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N-Norcocaine (2) and six N-nor-33-(4'-substituted phenyl)tropane-28-carboxylic acid esters (4a-
f) were synthesized by N-demethylation of cocaine (1) and the appropriate 33-(substituted phenyl)-
tropane analogues (3a-f) with a-chloroethyl chloroformate. Radioligand binding affinities of 2
and 4a-f at the DA, 5-HT, and NE transporter were measured and compared to those of 1 and
3a-f. N-Demethylation produced relatively small effects at the DA transporter. In contrast,
4-19-fold and 2-44-fold enhanced affinity at the serotonin and norepinephrine transporter resulted
from demethylation. N-Nor-33-(4’-iodophenyl)tropane-28-carboxylic acid methyl ester (4d) with
an IC;5, = 0.36 nM showed the greatest affinity for the serotonin transporter. However, N-nor-
33-(4’-ethylphenyl)tropane-23-carboxylic acid methyl ester (4e) showed the greatest selectivity for

the serotonin transporter.

Cocaine (1) is an inhibitor of the neuronal transport of
norepinephrine (NE), dopamine (DA), and serotonin (5-
HT) at roughly similar concentrations, i.e., with K;i’s
between 220 and 310 nM.! Biochemical binding studies
indicate slight DA selectivity.2® Inrecent years, structure—
activity relationships of cocaine (1) analogues and binding
at monoamine transporters, particularly at the dopamine
transporter, have been explored,” and some structural
modifications that result in selectivity for the dopamine
transporter over the norepinephrine and serotonin trans-
porters have been reported.?-1® Such selectivity is useful
in developing biochemical probes for behavioral studies
and for receptor imaging.

In addition, it had been shown that replacement of the
N-methyl group by hydrogen in 3a (WIN 35,065-2) to give
4a (WIN 35,981) resulted in enhanced affinity at the 5-HT
and NE transporters with virtually no change in the affinity
at the DA transporter, leading to diminished selectivity
for the DA over 5-HT and NE transporters.®! An
analogous effect was observed upon replacement of the
N-methyl group in cocaine (1) by hydrogen to give
N-norcocaine (2); in this case affinity at NE and 5-HT
transporters was enhanced while it was decreased at the
DA transporter, resulting in slight selectivity for 5-HT
and NE transporters over the DA transporter.311.12 These
findings prompted examination of the relative potency of
several N-nor-38-(4’-substituted phenyl)tropane-28-car-
boxylic acid esters (4b-f) to determine whether replace-
ment of the N-methyl group by hydrogen generally
enhances selectivity for 5-HT and NE relative to DA
transporters.
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Results

Chemistry. N-Norcocaine (2) and the N-nor analogues
4a-f were prepared by treating cocaine, or the cor-
responding 35-(4’-substituted phenyl)tropane-28-carboxy-
lic acid ester analogues 3a-f, with a-chloroethyl chloro-
formate!? to give an (a-chloroethyl)urethane, which was
not isolated, but converted directly to the N-nor analogue
by solvolysis with methanol. Table 1 lists the physical
constants for the compounds prepared. Other methods
for preparing N-norcocaine,!+18 as well as 4a-b and 4f,
have been reported.#1%-22 The N-methyl precursors 3a-c
and 3f were prepared as previously reported.®?* The 4-iodo
analogue 4d (RTI-55) was prepared by direct iodination
of the solution of 4a in a mixture of acetic and perchloric
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Notes
Table 1. Physical Properties of N-Nor-38-(4-substituted
phenyl)tropane-28-carboxylic Acid Methyl Esterss

molecular  yield optical rotation
compd formula® (%) mp(°C) [al%p (deg) (c 1, CHCly)

2 CisH1eNO4 1 81-83¢ -54.6¢

4a CpHpNOg 60 117-119° -89.8
4b C1sHisFNO, 66 114-115/ -108.9/
4c CisH1sCINO, 64 104-105 -94.5
4d Ci1sH;5sINO, 54 116-117% -86.5
4ed CaH»NOg 48 148-150 -99.6"
Af Ci17H2INO, 65 110-111 -72.0

¢ A general procedure for the synthesis of compounds is given in
the text. ® All compounds were analyzed for C, H, N. The results
agreed to £0.4% with theoretical values. ¢ Borne et al.1® reports mp
82-83°C and [a]®p-41° (c1, CHCly). ¢ This compound was analyzed
as the tartrate salt; the mp and [a]p are for tartrate salt. ¢ Clarke et
al.?! reports mp 79-80 °C and [«]%p -110° (1% in H;0) for the
hydrochloride salt. / Meltzer et al.¢ reports mp 115-116 °C and [«]2lp
-102.1° (¢ 1, CH30H). £ Neumeyer et al.? reports mp 149-151 °C
and [a]?®p —67.4° (¢ 1, CHCly). 2 (¢ 1, CH30H).

acid containing mercuric oxide. The 4’-ethylphenyl
analogue 3e was prepared by adding (4-ethylphenyl)-
magnesium bromide to anhydroecgonine methyl ester.

Biological. TheICjsvalues for inhibition of radioligand
binding at the dopamine, serotonin, and norepinephrine
transporters for compounds 1, 2, 3a-f, and 4a-f are listed
in Table 2. The ICs values are for inhibition of 0.5 nM
[BHIWIN 35,428 (for DA), 0.2 nM [®Hlparoxetine (for
5-HT), and 0.5 nM [3H]nisoxetine (for NE) binding,
respectively.2425

Discussion

Examination of cocaine (1) and N-norcocaine (2), as
well as six of the 38-(4’-substituted phenyl)tropane-28-
carboxylic acid esters (3a-f) and their N-demethylated
derivatives (4a-f), for binding affinity at dopamine,
serotonin and norepinephrine transporters revealed find-
ings in agreement with previously reported data.212
N-Demethylation produced only relatively small effects
at the DA transporter (Table 2). In two pairs of com-
pounds, 1/2 and 3f/4f, an approximately 2-fold decrease
in potency was observed, while in two other pairs, 3a/4a
and 3e/4e, there was no significant effect, and in the
remaining three pairs, 3¢/4¢, 3d/4d, and 3b/4b, a 2-4-fold
increase in potency was recorded. Much larger effects on
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potency were found at the 5-HT and NE transporters
where N-demethylation invariably resulted in increased
affinity. For 5-HT, the effect ranged from 4- to 19-fold
while for the NE transporter, 2—44-fold enhancements of
potency were observed (Table 2).

A consequence of these results is that whereas cocaine
(1) and the analogues 3a-d,f all exhibited some selectivity
for binding at the DA transporter relative to the 5-HT
and NE transporters, the N-demethylated derivatives 2,
4a-f exhibited less DA selectivity. Infact, one compound,
4e, has 5-fold binding selectivity for the 5-HT transporter
relative tothe DA transporter. The N-nor-4’-chlorophenyl
and N-nor-4’-iodophenyl analogues 4¢ and 4d with ICs’s
of 5.45 and 7.54 nM, respectively, showed the highest
affinity for the NE transporter. However, examination of
the NE/DA ratio (Table 2) shows that none of the
compounds possess appreciable selectivity for the NE
transporter. :

These preliminary data suggest that highly potent,
relatively selective ligands for the 5-HT transporter may
be derived from N-demethylation of 38-(4’-substituted
phenyl)tropane-28-carboxylic acid esters (3). In particular,
it appears that affinity for the 5-HT transporter can be
increased by N-demethylation of the lipophilic 4’-eth-
ylphenyl analogue 3e to the N-nor analogue 4e. The data
also highlight the disparate requirements for binding at
the DA, 5-HT, and NE transporters. A working model for
the DA pharmacophore has been defined;? studies are
underway in our laboratories to characterize the binding
requirements for the 5-HT and NE transporters. The
results of these studies will be useful in the design of
specific, high-affinity ligands and behavioral tools for these
transporters. Finally, even though ester hydrolysis is the
major metabolic pathway for cocaine, norcocaine (2) is a
known minor metabolite. Since compounds 3 have only
one ester group, N-demethylation may be a more signifi-
cant metabolic pathway, and thus the contribution of the
N-nor compounds 4 to the in vivo activity of 3 may be
important.

Experimental Section
Melting points were determined on a Thomas Hoover capillary

tube apparatus. All optical rotations were determined at the
sodium D line using a Rudolph Research Autopol III Polarimeter

Table 2. Comparison of Inhibition of Transporter Binding for Cocaine (1), 38-(4’-Substituted phenyl)tropane-28-carboxylic Acid Esters

(3a-f) and Their N-Nor Analogues (2 and 4a-f)

DAs " 5-HTe NEe
[CHIWIN 35,428 [BH]Paroxetine [®H]Nisoxetine
compd ICso (nM) (pair ratio)® ICso (nM) (pair ratio)® ICs (nM) (pair ratio)* 5-HT/DAbratio NE/DA® ratio
1 89.1 £4.8 1045 + 89 3298 £ 293 12 37
2 206 = 29 (0.4) 127 £13 [t3)) 139£9 (24) 0.6 0.7
3ad 235 1999 £ 64 920 £ 73 87 40
4a 308£23 (0.8) 156 £ 8 (13) 845% 7.5 11) 5 3
3bb 157+1.4 759 £ 47 834.0 £ 45 48 53
4b 4.39 £ 0.20 4) 68.6 £ 2.0 (11) 18.8 £ 0.7 (44) 16 4
3c 1.12£0.10 445%£1.3 37321 40 33
4c 0.62 = 0.09 2) 4.13 £ 0.62 a1y 5.45 £ 0.21 ) 7 9
3d¢ 1.26 +£ 0.04 4.21 £0.34 36.0 £ 2.7 3 29
4d 0.69 £ 0.2 (2) 0.36 £ 0.05 (12) 7.54 £ 3.19 ®) 0.5 11
3e 55.0%£2.1 28.4+ 3.8 3907 £ 381 0.5 71
4e 499 %173 Q) 8.13 £ 0.30 (4) 122£ 12 32) 0.2 2
3f 0.43 + 0.059 66.8 £ 6.5¢ 2858 155 662
4f 1.06 £0.12 (0.4) 3.59 £ 0.27 19) 132%5 2) 3 125

¢ Data are mean * standard error of three or four experiments performed in triplicate. ¥ 5-HT/DA and NE/DA are ratios of ICs values.
¢ The pair ratios show the ratio: 1/2 and 3/4 analogue ICs values, and reflect the potency change occurring upon demethylation. 9 The ICso
values were taken from ref 8. ¢ The ICg value in ref 8 was 310 = 77 nM.
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(1-dm cell). NMR spectra were recorded on a Bruker WM-250
or AM-500 spectrometer using tetramethylsilane as an internal
standard. Thin-layer chromatography was carried out on What-
man silica gel 60 TLC plates using hexane-Et,0-EtsN (10:9:1).
Flash chromatography was conducted on silica gel 60 (230-400
mesh) using hexane-Et,0-EtsN (30:9:1) as the eluent. Visual-
ization was accomplished under UV or in an iodine chamber.
Since all of the compounds described were prepared starting
from natural cocaine, they are all optically active and have the
absolute configuration of natural cocaine. Microanalyses were
carried out by Atlantic Microlab, Inc. Cocaine was provided by
the National Institute on Drug Abuse. [*H]-38-(p-Fluorophenyl)-
tropane-28-carboxylic acid methyl ester ([*(H]WIN 35,428), and
[3H]paroxetine were purchased from Dupont-New England
Nuclear (Boston, MA), and [3H]nisoxetine was purchased from
American Radiolabeled Chemicals, Inc. (St. Louis, MO).

35-(4’-Todophenyl)tropane-238-carboxylic Acid Methyl
Ester (3d). 38-Phenyltropane-28-carboxylicacid methyl ester??
(5.72g, 0.022 mol) was dissolved in acetic acid (75 mL) containing
perchloric acid (25 mL) and mercuric oxide yellow (4.77 g, 0.022
mol). Iodine (13.96 g, 0.055 mol) in CH;Cl; (200 mL) and acetic
acid (100 mL) were added in portions over 10 min. The mixture
was stirred at room temperature overnight. The solid was
separated by filtration, and the filtrate was diluted with H;O
(100 mL) and CH;Cl; (200 mL) and cooled to 0 °C in an ice bath.
Concentrated NH,OH was added dropwise to the stirred mixture
over 45 min to basify the aqueous phase. The organic layer was
separated and the aqueous layer further extracted with CH,Cl,
(4 X 100 mL). The organic extracts were combined, dried over
Na;S0, filtered, and evaporated. The crude product was placed
on a silica gel flash column (300 g) and eluted with Et,0-Et;N-
hexane (9:1:10) . The pure product from the column was
crystallized from Et,O-petroleum ether to give 5.01 g (59%) of
pure free base: mp 107-108 °C; [a]%p +4.13° (¢ 1, CHCly) [lit.22
mp oil; [«]%p -2.0° (¢ 0.85, CHCl3)]1, 'H NMR (CDCl;) 6 1.68 (m,
3),2.14 (m, 2), 2.22 (s, 3), 2.54 (m, 1), 2.91 (m, 2), 3.35 (m, 1), 3.51
(s, 3), 3.56 (m, 1), 7.01 (d, 2), and 7.58 (d, 2). Anal. Calcd for
CisH2INO,: C, H, N.

The tartrate salt had mp 128-129 °C; [«]%#p -82.9° (¢ 1, MeOH)
[lit.28 mp 72-74 °C dec; [«]%p -73.8° (¢ 0.32, MeOH)].

35-(4-Ethylphenyl)tropane-28-carboxylic Acid Methy!
Ester (3e). A solution of anhydroecgonine methyl ester?! (500
mg, 2.8 mmol) in dry ether (5 mL) was added dropwise to a
stirred solution of (4’-ethylphenyl)magnesium bromide (prepared
from 200 mg of Mg and 1.14 mL of 4-ethylbromobenzene). The
mixture was stirred for 2 h at that temperature, then cooled to
-78 °C, and treated with TFA (0.25 mL) in dry Et20 (5 mL). The
mixture was allowed to warm to 0 °C, diluted with water, and
made acidic with 2 N HCl to dissolve all the solids. The aqueous
layer was separated, made basic with concentrated NH,OH,
saturated with NaCl, and extracted with ether (3 X 10 mL). The
dried ether solution (MgSO,) was evaporated to give the crude
product which was purified by flash chromatography on silica
gel column eluting with Et,0-EtsN (9:1) to give 76 mg (10%) of
3e as an oil. This material was converted to 103 mg of D-tartaric
acid salt as white crystals: mp 112-113 °C; [a]255-93.7° (¢ 0.205,
MeOH); TH NMR (free base) (250 MHz, CDCl3) 4 1.20 (m, 3),
1.67 (m, 3), 2.15 (m, 2), 2.20 (s, 3, NCHjy), 2.55 (m, 3), 2.87 (m,
1, H-2), 2.93 (m, 1, H-3), 3.35 (m, 1, H-5), 3.49 (s, 3, OCH3), 3.55
(m, 1, H-l), 7.09 (dd, 4, CsH4). Anal. Caled for szHal-
NOg0.5H;0: C, H, N.

General Procedure for Demethylation of 38-(4’-Substi-
tuted phenyl)tropane-28-carboxylic Acid Esters and Co-
caine. A solution of the appropriate N-methyl analogue in 1,2-
dichloroethane (20 mL/mmol) under nitrogen atmosphere at room
temperature was treated with 3 equiv 1-chloroethyl chloroformate
and heated to reflux. After 24 h, the volatiles were evaporated.
The residue was taken up in MeOH (20 mL/mmol) and refluxed
for 4 h. The solvent was evaporated, and the residue was
partitioned between dilute aqueous NH,OH and CH;Cl;. The
aqueous phase was further extracted with CH;Cl;. Evaporation
of the dried (Na;SO,) organic extract gave the crude product
which was chromatographed on a silica gel flash column, eluting
with 10% EtsN in ether. Products obtained as solids were
recrystallized from heptane and characterized. Productsobtained
as oils were converted to the tartaric acid salt (1 equivin MeOH)

Notes

and recrystallized from MeOHy/ether for characterization. Physi-
cal data are listed in Table 1.

Ligand Binding. Brains from male Sprague-Dawley rats
weighing 200-250¢g (Harlan Labs, Indianapolis, IN) were removed,
dissected, and rapidly frozen. Ligand binding experiments for
the dopamine transporter were conducted in assay tubes con-
taining 0.5 mL of buffer (10 mM sodium phosphate containing
0.32 M sucrose, pH 7.40) on ice for 120 min. Each assay tube
contained 0.5 nM [EH]WIN 35,428 and 0.1 mg of striatal tissue
(original wet weight). The nonspecific binding of [FH]WIN 35,-
428 was defined using 30 uM (-)-cocaine. Ligand binding
experiments for the serotonin transporter were conducted in assay
tubes containing 4 mL of buffer (50 mM Tris, 120 mM NaCl, 5
mM KCl, pH 7.4 at 25 °C) for 90 min at room temperature. Each
assay tube contained 0.2 nM [®H]paroxetine and 1.5 mg of
midbrain tissue (original wet weight). Nonspecific binding of
[*H]paroxetine was defined by 1 uM citalopram. Ligand binding
experiments for the norepinephrine transporter were conducted
in Tris buffer (50 mM Tris, 120 mM NaCl, 5 mM KCI, pH 7.4
at 4 °C) at a total volume of 0.5 mL. Each assay tube contained
0.5 nM [®*H]nisoxetine and 8 mg of rat cerebral cortex. The
nonspecific binding of [3H]nisoxetine was defined using 1 uM
desipramine. Incubations were terminated by filtration with
three 5-mL washes of ice-cold buffer through GF/B filters that
were previously soaked in 0.05% poly(ethylenimine). Results
were analyzed using the Equilibrium Binding Data Analysis
software (EBDA, Biosoft).
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