human primates.8 Affinities of natural (liJ)-cocaine (1) 
at one of these binding sites parallel their potencies for 
inhibiting dopamine uptake in this brain region.3'4'7,8 Thus, 
these binding sites have revealed several characteristic 
properties of biologically relevant receptors. One of the 
important properties is the stereoselectivity of (li?)-cocaine 
(1) for its binding site. [3H] Cocaine (1) stereoselectively 
binds to dopamine transporter with preference for (li?)-
cocaine over its enantiomer (lS)-cocaine or its stereoisomer 
pseudococaine.9 All seven stereoisomers of (liJ)-cocaine 
show a 60-fold or greater reduction in potency for inhibiting 
[3H] CFT binding. The inversion of the configuration (1S)-
cocaine vs (liJ)-cocaine (1) reduces the binding affinity by 
150-fold.9 Gatley et al.10 reported that the amount of (1S)-
[UC] cocaine that entered the brain was below the de
tectable limits with PET (positron emission tomography) 
when it was given to baboon, while (li?)-cocaine (1) 
localized in striatum with a time course similar to that of 
the subjective behavioral "high" in humans.11 They found 
that the hydrolysis of (lS)-cocaine by baboon plasma 
butyrylcholinesterase was at least 1000 times faster than 
that of its enantiomer, (li?)-cocaine (1). Consequently, 
the lack of brain uptake of the (lS)-isomer could be 
explained by its rapid stereoselective hydrolysis in plasma. 

Some of (lfl)-cocaine (1) analogues with an aromatic 
ring directly connected to the 3/3-position of the tropane 
ring showed enhanced biological activity and, particularly, 
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Figure 1. Cocaine and 3/3-phenyl analogues. 

increased behavioral stimulation and higher binding 
affinity at monoamine reuptake sites with lower intra
venous toxicity.12,13 Cocaine congeners such as 20-car-
bomethoxy-3|3-phenyltropane (CPT, 2), 2/3-carbomethoxy-
3/3-(4-fluorophenyl)tropane (3, CFT, WIN 35,428), and 
2/3-carbomethoxy-3|3-(4-iodophenyl)tropane (designated 
as 0-CIT, 4, in analogy to CFT) all exhibit higher binding 
affinities to monoamine transporters than cocaine.2,9'12-16 

Among them (lR)-0-CIT (4) is perhaps the most potent 
ligand for the dopamine and serotonin transporters from 
baboon brain, with an IC50 of 1.6 nM in displacing [3H]-
/3-CFT (DA) and 3.8 nM in displacing [3H] paroxetine (5-
HT).14'16 The brain binding of [123I]-(li?)-/3-CIT (4) by 
SPECT (single-photon emission computed tomography) 
would be expected to include specific binding to monoam
ine reuptake sites as well as nonspecific binding, with the 
specific binding presumably being the behaviorally sig
nificant component. Recently, Laruelle et al.16 found that 
the target to background ratios of [123I]-(li?)-/3-CIT (4) 
were quite high, particularly in the striatum (5.82 at 180 
min and 7.33 at 300 min). We have prepared the (1S)-
enantiomer (5a) of /3-CIT (4) because of its potential use 
in homogenate binding studies to characterize nonspecific 
binding and in SPECT studies to characterize both the 
kinetics of passage through the blood-brain barrier and 
the kinetics of nonspecific binding. The affinities of the 
(IS)- and (lJR)-enantiomers of j8-CIT for dopamine (DA) 
and serotonin (5-HT) transporter were assessed by their 
potencies to displace [125I]-0-CIT binding to tissue ho-
mogenates prepared from rat caudate (predominantly DA 
transporters) and rat cortex (predominantly 5-HT trans
porters) (Figure 2).14-17 Because the radiolabeled inactive 
enantiomer 5c could be used for in vivo brain imaging 
studies, we used a physiological buffer containing solutes 
at concentrations comparable to those in cerebral spinal 
fluid (artificial cerebral spinal fluid, ACSF). In addition, 
since Kirifides et al.18 reported that freezing brain tissue 
altered binding to the DA transporter, we have used freshly 
prepared tissue homogenates. 

Chemistry. The (lS)-enantiomers5a-b of (lR)-0-ClT 
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(4) were prepared starting from commercially available 
3-tropinone (Scheme I). Thus, the sodium hydride 
catalyzed carbomethoxylation19 of 3-tropinone with dim
ethyl carbonate followed by resolution with (-)-tartaric 
acid gave (lS)-2-carbomethoxy-3-tropinone (6).9 ThePt0 2 

catalytic hydrogenation of 6 as described by Clarke et al.12 

provided (lS)-allopseudoecgonine methyl ester (7), which 
on refluxing in phosphorus oxychloride gave the key 
intermediate (lS)-anhydroecgonine methyl ester (8).12 

Grignard reaction, iodination, and stannylation were 
carried out as previously reported for (LR)-/8-CIT (4).14 

The treatment of 8 with 2 equiv of phenylmagnesium 
bromide at -40 to 45 °C gave a 2:1 mixture of (lS)-2/3-
carbomethoxy-3/3-phenyltropane [(lS)-/8-CPT (9a)] and 
(lS)-2a-carbomethoxy-3/?-phenyltropane [(lS)-a-CPT 
(9b)] in 94% yield. Separation of 9a from 9b with flash 
chromatographic column of silica gel, eluting with me
thylene chloride/triethylamine (10:1), gave 9a in 63.6% 
yield: mp 62-63 °C; [O]*D +5.6° (c = 1, CHC13) [lit.12 

(lfl)-enantiomermp 62-64.5 °C; [a]26
D-5.30,l% CHCI3]; 

HPLC (Phenomenex Bondclone C18, 300 X 3.9 mm; 
methanol/water/triethylamine 65/35/0.05; 1.5 mL/min; £R 
6.1 min) 100%. Anal. (Ci6H2iN02) C, H, N. Direct 
iodination of 9a with iodine in the presence of HNO3/ 
H2SO4 (1/1) gave (lS)-/8-CIT (5a): mp 110.5-111.5 °C; 
[OJ^D -2.1° (c - 1, CHCI3) [lit.14 (lfl)-enantiomer mp 
110-111 °C; [ a ] 2 ^ +2.2° (c = 1, CHCI3)]; HPLC (Phe
nomenex Bondclone C18,300 X 3.9 mm; methanol/water/ 
triethylamine 65/35/0.05; 1.5 mL/min, £R 16.5 min) 98%. 

Anal. (C16H20NO2D C, H, N. The treatment of 5a with 
hexamethylditin in the presence of palladium(O) tetrakis-
(triphenylphosphine) gave (lS)-2/8-carbomethoxy-3/3-[4-
(trimethylstannyl)phenyl]tropane(5b): 93.4% yield; mp 
116-117 °C; [a]26

D -0.71° (c = 1, CHC13) [lit.20 (1R)-
enantiomer mp 113-114 °C; [a]18

D +1.6° (c = 1, CHCI3)]; 
HPLC (E Merck Aluspher RP select B 250-4; methanol/ 
water/triethylamine 65/35/0.05; UV detection at 254 nm; 
1.0 mL/min, tR 11.5 min) >98%. Anal. (Ci9H29N02Sn) 
C, H, N. [126I]-(lfi)-|S-CIT was prepared by iododestan-
nylation of the corresponding 4-(trimethylstannyl)phenyl 
derivatives as previously described.14-16 Radiochemical 
purity was >95% measured by HPLC. The specific 
activity, estimated from HPLC with UV detection, was 
>2000 Ci/mmol and was assumed to be equal to the 
theoretical value of 2200 Ci/mmol for the binding exper
iments. 

Homogenate Binding. Materials and Methods. 
Male Sprague-Dawley rats (200-250 g) were euthanized, 
and the brains were immediately removed and sectioned 
in a mold. Striatum and cortex anterior to coronal section 
Bregma ~ 20 mm (including frontal, parietal, and cingulate 
cortices) were dissected, weighed, and homogenized at a 
1/40 dilution (weight/volume) with a Brinkmann Polytron 
(setting 6 for 10 s). The tissue homogenates were 
centrifuged (20 OOOg at 4 °C for 10 min) and resuspended 
twice prior to final resuspension in ACSF buffer (128 mM 
NaCl, 3 mM KC1,1.25 mM NaH2P04,10 mM D-glucose, 
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Figure 2. Displacement of [1MI]-(lfl)-0-CIT from cortical 
membranes prepared from rat caudate (A) and cortex (B) by 
(l/?)-|9-CIT (•) and (IS)-JS-CIT (O). Each symbol represents 
the mean of triplicate incubation, and this representative 
experiment was performed three times. Total and nonspecific 
binding values, respectively, of [128I]-(LR)-/3-CIT in this exper
iment were as follows: caudate (6770 and 920 dpm) and cortex 
(1810 and 350 dpm). 

2 mM CaCl2) 2 mM MgS04, and 15 mM NaHC03) which 
provided a pH of 7.40 at 22 °C). 

The binding assay was initiated by the successive 
addition of 100 fih of [126I]-/3-CIT (final concentration of 
10 pM), 100 nh of buffer with displacing drug, and 800 nh 
of tissue solution. Final tissue dilution (1/4000 for striatum 
and 1/1600 for cortex expressed as weight/volume) was 
adjusted so that total binding was between 5 and 10% of 
total ligand concentration. Tubes were incubated for 90 
min at 22 °C. Preliminary experiments showed that 
equilibrium binding was achieved by 45-60 min and 
showed no degradation during incubations up to 90 min. 
The assay was terminated by rapid filtration over GF/B 
filers on a 48-channel cell harvester (Brandel, Gaithersburg, 
MD). Filters were rapidly washed three times with 5 mL 
of ice-cold buffer and counted in a COBRA 5010 7-counter 
(Packard, Meriden, CT) with an efficiency of 80%. 

Three separate displacement experiments were per
formed for the (IS)- and (LR)-enantiomers (5a and 4, 
respectively) of (3-CIT with both caudate and cortex tissue 
(Figure 2). Triplicate incubation tubes contained each 
enantiomer at 6-7 concentrations which fairly symmet
rically encompassed a 10-fold range both above and below 
the IC50 value (i.e., the concentration required to occupy 
50% of the target sites). The IC50 value was determined 
with a logit-log analysis performed with G. A. McPherson's 
EBDA program (version 2.0, Elsevier BIOSOFT, Cam
bridge, UK). Nonspecific binding was measured in the 
presence of 60 nM (IR)-cocaine (1) and represented 13-
21% of total binding. 

Results. The IC50 values of the (LR)-/3-CIT (4) to 
displace [12SI] (1R)-/S-CIT were 0.42 ± 0.07 nM with striatal 
membranes and 0.55 ± 0.03 nM with cortical membrane 
(mean ± SEM, n = 3 for each tissue). In contrast, the IC50 
values of its (lS)-enantiomer 5a were 5700 ± 350 nM and 

450 ± 48 nM, respectively. Thus, the (LR)-/3-CIT (4) was 
more potent than the (lS)-0-CIT (5a) by a factor of 14 000 
for caudate tissue and 800 for cortical tissue. 

Discussion. Because rat caudate is enriched in DA 
transporters and cortex in 5-HT transporters, these tissues 
have been used in homogenate binding studies with 
radiolabeled analogues of cocaine to provide a measure
ment of the relative affinities of displacing agents at these 
two monoamine transporters.14,17 Our homogenate binding 
studies show that the (lS)-enantiomer 5a has 3-4 orders 
of magnitude lower affinity for these two monoamine 
transporters than the (LR)-enantiomer 4. Thus, although 
significant and important effects on activity are obtained 
by replacement of the benzoyl group at C-3 of tropane 
ring with an aryl group,4 the inversion of (lfl)-configuration 
results in significant reduction in the binding affinity at 
monoamine transporters. The present work extends the 
previous observations that the structural requirement for 
the binding of cocaine analogues to the monoamine 
transporters is (fl)-configuration at Ci position of the 
tropane ring.4-9,13 We have not examined the relative 
potencies of (IS)- and (LR)-/S-CIT at norepinephrine (NE) 
transporters, in part because of the lack of a moderately 
size brain region with relative enrichment in this target 
site. However, our SPECT imaging studies with [123I]-
/3-CIT in monkeys suggest that almost none of the brain 
activity is related to the NE transporter, since the injection 
of maprotiline, an agent selective for this transporter, 
caused no measurable displacement of regional brain 
activities.16 Our studies suggest that [125I]-labeled (1S)-
/3-CIT will be a useful probe of nonspecific binding for 
homogenate binding studies and that [123I]-(lS)-/3-CIT 
will be a useful tracer for in vivo evaluation of both the 
blood-brain barrier transfer and the kinetics of nonspecific 
binding in SPECT. 
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