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Previous studies have shown that 3/3-(substituted phenyl)tropan-2/3-carboxylic acid esters possess 
high affinity for the cocaine binding site on the dopamine transporter both in vitro and in vivo 
and inhibit dopamine uptake in vitro. Since 1,2,4-oxadiazoles are excellent bioisosteres of ester 
groups, we have prepared several 3(8-(substituted phenyl)-2/3-(3-substituted l',2',4'-oxadiazol-5'-
yl)tropanes (5b-h) and all four stereoisomers of (lR,5S)-3 phenyl-2-(3-methyl-l',2',4'-oxadiazol-
5'-yl)tropane (5a and 6-8). The 3a-phenyl-2a-(3'-methyl-l',2',4'-oxadiazole) isomer 7 was prepared 
from a stereoselective addition of phenyllithium to (li?,5S)-2-(3'-methyl-l',2',4'-oxadizol-5-yl)-8-
methyl-8-azabicyclo[3.2.1]oct-2-ene (11). The binding affinities for 5a-h and 6-8 at the dopamine, 
serotonin, and norepinephrine transporters were obtained. In general these bioisosteres showed 
potencies for the dopamine transporter similar to those of their parent esters. 3/3- (4'-Chlorophenyl)-
2/3-(3/-phenyl-r,2',4'-oxadiazol-5'-yl)tropane (5d) was the most potent analogue with an IC50 of 
1.62 nM. However, 3(8-(4/-chlorophenyl)-2(8-(3'-methoxyphenyl-r,2/,4/-oxadiazol-5'-yl)tropane (5e) 
with an IC50 of 1.81 nM was the most selective analogue for the dopamine transporter showing 
NE/DA and 5-HT/DA ratios of 461 and 186, respectively. The cis- and trans-3a-phenyl-2-(3'-
methyl-l',2',4'-oxadiazol-5'-yl)tropanes (7 and 8), which exist in a boat conformation, have IC50 
values only slightly greater than that of the 3/3,2(8-isomer (5a) which possesses the cocaine 
stereochemistry. 

A correlation between the affinities of a number of 
cocaine (la) analogs for a binding site on the dopamine 
transporter and their potency for reinforcing effects in 
animal models of drug self-administration has led to the 
hypothesis that cocaines action at this site may be 
responsible for its reinforcing properties.1'2 Several bio
chemical and pharmacological studies have supported this 
hypothesis.3-4 In previous studies, we reported that several 
3(8-(substituted phenyl)tropan-2(8-carboxylic acid methyl 
esters (2b-e) were more potent than cocaine in inhibiting 
WIN-35,428 binding to this site.6 We also reported that 
the isopropyl and phenyl esters (3a-c and 4a-c) were potent 
and selective for this site.6 These 3(8-phenyltropane 
analogs of cocaine are lacking the esteratic link between 
the phenyl and tropane ring but retain the ester moiety 
at the 2/3-position. Since the 1,2,4-oxadiazole ring can be 
an excellent bioisostere of ester groups,7 we now report 
the syntheses and binding properties of several 38-
(substitutedphenyl)-2|8-(3'-substituted-r,2',4'-oxadiazol-
5'-yl)tropanes (5b-h). We also report the syntheses and 
binding properties of all four stereoisomers of (li?,5S)-
3-phenyl-2-(3/-methyl-l',2',4'-oxadiazol-5'-yl)tropane(5a 
and 6-8).8 

Chemistry 

The 3/3-(substituted phenyl)-2(8-(3'-substituted-l',2',4'-
oxadiazol-5'-yl)tropanes (5a-h) were prepared by the 
general route shown in Scheme I. Thus, treatment of the 
appropriate 3/3-(substituted phenyl)tropane-2(8-carboxylic 
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acid (9a-c)6'9 with oxalyl chloride in methylene chloride 
gave the acid chloride which was treated in situ with the 
appropriate amide oxime in a 3:1 mixture of pyridine and 
chloroform at 25 ° C to afford 5a-h. The physical properties 
of 5a-h are listed in Table I. The 2a-isomer of 5a, 3/3-
phenyl-2o-(3'-methyl-l'^'^'-oxadiazol-S'-yDtropane (6), 
was obtained by epimerization of 5a using sodium meth-
oxide in methanol or by the condensation of the methyl 
ester of the 2a-isomer, 10,9 with acetamide oxime (see 
Scheme I). The stereochemical assignments for 5a-h and 
6 follow from the methods of synthesis and are supported 
by their 1H NMR spectral data (see Tables I and II). 
Assignments of the resonances were made using 2D NMR 
(1H-COSY). The observed coupling constants for the C-2, 
C-3, and C-4 protons (Table I) were in good agreement 
with those previously reported for cocaine (la) and 
pseudococaine (lb)10 as were the multiplicities and the 
chemical shift differences between the isomers 5a and 6. 

Scheme II outlines the route used to prepare 3a-phenyl-
2a-(3'-methyl-l',2',4'-oxadiazol-5/-yl)tropane (7) and 3a-
phenyl-2/3-(3'-methyl-l',2',4'-oxadiazol-5'-yl)tropane (8). 
The addition of 2 equiv of phenyllithium to (lR,5S)-2-
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Table I. Physical Properties of 1,2,4-Oxadiazole Derivatives 5a-h and 6-8" 

compd 

5a 

5b 

5c 

5d 

5e 

5f 

H 

5h 

6^ 

7h 

8 

mp0 

(°C) 

177-178 

153 

184 
(dec) 
246 
(dec) 

171 

183 

202 

245 

58-59 

124-125 

201-202 

Ca]23D (O 
CH3OH 

-126.5 
(0.57) 
-154° 
(0.10) 
-162° 
(0.1) 
-200.9 
(0.11) 

-274 
(0.1) 
-282 
(0.1) 
-264 
(0.1) 
-242.2 
(1.02) 

+114.5° 
(1.42) 
+32.1° 
(0.14) 
-71.1° 
(0.90) 

1 

3.50 

2.43-3.36 

3.47-3.53 

3.57-3.62 

3.56-3.61 

3.54-3.62 

3.53-3.62 

3.53 

3.40 

3.65 

3.55 

2 

3.82 

3.42-3.66 

3.47-3.53 

3.56-3.61 

3.56-3.61 

3.54-3.62 

3.56-3.62 

3.61 

4.0 

4.45 

3.45 

3 

3.32 

3.25 

3.21-3.48 

3.30 

3.28 

3.35 

3.35 

3.30 

3.51 

3.95 

3.90 

1H NMR (free base 

5 

3.24 

3.42-3.66 

3.41-3.48 

3.41 

3.48 

3.42 

3.42 

3.41 

3.1 

3.25 

3.25 

4 
ax 

2.86 

2.62 

2.63 

2.74 

2.71 

2.71 

2.71 

2.76 

2.05 

2.54 

2.60 

N-
CH3 

2.02 

2.15 

2.18 

2.17 

2.14 

2.16 

2.16 

2.22 

2.13 

2.27 

2.26 

in CDCl3) 

2.03 

2.27 

1.13-
2.96 

3.84 

2.17 

2.32 

2.99 

1.26 

(3'-CH3) 

(3'-CH3) 

(CH3) 
(3'-CH) 

(OCH3) 

(Ar-CH3) 

(3'-CH3) 

(3'-CH3) 

aromatic 

7.10-7.57 (m, 5) 

7.09-7.28 (m, 5) 

7.09-7.18 (m, 4) 

7.16-7.21 (m, 5), 
7.41 (m, 2), 
7.04 (m, 2) 

6.91 (d, 2), 7.18 (m, 4), 
7.87 (d, 2) 

7.18 (m, 4), 7.39 (2, d), 
7.87 (d, 2) 

7.19 (m, 4), 2.54 (d, 2), 
7.80 (d, 2) 

6.92 (d, 2), 7.04 (d, 2), 
7.51 (m, 3), 8.46 
(m,2) 

7.12 (t, 1), 7.25 (t, 2), 
7.39 (d, 2) 

7.19 (t, 1), 7.29 (t, 2), 
7.56 (t, 2) 

7.27 (d, 1), 7.37 (d, 2), 
7.45 (d, 2) 

molecular 
formula' 

Ci7H22ClN3O2'' 

Ci7H2ICl2N3O* 

Ci9H26Cl2N3O/ 

C22H23Cl2N3O* 

C23H26Cl2N3O2" 

C22H22Cl3N3O' 

C22H22BrCl2N3O" 

C23H26ClN3O 

CnH2IN3O 

Ci7H2IN3O 

CnH22ClN3O/ 

" A general procedure for the synthesis of compounds 5a-h is given in the experimental section. b Mp's for the hydrochloride salts.c All 
compounds were analyzed for C, H, N. The results agreed to ±0.4% with theoretical values. d This salt was hydrated with 0.25 mol of water. 
• This salt was hydrated with 1.0 mol of water, f This salt was hydrated with 1.25 mol of water. * This salt was hydrated with 1.5 mol of water. 
h The mp and M D are for the free base. 
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g, R - PBlC1H4, X - C l 
h, R - C(H3, X - CH3 

(3'-methyl-l',2',4'-oxadiazol-5'-yl)-8-methyl-8-azabi-
cyclo[3.2.1]oct-2-ene(ll)uat-70°Cindrytetrahydrofuran 
followed by quenching with trifluoroacetic acid at -78 0C 

" N 5 S N 

O C - C S H J 

12a, R . CO2CH3; R ' -H 13a, R . CO2H; R'- H 
b, R . H; R'. CO2CH3 b,R = H; R' - CO2H 

O H 3 N . , 

-V ,CO2CH3 

gave a 70% yield of 7 along with 5% of the 3a,2/S-isomer 
8. Since 7 readily isomerized to 8 on treatment with 
methanolic sodium methoxide or hydrogen chloride, 8 was 
probably formed during the workup of the reaction. 

Comparison of the 1H NMR spectra of 7 and 8 to those 
of the 3a-cocaine isomers10 allococaine (12a) and al-
lopseudococaine (12b) revealed striking differences. In 
particular, the magnitude of the coupling constants (Table 
II) strongly suggested a boat conformation for the pipe-
ridine ring in 7 and 8. Thus, the large (ca. 8 Hz) values 
observed for the coupling constants between the proton 
at C-3 and its neighbors at C-2 and C-4 could not be 
reconciled with its occupying an equatorial position but 
are consistent with a boat conformation, which would place 
it in an axial position. The zero value of «/1,2 in 8 requires 
that the proton at C-2 be axial; this situation is analogous 
to that in [2.2.1]bicycloheptane where the value of the 
vicinal coupling constant between the endo and bridgehead 
protons is zero.12 The assignment of the C-2 proton as 
axial is also consistent with its upfield chemical shift value 
relative to the isomer 7, i.e., axial C-2 protons are shielded 
relative to their equatorial counterparts in the cocaine 
series10 as well as in 5a and 6 (Table II). Based on these 
arguments, we conclude that 7 is the 2a,3a isomer and 8 
is the 2/S,3a isomer. The similar chemical shifts for H-3 
and the similar «/3,4« and «/3,4eq values for 7 and 8 indicate 
that both compounds possess flattened boat conforma
tions. 
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Table II. 1H NMR Chemical Shifts and Coupling Constants for Compounds 5a and 6-8 in Pyridine-ds" 

compd 1 

5a 3.5* 
6 3.4 
7 3.65 
8 3.55 

chemical shifts (ppm) 

2 3 

3.8 3.3 
4.0 3.5 
4.45 3.95 
3.45 3.9 

4» 4.,, 

2.9 1.7 
2.1 1.7 
2.54 2.07 
2.6 

5 

3.2" 
3.1 
3.25 
3.25 

J\,2 
~3.8 

2.5 
7.0 
0 

coupling constants (Hz) 

«^2,3 <^3,4u ^3,4*0, <A»l,4»q 

5 13.0 5 13.0 
12 12.1 5.7 
7.8 7.8 8.6 13.5 
9.9 9.0 10 15.5 

Jttxfi 

2.6 

7.6 
8.0 

" Chemical shifts are reported as S values in parts per million (ppm) relative to Si(CH3)4 at 500 MHz. b These assignments might be reversed. 

Table III. Binding Data for 3/3-(Substituted phenyl)-2|8-(3'-methyl-l',2',4'-oxadiazol-5'-yl)tropanes and Reference Compounds" 

compd R X Y 
DA [3H]WIN 

35,428 IC5O
6 (nM) 

NE [3H]nisoxatine 
!Ca)6 (nM) 

5-HT [3H]paroxetine NE/DA' 
IC60

1' (nM) ratio 
5-HT/DA' 

ratio 

2a 
2b 
3a 
4a 
4c 
5a 
5b 
5c 
5d 
5e 
Sf 
5g 
Sh 
6 
7 
8 

CH3 
CH3 

CH(CHs)2 
CeHs 
CeHj 
CH3 
CH3 
CH(CH3)2 
CeHg 
P-CH3O-C6H4 
P-ClCgH4 
P-BrCgH4 

CeHs 

H 
Cl 
Cl 
Cl 
CH3 
H 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
CH3 

H 
H 
H 
H 
H 

23.0 ± 5° 
1.12 ± 0 .1^ 
1.41 ± 0.131c 
1.99 ± 0.05* 
3.27 ± 0.06c 

100 ± 6 
4.05 ± 0.57 
6.00 ± 0.55 
1.62 ± 0.02 
1.81 ± 0.19 
4.06 ± 0.22 
3.44 ± 0.36 
2.33 ± 0.26 

1030 ± 70 
204 ±29 
167 ± 13 

920 ± 73 
37.3 ± 2.1 

778 ± 21 
2960 ± 220 
5830 ± 370 
7880 ± 551 
363 ± 36 
135 ± 13 
245 ± 13 
835 ± 8 

4070 ± 180 
1830 ± 170 

60 ± 2 
71 000 ± 3560 
35 800 ± 6250 

6990 ± 635 

2000*60» 
44.5 ± 1.3« 

1400 ± V 
2340 ± 2* 

24 500 ± 1520^ 
3830 ± 420 
2580 ± 800 
3460 ± 250 
195 ± 5 
337 ± 40 
404 ± 56 
106 ±10 

1070 ± 130 
33 100 ± 5400 
29 400 ± 2300 
40 600 ±9400 

40 
32 

551 
1490 
1783 

79 
90 
23 

151 
461 

1000 
532 
26 
69 

176 
42 

87 
38 

993 
1176 
7490 

38 
637 
577 
120 
186 
100 
31 

459 
32 

144 
243 

0 All the compounds except 6 and 7 were assayed as their hydrochloride salts. Compounds 6 and 7 were tested as the free bases. b Mean 
± standard error of four experiments performed in triplicate.c Taken from ref 6. d The IC50 value reported in ref 6 was 1.17 ± 0.1. * The IC50 
value reported in ref 6 was 29 666 ± 4989.' Note that ratios do not reflect actal molar ratios of activity; also binding ratios can be quite different 
than the ratios of uptake inhibitory potencies. 

The isomerization of 7 to 8 may appear to be unexpected 
since usually isomerization at C-2 in cocaine analogs 
proceeds to convert the 2/3 isomer to the 2a isomer.1317 

However, isomerization in the opposite direction is not 
unprecedented, e.g., allopseudoecgonine (13b) is known 
to isomerize to alloecgonine (13a).18 The isomerization of 
7 to 8 is easily rationalized based on the fact that both 
exist in boat conformations. In the boat conformations 
the C-2 substituent in 7 is axial; isomerization thus gives 
the more stable, equatorially substituted 8. 

Meyers and co-workers have reported that phenyllith-
ium adds to a,|3-unnatural oxazolines to give the cis product 
resulting from 1,4-addition.19 The configurational assign
ment of 7 (oxadiazole and phenyl group in cis orientation) 
suggests that phenyl lithium adds to the a-face of 11 via 
a mechanism similar to that proposed by Meyers and co
workers for a,/3-unsaturated oxazolines.19 This is striking 
since phenyl magnesium bromide adds exclusively to the 
0-face of the carbomethoxy analog of 11, anhydroecgonine 
methyl ester (14).9 

Biochemical 

The IC50 values for inhibiting ligand binding to the 
dopamine, serotonin, and norepinephrine transporters for 
the 1,2,4-oxadiazole analogs 5a-h and 6-8, along with 
several previously reported 3/3-(substituted phenyDtropan-
2/3-carboxylic acid esters, are listed in Table III. The IC50 
values for dopamine and serotonin represent inhibition of 
0.5 nM [3H]WIN 35,428 and 0.2 nM [3H]paroxetine 
binding, respectively, as previously described.20 Norepi
nephrine IC60 values represent inhibition of 0.5 nM 
[3H] nisoxetine binding to the norepinephrine transport
er.21-22 

At the dopamine transporter the potency of the 3'-
phenyl-l',2',4'-oxadiazoles 5d and 5h were nearly equal to 
the potency of the parent esters 4a and 4c, respectively. 

The 3'-alkyl analogs 5a-c were approximately four times 
less potent at the dopamine transporter than their parent 
esters 2a, 2b, and 3a, respectively. Substitution of the 
3'-phenyl of 5d with an electron donatingp-methoxy group 
resulted in compound 5e which had essentially the same 
potency at the dopamine transporters as 5d. The p-chloro 
(5f) and p-bromo (5g) analogues were about one-half as 
potent at the dopamine transporter as the unsubstituted 
analogue 5d. As expected, the 3/3,2a-analogue 6 was much 
less potent than the 2/3,3/S-isomer 5a which possesses the 
same stereochemistry as cocaine (la) and WIN 35,065-2 
(2a). Surprisingly, the IC50 values at the dopamine 
transporter of the 3a-analogues 7 and 8 were only 1.7- and 
2 times greater than the IC50 values for the 2/8,3/?-isomer 
5a. 

None of the 1,2,4-oxadiazole analogues were highly 
selective for the dopamine transporter. The 30-(p-
chlorophenyl)-2/3-(3'-methyl-l',2/,4'-oxadiazole) analogue 
5b was more selective for dopamine than its parent ester 
2b; however, the oxadiazoles 5a, 5c, 5d, and 5h were all 
less selective than the corresponding esters 2a, 3a, 4a, and 
4b, respectively. The highest selectivity for the dopamine 
transporter relative to the serotonin transporter was 
compound 5c with a 5-HT/DA ratio of 577, whereas, 
analogue 5h with a NE/DA ratio of 1002 demonstrated 
the highest selectivity relative to the norepinephrine 
transporter. 

Discussion 

Previous reports from this laboratory, and others, have 
shown that the presence of a 2/8-substituent contributes 
substantially to the binding affinity of cocaine analogues 
at the dopamine transporter.3-23-26 Replacement of the 2fi-
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carbomethoxy group of cocaine by a hydrogen to give Ic, 
or epimerization to give lb, results in a 50- to 200-fold loss 
in potency.26,26 Replacement of the 20-carbomethoxy group 
with a 2j8-hydroxymethyl group to give Id resulted in a 
5.6-fold loss in potency which could be partially restored 
(2.7) by acetylation to give Ie.25 These results may suggest 
a pharmacophore model in which the 20 substituent 
enhances affinity to the binding site by an electrostatic 
interaction, probably serving as a hydrogen bond acceptor. 
In agreement with this possibility, we had noted that 
replacement of the carbomethoxy methyl group in both 
cocaine and 3/8-(substituted phenyl)tropan-20-carboxylic 
acids methyl esters by the more lipophilic isopropyl and 
phenyl groups (structures lf-g and 3-4, respectively) 
usually resulted in a small reduction in potency. However, 
we had also noted that, by contrast, the isopropyl ester 3b 
has an IC50 of 0.43 nM compared to 1.26 nM for the methyl 
ester 2c.8,6 This apparent discrepancy is accommodated 
by the proposal by Williams and co-workers27-28 that the 
total free energy for the association of a ligand to its binding 
site via a hydrogen bond is partitioned among four separate 
energy terms. In this case, changing of the C-2 substituent 
affects more than one of these terms. The recent report 
by Kozikowski and co-workers that the 2/3-chlorovinyl 
analogues 15 and 16 of cocaine and 2b, respectively, were 
2.6 and 2.3 times more potent than cocaine and 2b in 
inhibition of [3H]mazindol binding to the dopamine 
transporter29 are similarly accounted for. Since the 
chlorovinyl group would be expected to be a weaker 
substrate for electrostatic interaction than an ester group, 
the hydrophobic term of hydrogen bonding may contribute 
more to the total free energy of binding and thus to the 
potency of these compounds. The results of the present 
study which shows that 3-alkyl- and 3-aryl-l,2,4-oxadia-
zoles have binding potencies similar to their parent esters 
and that the 3-aryl analogue 5e possessing an electron 
donating methoxy group is more potent than analogues 5f 
and 5g containing electron withdrawing chloro and bromo 
groups, respectively, are consistent with our suggestion of 
an electrostatic contribution in the region of the 2/3-
substituent. 

Since the 3a-phenyl analogues 7 and 8 possess stereo
chemical structures analogous to allococaine and al-
lopseudococaine, 12a and 12b, respectively, they were 
expected to show IC50 values substantially higher than 
the 3/3-phenyl-2/S-isomer 5a, the analogue of cocaine. Since 
1H NMR suggests that 7 and 8 exist predominantly in 
boat conformations, it is possible that such conformations 
may be favorably recognized by the receptor, although a 
rapid equilibrium in which the minor chair conformers 
are potently bound cannot be excluded. In any event, the 
data suggest that 3a-(substituted phenyl) analogues might 
be more potent and worthy of additional study. 

Ritz and co-workers have shown that the inhibition of 
[3H]mazindol binding to the dopamine transporter was 
highly correlated with drug-reinforcing behavior in ani
mals.2 It has been suggested that the abuse liability of 
reinforcing drugs is greater for those drugs that enter the 
brain and occupy receptors rapidly.30,31 If this is correct, 
the powerful reinforcing properties of cocaine could be 
due to its rapid delivery to the brain. Compounds that 
enter the brain more slowly than cocaine might have lower 
abuse liability and therefore might be useful as a substitute 
medication for treating cocaine abuse. Using in vivo 
labeling studies, Scheffel et al.32 showed that [3H]cocaine 
reached peak levels in the brain in less than 5 min following 

intravenous injection. In contrast, peak brain levels of 
the cocaine analogues [3H]-3/S-phenyltropan-2|8-carboxylic 
acid methyl ester ([3H]WIN 35,065-2) and [3H]-3/S-(4-
fluorophenyl)tropan-2/S-carboxylic acid methyl ester 
([3H] WIN 35,428) were reached at 45 min. The slow onset 
of action and the low nanomolar potency of the 2/3-(l,2,4-
oxadiazole) analogues 5b-5h combined with their complete 
protection against esterases suggest that these compounds 
may be desirable as potential medications. 

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 
(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^O/EtsN (10:9:1). 
Flash chromatography was conducted using hexane/E^O/EtsN 
(30:9:1) as the eluent. Visualization 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. [8H] 30-
(p-Fluorophenyl)tropan-2(8-carboxylic acid methyl ester ([8H]WIN 
35,428), and [3H]paroxetine were purchased from Dupont-New 
England Nuclear (Boston, MA), and [3H] nisoxetine was pur
chased from American Radiolabeled Chemicals, Inc. (St. Louis, 
MO). 

3/S-(Sub8titutedphenyl)-2/S-(3'-substituted-l',2',4'-oxadi-
azol-5'-yl)tropane (5a-h). To a stirred suspension or solution 
of 1 mmol of the appropriate 3/3-(4-substituted phenyl)-2jS-
carboxylic acid Oa-c)6,9 in CH2Ck (8 mL/mol) was added dropwise 
a solution of oxalyl chloride (2 mL of 2 M solution, 2 mmol) in 
CH2CI2. After gas evolution ceased, the mixture was stirred for 
another 1.5 h and evaporated to dryness under reduced pressure. 
A solution of the appropriate amide oxime (1.1 equiv) in dry 
pyridine (8.5 mL/mmol of oxime) was added to the acid chloride 
solution in CHCl3 (3 mL/mmol), and the mixture was heated to 
reflux for 1.5 h. The reaction mixture was diluted with H2O (15 
mL/mol) and made basic with 3 N NaOH. The aqueous solution 
was extracted with CH2Cl2 (3 X 10 mL). The combined organic 
layer was washed with brine and dried (Na2SO4). The residue 
obtained after removal of the solvent was purified by column 
chromatography on silica gel to give the target oxadiazoles which 
were characterized as their HCl salts. Physical data for 5a-h are 
given in Table I. 

30-Phenyl-2a-(3'-methyl-l',2',4'-oxadiazol-5'-yl)tropane(6). 
Method A. A mixture of NaH (50% suspension, 120 mg, 2.5 
mmol, washed with hexane) and acetamide oxime (222 mg, 3 
mmol) in dry THF (50 mL) was heated to reflux under N2 for 
1 h. The mixture was cooled to room temperature. Powdered 
molecular sieve 4 A, and the ester 1026 (518 mg, 2 mmol) in THF 
(10 mL) were added and continued heating to reflux for 3 h 
followed by stirring overnight at room temperature. The residue 
was removed by filtration and washed with THF. The filtrate 
and washing were combined and evaporated to dryness and 
purified by flash chromatography. The product was evaporated 
and crystallized from CH^Vhexane to give 305 mg (54 %) of 6: 
mp 58-59 0C, [ap D +111.4 (c, 1.42, CH3OH). 

MethodB. Asolutionof5a(142mg,0.5mmol)in3% NaOMe 
in MeOH (15 mL) was heated to reflux for 45 min. The cooled 
solution was diluted with water (40 mL) and was extracted with 
CH2Cl2 (3 X 15 mL). The combined extracts were washed with 
brine and evaporated to dryness under vacuum. The residue 
was purified by flash chromatography to give 107 mg (75%) of 
6: mp 58-59 0C. 

3a-Phenyl-2a-(3-methyl-l',2',4'-oxadiazol-5'-yl)tropane(7). 
To an oven-dried, round-bottom flask equipped with a rubber 
septum and N2 inlet was added oxadiazole 1 lu(261 mg, 1.27 mmol) 
in 25 mL of dry THF. The reaction vessel was cooled to ~ -78 
°C before dropwise addition of phenyllithium (1.4 mL of 2 M 
Et2O solution). Stirring was continued for 2 h when the reaction 
was quenched with cooled trifluoroacetic acid, warmed to 0-5 
0C, and diluted with CH2Cl2 (50 mL). The mixture was basified 
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with dilute NH4OH (6 N). The organic fraction was separated, 
and the aqueous fraction was extracted with CH2CU (3 X 25 mL). 
The combined organic fraction was washed with brine and 
evaporated to dryness. The sample was purified by flash 
chromatography to give 17 mg (5%) of 8 as an oil. Continued 
elution gave 243 mg (70 %) of 7. Recrystallization of 7 from hexane 
gave 225 mg of analytically pure sample: mp 124-125 0C. The 
oily 8 was converted to the HCl salt: mp 202 0C. The physical 
and 1H NMR data for these compounds are given in Tables I and 
II. 

3a-Phenyl-2£-(3'-methyl-l',2',4'-oradiazol-5'-yl)tropane(8). 
Method A. Compound 7 (50 mg) in 5 mL of MeOH containing 
3 % HCl was heated on a steam bath for 5 min. The sample was 
evaporated to dryness and crystallized from MeOHZEt2O to give 
47 mg (83%) of 8-HC1: mp 202 0C. 

Method B. A solution of 7 (50 mg) was heated to reflux in 
5 % solution of NaOMe in MeOH (5 mL) for 30 min. The cooled 
mixture was diluted with H2O (20 mL) and extracted with CH2Cl2 
(3X5 mL). The combined organic fraction was washed with 
brine. The dried (Na2SO4) solution was evaporated under reduced 
pressure. The oily residue was converted to HCl salt to give 43 
mg (76%) of 8-HC1: mp 202 0C. 

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 are conducted in assay tubes containing 
0.5 mL 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 [3H]WIN 35,428 and 0.1 mg striatal tissue (original wet 
weight). The nonspecific binding of [3H]WIN 35,428 was defined 
using 30 MM (-)-cocaine. Ligand binding experiments for the 
serotonin transporter are 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 [3H]paroxetine and 1.5 mg of midbrain tissue (original 
wet weight). Nonspecific binding of [3H] paroxetine was defined 
by 1 MM citalopram. Ligand binding experiments for the 
norepinephrine transporter were conducted in Tris buffer (50 
mM Tris, 120 mM NaCl, 5 mM KCl, pH 7.4 at 4 0C) at a total 
volume of 0.5 mL. Each assay tube contained 0.5 nM [^!nisox
etine and 8 mg of rat cerebral cortex. The nonspecific binding 
of [3H] nisoxetine was defined using 1 MM desipramine. Incu
bations were terminated by filtration with three 5 mL washes of 
ice-cold buffer through GF/B filters that were previously soaked 
in 0.05% polyethylenimine. Results were analyzed using the 
Equilibrium Binding Data Analysis software (EBDA, Biosoft). 

Acknowledgment. This research was supported by 
Grant DA05477 from the National Institute on Drug 
Abuse. 

References 
(1) Bergman, J.; Madras, B. K.; Johnson, S. E.; Spealman, R. D. Effects 

of cocaine and related drugs in nonhuman primates. III. Self-
administration by squirrel monkeys. J. Pharmacol. Exp. Ther. 1989, 
219,150-155. 

(2) Ritz, M. C; Lamb, R. J.; Goldberg, S. R.; Kuhar, M. J. Cocaine 
receptors on dopamine transporters are related to self-adminis
tration of cocaine. Science 1987, 237, 1219-1223. 

(3) Carroll, F. I.; Lewin, A. H.; Boja, J. W.; Kuhar, M. J. Cocaine 
receptor: biochemical characterization and structure-activity re
lationships for the dopamine transporter. J. Med. Chem. 1992,35, 
969-981. 

(4) Kuhar, M. J.; Ritz, M. C; Boja, J. W. The dopamine hypothesis 
of the reinforcing properties of cocaine. Trends Neurosci. 1991,14, 
299-302. 

(5) Boja, J. W.; Carroll, F. I.; Rahman, M. A.; Philip, A.; Lewin, A. H.; 
Kuhar, M. J. New, potent cocaine analogs: ligand binding and 
transport studies in rat striatum. Eur. J. Pharmacol 1990, 184, 
329-332. 

(6) Carroll, F. I.; Abraham, P.; Lewin, A. H.; Parham, K. A.; Boja, J. 
W.; Kuhar, M. J. Isopropyl and phenyl esters of 3/S-(4-substituted 
phenyl)tropan-2/S-carboxylic acids. Potent and selective compounds 
for the dopamine transporter. J. Med. Chem. 1992,35,2497-2500. 

(7) Showell, G. A.; Baker, R.; Davis, J.; Hargreaves, R.; Freedman, S. 
B.; Hoogsteen, K.; Patel, S.; Snow, R. J. Synthesis and in vitro 
biological profile of all four isomers of the potent muscarinic agonist 
3-(3-methyl-l,2,4-oxadiazol-5-yl)-l-azabicyclo[2.2.1]heptane. J. Med. 
Chem. 1992, 35, 911-916. 

(8) Carroll, F. I.; Abraham, P.; Kuzemko, M. A.; Gray, J. L.; Lewin, A. 
H.; BoJa1J. W.; Kuhar, M. J. Synthesis and cocaine receptor affinities 
of 3-phenyl-2-(3'-methyl-l,2,4-oxadiazol-5'-yl)tropane Isomers. J. 
Chem. Soc, Chem. Commun. 1993, 44-46. 

(9) Clarke, R. L.; Daum, S. J.; Gambino, A. J.; Aceto, M. D.; Pearl, J.; 
Levitt, M.; Cumiskey, W. R.; Bogado, E. F. Compounds affecting 
the central nervous system. 4.30-Phenyltropane-2-carboxylic esters 
and analogs. J. Med. Chem. 1973,16,1260-1267. 

(10) Carroll, F. I.; Coleman, M. L.; Lewin, A. H. Synthesis and 
conformational analysis of isomeric cocaines: A proton and carbon-
13 nuclear magnetic resonance study. J. Org. Chem. 1982,47,13-
19. 

(11) Triggle, D. J.; Kwon, Y. W.; Abraham, P.; Rahman, M. A.; Carroll, 
F. I. Synthesis of 2-(3-Substituted-l,2,4-oxadiazol-5-yl)-8-methyl-
8-azabicyclo[3.2.1]octanes and 2a-(3-substituted-l,2,4-oxadiazol-
5-yl)-8-methyl-8-azabicyclo[3.2.1]oct-2-ene8aspotentialmuscarinic 
agonist. Pharm. Res. 1992, 9, 1474-1479. 

(12) Anet, F. A. L. Coupling constants in rigid five-membered rings. 
N.M.R. spectra of the camphane-2,3-diols. Cart. J. Chem. 1961,39, 
789-794. 

(13) Holmes, H. L. Chapter 6. The Chemistry of the Tropane Alkaloids 
In The Alkaloids; R. H. F. Manske, Ed.; Academic Press: New 
York, NY, 1950; Vol. 1, pp 271-374. 

(14) Casale, J. F. A practical total synthesis of cocaine's enantiomers. 
Foren. ScL Internat. 1987, 33, 275-298. 

(15) Fodor, G. Nature 1952,170, 278-279. 
(16) Fodor, G.; Kovacs, O. The stereochemistry of the tropane alkaloids. 

Part II. The configurations of the cocaines. J. Chem. Soc. 1953, 
724-727. 

(17) deJong, A. W. K. Some properties of the ecgonines and their esters. 
I. Rec. Trau. Chim. 1937, 56,186-197. 

(18) Sinnema, A.; Maat, L.; van der Gugten, A. J.; Beyerman, H. C. 
Configuration and conformation of all four cocaines from NMR 
spectra. Reel. Trav. Chim. 1968, 87,1027-1041. 

(19) Meyers, A. I.; Shipman, M. Asymmetric Michael additions to a 
a,j9-unsaturated oxazolines. An efficient preparation of chiral a,0-
disubstituted propionaldehydes. J. Org. Chem. 1991, 56, 7098-
7102. 

(20) Boja, J. W.; Rahman, M. A.; Philip, A.; Lewin, A. H.; Carroll, F. 
L; Kuhar, M. J. Isothiocyanate derivatives of cocaine: Irreversible 
inhibition of ligand binding at the dopamine transporter. MoI. 
Pharmacol. 1991, 39, 339-345. 

(21) Tejani-Butt, S. M. [3H] Nisoxetine: A radioligand for quantitation 
of norepinephrine uptake sites by autoradiography or by homo-
genate binding. J. Pharmacol. Exp. Ther. 1992, 260, 427-436. 

(22) Tejani-Butt, S. M.; Brunswick, D. J.; Frazer, A. [3H]Nisoxetine: 
a new radioligand for norepinephrine uptake sites in brain. Eur. 
J. Pharmacol. 1990,191, 239-243. 

(23) Reith, M. E. A.; Meisler, B. E.; Sershen, H.; Lajtha, A. Structural 
requirements for cocaine congeners to interact with dopamine and 
serotonin uptake sites in mouse brain and to induced stereotyped 
behavior. Biochem. Pharmacol. 1986, 35,1123-1129. 

(24) Ritz, M. C; Cone, E. J.; Cone, M. J. Cocaine inhibition of ligand 
binding at dopamine, norepinephrine and serotonin transporters: 
A structure-activity study. Life Sci. 1990, 46, 635-645. 

(25) Lewin, A. H.; Gao, Y.; Abraham, P.; Boja, J. W.; Kuhar, M. J.; 
Carroll, F. I. 2/3-Substituted analogs of cocaine. Synthesis and 
inhibition of binding to the cocaine receptor. J. Med. Chem. 1992, 
35,135-140. 

(26) Carroll, F. L; Lewin, A. H.; Abraham, P.; Parham, K.; Boja, J. W.; 
Kuhar, M. J. Synthesis and ligand binding of cocaine isomers at 
the cocaine receptor. J. Med. Chem. 1991, 34, 883-886. 

(27) Searle, M. S.; Williams, D. H.; Gerhard, U. Partitioning of free 
energy contributions in the estimation of binding constants: 
residual motions and consequences for amide-amide hydrogen bond 
strengths. J. Am. Chem. Soc. 1992,114,10697-10704. 

(28) Searle, M. S.; Williams, D. H. The cost of conformational order: 
Entropy changes in molecular associations. J. Am. Chem. Soc. 1992, 
114,10690-10697. 

(29) Kozikowski, A. P.; Roberti, M.; Xiang,L.; Bergmann,J. S.; Callahan, 
P. M.; Cunningham, K. A.; Johnson, K. M. Structure-activity 
relationship studies of cocaine: Replacement of the C-2 ester group 
by vinyl argues against H-bonding and'provides an esterase-
resistant, high-affinity cocaine analogue. J. Med. Chem. 1992,35, 
4764-4766. 

(30) Sellers, E. M.; Busto, M.; Kaplan, H. L. Pharmacokinetic and 
pharmacodynamic drug interactions: Implications for abuse lia
bility testing In Testing for Abuse Liability of Drugs in Humans; 
Fischman, M. W., Mello, N. K., Ed.; U.S. Government Printing 
Office: Washington, DC, 1989; p 287. 

(31) Pogun, S.; Scheffel, U.; Kuhar, M. J. Cocaine displaces [8H]WIN 
35,428 binding to dopamine uptake sites in vivo more rapidly than 
mazindol or GBR 12909. Eur. J. Pharmacol. 1991, 298, 203-205. 

(32) Scheffel, U.; Boja, J. W.; Kuhar, M. J. Cocaine receptors: in vivo 
labeling with 3H-(-)-cocaine, 3H-WIN 35,065-2 and 3H-35.428. 
Synapse 1989, 4, 390-392. 


