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The solvent was removed under reduced pressure, and toluene
was azeotroped with ethanol and water (5:3:1) to give the
cyclized amine as an oil. The orange oil was purified by flash
chromatography on silica gel using 9:1 hexane-Et2O as eluent
to afford 1.26 g (28%) of 5 as a pale-yellow oil. 1H NMR
(CDCl3) δ 7.95 (s, 1H), 7.43-7.47 (d, 1H), 7.17-7.20 (d, 1H),
4.00-4.17 (m, 3H), 1.23-1.26 (d, 3H), 1.15 (s, 9H).

The isoquinoline 5was converted to a hydrochloride salt and
was recrystallized from methanol-Et2O to afford 740 mg of
5 3HCl as an off-white solid: mp 182 �C (dec). 1HNMR (CDCl3)
δ 8.06 (s, 1H), 7.68-7.71 (d, 1H), 7.35-7.38 (d, 1H), 4.88-4.95
(d, 1H), 4.55-4.62 (d, 1H), 4.42-4.44 (q, 1H), 1.94-1.97
(d, 3H), 1.47 (s, 9H). Anal. (C14H19Cl2NO) C, H, N.

4-(4-Chlorophenyl)butyric Acid (21). A heterogeneous mix-
ture of 4-(4-chlorophenyl)-4-oxobutanoic acid (5.00 g, 0.0235
mol), potassium hydroxide (3.5 g of 85%, 0.0522 mol), hydra-
zine monohydrate (2.57 g, 0.0514 mol), and diethylene glycol
(21mL)were heated in a flask equippedwith aDean-Stark trap
and condenser. The mixture became homogeneous on heating.
The heating of both wasmaintained at 120-130 �C for 1.5 h and
then raised to 180 �C for 3 h. The reactionmixture was cooled to
ambient temperature, diluted with water (25 mL), and poured
into 2.5 M hydrochloric acid (30 mL). The mixture was allowed
to stand for 16 h and the white amorphous solid collected by
filtration. To remove the residual diethylene glycol, the solidwas
dissolved in saturated potassium carbonate (50 mL) and diluted
with water (100 mL). The clear solution was poured carefully
into stirred 2.5 M hydrochloric acid (50 mL). White crystals
formed immediately and were collected by filtration, washed
with water (2� 200mL), and dried under vacuum. This resulted
in 3.9 g (83%) of 21. 1H NMR (CDCl3) δ 7.26 (s, 2H), 7.12
(s, 1 H), 2.56 (t, 2H, J=6Hz), 2.37 (t, 2H, J= 9Hz), and 2.13
(p, 2H, J = 6 Hz).

7-Chloro-1-oxo-1,2,3,4-tetrahydronaphthalene (22). Polypho-
sphoric acid (20 g, excess) was place in a beaker and heated to
90 �C on a steam bath. 4-(4-Chlorophenyl)butyric acid (27,
0.017 mol) was added in portions. The mixture was stirred for
5 min. An additional portion of polyphosphoric acid (20 g,
excess) was added and heated to 90 �C for 5 min. The thick,
homogeneous viscous orange oil was removed from the steam
bath and cooled to 60 �C before water (200 mL) was added.
When the reactionwas complete (all the orange oil gone) and the
mixture had cooled to ambient temperature, the mixture was
extracted with ether (2�100 mL). The ethereal extracts were
washed with water (2�100mL), 1N sodium hydroxide (2� 100
mL), water (100 mL), aqueous acetic acid (100 mL of 3%),
saturated sodium bicarbonate (100 mL), and finally with water
(100 mL). The ethereal layer was dried (MgSO4) and concen-
trated to give 2.52 g (82%) of 22 as a white amorphous solid. 1H
NMR (CDCl3) δ 7.85 (d, 1H, J=6Hz), 7.42 (d, 1H, J=6Hz),
7.21 (d, 1H, J=9Hz), 2.94 (m, 2H), 2.63 (m, 2H), 2.15 (m, 2H).

7-Chloro-2-diazo-l-oxo-l,2,3,4-tetrahydronaphthalene (23). 7-
Chloro-1-oxo-l,2,3,4-tetrahydronaphthalene 22, (2.0 g, 0.011
mol) and acetamidobenzenesulfonyl azide (5.33 g, 0.022 mol)
were dissolved in acetonitrile (50mL) and cooled in an ice bath. A
solution of 1,4-diazabicyclo[5.4.0]undec-7-ene (3.37 g, 0.0221
mol) in acetonitrile (5mL) was added dropwise. The temperature
wasmaintained at 0 �C for 2 h.Themixturewas allowed to slowly
warm to room temperature and stirred a total of 18 h. The purple
solution was poured into 1 N sodium hydroxide (100 mL) and
extracted with Et2O (3�100 mL). The combined organic
fractions were dried (MgSO4) and concentrated. The black solid
was passed through silica gel eluting with hexane and gradually
increasing the polarity by adding ethyl acetate (until a 1:1mixture
was obtained). Concentration of the product fraction afforded
1.6 g of 23 as a bright-yellow solid. 1H NMR (CDCl3) δ 8.26 (s,
1H), 7.39 (d, 1H, J=6Hz), 7.13 (d, 1H, J=15Hz), 2.99 (s, 4H).

2-(tert-Butylamino)-7-chlorotetralone (6) Fumarate. Ruthe-
nium acetate (0.8 g, 0.0018 mol) and tert-butylamine (5 g,
0.668 mol) were dissolved in dry toluene (100 mL). The mixture

was warmed in a 115 �C oil bath, creating a homogeneous light-
purple solution. A solution of 7-chloro-2-diazo-l-oxo-1,2,3,4-
tetrahydronaphthalene (l.50 g, 0.007 mol) in toluene (20 mL)
was added dropwise over 20 min. The resulting dark-purple
solution was cooled to ambient temperature and poured into
10% hydrochloric acid (50 mL), and the layers were separated.
The aqueous layer was made alkaline by pouring it into a slurry
of ice (20 g) and conc. ammonium hydroxide (20 mL). The
resulting pink slurry was extracted with Et2O (2� 50mL), dried
(MgSO4), and concentrated to give 0.382 g of yellow resin,
which quickly discolored to purple when exposed to air. The
resin was promptly dissolved in acetone and poured into a
solution of fumaric acid (0.176 mg, 0.0015 mol) in warm
acetone. The resulting precipitate was collected by filtration,
trituratedwith acetone (2� 150mL), and then dried, resulting in
461 mg of 6 3 fumarate: mp softens 146 �C (dec) 196-199 �C. 1H
NMR (D2O) δ 7.68 (s, 1H), 7.36 (d, 1H, J=8Hz), 7.09 (d, 1H,
J = 8 Hz), 6.35 (s, 2H), 4.22 (dt, 1H, J = 10 Hz, J = 4.5 Hz),
2.99-2.87 (m, 2H), 2.3-2.07 (m, 2H), 1.14 (s, 9H). Anal.
(C18H22ClNO5) C, H, N.

Inhibition of Radioligand Binding of [125I]RTI-55 to hDAT,

hSERT, or hNET in Clonal Cells. Cell Preparation. HEK293
cells expressing hDAT, hSERT, or hNET inserts are grown to
80% confluence on 150 mm diameter tissue culture dishes and
serve as the tissue source. Cell membranes are prepared as
follows. Medium is poured off the plate, and the plate is washed
with 10 mL of calcium- and magnesium-free phosphate-buf-
fered saline. Lysis buffer (10 mL; 2 mM HEPES with 1 mM
EDTA) is added. After 10 min, cells are scraped from plates,
poured into centrifuge tubes, and centrifuged 30 000 � g for
20 min. The supernatant fluid is removed, and the pellet is
resuspended in 12-32 mL of 0.32M sucrose using a Polytron at
setting 7 for 10 s. The resuspension volume depends on the
density of binding sites within a cell line and is chosen to reflect
binding of 10% or less of the total radioactivity.

Assay Conditions. Each assay tube contains 50 μL of mem-
brane preparation (about 10-15 μg of protein), 25 μL of
unknown, compound used to define nonspecific binding, or
buffer (Krebs-HEPES, pH 7.4; 122 mM NaCI, 2.5 mM CaCl2,
1.2 mM MgS04, 10 μM pargyline, 100 μM tropolone, 0.2%
glucose, and 0.02% ascorbic acid, buffered with 25 mM
HEPES), 25 μLof [125I]RTI-55 (40-80 pM final concentration),
and additional buffer sufficient to bring up the final volume to
250 μL.Membranes are preincubatedwith unknowns for 10min
prior to the addition of the [125I]RTI-55. The assay tubes are
incubated at 25 �C for 90min. Binding is terminated by filtration
over GF/C filters using a Tomtec 96-well cell harvester. Filters
arewashed for 6 swith ice-cold saline. Scintillation fluid is added
to each square, and radioactivity remaining on the filter is
determined using aWallac μ- or β-plate reader. Specific binding
is defined as the difference in binding observed in the presence
and absence of 5 μMmazindol (HEK-hDAT and HEK-hNET)
or 5 μM imipramine (HEK-hSERT). Two or three independent
competition experiments are conducted with duplicate determi-
nations. GraphPAD Prism is used to analyze the ensuing data,
with IC50 values converted toKi values using the Cheng-Prusoff
equation (Ki = IC50/(1 þ ([RTI - 55]/Kd RTI - 55))).

FiltrationAssay for Inhibition of [3H]Neurotransmitter Uptake

in HEK293 Cells Expressing Recombinant Biogenic Amine

Transporters. Cell Preparation. Cells are grown to confluence
as described above. The medium is removed, and cells are
washed twice with phosphate buffered saline (PBS) at room
temperature. Following the addition of 3 mL Krebs-HEPES
buffer, the plates are warmed in a 25 �C water bath for 5 min.
The cells are gently scraped and then triturated with a pipet.
Cells from multiple plates are combined. One plate provides
enough cells for 48 wells, which is required to generate data on
two complete curves for the unknowns.

Uptake Inhibition Assay Conditions. The assay is conducted
in 96 1-mL vials. Krebs-HEPES (350 μL) and unknowns,
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compounds used to define nonspecific uptake, or buffer (50 μL)
are added to vials and placed in a 25 �C water bath. Specific
uptake is defined as the difference in uptake observed in the
presence and absence of 5 μM mazindol (HEK-hDAT and
HEK-hNET) or 5 μM imipramine (HEK-hSERT). Cells
(50 μL) are added and preincubated with the unknowns for 10
min. The assay is initiated by the addition of [3H]dopamine,
[3H]serotonin, or [3H]norepinephrine (50 μL, 20 nM final con-
centration). Filtration through Whatman GF/C filters pre-
soaked in 0.05% polyethylenimine is used to terminate uptake
after 10 min. The IC50s are calculated applying the GraphPAD
Prism program to triplicate curves made up of six drug concen-
trations each. Two or three independent determinations of each
curve are made.

Locomotor Activity Studies.61 Locomotor activity of mice
within 10-min epochs was measured under dim illumination
using a Digiscan apparatus (model RXYZCM-16, Omnitech
Electronics, Columbus, OH) consisting of 40 testing chambers
(40.5� 40.5� 30.5 cm3) each surrounded by a panel of infrared
beams and photodetectors. Compound 1a analogues were in-
itially evaluated for ability to increase locomotor activity ofmice
during a test lasting 1 h, following i.p. injection of the vehicle or 1
of 4-10 doses of the test compound (n=8mice per dose group).
Incremental doses were tested until (i) a locomotor stimulant
effect was evident and a peak or plateau of the dose-effect curve
could be defined, (ii) a locomotor depressant dose-response
could be defined, or (iii) there was no effect in doses up to
100 mg/kg. For analysis of stimulant potency and efficacy, the
earliest 30 min period in which a maximal stimulant effect first
appeared as a function of dose was considered. The maximal
effect, measured in locomotor activity counts, was estimated by
fitting a 3-parameter logistic peak or transition function
(Tablecurve 2D v2.03; Jandel Scientific, San Rafael, CA) with
the constant set to the mean activity counts of the vehicle
control. Stimulant efficacy of each analogue (maximal activity
counts-vehicle control counts) is reported as a percentage of
that calculated for cocaine as determined monthly in a separate
study. An ED50 was estimated as the center of a logistic
dose-response function fit to the activity count data for the
time period of maximal effect. A majority of the 1a analogues
yielded stimulant effects lasting longer than 1 h and were
reconsidered in studies lasting a total of 8 h. The duration of
the stimulant effect was estimated for all doses yielding a
statistically significant stimulant effect that was equal to or less
than the maximal effect, and reported as a range in Table 2.

Drug Discrimination Studies. These studies were conducted
using standard behavior-testing chambers (Coulbourn Instru-
ments, Allentown, PA) interfaced to computers programmed
with MED-PC IV (Med Associates, East Fairfield, VT) for the
operation of the chambers and collection of data. All rats were
first trained to discriminate cocaine (10mg/kg) from saline using
a two-lever choice methodology. Ten minutes prior to each
training session, the rats received an injection of either saline (S)
or cocaine (C) and were placed in the test chamber which
contained two response levers. A food pellet became available
after every 10 responses on only one of the levers (a designated
cocaine- or saline-appropriate lever). Each training session
lasted until the rats earned 20 food pellets or for a maximum
of 20 min. The rats received training sessions in a double
alternating fashion (i.e., C-C-S-S-C, etc.) until they met a
criterion of 85% or greater injection-appropriate responding
during 9 of their last 10 sessions. All rats had received approxi-
mately 60 training sessions before they were used in the general-
ization experiments. In contrast to the training sessions, both
levers were active during generalization tests, such that 10
consecutive responses on either lever yielded a pellet. Cocaine-
and saline-appropriate responding was reconfirmed in standard
training sessions conducted in between generalization tests.
Different doses of 1a analogues were injected i.p. prior to the
generalization tests, using pretreatment times and starting doses

adjusted based on the results of locomotor activity studies.
Different doses of a given analogue were tested incrementally
in the same group of six rats until (i) full generalization was
evident, (ii) the rate of lever responding in the group was
decreased to 20%of vehicle control, or (iii) toxicity was evident.
Drug discrimination data were expressed as the mean percen-
tage of responses on the cocaine-appropriate lever occurring in
each generalization test, whereas the rates of responding were
expressed as a function of the number of responsesmade divided
by the total session time. Full generalization was defined
as g80% cocaine-appropriate lever responding and partial
generalization as g40% and <80% cocaine-appropriate re-
sponding. For all compounds yielding full generalization, an
ED50 was estimated as the center of a logistic dose-response
transition function fit to the percentage of cocaine-appropriate
lever responding for all doses tested.

In studies of the time-course of generalization to cocaine, rats
that had been trained for i.p. cocaine discrimination were
administered 1a analogues p.o., by gavage, in a volume of 1 to
6mL/kg body weight. Generalization tests were then performed
45, 90, 180, or 360 min later in separate groups of 3-6 rats.
Different doses of each analogue were tested incrementally
beginning with starting doses determined by the i.p. discrimina-
tion studies, until full substitution was evident at one or more
time points. A total of 6 rats were tested at each time point for
the highest dose tested, and for vehicle and all doses tested at the
shortest time point yielding full generalization (for which an
ED50 value was calculated).
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