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Cocaine is a stimulant drug with a high abuse liability. Although it inhibits several monamine 
transporters in the mammalian brain, ita primary mechanism of action has been ascribed to ita 
inhibition of the dopamine transporter. The synthesis, characterization, and receptor binding 
properties of all eight isomers of a unique tropane analog, 2-carbomethoxy-3- [bis(4-fluorophenyl)- 
methoxyl tropane is described. In addition, we report that the S-enantiomer, (S)-(+)-2& 
carbomethoxy-3a-[bis(4-fluorophenyl)methoxyltropane, Difluoropine, is a potent (I& 10.9 nM) 
and selective (324 [DA/5HTl) ligand for the dopamine transporter. 

Introduction 
Cocaine is one of the most addictive drugs of abuse. 

Consequently a considerable effort haa been expended in 
the study of its mechanisms of action. It is known that 
(-)-cocaine is a powerful reinforcer and stimulant that 
binds to specific recognition sites associated with monoam- 
ine transporters’* in the mammalian brain. Ita primary 
mechanism of action has been ascribed to its ability to 
inhibit the dopamine tran~porter.~J-l~ 

The topology of the cocaine binding site on the dopamine 
transporter has been mapped, and structureactivity 
relationship (SAR) studies of cocaine analogs have been 
aided considerably by the synthesis of a series of 38- 
(aryltropanyl)-28-(carboxylic acid methyl ester) analogs. 
Among the more potent of these congeners at  [3Hlcocaine 
binding sites in striatum3p4 is (lR)-3&(4-fluorophenyl)- 
tropane-26-carboxylic acid methyl ester, (also known as 
WIN 35,428 or CFT),516J1J2 originally reported by Clarkex3 
in 1973. This finding led to the development of its 
radiolabeled form and recognition that it was a highly 
selective probe for the dopamine transporter in primate 
brain.5*6J4 It is also noteworthy that WIN 35,428 and 
congeners have been proposed by Kaufman and Madras14 
as potential tools for the presymptomatic diagnosis of 
Parkinson’s diseased striatum since depletion of I3H1WIN 
35,428 binding in human Parkinson’s diseased brains 
parallels dopamine depletion.14J5 These resulta with r3H1- 
WIN 35,428 led to the synthesis of other tropane analogs, 
some of which are among the most potent inhibitors of 
binding sites in striatum. These analogs include (1R)- 
3&(3,4-dichlorophenyl) tropane-2@-carboxylic acid methyl 
ester (0-401),’6 (1R)-RT155,17 and (lR)-RTI 1211* (Figure 
1). Detailed SAR of the binding of these agents and their 
effects on dopamine transporter function has only now 
begun to emerge,16Js-22 and some of the earlier concepts 
are undergoing revision to incorporate the new data. 

Although this series provided important structure 
activity information, there is yet a considerable need for 
the design and synthesis of compounds that bind with 
high affinity and selectivity to the dopamine uptake 
mechanism, but in addition differ sufficiently topologically 
from the current tropane family. Such compounds may 
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reveal the possible existence of multiple binding domains 
or an allosteric site that gives hope for the eventual 
discovery of a cocaine antagonist at  the dopamine trans- 
porter.% 

In light of the resulta which we now report, it  is important 
to note that the natural isomer, (lR)-(-)-cocaine, is 
considerably more potent than the unnatural isomer, (1s)- 
(+)-cocaine. It has about 200-fold higher affiiity at  the 
dopamine transporter than does the inactive enanti- 

This stereoselective b i n d i ~ q $ ~ J ? ~ 3  has been 
evident throughout the cocaine and tropane analog series, 
and, indeed, only the R-enantiomers have been shown to 
be active in a wide variety of biological and neurochemical 
measure~.3*~JJ~-~3~m Parallel stereoselective behavioral 
effects have also been observed. In primates and rodents, 
the stimulating and reinforcing properties of the (-)- 
enantiomer of cocaine or ita phenyltropane analogs were 
considerably greater than for the  ena enantiomer^.^*^@*^^ 
Recently, Wang et al.% have demonstrated a parallel effect 
with RTI 55 (8-CIT) in as much as the R-isomer was about 
14 OOO times more potent than the S-isomer. Consequently 
most researchers have concentrated on the preparation 
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Figure 2. Schematic representation of the possible interaction 
of cocaine and 5-8 at the binding site on the dopamine transporter. 
The representation of the interaction of cocaine is taken, with 
permission, from Carroll et al. J. Med. Chem. 1992,35,969-981. 

and pharmacological evaluation of enantiomerically pure 
compounds of the R-configuration. 

The results which we now report are in stark contrast 
to this and show that, in certain instances, none of the 
currently accepted criteria for binding at  this transporter 
are necessary. 

The currently a c ~ e p t e d l ~ , ~ ~  molecular requirements for 
binding of cocaine and its analogs at  the dopamine 
transporter include the following: the R-configuration of 
the tropane, a 2@-substituent, and an aromatic ring at  C-3, 
preferably in the 3@-orientation (see Figure 2). In congru- 
ence with these three requirements, it has since been shown 
that a variety of esters a t  the 2@-position can provide active 
 compound^,^^*^^ although esters are not an absolute 
requirement. In that regard, Davies21 has reported the 
introduction of ketones at  this site, while Kozikowski has 
successfully tested the limits of hydrogen-bonding re- 
quirements a t  this site by the introduction of unsaturated 
alkyl groups.22 These results suggest that no hydrogen 
bonding moiety (such as an ester) is required here for 
binding, although CarrolPO has offered an alternate 
explanation in which he proposed that an electrostatic 
contribution in the region of the 2@-substituent may be a 
requirement for activity. This contention has since been 
negated by the finding that a saturated alkyl group in the 
2fl-position maintains binding potency.31 The active (-)- 
cocaine series, including all the tropane analogs of WIN 
35,428, are of the R-configuration. Indeed, no tropanes in 
the S-configuration series have been found to date to 
display any high-affinity binding. 

Guided by our desire to seek topologically different 
tropanes, we focused our attention on a series of benz- 
tropine analogs. Benztropine sulfonate (Cogentin or 3a- 
(dipheny1methoxy)- laH,5aH-tropanemethanesulfo- 

nate32 was synthes i~ed~~ in 1952 and subsequently dem- 
onstrated to be useful as an anticholinergic drug in the 
treatment of Parkinsonism. This compound has served 
as our lead in the study now reported. 

Benztropine (Figure 1) is a 3a-(dipheny1methoxy)- 
tropane analog of cocaine. It is unsubstituted in the C-2 
position and therefore not optically active. Benztropine 
has an IC50 for inhibition of [3H]CFT binding of 0.312 
P M , ~ ~  and we attributed this weak binding to the absence 
of the 2@-carbomethoxy group present in cocaine and its 
analogs. It should be noted that cocaine and WIN 35,428 
both have the C-3 substituent in the @-configuration while 
benztropine has a 3a-(diphenylmethoxy) group. Intro- 
duction of functionality at  the C-2 position of the 
benztropine confers optical isomerism and generates eight 
stereoisomers. 

We now report a striking fiiding that the S-enantiomer, 
( S ) -  (+)-2@-carbomethoxy-3a-  [bis(4-fluorophenyZ) - 
methoxyltropane, S-8, is considerably more potent than 
the R-enantiomers in our series of benztropines. Com- 
pound S-8 (also known as Difluoropine or 0-620) not only 
binds potently, but its selectivity for the dopamine 
transporter exceeds that of any other molecule in our hands 
(see Table 3). 

We now describe the synthesis, characterization, and 
receptor-binding properties of the eight isomers of 2-car- 
bomethoxy-3- [ bis(4-fluorophenyl)methoxy] tropane. 

Chemistry 
2-Carbomethoxy-3- (diphenylmethoxy)-laH,5aH-tro- 

pane (2-carbomethoxybenztropine) exists in eight stere- 
oisomeric forms. Any synthesis of these eight compounds 
must therefore take into account the preparation of four 
diastereomers and the resolution of the enantiomeric pairs. 
A synthesis of the eight stereoisomeric forms of cocaine 
has been reported by Carroll,35 and this work has guided 
our synthesis. Since our goal has not been to achieve an 
optimum synthetic pathway to each of the isomers but 
rather to obtain sufficient material in hand for pharma- 
cological studies, we elected to approach the synthesis of 
these compounds in a simultaneous manner without regard 
to optimization of yields. The series was therefore 
prepared by total synthesis from 3-tropinone as presented 
in Schemes 1-3. The @-configured R-compound, R-9, could 
also be obtained from ecgonine methyl ester which is 
readily available from naturally occurring (-)-cocaine.16 
As shown in Scheme 1, commercially available 3-tro- 

pinone (1) was reacted with dimethyl c a r b ~ n a t e ~ ~ , ~ ~  to 
provide (f)-2-carbomethoxy-3-tropinone, RS-2, in 68 % 
yield. Resolution was then effected by fractional crystal- 
l i ~ a t i o n ~ ~  of the bitartrates formed from (-)-tartaric acid 
to obtain (S)-(-)-2-carbomethoxy-3-tropinone, 5-2 (30 % ), 
and (+)-tartaric acid to obtain the (R)-(+)-2-~arbomethorry- 
3-tropinone, R-2 (30 % ). This resolution was sufficiently 
critical so as to warrant an additional checking experiment. 
Therefore, the other enantiomer in each case was also 
obtained by treatment of the mother liquors from each 
initial crystallization with base to obtain the free bases 
and subsequent formation of the diastereomeric bitartrate 
salts with the alternate tartaric acid. Recrystallization 
then provided the alternate enantiomers. These proved 
identical with those obtained via the first method. 

The enantiomeric purity of each of these resolved 
precursors was of critical importance to our further studies 
since their optical purity dictates the eventual enantio- 
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meric purity of each of the eight final compounds. 
Consequently, we developed an HPLC method for the 
estimation of enantiomeric excess. The enantiomeric 
purity of R-2 and 5-2 was measured by chiral HPLC. A 
base-line separation was obtained when a co-injection, or 
the unresolved racemic mixture, of 5-2 or R-2 was applied 
to a Chiralcel OC column. Each individual racemate was 
shown to be entirely pure of the other when injected 
individually. The enantiomeric excess of each isomer was 
therefore >99% with retention times of 9 min (R-2) and 
12 min (82) .  The optical rotations of R-2 and 5-2 were 
measured in order to confirm the configuration of each 
compound. The rotation for 5-2 was -18.5', while R-2 
gave a rotation of +18.6O. The values compared well with 
those reported by Findlay38 (5-2, -18.3O; R-2, +18.3O). 
We could not obtain Carroll's values% (5-2, -25.7'; R-2, 
+25.4O) even after repeated crystallization. However, since 
the signs and absolute values of our R-2 and 5-2 compared 
well with the literature values, it is clear that our R-2 and 
5-2 assignments are correct. 

Reduction of each of the resolved enantiomerically pure 
tropinones R-2 and 5-2 to provide six 2-carbomethoxy- 
3-hydroxy compounds, (R)- and (5)-3,4, and 5 (Schemes 
2 and 3) was effected with sodium borohydride in methanol 
at  low temperature (-30 "C). Careful column chroma- 
tography allowed the three compounds obtained in each 
case to be separated. Isolated yields of 3.5% (R-3),17% 

were obtained, respectively. 
Epimerization at  C-2 of S- and R-bto obtain the desired 

8-carbomethoxy epimers was then carried out, with 
concurrent hydrolysis, upon reflux with water. The methyl 
esters were then reintroduced, without epimerization, by 
means of methanol and HC1, to obtain the target inter- 
mediates R and 8 6 %  in 48% and 55 % yields, respectively. 
NMR spectra of the eight tropanols thus obtained were 

measured and the resonance positions and multiplicities 
for each compound proved identical with those reported 
by It should be noted that only four distinct 
spectra are obtained for the eight compounds since each 
enantiomeric pair is spectrally identical (see Table 2). 
Melting points for our compounds compared favorably 
with those reported in the literature, where available. 

Although benztropine itself is prepared by the action of 
diphenyldiazomethane on tropine,% we found it more 

(R-4), 66% (R5) and 1.3% (S3), 19% (5-4), 70% (5-5) 

S-(-)-2 

convenient to react each of compounds 3-6 with the 
appropriate benzhydrol in order to obtain the eight desired 
benztropine analogs, (R)- and (5)-7-10. Thus, in each 
w e  the alcohol was reacted with 4,4'-difluorobenzhydrol 
under conditions of azeotropic distillation in the presence 
of catalytic p-toluenesulfonic acid. Yields above 80% 
could be obtained for this reaction, once optimized. 
As an additional confirmation of configuration, (R)-2@- 

carbomethoxy-38- [bis(4-fluorophenyl)methoxyl tro- 
pane, R-9, could also be prepared by reaction of 4,4'- 
difluorobenzhydrol with ecgonine methyl ester. Ecgonine 
methyl ester was prepared in quantitative yield from (-1- 
cocaine by sequential hydrolysis and Fischer esterification 
with methanolic HC1.l6 Resolution was not required in 
this instance since all stereochemistry is controlled by the 
starting material: (-)-cocaine. 

Since the biological data which we have uncovered are 
in stark contrast to what may be predicted from the data 
reported in the literature for the WIN 35,428 tropane 
analogs, it is essential that each of the eight benztropine 
analogs be fully characterized and their configurations 
established beyond doubt. It should be noted that the 
enantiomeric purity of the critical precursors, R-2 and 
5-2, had already been established and no epimerization 
at  C-1 is possible during the course of the subsequent 
chemistry. Therefore, the R- and S-configurations, re- 
spectively, must, per force, be maintained throughout. 

Each ofthefourenantiomericpairshasidenticalspectral 
features although opposite optical rotations. Configura- 
tional assignments were therefore made on each of the 
four pairs. Confirmation of enantiomeric purity was 
obtained from measurement of optical rotation. In this 
regard, the rotations measured for each of the enantiomeric 
pairs were generally equal and opposite within experi- 
mental error (Table 1). Notably, R- and 5-7 displayed 
opposite signs to all other enantiomeric paire. 

Chiral HPLC separation of enantiomers was confirmed 
for S S  and R-8, the most important compounds in this 
study. Elution of a mixture of R- and 5-8 with hexane/ 
2-propanol (2982 + 0.1% diethylamine) gave two base 
line separated peaks at t~ 8.8 and t~ 7.8 min, respectively. 
Elution of each individual compound showed the same 
retention times and purity of each enantiomer was >99 7%. 

The similarities between the NMR data reported by 
Carroll et al.% for their four cocaine isomers and the four 
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Table 1. Physical Data for the Eight Benztropine Analogs 

compd [ a ] ~ ,  deg (5% MeOH/EtOAc + NKOH) mp, OC 
Rf (EtOAc + NhOH) 

R-7 +31.6 
R-8 -18.9 
R-9 -36.8 
R-10 -29 
8 7  -30.2 
S-8 +21.6 
s-9 +36.1 
810 +19 

0.47 (0.67) 
0.57 (0.72) 
0.59 (0.74) 
0.15 (0.42) 
0.47 (0.67) 
0.57 (0.72) 
0.59 (0.74) 
0.15 (0.42) 

193-196 
132-133 
89-90 
118-120 
202-203 
131-132 
76-77 
128-130 

pairs of 2-carbomethoxybenztropine isomers which we 
report here are striking (see Table 2). Indeed, for the 
diagnostic protons (HI, H2, H~ax, and He) the spectra 
obtained are almost superimposable. For H3, although 
the resonance positions for the benztropine analogs lie 
upfield of those of the cocaine (benzoyl ester), the patterns 
of multiplicity are identical, thus implying very similar 
coupling constants. It can be inferred, therefore, that, as 
for cocaine, the chair is the preferred conformation of the 

U 

F hF 
tropane ring in this series. A careful analysis of our data 
confiis, a priori, the configurational assignments espe- 
cially of the most interesting compound in this series, S-8. 

Some outstanding features of the NMR spectra are 
presented below. The trans diaxial relationship.of the 
substituents at C-2 and C-3 in 5-8 results in a dihedral 
angle of about 90° between both H3 and H2 as well as H3 
and &. Consequently the coupling constant between 
these protons is close to J = 0 Hz. However, the angle 
between H3 and II4ax is about 40° with a resultant 
theoretical coupling constant of 6.3 Hz (calculated from 
the Karplus In fact, a doublet is observed at  
6 4.00 (J = 5.37 Hz) for H3 in S-8. In contrast, multiplets 
are observed for H3 in all three other configurations. 
Also, H2 in 6 8  appears as a singlet, thus reflecting both 

the dihedral angles between HI, H3, and H2 as about 90° 
(J  = 0 Hz). In all other isomers, the H2 proton resonates 
as either a multiplet (R9 m; R7 dd; J = 2.8,10.2 Hz) or 
a very broad singlet (S-10 bs). 
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Scheme 3. R-Enantionem 
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Table 2. Resonance Positionsa for Eight Benztropine Analogs and Precursor Alcohole 

compd Hi Hz H3 s4, H4eq H6 NCHa OCHa OCH arom 
S7/R-7 3.34 3.00 4.03 1.93? 1.81? 3.16 2.41 3.66 5.52 7.0-7.21 
S-8/R8 3.59 2.73 4.00 2.00 -2.15 3.11 2.20 3.69 5.36 7.0-7.26 
S9IR-9 3.39 2.76 3.58 2.31 2.00 3.19 2.15 3.68 5.38 7.0-7.26 
S10/R10 3.39 2.98 4.05 2.53 2.17 3.04 2.29 3.49 5.36 7.0-7.27 
S3/R-3 3.58 2.76 3.80 1.5-2.20 3.14 2.19 3.76 
S4lR-4 3.46 2.71 4.13 1.5-2.20 3.21 2.40 3.75 
&SIRS 3.42 2.90 4.27 1.5-2.20 3.11 2.32 3.75 
S6/R-6 3.57 2.63 4.31 1.5-2.20 3.10 2.19 3.72 
a lH-NMR (400 MHz, CDCb) with TMS as internal standard. 

positions of the eight cocaine isomers. 

Also for hPx in 810, a septet is seen reflecting one 
small, one medium, and one large coupling constant while 
in 8 9  an apparent doublet of triplets (formally a ddd) is 
seen aa expected for a combination of two large coupling 
constauts and one small. Examination of a Dreiding model 
of 8 1 0  shows the dihedral relationship of the L proton 

See Carroll (J. Org. Chem. 1982,47, 13-19) for comparative resonance 

with the Ha, Hs, and gem proton (H-1 to be entirely 
consistent with this observed coupling. 

Biology 
The affmitiea of the eight benztropine analogs and (-1- 

cocaine for the dopamine and serotonin transporters were 



2006 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 13 

Table 3. Inhibition of [aHl-3~-(4-Fluorophenyl)tropane-2~-carbosylic Acid Methyl Eater Binding to the Dopamine Transporter (DA) 
and [aHICitalopram Binding to the Serotonin Transporter (5HT) by Benztropine Analogs in Cynomolgus Monkey Caudate-Putamen' 

Meltzer et al. 

F 
~~ 

confiiation ICm nM 
compd CZ Ca DA 5HT selectivity 5HT/DA 

8 7  a B 8900 f 1520 4087* 0.5 
5-8 B a 10.9 f 1.2 3530 * 78 324 

B 3380 * 780 1830 f 135 0.5 
a 1750 f 369 4930 f 253 2.8 

8 9  B 
s-10 a 
R-7 a B 21900 i 605 6500 f 2914 0.25 

U 2040 i 283 1980 f 406 1.0 
1460 i 255 0.10 

R-8 B 
R- 9 B B 11700 f 836 
R-10 a 4 3840 * 239 9150 f 147 2.4 
benztropine - a 312 f 1.1 24100 f 14800 17 
WIN 35,428 B B 12.9 f 1.1 160 i 20 12 
RTI 55 B B 1.08 * 0.06 2.53 f 0.02 2 

a Each radioligand waa incubated with tissue (4 mg/mL original wet tiesue weight) and 7-14 concentrations of a cocaine congener aa described 
in the Experimental Section. Nonspecific binding of [SHIWIN 35,428 waa measured with 30 pM (-)-cocaine and of [SHlcitalopram with 1 
pM fluosetine. IC60 values were computed by the EBDA computer program and are the means (ISD) of 2-7 independent experiments, each 
conducted in triplicate. *n = 1. 

determined in competition studies using [3Hl-3/3-(4- 
fluorophenyl)tropane-2/3-carboxylic acid methyl ester 
([SHIWIN 35,428) to label elements of the dopamine 
transporter and [3Hlcitalopram to label the serotonin 
transporter (Table 3). The studies were conducted in 
cynomolgus monkey striatum for two reasons. First, 
cynomolgus monkeys were planned to be used as subjects 
for future PET imaging studies. Second, as these com- 
pounds may be suitable for monitoring Parkinson's disease, 
it  is necessary to determine the DA/5HT transporter 
selectivities in the brain region, striatum, that undergoes 
the most severe depletion of dopamine nerve terminals. 

Competition studies were conducted with nonsaturating 
concentrations of the radioligand and a range of concen- 
trations of the test drug. All drugs inhibited [3HlWIN 
35,428 and [3H]citalopram binding in a concentration- 
dependent manner. 

Of the eight possible enantiomers in this series, only 
one, S-8, bound to I3H1 WIN 35,428 labeled sites on the 
dopamine transporter in the low nanomolar range (IC50 
10.9 nM). This observation corresponds well with similar 
findings in the series of eight cocaine isomers in that only 
(-)-cocaine showed appreciable binding while the other 
isomers were relatively inactive.36 Furthermore, the 
binding exhibited by 5-8 was characterized by high 
selectivity for the dopamine transporter over the 5HT 
transporter, a selectivity that is one of the highest of any 
compound studied in our hands. This high-affiity binding 
was not conferred on any other isomer in this series, either 
R or S. All the other enantiomers also were relatively 
nonselective for the dopamine transporter over the 5HT 
transporter. Indeed, for two of the compounds, R7 and 
R-9, an increased affinity for the 5HT transporter was 
observed. Among the least potent of the compounds was 
R-9, the direct analog of WIN 35,428. It is clear from this 
series that S-8 (0-620 or Difluoropine) has a unique fit 
and conformation for the dopamine transporter. 

Discussion 
The most striking result reported here is that, as might 

be expected for a stereoselective binding site, only one of 
the eight isomers of the 2-carbomethoxybenztropines 
showssignificant binding to the dopamine transporter (S- 
8, ICS~ 10.9 nM). Furthermore, this compound displays 
a selectivity (324:l) for the dopamine transporter over 
serotonin binding that exceeds, in our hands, that displayed 
by any other tropane analog including WIN 35,428 or RTI 
55. 

The current model used to describe the interaction of 
a tropane ligand with ita receptor, the dopamine uptake 
receptor, cannot account for the results presented here 
and requires careful reinterpretation of notions of receptor 
ligand interaction in this field. As we now report, the 
only isomer that displayed substantial binding to the 
dopamine uptake receptor is of the form that possesses 
none of the structural features commonly associated with 
high-affmity phenyltropane binding, while the isomers 
which do possess 'appropriate" structural features (for 
example: (R)-28-38) displayed little binding to that 
transporter. There are at least two possibilities that may 
account for our observations. 

First, the benztropine analogs which we now report and 
the tropane analogs reported earlier by ourselves and others 
bind differently to this receptor, or bind at different sites. 

In this regard, a concept which is increasingly 
accepted2823*24*u2 and which has guided much of the work 
reported here involves the idea that binding for dopamine 
and for the tropane analogs may not be identical.23 
Therefore, it may be possible to discover an antagonist of 
cocaine which does not block uptake of dopamine. Such 
antagonists have been suggested by R ~ t h m a n . ~ ~ * ~  

Second, the tropanes and benztropines may bind at the 
same general site on the dopamine transporter but differ 
in how they fit that site. If this is the case, one may 
speculate as follows. 
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Upon examination of an energy-minimized4 or Dreiding 
model of S-8, it  is evident that the tropane is in a chair 
conformation as borne out by the NMR coupling constants 
presented earlier. The 2-carbomethoxy group can then 
provide a steric barrier to the diphenylmethoxy system, 
and one of the rings in the diphenyl system is consequently 
pushed away from the %site, while the remaining ring 
(which lies face-to-face with the first at  an angle of about 
109O) fills the positional requirement of 3-substitution, 
that is, perpendicular and level to the plane of the tropane 
ring (Figure 2). 

In the S-series, the other phenyl ring is "pushed" 
topologically into the domain of the 2~-carbomethoxy 
group of, for instance, WIN 35,428. Carroll has re- 
ported*8*29 that the phenyl ester of his WIN analogs show 
substantial binding, and our model corroborates this 
finding in that in 5-8, one phenyl ring appears to lie 
topologically where the phenyl ester of Carroll's molecule 
resides. Thus meeting the requirement of filling a 
proposed lipophilic pocket on the receptor rather than a 
hydrogen bonding site. Consequently, the 26-carbo- 
methoxy group in the S-series of these benztropine analogs 
may satisfy nothing more than a steric function, namely 
to push the phenyl ring into the correct position for 
binding. 

This also suggests that the 2&carbomethoxy in (R)- 
cocaine or the other active WIN analogs serves only to 
provide some lipophilicity to engage a lipophilic pocket of 
the receptor and invites the synthesis and biological 
evaluation of compounds with less polar, or nonpolar, 28- 
substituents of varying steric bulk (e.g., phenallcyl groups). 

The similarity between compounds in the GBR series 
and the benztropine analogs reported here is interesting.& 
Most notable is the common diphenylmethoxy function- 
ality. It is intriguing to speculate how these two classes 
of compounds may bind at  the same site. Specifically, we 
have recently reported4' that the two nitrogen atoms in 
the piperidine ring of the GBR series effect binding 
differently and that the nitrogen distal to the diphenyl- 
methoxy substituent is responsible for the binding potency 
exhibited by those compounds. A superimposition of 
Dreiding models of both S-8 and GBR 12935 shows a good 
fit between the diphenylmethoxy substituents of each 
compound as well as the tropane nitrogen and the distal 
nitrogen of GBR 12935. 
Conclusions 

In this report we have described the synthesis and 
biological evaluation of the eight isomers of 2-car- 
bomethoxy-3- [bis(4-fluorophenyl)methoxyl tropane. A 
striking discovery is reported in that, in strong contrast 
to the known biology of all other cocaine or tropane analogs, 
an S-enantiomer, namely (5')- (+)-2&carbomethoxy-3a- 
f i i s (4 -  fluorophenyl)methoxy]tropane, has been found 
to be a potent and selective inhibitor of the dopamine 
uptake transport mechanism. Theseresults provide some 
evidence for the notion that either multiple binding sites 
exist or that binding of this benztropine analog does not 
fit the cocaine binding domain in the same way as does 
cocaine. Such an interpretation lends hope for the 
discovery of a cocaine antagonist which displays reduced 
influence on the uptake of dopamine itself. Such com- 
pounds may have clinical implications. 
Experimental Section 

NMR spectra were recorded on either a Bruker 100, a Varian 
XL 400, or a Bruker 300 NMR spectrometer. TMS was used as 
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internal standard. Melting points are uncorrected and were 
measured on a Gallenkamp melting point apparatus. Optical 
rotations were measured at the sodium D line at 21 OC using a 
JASCO DIP 320 polarimeter (1-dm cell). Thin-layer chroma- 
tography (TLC) was carried out on Baker Si 250F plates. 
Viualization was accomplished with either iodine vapor, W 
exposure, or treatment with phosphomolybdic acid (PMA). 
Preparative TLC was carried out on Analtech uniplates silica gel 
GF 2000 microns. Flash chromatography was carried out on 
Baker silica gel 40 mM. Elemental analyses were performed by 
Atlantic Microlab, Atlanta, GA. A Beckman 1801 scintillation 
counter was used for scintillation spectrometry. 0.1% bovine 
serum albumin and (-)-cocaine were purchased from Sigma 
Chemicals. 

[SH]WIN 35,428 ([*H]CFT, 2j3-carbomethoxy-3/3-(4-fluo- 
ropheny1)-N- [8H]methyltropane, 79.4-87.0 Ci/mmol) and [SH]- 
citalopram (86.8 Ci/mmol) were purchased from DuPontNew 
England Nuclear (Boston, MA). (R)-(-)-Cocaine hydrochloride 
for the pharmacological studies was donated by the National 
Institute on Drug Abuse [NIDAI. Fluoxetine was donated by E. 
Lilly & Co. HPLC analyses were carried out on a Waters 510 
system with detection at 254 nm on a Chiralcel OC column (flow 
rate 1 mL/min). 
(RS)- (+)-2-Carbomet hoxy-3-tropinone (RS-2). 3-Tropi- 

none, 1 (20.59 g, 0.148 mol), in cyclohexane (140 mL) was added 
dropwise to a mixture of NaH (60% dispersion, 11.83 g, 0.296 
mol), dimethyl carbonate (27.4 mL, 0.325 mol), and cyclohexane 
(60 mL) at gentle reflux. MeOH (0.5 mL) was added at the end 
of addition. The reaction mixture was heated at reflux until 
effervescence ceased. Water (250 mL) was added after the 
reaction mixture was cooled to room temperature. The layers 
were separated, and the cyclohexane layer was extracted with 
additional water (2 X 100 mL). The combined aqueous layers 
were saturated with NH&l(120 g) and extracted with CHzCl2 
(8 X 100 mL). The dried (K~COS) extracts were concentrated to 
dryness to afford 23.1 g (79%) of RS-2 as a yellow oil which 
crystallized upon standing. The material was purified by flash 
chromatography (10% iPrNH2,30% EtO/hexane) to afford 20 
g (68%) of RS-2 mp 102-103 OC (lit." mp 103.5-104.6 "C); Rf 
0.65 (CH2CldCHCWMeOH/NI4OH, 100:4091, two elutions). 
Resolution of (RS)-(f)-2-Carbomethoxy-3-tropinone (Rsr 

2). (R)-(+)-2-Carbomethoxy-3-tropinone (R2). L-Tartaric 
acid (9.0 g, 0.06 mol) was added to (RS)-(i)-2-carbomethoxy- 
Btropinone,Rsrt (11.61 g,O.O59mol),inEtOH (100mL). EtOH 
was removed in vacuo after all the tartaric acid had dissolved. 
The residue was recrystallized once from a 101  acetone/water 
(440 mL) mixture (19.68 g of material obtained) and once from 
MeOH (100 mL) to afford 6.21 g of (R)-(+)-2-carbomethoxy-3- 
tropinone bitartrate as a white crystalline solid. The salt was 
dissolved in saturated NazCOs (50 mL), and the free base 
generated was extracted with CHzCl2 (2 X 100 mL). The dried 
(K2COs) extracts were concentrated to afford 3.56 g (30%) of 
(R)-(+)-2-carbomethoxy-3-tropinone, R(+)-2, as a white solid 
mp 106106 'C (lit."mp 108.5-109.5 0C);Rf0.65 (CH&la/CHCI$ 
MeOWNHcOH, 100:4091, two elutions); 'H-NMFt (100 MHz, 
CDCls) 6 1.62.4 (m, 7H), 2.32 (8, 3H), 2.75 (m, lH), 3.32 (t, lH), 

= 1, MeOH)]; [UI2OD + 1 8 . 3 O  (c = 1, MeOH)=]; analytical HPLC 
(chiralcel oc column) eluting with hexane/2-propanol(91) t R  
9 min, >99%. 
(S)-(-)-2-Carbomethoxy-3-tropinone (82). The fiitrates 

from above were concentrated to dryness. The residue obtained 
was dissolved in saturated NazCOs (50 mL), and the free base 
generated was extracted with CH2Ch (100 mL). The dried (Kr  
COS) organic extract was concentrated to dryness. The residue 
(2.37 g, 0.012 mol) and D-tartaric acid (2.6 g, 0.017 mol) were 
dissolved in EtOH. EtOH was then removed in vacuo, and the 
residue was recrystallized once from a 101 acetone/water (110 
mL) mixture (3.7 g obtained) and once from MeOH (20 mL) to 
afford 2.15 g (11 %) of (S)-2-carbomethoxy-3-tropinone (-)- 
bitartrate. The free base, S-(-)-2, was generated as above (1.1 
g, 10%): mp 104-105 OC (lit.= mp 108.6109.5 OC);Rf0.66 (CHr 
Cla/CHC1$MeOH/NH,OH, 100:4091, two elutions); 'H-NMFt 
as for R-2 above; [ala', -18.5O (c = 1, MeOH) [lit.% [~]%-25.7~ 
(c = 1, MeOH); [UI2'D - 1 8 . 3 O  (c = 1, MeOH);= analytical HPLC 

3.75 (8,3H); [aI2'~ +18.6O (C = 1, MeOH) [Et.% [ u ] ~ D  +25.4' (C 
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(Chiralcel oc column) eluting with hexane/2-propanol (91) tR 
12 min, >99%. 

Alternate Procedure: Resolution of (RS)-(i)-2-Carbo- 
methoxy-3-tropinone (-2) To Obtain (S)-(-)-24arbo- 
methoxy-3-tropinone (5-2). D-Tartaric acid (57.16 g, 0.38 mol) 
was added to (RS)-(+)-2-carbomethoxy-3-tropinone, BS-2 (75 g, 
0.38 mol), in EtOH (500 mL). EtOH was removed in vacuo after 
all the tartaric acid had dissolved. The residue was recrystallized 
once from a 101 acetone/water (440 mL) mixture (129.7 g of 
material obtained) and once from MeOH (500 mL) to afford 39.9 
g of (S)-(+)-2-carbomethoxy-3-tropinone bitartrate as a white 
crystalline solid. 

The salt was dissolved in saturated Na2CO3 (150 mL,) and the 
free base generated was extracted with CHzClz (2 X 100 mL). 
The dried (K2CO3) extracts were concentrated to afford 22.6 g 
(30%) of (S)-(-)-2-carbomethoxy-3-tropinone, @-(-)-2,as a white 
solid mp 103-105 'C (lit.% mp 108.5-109.5 'C); Rf 0.65 (CH2- 
Cl&HCWMeOH/mOH, 100:40:91, two elutions); 'H-NMR 
as for R-2 above; [aI2'D -18.1' (c = 1, MeOH) [lit.= [a]%D -25.7' 
(c = 1, MeOH) ; [aI2'D -18.3' (c = 1, MeOH);% analytical HPLC 
(Chiralcel OC column) eluting with hesane/2-propanol(91) tR 
12 min, >99%. 

(R)-Ecgonine Methyl Ester (R3), (R)-Pseudoecgonine 
Methyl Ester (R-4), and (R)-Allopseudoecgonine Methyl 
Ester (R5). Sodium borohydride (1.55 g, 0.041 mol) was added 
to a solution of (R)-2-carbomethoxy-3-tropinone, R-2 (3.4 g, 0.017 
mol), in MeOH (300 mL) at -78 'C. The reaction mixture was 
left in the freezer (-30 'C) overnight. Concentrated HCl(8 mL) 
was added carefully, and the solution was concentrated to dryness. 
The residue was dissolved in water (100 mL), basified with N&- 
OH, saturated with NaCl, and extracted with CHzClz (3 X 100 
mL). "he dried (K2COs) extracts were concentrated to dryness 
(3.1 g). The residue was chromatographed over silica gel (CHp 
Cl&HCWMeOH/N&OH, 100:4091) to afford the following 
compounds. 

(R)-Ecgonine methyl ester, R-3 (120 mg, 3.5%): yellow oil; Rf 
0.69 (CH&ldCHCWMeOH/N)4OH, 100:4091, two elutions); 
'H-NMR see Table 2. 

(R)-Pseudoecgonine methyl ester, R 4  (590 mg, 17% ): white 
solid; mp 115-117 'C (lit.@ mp 114-116 'C); Rf 0.33 (CH2ClJ 
CHCWMeOH/NH,OH, 100:4091, two elutions); 'H-NMR see 
Table 2. 

(R)-Allopseudoecgonine methyl ester, RS (2.25 g, 66%): pale 
yellow solid; mp 60-62 OC (lit.@ mp 78-79 'C); Rf 0.25 (CHp 
CldCHCWMeOH/N)tOH, 100:40:91, two elutions); 'H-NMR 
see Table 2. 

(R)-Alloecgonine Methyl Ester (R6). (R)-Allopseudo- 
ecgonine methyl ester, R5 (1.68 g, 8.4 mmol), and water (25 mL) 
were combined and heated at reflux for 18 h. Water wasremoved. 
Methanolic HCl(100 mL) was added, and the mixture was stirred 
at room temperature overnight. The reaction mixture was 
concentrated to dryness. The residue was dissolved in water 
(100 mL), basified with NKOH, and extractedwith CH2Cl2 (150 
mL). The dried (K2C03) extract was concentrated to dryness. 
The residue was chromatographed over silica gel (3 % NI-LOH, 
5 %  MeOH in EtOAc) to afford (R)-alloecgonine methyl ester, 
R6 (0.80 g, 48%), as a light brown solid mp 63-65 OC: Rf 0.54 
(5% MeOH/EtOAc + NI-LOH), anhydroecgonine methyl ester 
(45 mg) and starting material, RS (350 mg, 21 % 1. 
(R)-( +)-2a-Carbomethoxy-3~-[bia(4-fluorophenyl)- 

methoxyltropane (R-7). (R)-Pseudoecgonine methyl ester,R4 
(220 mg, 1.1 mmol), 4,4'-difluorobenzhydrol(442 mg, 2.0 mmol), 
p-toluenesulfonic acid monohydrate (384 mg, 2.0 mmol), and 
benzene (40 mL) in a 100-mL round-bottom flask fitted with a 
Deanatark trap and condenser were heated at reflux for 6 h. 
4,4'-Ditluorobenzhydr01(440 mg, 2.0 "01) and p-toluenesulfonic 
acid monohydrate (50 mg, 0.26 "01) were added, and the 
reaction mixture was heated at reflux for another 16 h. Benzene 
was removed. The residue was dissolved in water (10 mL), 
basified with NHIOH, and extractad with CH&lz (2 X 50 mL). 
The dried (KzCO3) extracts were concentrated to dryness. The 
residue was chromatographed over silica gel (3% NKOH, 10% 
MeOH in EtOAc) to afford (R)-(+)-2a-carbomethoxy-3g-[bis- 
(4-fluorophenyl)methoxyltropane, R7 (439 mg, W%), as a pale 
yellow viscous oil which was treated with ethereal HC1 to afford 
421 mg (87%) of the HCl salt as a white solid mp 197-199 'C; 
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Rf 0.67 (5% MeOH/EtOAc + NKOH); 'H-NMR (400MHz, 
CDCb) 6 1.35 (m, 2H), 1.56 (m, lH), 1.78 (m, lH), 1.81 (m, lH), 
1.93 (m, lH), 2.41 (8, 3H, NCHd, 3.00 (dd, lH, H-2), 3.16 (m, lH, 
H-5), 3.34 (be, lH, H-1),3.66 (8, 3H, OCHs), 4.03 (m, lH, H-3), 
5.52 (8, lH, OCH), 7.00 (m, 4H, ArH), 7.20 (dd, 2H, Arm, 7.27 
(dd, 2H, Arm; [a I2 lD +31.6' (c = 1, MeOH). Anal. 
NO8rHCl) c, H, N, C1. 

( R ) - ( - ) - ~ ~ ~ ~ ( ~ f l U O ~ R ~ ~ l ) ~ ~ ~ ~  
tropane (RS). (R)-Alloecgoninemethyleater,RS (173 mg,O.87 
mmol), 4,4'-difluorobenzhydrol(382 mg, 1.74 mmol), p-toluene- 
sulfonic acid monohydrate (200 mg, 1.04 mmol), and benzene (50 
mL) in a 100-mL round-bottom flask fitted with a Dean-Stark 
trap and condenser were heated at reflux for 18 h. 4,4'- 
Difluorobenzhydrol(320 mg, 1.45 "01) and p-toluenesulfonic 
acid monohydrate (70 mg, 0.36 "01) were added, and the 
reaction mixture was heated at reflux for a further 5 h. Benzene 
wea removed in vacuo. The residue was dissolved in water (10 
mL), basified with NH,OH, and extracted with CHzCl2 (2 X 50 
mL). The dried (K2COa) extracts were concentrated to dryness. 
The residue was chromatographed over silica gel (3 % NKOH, 
2% MeOH in EtOAc) to afford (R)-(-)-2~-carbomethoxy-3a-[bis- 
(4-fluoropheny1)metholryl tropane, R8 (283 mg, 81 % ), as a white 
solid mp 132-133 'C; Rf 0.72 (5% MeOH/EtOAc + NbOH);  
'H-NMR (400 MHz, CDCb) 6 1.80 (d, lH), 2.00-2.15 (m, 5H), 
2.20 (8, 3H, NCH3), 2.73 (8, lH, H-2), 3.11 (bs, 1H,H-5), 3.59 (d, 
lH,H-1), 3.69 (8,3H, OCHd, 4.00 (d, lH, H-3),5.36 (8, lH, OCH), 
7.00 (m, 4H, Arm, 7.26 (dd, 4H,ArH); analytical HPLC (Chiralcel 
OC column) eluting with hexane/2-propanol(98:2 + 0.1 % DEA) 
tR = 8.8 &, [aI2'~ -18.9' (c = 1, MeOH). Anal. (C2sH2$JO#z) 
C, H, N. 

( R ) - ( - ) - 2 ~ ( ~ f l u o ~ p ~ n y l ) ~ ~ ~ ~  
tropane (R9). (R)-Ecgonine methyl ester (from natural (R)- 
(-)-cocaine),R3 (200mg, 1.0 mmol), 4,4'-dfluorobenzhydrol(442 
mg, 2.0 mmol), p-toluenesulfonic acid monohydrate (384 mg, 2.0 
mmol), and benzene (40 mL) in a 100-mL round-bottom flask 
fitted with a Dean-Stark trap and condenser were heated at 
reflux for 6 h. 4,4'-Difluorobenzhydrol (400 mg, 1.8 "01) and 
p-toluenesulfonic acid monohydrate (50 mg, 0.26 mmol) were 
added, and the reaction mixture was heated at reflux for another 
16 h. Benzene was removed. The residue was dissolved in water 
(10 mL), basified with NI-LOH, and extracted with CH2Cb (2 X 
50 mL). The dried (KzCO~) extracts were concentrated to dryness. 
The residue was chromatographed over silica gel (EtOAc/hexane, 
1:1, EtOAc, 10% MeOH/EtOAc) to afford (R)-(-)-2g-car- 
bomethoxy-3b- [bis(4-fluorophenyl)methoxyl tropane, R9 (248 
mg, 62%), as a pale yellow solid: mp 89-90 'C; Rf 0.74 (5% 

1.31 (m, 2H), 1.64 (m, 2H) 2.0 (m, 1H,H-4,), 2.15 (s,3H, NCHa), 
2.31 (ddd, lH, H-4&, 2.76 (m, 1H,H-2), 3.19 (bs, lH, H-5),3.39 

lH,WH), 6.98 (dd, 4H, Arm, 7.19 (dd, 2H, ArH) 7.26 (dd, 2H, 
a"-H); [aI2 lD -36.8' (c = 1, MeOH). Anal. (C~HzsNOfl2) C, 
H, N. 

tropane (R10). (R)-Allopeeudoecgonine methyl ester, R-6 (330 
mg, 1.7 mmol), 4,4'-difluorobenzhydrol (774 mg, 3.5 mmol), 
p-tolueneaulfonic acid monohydrate (405 mg, 2.1 mmol), and 
benzene (50 mL) in a 100-mL round-bottom flask fitted with a 
Dean-Stark trap and condenser were heated at reflux for 18 h. 
4,4'-Dfluorobenzhydrol(400 mg, 1.8 mmol) andp-toluenesulfonic 
acid monohydrate (50 mg, 0.26 "01) were added, and the 
reaction mixture was heated at reflux for another 5 h. Benzene 
was removed in vacuo. The residue was diesolved in water (10 
mL), basified with -OH, and extracted with CH2Clz (2 X 50 
mL). The dried (KzCOa) extracts were concentrated to dryness. 
The residue was chromatographed over silica gel (3% NKOH, 
2% MeOH in EtOAc) to afford (R)-(-)-2a-carbomethoxy-3a- 
[bis(4-fluorophenyl)methoxyltropane, R10 (554 mg, 83% ), as a 
pale yellow viecoue oil: Rf 0.42 (5 % MeOH/EtOAc + NKOH); 
'H-NMFt (400 MHz, CDCb) 6 1.73 (m, 24), 1.90 (m, 2H), 2.12 (m, 
lH, If-&), 2.29 (a, 3H, NCH31, 2.53 (sept, lH, H-4.A2.98 (bs, 
1H,H-2), 3.04 (m, lH,H-S), 3.39 (m, lH,H-l), 3.49 (s,3H, oc&), 

(dd, 2H, ArH), 7.27 (dd, 2H, Arm; HCl salt mp 118-120 'C; 
[~~]~~D-29.0' (c = 1, MeOH). Anal. (C~HzsN082-HCl*H20) C, 
H, N, C1. 

MeOH/EtOAC + -OH); 'H-NMR (400 MHz, CDCb) 6 1.24- 

(be, lH, H-l), 3.58 (ddd, lH, H-3), 3.68 (8, 3H, OCHa), 5.38 (8, 

( R ) - ( - ) - 2 ~ ( ~ ~ u o ~ R ~ n y l ) ~ ~ ~ ] -  

4.05 (be, IH, H-3), 5.36 (8, lH, 0 0 ,  7.00 (dd, 4H, Arm, 7.16 
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(S)-Ecgonine Methyl Ester (83) ,  (S)-Pseudoecgonine 
Methyl Ester (84 ) ,  and (5)-Allopseudoecgonine Methyl 
Ester (SS) .  Sodium borohydride (0.5 g, 13.2 "01) was added 
to a solution of (S)-2-carbomethoxy-3-tropinone, 8 2  (1.09 g, 5.5 
mmol), in MeOH (100 mL) at -78 "C. The reaction mixture was 
left in the freezer (-30 "C) overnight. Concentrated HCl(3 mL) 
was addedcarefdly, and the solution was concentrated to dryness. 
The residue was dissolved in water (30 mL), basified with NHp 
OH, saturated with NaC1, and extracted with CH&L (3 X 50 
mL). The dried &Cos) extrade were concentrated to dryness 
(1.06 9). The residue was chromatographed over silica gel (CHr 
CldCHCLs/MeOH/NH4OH, 100:40:9:1) to afford the following 
compounds. 

@)-Ecgonine methyl eater, 8 3  yellow oil (15 mg, 1.3%); Rf 
0.69 (CH&ldCHCLs/MeOH/NOH, 100:40:91, two elutions); 
1H NMR identical to R 3  (see Table 2). 

(a-Pseudoecgonine methyl ester, 5 4  (214 mg, 19%): off- 
white solid; mp 105-107 "C (litSmp 114-115 "C);Rf0.33 (CHr 
CldCHCls/MeOH/NKOH, 100:4091, two elutions); 'H NMR 
identical to R-4 (see Table 2). 

(SI-Allopseudoecgonine methyl ester, S-5 (768 mg, 70% 1: off- 
white solid; mp 75.677.5 "C (lit.8 mp 79-80 "C); Rf 0.25 (CH2- 
CldCHCLs/MeOH/NKOH, 100:40:91, two elutions); lH NMR 
identical to R-5 (see Table 2). 

(S)-Alloecgonine Methyl Ester (86).  (S)-Allopseudoecgo- 
nine methyl ester, 8 5  (0.43 g, 2.16 mmol), and water (10 mL) 
were combined and heated at reflux for 18 h. Water was removed 
in vacuo. Methanolic HCI (25 mL) was added, and the mixture 
stirred at room temperature overnight. The reaction mixture 
was concentrated to dryness. The residue was diseolved in water 
(10 mL), basified with NKOH, and extracted with CH&lz (50 
mL). The dried (KzCOs) extract was concentrated to dryness. 
The residue was chromatographed over silica gel (3 % NKOH, 
5% MeOH in EtOAc) to afford (S)-alloecgonine methyl ester, 
5-6 (235 mg, 55%): mp 76.5-77.5 "C;Rf0.64 (5% MeQH/EtOAc + NH,OH); lH NMR identical to R-6 (see Table 2) and starting 
material, 5-6 (135 mg, 31%). 

tropane (87) .  (8-Pseudoecgonine methyl ester, 5-4 (94 mg, 
0.47 mmol), 4,4'-difluorobenzhydrol (208 mg, 0.94 mmol), p-  
toluenesulfonic acid monohydrate (181 mg, 0.94 mmol), and 
benzene (40 mL) in a 100-mL round-bottom flask fitted with a 
Dean-Stark trap and condenser were heated at reflux for 22 h. 
Benzene was removed. The residue was dieeolved in water (10 
mL), basified with NKOH, and extracted with CH2Cls (2 X 50 
mL). The dried (KzCOa) extracts were concentrated to dryness. 
The residue was chromatographed over silica gel (3% W O H ,  
5 % MeOH in EtOAc) to afford (S)-(-)-2a-carbometho~3a-[bis- 
(4-fluorophenyl)methoxy]tropane, 8 7  (162 mg, 86%), as a pale 
yellow viscous oil: Rf 0.67 (5% MeOH/EtOAc + WOH);  'H- 
NMR (400 MHz, CDCb) 6 1.35 (m, 2H), 1.56 (m, lH), 1.78 (m, 
1H), 1.81 (m, lH), 1.93 (m, lH), 2.41 (e, 3H, NCHs), 3.00 (dd, lH, 
H-2), 3.16 (m, lH, H-5), 3.34 (bs, lH, H-l), 3.66 (8, 3H, OCHS), 
4.03 (m, lH,H-3),5.52 (e, lH, OCH), 7.00 (m, 4H, Arm, 7.20 (dd, 
2H, Arm, 7.27 (dd, 2H, Arm; HCl salt mp 202-203 "C; [aI2'D 
-30.2O (c = 1, MeOH). Anal. (CaHsNOsFrHCl.O.2 HzO) C, H, 
N, C1. 

(S)-( +)-2~-Carbomethoxy-3a-[bis(4-fluorophenyl)- 
methoxyltmpane (88). (S)-Alloecgoninemethylester,S6 (900 
mg, 4.5 mmol), 4,4'-difluorobenzhydrol (1.99 g, 9.0 mmol), 
p-toluenesulfonic acid monohydrate (1.3 g, 6.8 mol) ,  and 
benzene (50 mL) in a 1WmL round-bottom flask fitted with a 
Dean-Stark trap and condenser was heated at reflux for 18 h. 
An additional amount of 4,4'-difluorobenzhydrol (Log, 4.6 mmol) 
and p-toluenesulfonic acid monohydrate (200 mg, 1.0 "01) was 
added and reflux continued for 5 h. Benzene was removed in 
vacuo. The residue was dissolved in water (10 mL), basified with 
NHIOH, and extracted with CH&lz (2 X 50 mL). The dried 
(&Cos) extracts were concentrated to dryness. The residue was 
chromatographed over silica gel (2% W O H ,  2% MeOH in 
EtOAc, 5% MeOH, 3% NKOH in EtOAc) to afford (E+(+)- 
2p-carbomethoxy-3a- [bis(4-fluorophenyl)methoxy] tropane, S-8 
(1.14 g, 63%), as an off white solid mp 131-132 "C; Rf0.72 (5% 
MeOH/EtOAc + NKOH); 'H-NMR (400 MHz, CDCb) 6 1.80 
(d, lH), 2.00-2.15 (m, 5H), 2.20 (s,3H, NCH3), 2.73 (8, 1H,H-2), 

( s ) - ( - ) - ~ ~ ~ h o r y - 3 B - [ ~ ( 4 - f l ~ o ~ ~ ~ l ) ~ ~ ] -  

3.11 (bs, lH, H-5), 3.59 (d, lH, H-l), 3.69 (8,3H, OCHs), 4.00 (d, 
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lH, H-3), 5.36 (e, lH, OCH), 7.00 (m, 4H, Arm, 7.26 (dd, 4H, 
Arm; analytical HPLC (Chiralcel OC column) eluting with 
hexane/2-propanol, 982, + 0.1% DEA) tR = 7.8 min, [(rI2lD 
+21.6" (c = 1, MeOH). Anal. (C&dO&) C, H, N. 
(S)-(+)-2@-Carbomethoxy-3@-[ bis(4-fluoropheny1)- 

methoxy]tmpane (8-9). (@-Ecgonine methyl eater, 8 5  (62 
mg, 0.31 mmol), 4,4'-dfluorobenzhydro1 (137 mg, 0.62 mmol), 
p-toluenesulfonic acid monohydrate (119.6 g, 0.62 mmol), and 
benzene (SO mL) in a lWmL round-bottom flask fitted with a 
Deanatark trap and condenser were heated at reflux for 18 h. 
4,4'-Difluorobenzhydroluorobenzhydrol (137 mg, 0.62 "01) and p-toluene- 
sulfonic acid monohydrate (100 mg, 0.52 mmol) were added, and 
the reaction mixture was heated at reflux for another 5 h. Benzene 
wan removed in vacuo. The residue was dissolved in water (10 
mL), basified with NKOH, and extracted with CH2CL (2 X 60 
mL). The dried (&COS) organic extrade were concentrated to 
dryness. The residue was chromatographed over silica gel (3 % 
NKOH, 2% MeOH in EtOAc) to afford (S)-(+)-O&car- 
bomethoxy-3&~is(4fluorophenyl)methoxyltzope11e, 8 9  (58mg, 
46%), as an off-white solid: mp 76-77 "C; Rf 0.56 (10% EtsN/ 
EbO); 1H-NMR (400 MHz, CDCh) 6 1.24-1.31 (m, 2H), 1.64 (m, 
2H) 2.0 (m, H, H-4,), 2.15 (s, 3H, N-CHd, 2.31 (ddd, lH, H-43, 
2.76 (m, lH, H-2), 3.19 (bs, lH, H-5), 3.39 (bs, lH, H-l), 3.58 

4H, arom-H), 7.19 (dd, 2H, arom-H) 7.26 (dd, 2H, arom-H); [a] D 
+36.1" (c = 1, MeOH). Anal. (C&&JO&) C, H, N. 
(5)-( +)-2a-Carbomethoxy-3a-[bis(4-fluorophenyl)- 

methoxyltmpane (810). (S)-Allopseudoecgonine methylester, 
8 5  (204 mg, 1.02 mmol), 4,4'-difluorobenzhydr01(451 mg, 2.04 
mmol),p-toluenesulfonicacid monohydrate (244mg, 1.22 mmol), 
and benzene ( S o d )  in a 1WmL round-bottom flask fitted with 
a Deanatark trap and condenser were heated at reflux for 18 
h. 4,4'-Difluorobenzhydrol(450 mg, 2.04 "01) was added, and 
the reaction mixture was heated at reflux for a further 8 h. Benzene 
was removed in vacuo. The residue was dissolved in water (10 
mL), basified with W O H ,  and extracted with CH2Ch (2 X 50 
mL). The dried (KzCO3) extrade were concentrated to dryness. 
The residue was chromatographed over silica gel (3% W O H ,  
2% MeOH in EtOAc) to afford (S)-(+)-2a-carbomethox~3~- 
[bis(4-fluorophenyl)methoxy]tropane, 5-10 (234 mg, 57%), as a 
pale yellow viscous oil: Rf 0.39 (5% MeOH/EtOAc + W O H ) ;  
'H-NMR (400 MHz, CDCh) 6 1.73 (m, 2H), 1.90 (m, 2H), 2.12 
(m, 1H, H-4,), 2.29 (8, 3H, NCHs), 2.53 (sept, lH, H-43, 2.98 
(ba, lH, H-2), 3.04 (m, lH, H-5), 3.39 (m, lH, H-1),3.49 (e, 3H, oc&), 4.05 (be, 1H,H-3), 5.36 (s,lH, OCH), 7.00 (dd, 4H,ArH), 
7.16 (dd, 2H, Arm, 7.27 (dd, 2H, Arm; HC1 salt mp 128-130 "C; 
[a]Pl~ +19.0° (c = 1, MeOH). Anal. (CaHdOsFrHCl.O.5HzO) 
C, H, N, C1. 

(ddd, lH, H-3), 3.68 (8,3H, OCHS), 5.38 (8, lH, OCH), 6.98 (dd, 

Acknowledgment. The authors would like to thank 
Boston Life Sciences, Inc. for funding this work through 
a grant to Harvard Medical School and the NIDA for a 
grant to one of us (B.K.M.) DA 06303, RR00168. We thank 
Michelle A. Fahey, Jeffrey Plowey, and Helen Panas for 
excellent technical assistance. 

References 
(1) Schoemaker, H.; Pimoule, C.; Arbilla, S.; Scatton, B.; Javoy-Agid, 

F.; Langer, S. Z. Sodium dependent [sHlcocaine binding associated 
with dopamine uptake sites in the rat striatum and human putamen 
decrease after dopaminergic denervation and in Patkinsods diaeaw. 
Naunyn-Schmiedeberg's Arch. Phurmcrcol. 1986, 329, 227-235. 

(2) Kennedy, L. T.; Hanbauer, I. Sodium Sensitive Cocaine Binding 
to Rat Striatal membrane: Possible Relationship to Dopamine 
Uptake Sites. J. Neurochem. 1983,34, 1137-1144. 

(3) Reith, M. E. A.; Meisler, B. E.; Serahen, H.; Lajtha, A. Structural 
requirements for cocaine congeners to interact with dopamine and 
serotonin uptake sites in m o w  brain and to induce stereotyped 
behavior. Biochem. Pharmacol. 1986,35,1123-1129. 

(4) Madras,B. K.;Fahey, M. A.;Bergman, J.; Canfield,D. R.; Spealman, 
R. D. Effecta of cocaine and related drugs in nonhuman primates: 
I. [SHICocaine binding sites in caudate-putamen. J.  Pharmacol. 
Ezp. Ther. 1989,251,131-141. 

(5) Cantield, D. R.; Sped", R. D.; Kaufman, M. J.; Madras, B. K. 
Autoradiographic Localization of Cocaine Binding Sites by [$HI- 
CFT ([SHIWIN 35,428) in the Monkey Brain. Synapse 1990, 6, 
189-195. 



2010 Journal of Medicinal Chemktry, 1994, Vol. 37, No. 13 

(6) Kaufman, M. J.; Spealman, R. D.; Madras, B. K. Distribution of 
Cocaine Recognition Sites in Monkey Brain: I. In vitro Autora- 
diography with [SHICFT. Synapse 1991,9,177-187. 

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

(8) Madras,B. K.;Fahey,M.A.;Bergman, J.; Canfield,D. R.;Spealman, 
R.D. EffectaofCocaineandRelatedDrugeinNonhumanPrimatea. 
1. [3HlCocaine Binding Sites in Caudate Putamen. J. Pharmacol. 
Exp. Ther. 1989,251,131-141. 

(9) Bergman, J.; Madras, B. K.; Johnson, S. E.; Spealman, R. D. Effecta 
of cocaine and related drugs in nonhuman primates. III. Self- 
administration by squirrel monkeys. J. P h a m c o l .  Exp. Ther. 1989, 
251,15&155. 

(10) Kuhar, M. J.; Ritz, M. C.; Boja, J. W. The Dopamine Hypothesis 
of the Reinforcing Properties of Cocaine. Trenda Neurosci. 1991, 
14,2*302. 

(11) Kaufmau, M. J.; Madras, B. K. Distribution of Cocainerecognition 
sites in monkey brain. II. Ex vivo autoradiography with [SHICFT 

(12) Madras, B. K.; Spealman, R. D.; Fahey, M. A.; Neumeyer, J. L.; 
Saha, J. K.; Milius, R. A. Cocaine receptors labeled by [aHl2& 
Carbomethoxy-3fl(4-fluorophenyl)tropane. Mol. Phurmacol. 1989, 
36,518-524. 

(13) 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. 4.3&Phenyltropane-2-carboxylic esters 
and analogs. J. Med. Chem. 1973,16,1260-1267. 

(14) Kaufman, M. J.; Madras, B. K. Severe depletion of Cocaine 
recognition sites associated with the dopamine transporter in 
Parkinson's dieeaeed striatum. Synapse 1991,9,43-49. 

(15) Kish, S. J.; Shannak, K.; Homykiewicz, 0. Uneven pattem of 
dopamine loae in the striatum of patients with idiopathic Parkin- 
son's diseaee. N .  Engl. J. Med. 1988,318,876-880. 

(16) Meltzer,P.C.;Liang,A.Y.;Brmell,A.-L.;Elmaleh,D.R.;Madras, 
B. K. Substituted EPhenyltropane Anal- of Cocaine: Synthesis, 
Inhibition of Binding at Cocaine Recognition Sibs, and Positron 
Emiion Tomography Imaging. J. Med. Chem. 1993,36,855-862. 

(17) Boja, J. W.; Patel, A.; Carroll, F. I.; Rahman, M. A.; Philip, A.; 
Lewin, A.; Kopajtic, T. A.; Kuhar, M. J. [1aIlRTI-55 a potent 
ligand for dopamine transporters. Eur. J. Pharmacol. 1991,194, 

(18) Carroll, F. I.; Abraham, P.; Lewin, A.; Parham, K. A,; Boja, J. W.; 
Kuhar, M. J. Isopropyl and Phenyl esters of 3&(4-Subetituted 
phenyl) tropane-2&carboxylic Acids. Potent and Selective Com- 
pounds for the Dopamine Transporter. J. Med. Chem. 1992,35, 

(19) Carroll, F. I.; Lewin, A. H.; Boja, J. W. ; Kuhar, M. J. Cocaine 
Receptor: Biochemical Characterization and Structure Activity 
Relationships of Cocaine Analogues at the Dopamine Transporter. 
J. Med. Chem. 1992,36,969-981. 

(20) Carroll, F. I.; Gao, Y.; Rahman, M. A.; Abraham, P.; Parham, K.; 
Lewin, A. H.; Boja, J. W.; Kuhar, M. J. Synthesis, Ligand Binding, 
QSAR, and CoMFA Study of 3g-(pSubstituted pheny1)tropana 
2@-carboxylic Acid Methyl Esters. J. Med. Chem. 1991,34,2719- 
2725. 

(21) Davies, H. M. L.; Saikali, E.; Sexton, T.; Childers, S. R. Novel 
2-substituted cocaine analogs: binding properties at  dopamine 
transport sites in rat striatum. Eur. J. Pharmacol. Mol. Pharm. 
1993,244,93-97. 

(22) Kozikoweki,A.P.;Roberti,M.;Xiaug,L.;Bergmann,J.S.;Callahen, 
P. M.; Cunningham, K. A.; Johnson, K. M. Structure-Activity 
Relationship Studies of Cocaine: Replacement of the C-2 Ekter 
Group by Vinyl Argues against H-Bonding and Provides an 
Eskase-Wtant, High-Affiity Cocaine Analogue. J. Med. Chem. 
1992,35,4764-4766. 

(23) Kitayama, S.; Shimada, S.; Xu, H.; Markham, L.; Donovan, D. H.; 
Uhl, G. R. Dopamine transporter mutations differentially associate 
substrate transport and Cocaine binding. R o c .  Natl. Acad. Sci. 
U.S.A. 1993,89,7782-7785. 

(24) Sershen, H.; Reith, M. E. A.; Lajtha, A. The pharmacological 
relevance of the cocaine binding site in m o w  brain. Neurophar- 
macology 1980,19,1145-1148. 

(25) Sershen, H.; Reith, M. E. A.; Lajtha, A. Comparison of the properties 
of central and peripheral binding sitas for cocaine. Neurophar- 
macology 1982,21, 469-474. 

and ['"flRTI-55. Synapse 1992,12,*111. 

133-134. 

2497-2500. 

Meltzer et al. 

(26) Spealman, R D.; Kelleher, R. T.; Goldberg, S. R. Stereoselective 
Behavioral Effect9 of Cocaine and a Phenyltropane Analog. J. 
P h a m c o l .  Exp. Ther. 19ES,225,509-513. 

(27) Heikkila, R. E.; Manzino, L.; Cabbat, F. S. Stereospecific effecta 
of cocaine derivatives on [BHIdopamine uptake: correlations with 
behavioral e f f d .  Subst. Alcohol ActionslMisuse 1981,2, 115- 
121. 

(28) Wang, 5.; Gai, Y.; Laruelle, M.; Baldwin, R. M.; Scanlet, B. E.; 
Innis, R. B.; Neumeyer, J. L. Enantioselectivity of Cocaine 
Recognition Si- Binding of (1s)- and (lR)-2,9-Carbomethoxy- 
3,9-(4iodophenyl)tropane W-CIT) to Monoamine Transporters. J. 
Mod. Chem. 1993,36,1914-1917. 

(29) Boja, J. W.; McNeill, R. M.; Lewin, A.; Abraham, P.; Carroll, F. I.; 
Kuhar, M. J. Selwtive DopamineTransporter inhibition by Cocaine 
Analogs. Mol. Neurosci. 1992, 3,984-986. 

(30) Carroll, F. I.; Gray, J. L.; Abraham, P.; Kuzemko, M. A.; Lewin, A. 
H.; Boja, J. W.; Kuhar, M. J. 3-Aryl-2-(3'-substituted-1',2',4'- 
oradiazol-5'-yl)tropane Analogues of Cocaine: Affiiities at the 
Cocaine Binding Site at  the Dopamine, Serotonin, and Norepi- 
nephrine Transporters. J. Med. Chem. 1993,36,2886-2890. 

(31) Kozikowslti, A. P.; Roberti, M.; Johnson, K. M.; Berg",  J. S.; 
Ball, R. G. SAR of Cocaine: Further Exploration of Structural 
Variatiom a t  the C-2 Center Provides Compounds of Subnanomolar 
Binding Potency. Bioorg. Med. Chem. Lett. 1993,3, 1327-1332. 

(32) Windholz, M. The Merck Index, 10th ed.; Merck k Co.: Rahway, 
NJ, 1983. 

(33) Phillip, R. F. Benzhydryl ethers of tropines and their production. 
US. Pat. 2,595,405 1952. 

(34) Madras, B. K. Unpublished data. 
(36) Carroll, F. I.; 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. 

(36) L e d ,  A. H.; Naeerw, T.; Carroll, F. I. A Practical Synthesis of 
(+)-Cocaine. J. Heterocycl. Chem. 1987,24,19. 

(37) Carroll, F. I.; Coleman, M. L.; Lewin, A. H. Synthesis and 
Conformational Analysis of Isomeric Cocaines: A Proton and 
Carbon-13 Nuclear M a g n e t i c R c e  Study. J. Org. Chem. 1982, 

(38) Findlay, S. P. Concerning2-Carbomethoxytropinone. J. Org. Chem. 
1967,22,1385-1393. 

(39) Jackman, L. M.; Stemhell, 9. Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry; Pergamon Press: 
New York, 1969. 

(40) Maurice, T.; Barbanel, G.; Kamenka, J.-M.; Vignon, J. Modulation 
by Dopamine of [3HlN-[l-(2-Benzo(b)thiophenyl)cyclohexyll- 
piperidine binding to the Dopamine Uptake Complex. Neurop- 
harmacology 1991,30,591-598. 

(41) Berger, P.; Ebworth, J. D.; Reith, M. E. A.; Tanen, D.; Roth, R. H. 
Complex Interaction of Cocaine with the Dopamine Uptake Carrier. 
Eur. J. Pharmacol. 1990,176,251-252. 

(42) Javitch, J. A.; Blauetein, R. 0.; Snyder,S. H. [3HlMazindolBinding 
Aeeociated with neoronal Dopamine and Norepinephrine Uptake 
Sites. Mol. Pharmacol. 1984,26,35-44. 

(43) Rothman, R. B.; Mele, A.; Reid, A. A.; Akunne, H. C.; Greig, N.; 
Thurkauf, A.; deCosta, B. R.; Rice, K. C.; Pert, A. GBR 12909 
Antagonizes the Ability of Cocaine to Elevate Extracellular Levels 
of Dopamine. Pharmacol. Biochem. Behav. 1991,40,387-397. 

(44) Rothman, R. B. High Affiity Dopamine Reuptake Inhibitors as 
Potential Cocaine Antagonists: A Strategy for Drug Development. 
Life Sei. 1990, 46, 17-21. 

(45) Chem 3D Plus. V3.0.1991. Cambridee Scientific Comuutine. Inc.. 

47,13-19. 

I - -. . . .  . ,  
Cambridge, hiA. 

(46) van der Zee, P.; Kwer, H. 5.; Gootjes, J.; Hespe, W. Aryl 1,4- 
dialk(en)ylpiperazin& as selective and very potent inhibitors of 
dopamine uptake. Eur. J.  Med. Chem. 1980,15,363-370. 

(47) Dutta, A. K.; Meltzer, P. C.; Madras, B. K. Positional Importance 
of the Nitrogen Atom in Novel Piperidine Analogs of GBR 12909: 
Affinity and Seledivity for the Dopamine Ramporter. Med. Chem. 
Res. 1993,3,209-222. 

(48) Findlay, 8. P. The Three-dimensional Structure of the Cocaines. 
Part I. Cocaine and Pseudococaine. J. Am. Chem. SOC. 1964, 76, 
2855-2862. 


