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The conjugate addition of five component Grignard reagents to methyl ecgonidine was used to create libraries
of 3-substituted tropanes. By variation in the reagent combination in 10 such 5-membered sublibraries, a
library of 25 compounds was made in a two-dimensional format. Screening of this library led to identification
of two new potent monoamine transporter ligands that were subsequently synthesized. The most potent
compound in this library was R&,2S,3S59)-3-(3,4-dimethylphenyl)-8-methyl-8-azabicyclo[3.2.1]octane-2-
carboxylic acid methyl ester, which inhibited dopamine transporter (hDAT) binding and reuptake Kyith a

of 26 and 20 nM, respectively. The conjugate addition to a 5-membered library of methyl ecgonidine analogues
with variation of nitrogen substituent was also carried out and used to create 15 sublibraries of 25 compounds,
which displayed 125 compounds in a three-dimensional format. From this 3D library, several potent dopamine
transport inhibitors were likewise identified and synthesized. The most potent hDAT inhibitor discovered
was (R,2S 3S59)-3-(3,4-dimethylphenyl)-8-pentyl-8-azabicyclo[3.2.1]octane-2-carboxylic acid methyl ester.
The study also showed that 3-alkyltropanes were poor inhibitors of monoamine transporters.

Introduction Scheme 1The Preparation of Multicomponent Grignard
. . . . Reagents and Their Use to Synthesize Libraries of
Combinatorial chemistry represents a range of techniques,secondary and Tertiary Alcohols, Ethers and 2-Substituted
some automated, that permits the rapid synthesis of a largeQuinolines

number of chemical compounds usually through the “com- R1Br

bination” of several synthetic building block&.Growing /‘}D\H R o
out of peptide chemistry, the combinatorial chemistry of Rig Fn ReHO R* Fa
peptides and peptide-like molecules is very effectit®lany 6 compounds  ~_RCOOMe Mg | 2 equiv. / 3 compounds
other compound types, such as enzyme inhibitors, carbohy- ether

drates, and catalysts, have been successfully approached N3

using solid2¢ or solution-phasé® combinatorial methods. m ﬁ;ﬂgiﬁ o oR /RQ
Nevertheless, the usefulness of combinatorial methods is™>"Sn"r, RaMgBr A
measured against whether they are _reliablg and easy enougks compounds three component 3 compounds
to carry out to replace the traditional investigation of Grignard reagent

individual compounds, possibly through so-called parallel synthesig? To avoid the unnecessary synthesis of scores of
synthesis, and these demands are in many cases difficult tqnactive compounds, we here report a method that allows a
meet. Therefore, methods that allow the reliable screeningyery facile identification of active compounds from libraries
of many drug analogues are still in high demand. On the generated from multicomponent Grignard reagents. We
other hand, with such methods available, the drug discoveryjjjystrate the method in the search and discovery of potential
process will unquestionably be significantly advanced. cocaine antagonists.

Recently it was found that multicomponent Grignard | the method, the compound set is resolved into dimen-
reagents can be made and reacted with several differentgigns so that compounds can be identified similarly to
electrophiles to generate uniform mixtures of proddcts. positional scannirigor indexed libraried314However, since
Using this technology, libraries of alkylated products are, these methods require either as many reaction sites as
indeed, very easily generated and can be screened (Schemgimensions or a variation of both reaction partners, they are
1). not directly applicable to the reaction of many reagents with

However, the identification of the biologically active gpe compound. It was suggested that variable mixing of the
library members would normally require individual synthesis Grignard reagents could be used to achieve the desired
of each compound in an active library or so-called deletion gimensions (Figure 1). To prepanécompoundsn libraries

* To whom correspondence should be addressed. mb@chem.au.dk. with n compqunds would be normaly prepared, and. each

t University of Aarhus. product or Grignard reagent can be assigned a coordinate

*University Hospital. y, wherex is the library number ang, the number of the
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of Grignard reagents to methyl ecgonidi@gFigure 2)
More than 20 aryl tropanes have been prepared and
investigated using this and other synthetic methods; however
remarkably, not a single aliphatic substituted tropane has
been reported. Accordingly, it was worthwhile to prepare
and screen a larger group of particularly aliphatic 3-substit-
uents, and it appeared a suitable testing ground for the above-
mentioned technique.
R1,1MgBr T : We here report the results of this study, which demonstrate
R1.2MgBr E-Riq E-Rm; E-Rq3 the power of the multicomponent Grignard technology. We
I oo R ’ show that two and three-dimensional combinatorial libraries
1% ' : can readily be prepared and allow rapid investigation of large
sets of compounds.

E-R3,1 E-Rs21 E-Rs3 Results and Discussion

Figure 1. The synthesis of nine compounds in two dimensions Initially, the Cof]jUQate addition t@*’ was StUd.ied- The
using variable mixing. Six three-component Grignard reagents are successful reaction of butyl magnesiumbromide wih
reacted with an electrophile (E) to give six libraries. Screening of demonstrated the at that point by no means trivial observation

Iipra_rfi_es 1|*X and x,2 W"L Shoi‘:" \l/)vhelzher Cgmpound kRS that nonaromatic reagents could be applied in this reaction
significantly more active than the background. (Scheme 2). The/233-isomer3 was obtained in high yield
COOMe COOMe COOMe  PhMgBr (76%), with only trace amounts ofo233-isomer being

/Nﬁo Ph /Nﬁph /NF \i o 1 present as a result of the lack of complete selectivity in the
X _4300 kinetic protonation. The stereochemistry of these compounds

was determined from théH NMR spectra. The axial H4
proton (atd 1.79) gave two large and one small couplings,
which is consistent only with theS3stereochemistry. Second,
the major isomer had the N-Me signal 0.2 ppm more upfield
member. However, if the synthesis is repeated with the than the minor, which is a known effect of having the ester
meaning ofx andy reversed (s depicts library number  group axial. Next a five-component Grignard reaction was
etc), n new libraries will result, containing the sanm carried out using linear aliphatic bromides having from 7 to
compounds. By screening tha Bbraries, library members 12 carbons (Scheme 2). The reagent was prepared by
with extraordinary activities will be directly revealed through sequential addition of halides to excess magnesium, as
the display of activity in any of their coordinate libraries previously describeéyl and the reaction was otherwise
(Figure 1). performed in a manner similar to the synthesi8oéxcept

As target molecules for our combinatorial synthesis, thatthe Grignard reagent was added slowly using a syringe
3-substituted tropane analogues were found suitable becauspump. The product library was, similarly to all other libraries
(a) 3-phenyl tropanes, such sare highly potent dopamine  reported here, analyzed by NMR, ESMS, and -G¢S.
transport inhibitors and potential cocaine antagorifséd While NMR in the present case was powerless to resolve
(b) phenyl tropanes are made by a 1,4-conjugated additionthe different aliphatic chains, both electrospray and

cocaine 1 2

Figure 2. The cocaine analogue phenyltropahewhich was
chosen as target, and positive control in the present work.

Scheme 2.Conjugate Addition of Butyl Magnesiumbromide and a Five-Component Reagent to Methyl Ecgoridine (
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Scheme 3.Conjugate Addition of a Mixture of Aromatic and Aliphatic Reagents to Methyl Ecgonidihe (
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’ o
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GC—MS revealed the presence of all products and indicated component method therefore appears to be a valuable method
their presence in roughly identical amounts (see Supportingto screen reagent reactivity, as well. On the other hand,
Information). A similar experiment, carried out with a several products from secondary aliphatic Grignard reagents
mixture of aliphatic and aromatic bromides (Scheme 3), could were formed, such as the potentially very interesting cyclo-
be analyzed by NMR. Here, NMR revealed that the aromatic alkyl derivatives llla-1lid.

compounds constituted-40% of the library. Also here, In the synthesized compound set (Figure 3), the presence
ESMS and GE&MS confirmed the presence of all com- of all library members was confirmed by GGIS or MS
pounds. (see the Supporting Information). The only known library

With the success of the combinatorial reaction established,members, Val) and llle (7), were included because (&)
we proceeded to prepare a two-dimensional library with 25 is a potent dopamine transport inhibiférwhich was used
compounds in the form of 2 5 sublibraries of 5 compounds. as a positive control; and (b) no biological data had been
The contents of the libraries made is shown as rows (librariesdisclosed for7.18
I—V) and columns (libraries-ae) in the matrix in Figure 3. The 10 sublibraries were screened for inhibition of the
The halides that were finally used were chosen from a larger monoamine transporters hDAT, hSERT, and hNET in a
set that was investigated for addition 20as members of  competitive binding assay with radiolabeled RT5and
multicomponent Grignard reagents. A number of the halides also for the monoamine uptake using cells expressing the
in this larger set failed to give discernible products in the three transporters and radiolabeled dopamine or serotonin.
MS analysis and were therefore discarded. The multi- The average of three experiments gad{ievalues for each

a b c d e
MeOOC COOMe COOMe COOMe COOMe
— —N —N —N —N
1
3
COOMe COOMe COOMe COOMe COOMe

e e i R

t
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1)1 - ,,ﬁ/o s -
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Figure 3. Contents of the two-dimensional library contained in the sublibrarié$ (rows) and a-e (columns).
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Figure 4. Graphical displays showing for each library member the smallest valuekoffd/ each of the two sublibraries in which it
appears.K; is the average value for a library.) This value is the highest poskib{eM 1) that a library member can have. Part A shows
hDAT binding, B shows hSERT binding, C shows hNET binding, D shows inhibition of hDAT-mediated DA uptake, E shows inhibition
of hSERT-mediated SER uptake, and F shows inhibition of hNET-mediated DA uptake.

sublibrary (for list ofK; values, see the Supporting Informa- active and inactive compounds, where synthesized. The

tion). For each library member, its highest possible associa-chosen compound$ (Id), 4 (vd), 5 (Ve), 6 (lllb) and 7

tion constantK,, was determined as the smallest5/alue (Ine), were tested in comparison to contio{Table 1). These

of each of the two sublibraries in which it appeared. This data confirmed the findings from the displays and, thus, its

value was plotted as a bar in the graphical displays shownreliability. The aromatic compounds 4, and5 are 106-

in Figure 4. From these displays, the maximum activity of 1000-fold more potent than the corresponding aliphatic

the library members can be directly read. On the other hand,compounds.

false hits can appear when two or more potent compounds The high potency oft and5 is in accordance with the

are present in different columns and rows. presence of an aromatic 3-substituent. The increase in
It is seen that two library member4,(Vd) and5 (Ve), activity, as compared to the unsubstituted compolini

have above average activity in all six assays (Figure 4). In similar to that observed when chlorine is introduced into the

addition, the positive contrdl (Va) shows activity against ~ 3'- and 4-positions in phenyl tropané8.This is probably

the transporters, especially against hDAT and hNET, as because methyl can imitate chlorine’s lipophilic effect due

expected?® Furthermore4 and5 proved to be more potent  to the similar size of Cl and methyl.

inhibitors than the positive contrdl with 4 being the more However, in contrast to this is the very poor binding

potent. All compounds with aliphatic 3-substituents were displayed by the aromatitert-butyl analoguer. The tert-

found to have low activity. To check the validity of these butyl group is comparable in size to an iodine atom, and

results, a selection of individual compounds, which included 4'-iodine-substituted phenyltropane (RTI-55) is a very potent
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Table 1. K; Values for Binding and Uptake at HDAT, HSERT, or HNET

Ki binding (nM) Ki uptake (nM
compd hDAT hSERT hNET hDAT hSERT hNET
1 220+ 95 750+ 680 555+ 455 112+ 68 6144 208 115+ 30
3 6900+ 650 23100+ 7300 4700+ 650 1900+ 750 24900+ 3100 2650+ 750
4 19+ 10 15+ 6 20+ 7 14+ 7 18+ 11 13+ 5
5 115+ 45 250+ 50 190+ 110 65+ 40 83+ 20 40+ 28
6 21 0004+ 4500 27 000Gt 7500 10 5006t 3000 5300t 2600 36 00G+ 23 000 410Gt 2500
7 38 000+ 5250 3700+ 620 29 950+ 1300 1170Gt 1850 4150+ 2950 15 706t 3300
Scheme 4.Combinatorial Synthesis of Three-Dimensional quite successful. Thus, reaction ®fwith five homologous
Library alkyl bromides in the presence of Kl and®0O; gave a good
~Br yield of products with an equal ratio of the homologues
N ooMe B KLKLCOs RN COOMe 9—13, as witnessed by GEMS (see Supporting Informa-
R + S B e S tion). Subsequent conjugate addition with a five-component
AN MeCTéﬂeﬂux Grignard reagent (library X Scheme 4) gave a product that
8 S 9-13 gave GG-MS and MS data consistent with the presence of
5 compounds 25 compounds (Figure 5). The ESMS show all the expected
~_MgBr COOMe masses and the expected Gausian-like increase in intensity
~_MgBr 1) Et,0, -40°C RN R, for the more abundant masses. The-G@S shows over 15
+ ~~_MgBr — product peaks, several with the abundant masses. The
o~ MgBr 2)TFA, probability is therefore high that all the expected compounds
e _MgBr 78 library Xy were present.
25 compounds With this methodology established, we proceeded to

compounc?! However, since? in terms of electronic and ~ prepare 15 libraries of 25 compounds representing the 125
lipohilic effects is quite similar to the potent compousd compounds of the cube of Figure 6 three times. Ten libraries,

the somewhat larger sizetért-butyl, as compared to I, numbered X—Xs, and Y;—Ys, were made according to the
appears to be the reason for the drastic decrease in bindingeaction of Scheme 4, but by variation of the Grignard
affinity for all three monoamine transporters. reagents in a manner similar to what was done in the two-

Finally, the displays clearly show that a wide range of dimensional library. The last five libraries, numbereg-Z
3-alkyltropanes are poor binders to monoamine transporters.Zs and each representing a layer in the cube, were made by
Particularly remarkable is the very poor activity of cyclo- reaction of single N-substituted compourgd 10, 11, 12, or
butyl, cyclopentyl, and cyclohexyl, which in terms of size 13) with a 25-component Grignard reagent made from the
and lipophilicity mimic the benzene ring. Because adding entire set of bromides.
more dimensions to the library increases the number of The libraries X—Xs, Y1—Ys, and 2—Zs were tested for
compounds produced and the potential time gain, we tried binding and inhibition of uptake on the three monoamine
to increase the library to three-dimension by including transporters (for a list oK; values, see the Supporting
variations at the nitrogen atom. It was decided to include Information). For each of the six assays, determination of
these variations through attempting the conjugated additionthe smallest value of 2B/((x), 25K(y) or 25K;(2) for each
of Scheme 2 on a library of fivBl-substituted compounds.  of the 125 cube entries and plotting these gave the six plots
Therefore, multicomponent alkylation of amirgs? was in Figure 7. Each bar represents the maximum possible
investigated (Scheme 4), and this reaction was found to beassociation constank, for each of the 125 compounds.
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Figure 5. GC—MS (A) and ESMS (B) of library X.



514 Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 4

Bilow et al.

MeOOC COOMe COOMe COOMe COOMe
~N —N — N —N; —N
COOMe COOMe COOMe COOMe COOMe
~——N ——N ~— N‘ ~—N ~——N
T MeOOC MeOOC MeOOC MeOOC Bu'
\,N\F/D \,Nw N \/Nﬁ/o \lwﬁfaoc
| MeOOC MeOOC MeOOC MeOOC MeOOC
—N —N —N ﬁ)\/\ ~—N ~N ﬁ)\/\/\/
Z 5 MeOOC MeOOC COOMe
——N %/@ ——N ——N P MeOOC MeOOC
| ~-N ~——N
15
Y1 MeOOC MeOOC COOMe
——N _~—N ——N ‘F/\/\/ Me;/é)/ MeOOC
~_N _~—N
2 MeOOC MeOOC COOMe
N N N MeOOC MeOOC
- o M r FW r\,N r\,N
MeOOC MeOOC COOMe
N N N MeOOC MeOOC
v - RS TR (VNF/@( A
4 14
MeOOC MeOOC COOMe
N N N _ MeOOC MeOOC
16

Figure 6. Three-dimensional library.

Figure 7 shows several compounds with a much higher values largely reflect the observations in Figure 7: all three
potency than the basic threshold in the various assays. Thusompounds are very potent against the DAT and hake a

the N-pentyl-3-dimethyl analogué&4 (4,5,4) appears to be
particularly potent and the strongest inhibitor of DAT
binding. TheN-ethyl-3-dimethylphenyl analogus (4,5,1)

of binding similar to that of theN-methyl analoguet. In
addition,16is found to have the most potent binding to NET
among the compounds, as seen in Figure 7. However the

appears to be the strongest inhibitor of NET binding, while N-ethyl analoguel5is not, as in Figure 7, found to be the

the N-hexyl-3-dimethyl analogud6 (4,5,5) appears most
potent in the SERT binding assay. Compouddsand 16
likewise appear exceptional in inhibition of uptake for all

three transporters. Similar to the screening of the two-

strongest binder to NET in the series. When comparing the
series4d and14—16, it is seen that binding to SERT decreases
with the length of the nitrogen substituent.

In summary, multicomponent Grignard reagents combined

dimensional library, screening of the three-dimensional with two- and three-dimensional screening, as presented here,

library confirms that aromatic groups in the Position

is a reliable and powerful method for rapid screening of

are essential and that the 3,4-dimethylphenyl group is thehomologous compounds. The method is excellent for the

best 3-substituent for inhibition of all three monoamine
transporters.
Compoundd4—16 were selected for individual synthesis.

The binding and inhibition of uptake of these three com-

pounds were determined and are shown in Table 3.Kjhe

screening of many analogues or substituent combinations that
would otherwise not be made due to assumed similarity to

known compounds. The method saves both in the time spent
on synthesis and in the effort made on testing the compounds.
From a synthesis standpoint, the method can be applied to



2-, 3- Dimensional Combinatorial Chemistry Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 815

DAT binding 1/Ki (uM-1) SERT binding 1/Ki (uM-1)
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Figure 7. K, values gM~1) for binding and uptake at hDAT, hSERT, or hNET for each library member. These values are obtained as the
smallest value of 2K, for the three libraries in which the member appears and represent the highest pidssdilee.

Table 2. K; Values for Binding and Uptake at hDAT, hSERT or hNET

Ki binding (nM) Ki uptake (nM)
compd hDAT hSERT hNET hDAT hSERT hNET
14 14+ 3 220+ 15 345+ 230 34+ 10 69+ 33 72+ 38
15 18+ 5 133+ 50 165+ 89 42+ 13 78+ 31 59+ 26
16 25+ 6 297+ 82 580+ 140 140+ 44 310+ 64 285+ 64
COOMe COOMe COOMe
/\/\/NM \/NM \/\/\/NM
14 15 16
(x,y,z=4,5,4) (xy,z=4,5,1) (x.y,z=4,5,5)

Figure 8. Hits in the three-dimensional library. Compoufd is the strongest hit against hDAT5 is more potent against hSERT, and
16 is the strongest compound binding to hNET.

the preparation of vastly larger libraries, but larger libraries Experimental Section

will only be meaningful to screen if a very large differences

in biological activity between exceptional and unexceptional ~ General Procedure for Preparation of Grignard Re-
library members are expected. agents. Preparation of Indiidual Grignard ReagentAn
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alkyl or aryl bromide (10 mmol) was added dropwise to Mg
(20 mmol) in 10 mL of dry diethyl ether to keep the mixture
refluxing. After addition, the mixture was stirred under reflux

Bilow et al.

[a]p® = —9° (c 1; MeOH); H NMR (400 MHz, CDC}):
6 3.63 (s, 3H), 3.39 (m, 1H), 3.13.12 (m, 1H), 2.49 (t,
1H,J= 4.0 Hz), 2.11 (s, 3H), 2.06188 (m, 2H), 1.82 (br.d,

for 2 h. Before being taken out via a syringe and added to 1H, J = 12.8 Hz), 1.75 (dt, 1HJ) = 2.8 Hz,J = 12.8 Hz),
the electrophile, the Grignard reagent was titrated according1.66-1.36 (m, 8H), 1.23-0.99 (m, 4H), 0.68 (d quintet, 2H,

to a known procedur&.

Preparation of Multicomponent Grignard Reagerftse
different alkyl or aryl bromides were employed in equimolar

J=3.0,J=12 Hz).13C NMR (100 MHz, CDC}): 6 173.3,
65.4,62.6,51.2, 48.6, 42.0, 37.9, 35.4, 34.6, 31.6, 31.0, 26.7,
26.2,26.1, 25.5, 25.3. HRMS(ESivz calcd for GgH27NO,

amounts (2 mmol each). They were added slowly one at a+ H, 266.2120; found, 266.2120.

time to Mg (20 mmol) suspended in 10 mL dry diethyl ether,
keeping the mixture continuously refluxing. In this way,
reaction of all bromides with Mg was ensured. After addition,

(1R,2S,3S,59)-3-(3-Methylphenyl)-8-methyl-8-azabicyclo-
[3.2.1]octane-2-carboxylic Acid Methyl Ester (5).Flash-
chromatography: 30/10/1 pentane®tELN; R = 0.21;

the mixture was stirred under reflux for 2 h, and then it was yield, 61%; p]p?° = —44° (¢ 1; MeOH); *H NMR (400
taken out via a syringe and added to the electrophile. The MHz, CDCL): 6 7.15 (t, 1H,J = 7.6 Hz), 7.08-7.03 (m,

Grignard reagent was titrated according to known proce-

2H), 6.96 (d, 1HJ = 6.8 Hz), 3.55 (dd, 1H) = 2.8 Hz,J

dure?® The same procedure was used for preparation of a= 7.0 Hz), 3.49 (s, 3H), 3.383.33 (m, 1H), 2.97 (dt, 1H]

mixture of 25 Grignard reagents using 2 mmol of each
bromide, 2.5 g Mg (0.1 mol) in 50 mL ED.

General Procedure for Conjugate Addition of Grignard
Reagents to (R,55)-8-Methyl-8-azabicyclo[3.2.1]oct-2-
ene-2-carboxylic Acid Methyl Ester. (1R,59)-8-Methyl-8-
azabicyclo[3.2.1]oct-2-ene-2-carboxylic acid methyl es2er (
0.7 mmol¥? was dissolved in 10 mL dry diethyl ether, and
the solution was cooled te-40 °C. The freshly prepared
solution of Grignard reagent (1.4 mmol) was diluted with
dry diethyl ether to a concentration 6f0.4 M and added
over 1.5 h using a syringe pump. After addition, the mixture
was stirred at-40 °C for 2 h, then the reaction mixture was
cooled to—78 °C and quenched by adding TFA (1.4 mmol)
in 1 mL of dry diethyl ether. The mixture was stirred for 10
min at —78 °C before it was allowed to warm to . A
10-mL portion of water and 10 mL diethyl ether were added,
and the aqueous phase was acidified to pH 1qisir2 M
HCI solution. After extraction, the organic phase was

= 5.2 Hz,J = 12.8 Hz), 2.93-2.89 (m, 1H), 2.57 (dt, 1H,
J=2.8Hz,J=12.8 Hz), 2.31 (s, 3H), 2.23 (s, 3H), 2.21
2.15 (m, 1H), 2.142.02 (m, 1H), 1.751.65 (m, 2H), 1.60
(ddd, 1H,J = 3.7 Hz,J = 9.2 Hz,J = 13.0 Hz).13C NMR
(100 MHz, CDCI3): ¢ 172.0, 142.9, 137.1, 128.0, 127.7,
126.4, 124.2, 65.2, 62.2, 52.7, 50.9, 41.9, 34.0, 33.5, 25.8,
25.1, 21.4. HRMS(ES):m/z calcd for G7H2sNO, + H,
274.1807; found, 274.1803.
(1R,2S,3S,5S)-3-(4-tert-Butylphenyl)-8-methyl-8-
azabicyclo[3.2.1]octane-2-carboxylic Acid Methyl Ester
(7).2* Flash-chromatography: 30/10/1 pentangl#HELN; Re
= 0.24; yield, 54%; §(]p?°* = —43° (c 1, MeOH);'H NMR
(400 MHz, CDC}): 6 7.29 (d, 2H,J = 8 Hz), 7.19 (d, 2H,
J=8Hz), 7.09 (dd, 1H,) = 2.8 Hz,J = 6.4 Hz), 3.50 (s,
3H), 3.38-3.34 (m, 1H), 2.98 (dt, 1H}]= 5.2 Hz,J=12.8
Hz), 3.66-3.56 (m, 1H), 2.231 (s, 3H), 2.22.14 (m, 1H),
2.13-2.03 (m, 1H), 1.7#1.55 (m, 4H), 1.29 (s, 9H)}C
NMR (100 MHz, CDC}): ¢ 172.3, 148.5, 139.9, 127.1,

discarded, and N¥DH was added to the aqueous phase until 124.9, 65.5, 62.4, 52.8, 51.1, 42.1, 34.3, 34.2, 33.5, 31.4,
pH 10. The aqueous phase was extracted with diethyl ether26.0, 25.3. HRMS(ES):m/z calcd for GoHagNO, + H:
(5 x 10 mL), and the combined organic phases were washed316.2276; found, 316.2276.

with 10 mL of water, followed by 10 mL of an agueous

saturated solution of NaCl. Before concentration in vacuo,

the organic phase was dried over MgSREurther purification
by column chromatography was only done for individual

(1R,2S,3S,59)-3-Butyl-8-methyl-8-azabicyclo[3.2.1]Joctane-
2-carboxylic Acid Methyl Ester (3). Flash-chromatogra-
phy: 30/10/1 pentane/ED/EtN; R = 0.19; yield, 76%;
[a]p?° = —22° (c 1; MeOH);'H NMR (200 MHz, CDC}):

compounds. The same procedure was used for conjugates 3.60 (s, 3H), 3.4%3.30 (m, 1H), 3.153.05 (m, 1H),

addition to (R,59)-8-alkyl-8-azabicyclo[3.2.1]oct-2-ene-2-
carboxylic acid methyl este/®—13.
(1R,2S,3S,5S)-3-(3,4-Dimethylphenyl)-8-methyl-8-
azabicyclo[3.2.1]octane-2-carboxylic Acid Methyl Ester
(4). Flash chromatography: 30/10/1 pentanglHELN; R
= 0.24; yield, 40%; §(|p>® = —41° (c 1; MeOH);'H NMR
(400 MHz, CDC}): 6 7.04-7.00 (m, 3H), 3.55 (m, 1H),
3.51 (s, 3H), 3.3#3.33 (m, 1H), 2.95 (dt, 1H] = 4.8 Hz,
J=12.8 Hz), 2.9%+2.88 (m, 1H), 2.56 (dt, 1H] = 2.8 Hz,
J=12.8 Hz), 2.22 (s, 6H), 2.20 (s, 3H), 2:208.04 (m, 2H),
1.75-1.56 (m, 3H).2*C NMR (100 MHz, CDCI3):6 172.3,

2.36-2.34 (m, 1H), 2.09 (s, 3H), 2.65L.87 (m, 2H) 1.79
(dt, 1H,J = 2.8 Hz,J = 12 Hz), 1.571.04 (m, 10H), 0.79
(t, 3H,J = 7 Hz). 3C NMR (50 MHz, CDC}): 6 173.0,
65.5, 62.5,51.1, 50.3, 42.0, 36.8, 32.2, 29.9, 29.5, 25.6, 25.4,
22.9, 14.2. HRMS(ES):m/z calcd for G4H2sNO, + H,
240.1963; found, 240.1961.
(1R,59)-8-Azabicyclo[3.2.1]oct-2-ene-2-carboxylic Acid
Methyl Ester (8). To a solution of methyl ecgonidine
(2.6 g; 14.4 mmol) in 80 mL of dichloroethane were added
NaCO;s (6.5 g; 61 mmol) and 1-chloroethyl chloroformate
(7.8 mL; 72 mmol). The mixture was allowed to for 5 h.

1405, 135.9, 133.9, 129.3, 128.7, 124.7, 65.4, 62.4, 52.8, After cooling, the mixture was filtered, and the volatiles were

51.1, 42.1, 34.3, 33.3, 26.0, 25.3, 20.0, 19.3. HRMS(ES):

m/z calcd for GgH2sNO, + H, 288.1963; found, 288.1957.
(1R,2S,3S,59)-3-Cyclohexyl-8-methyl-8-azabicyclo[3.2.1]-

octane-2-carboxylic Acid Methyl Ester (6). Chromatog-

raphy: 30/10/1 pentanef8/EtN; R = 0.29 yield, 36%;

evaporated. The resulting syrup was redissolved in 50 mL
of MeOH and stirred overnight at room temperature. After
evaporation, the product was purified by column chroma-
tography (9:1 dichloromethane/MeOH 1% NH,OH, Ry =

0.4), and 1.65 g of a yellow syrup was isolated (75% based
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on recovered starting materialfH NMR (400 MHz,
CDCl): 0 6.72-6.70 (m, 1H), 4.14 (m, 1H), 3.73 (s, 3H),
3.69 (t, 1H,J = 5.2 Hz), 2.618 (br d, 1HJ = 19.6 Hz),
2.08-1.90 (m, 4H), 1.67 (br s, 1H), 1.58L.50 (m, 1H).

General Procedure for N-Alkylation on (1R,5S5)-8-
Azabicyclo[3.2.1]oct-2-ene-2-carboxylic Acid Methyl Es-
ter (9—13).To a solution of 250 mg a8 in 10 mL of MeCN
were addd 2 g K:CO; (14 mmol) and 275 mg Kl (1.7
mmol). One (1.65 mmol) or five different alkyl bromides in
equimolar amounts (0.33 mmol of each) were added to the
solution, which was left refluxing overnight (18 h). After
cooling to room temperature, filtration, and evaporation, 10
mL of water and 10 mL of diethyl ether were added, and
the aqueous phase was acidified to pH 1 gsan2 M HCI
solution. After extraction, the organic phase was discarded,
and NH,OH was added to the aqueous phase until pH 10.
The aqueous phase was extracted with diethyl ether {9
mL), and the combined organic phases were washed with
10 mL of water, followed by 10 mL of an aqueous saturated
solution of NaCl. Before concentration in vacuo, the organic
phase was dried over MgQ@urification was done on silica
gel.

(1R,55)-8-Ethyl-8-azabicyclo[3.2.1]oct-2-ene-2-carbox-
ylic Acid Methyl Ester (9). Flash-chromatography: 19/1
dichloromethane/MeOH- 1% NH,OH; R = 0.31,; yield,
72%; [0]p?® = —40.2 (c 1; MeOH); *H NMR (400 MHz,
CDCl): 6 6.82-6.80 (m, 1H), 3.90 (d, 1HJ = 5.6 Hz),
3.72 (s, 3H), 3.35 (t, 1H) = 5.6 Hz), 2.58 (br d, 1H) =
20 Hz), 2.49 (dq, 2HJ = 1.6 Hz,J = 7.2 Hz), 2.19-2.03
(m, 2H), 1.85-1.77 (m, 2H), 1.53-1.45 (m, 1H), 1.11 (t,
3H, J = 7.2 Hz).3C NMR (100 MHz, CDC}): 6 166.8,
136.5, 134.3, 56.2, 54.9, 51.8, 42.8, 34.4, 31.9, 30.1, 14.0.
HRMS(ES): m/z calcd for G;H17/NO, + H, 196.1338; found,
196.1338.

(1R,55)-8-Propyl-8-azabicyclo[3.2.1]oct-2-ene-2-carbox-
ylic Acid Methyl Ester (10). Flash-chromatography: 19/1
dichloromethane/MeOH+- 1% NH,OH; Ry = 0.34; yield,
80%; [0]p?® = —38.# (c 1; MeOH); *H NMR (400 MHz,
CDCl): 6 6.83-6.79 (m, 1H), 3.87 (d, 1HJ = 5.6 Hz),
3.72 (s, 3H), 3.32 (t, 1H) = 4.8 Hz), 2.58 (br d, 1H) =
19.6 Hz), 2.4%+2.36 (m, 2H), 2.182.03 (m, 2H), 1.84
1.75 (m, 2H), 1.571.44 (m, 3H), 0.90 (t, 3H]) = 7.6 Hz).
13C NMR (100 MHz, CDC}): 6 166.8, 136.5, 134.2, 56.4,
55.1, 51.7, 51.0, 34.4, 31.7, 30.1, 22.2, 12.3. HRMS(ES):
m/z calcd for GoH1dNO, + H, 210.1494; found, 210.1490.

(1R,55)-8-Butyl-8-azabicyclo[3.2.1]oct-2-ene-2-carbox-
ylic Acid Methyl Ester (11). Flash-chromatography: 19/1
dichloromethane/MeOH- 1% NH,OH; R = 0.36; vyield,
86%; [0]p?® = —36.2 (c 1; MeOH); *H NMR (400 MHz,
CDCl): 6 6.82-6.79 (m, 1H), 3.87 (d, 1HJ = 5.6 Hz),
3.72 (s, 3H), 3.32 (t, 1H) = 5.6 Hz), 2.57 (br d, 1H) =
19.6 Hz), 2.43-2.40 (m, 2H), 2.182.03 (m, 2H), 1.83
1.75 (m, 2H), 1.521.44 (m, 3H), 1.32 (sixtet, 2H] = 7.6
Hz), 0.90 (t, 3H,J = 7.6 Hz). *C NMR (100 MHz,
CDCl): 6 166.8, 136.5, 134.2, 56.5, 55.1, 51.7, 48.7, 34.4,
31.7, 31.2, 30.1, 21.0, 14.2. HRMS(ESjwz calcd for
Ci3H21NO; + H, 224.1651; found, 224.1658.

(1R,55)-8-Pentyl-8-azabicyclo[3.2.1]oct-2-ene-2-carbox-
ylic Acid Methyl Ester (12). Flash-chromatography: 19/1
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dichloromethane/MeOH+- 1% NH,OH; R = 0.39; yield,
78%; [0]p®® = —34.7 (c 1; MeOH); *H NMR (400 MHz,
CDCly): 6 6.83-6.80 (m, 1H), 3.88 (d, 1H) = 5.6 Hz),
3.73 (s, 3H), 3.33 (t, 1H) = 5.6 Hz), 2.58 (br d, 1HJ =

19.6 Hz), 2.442.38 (m, 2H), 2.19-2.04 (m, 2H), 1.84

1.74 (m, 2H), 1.541.44 (m, 3H), 1.36-1.22 (m, 4H), 0.88

(t, 3H,J = 6.8 Hz).13C NMR (100 MHz, CDC}): ¢ 166.8,
136.5, 134.2, 56.5, 55.1, 51.7, 49.1, 34.4, 31.8, 30.1 (double
intensity), 29.0, 22.8, 14.2. HRMS(ES)m/z calcd for
C14H23NO; + H, 238.1807; found, 238.1799.

(1R,59)-8-Hexyl-8-azabicyclo[3.2.1]oct-2-ene-2-carbox-
ylic Acid Methyl Ester (13). Flash-chromatography: 19/1
dichloromethane/MeOH- 1% NH,OH; R = 0.42; yield,
84%; []p?® = —31.8 (c 1; MeOH);*H NMR (400 MHz,
CDCly): 6 6.83-6.80 (m, 1H), 3.89 (d, 1H) = 5.6 Hz),
3.72 (s, 3H), 3.34 (t, 1H) = 5.6 Hz), 2.59 (br d, 1HJ) =
19.6 Hz), 2.452.39 (m, 2H), 2.26-:2.04 (m, 2H), 1.85
1.76 (m, 2H), 1.541.44 (m, 3H), 1.341.23 (m, 6H), 0.87
(t, 3H,J = 6.8 Hz).3*C NMR (100 MHz, CDC}): 6 166.7,
136.5, 134.1, 56.5, 55.2, 51.7, 49.0, 34.4, 31.9, 31.7, 30.0,
28.9,27.5,22.7, 14.2. HRMS(ESiv/z calcd for GsHzsNO,

+ H, 252.1963; found, 252.1953.

(1R, 2S,3S,5S)-3-(3,4-Dimethylphenyl)-8-ethyl-8-
azabicyclo[3.2.1]octane-2-carboxylic Acid Methyl Ester
(15). Flash-chromatography: 40/10/1 pentangZHELN; Ry
= 0.2, yield, 47%; §]p?°* = —51.C (c 1; MeOH);*H NMR
(400 MHz, CDC}): 6 7.05-7.01 (m, 3H), 3.76:3.71 (m,
1H), 3.52 (s, 3H), 3.443.39 (m, 1H), 2.98 (dt, 1H] = 4.8
Hz,J=12.8 Hz), 2.94-2.90 (m, 1H), 2.57 (dt, 1H] = 2.8
Hz,J= 12.4 Hz), 2.46-2.25 (m, 2H), 2.23 (s, 3H), 2.20 (s,
3H), 2.13-1.94 (m, 2H), 1.751.57 (m, 3H), 1.00 (t, 3HJ
= 6.8 Hz).*3C NMR (100 MHz, CDC}): 6 172.3, 140.7,
135.9, 133.8, 129.3, 128.9, 124.8, 62.0, 61.7, 52.9, 51.1, 47.3,
34.4, 34.0, 26.3, 25.8, 20.0, 19.4, 14.2. HRMS(E8)z
calcd for GoH,7/NO, + H, 302.2120; found, 302.2126.

(1R,2S,3S,55)-3-(3,4-Dimethylphenyl)-8-pentyl-8-
azabicyclo[3.2.1]octane-2-carboxylic Acid Methyl Ester
(14).Flash-chromatography: 60/10/1 pentangZHELN; Ry
= 0.2, yield, 48%; {]p?°* = —46.8 (c 1; MeOH);'H NMR
(400 MHz, CDC}): 6 7.06-7.00 (m, 3H), 3.73-3.67 (m,
1H), 3.52 (s, 3H), 3.443.37 (m, 1H), 2.97 (dt, 1H) = 4.8
Hz,J=12.8 Hz), 2.94-2.90 (m, 1H), 2.59 (dt, 1H] = 3.2
Hz,J=12.4 Hz), 2.3%+1.95 (m, 10H), 1.761.56 (m, 3H),
1.44-1.23 (m, 6H), 0.90 (t, 3H) = 6.8 Hz).*3C NMR (100
MHz, CDCl): 6 172.2, 140.8, 135.8, 133.8, 129.2, 128.8,
124.8, 62.8, 61.9, 53.7, 53.0, 50.9, 34.3, 33.9, 29.6, 28.9,
26.2, 25.9, 22.7, 20.0, 19.4, 14.2. HRMS(ESWz calcd
for Co2HssNO; + H, 344.2589; found, 344.2589.

(1R,2S,3S,5S)-3-(3,4-Dimethylphenyl)-8-hexyl-8-
azabicyclo[3.2.1]octane-2-carboxylic Acid Methyl Ester
(16). Flash-chromatography: 70/10/1 pentanglHFELN; Re
= 0.2; yield, 40%; {t]p?°* = —50.4 (c 1; MeOH);*H NMR
(400 MHz, CDC}): 6 7.04-7.0 (m, 3H), 3.7+3.66 (m,
1H), 3.50 (s, 3H), 3.463.35 (m, 1H), 3.06-2.87 (m, 2H),
2.57 (dt, 1HJ = 2.8 Hz,J = 12.4 Hz), 2.36-2.16 (m, 8H),
2.13-1.92 (m, 2H), 1.741.55 (m, 3H), 1.4+ 1.20 (m, 8H),
0.88 (t, 3H,J = 6.8 Hz).13C NMR (100 MHz, CDC}): o
172.3, 140.9, 135.8, 133.8, 129.3, 128.9, 124.8, 62.8, 61.9,
53.8,53.0,51.0, 34.4, 34.0, 32.0, 29.3, 27.1, 26.3, 26.0, 22.8,
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20.0, 19.4, 14.2. HRMS(ES)m/z calcd for GgH3zsNO, + Data Analysis.Counts from the Packard Topcounter were
H, 358.2746; found, 358.2734. fitted to a sigmoidal doseresponse curve using the built-in
Determination of K; Values. 1. Cell Culture.Cell lines ~ nonlinear regression tool in the Graphpad Prism 3 software.
stably expressing hSERT, hDAT, or hNET were established From at least three independent experiments, the resulting
by transfecting COS-1 cells with hSERT/hDAT/hNET ICsoVvalues were transformed K values using the equation
inserted in the pIRES vector (BD Biosciences Clontech) also described by Cheng and Pruséff.
carrying a Blasticidin resistance gene. Cells were cultured
in DMEM (B|0Wh|taker) Supp|emented W|th 10% FCS ACkhOWledgment. We thank the LundbeCk Foundation
(Gibco Life Technologies), 1% penicillin/streptomycin (Bio- for financial support and Susan Amara for graciously
Whitaker), and 1Qug/mL of Blasticidin (Cayla) selection ~ Providing the cDNA for hNET and hDAT. Finally, we thank
of transfected cells. After 14 days of selection, Blasticidin Pia Hoegh Ploughmann and Bente Ladegaard for skillful
was adjusted to Zg/mL in the culture medium, and the technical assistance.

cells were subcultured under this selection regime and grown ) ) )
at 37°C, 5% CQ, and 95% humidity. Supporting Information Available. The contents of the

2. Uptake Assay For the uptake assay, stably transfected Supp_orting Information include (1) Table Ki(val_ues .Of
cells were seeded in 96-well microplates (Nunc) and grown libraries -V and a-e), (2) Taple Z,K,<i vglues of libraries
at 37°C, 5% CQ, and 95% humidity for 2 days. Prior to .X1—.X5, Yl—Ys, and 4—Zs), (3) identification of compounds
the 1G assay, the medium was aspirated, and the cells were'" I|l;?r.ar|e_s FV and ae (GC-MS and ESMS)’l 4)
washed in PBSCM (137 mM NaCl, 2.7 mM KCl, 4.3 mM identification of 9-13 in mixture (GC-MS), and (5)**C
MgCl,, pH 7.4) on an automatic microplate washer. The
dilution series of the drug in PBSCM were supplemented References and Notes
with 30—100 nM tritiated 5-HT (Perkin-Elmer Life Sci- 1) Fenniri,OHf., Ollzd.;gggmbinatorial Chemistry University
ences), or DA (Amersham Bisciences) was applied to the Press. Oxford, 1398. _ _ _
adhering cells to initiate uptake. Accumulation of 5-HT or @) I[-)Igg%r;/te(r:l, ?',Aé’uz;cgla\’] Cﬁxj?{i?gigegllsésay Q)_pgé’ IR
DA was allowed to proceed for 10 min at 2€, and the (3) Lam, K. S.; Salmon, S. E.; Hersch, E. M.; Hruby, V. J.;
assay was terminated by aspiration of the uptake media and Kazmierski, W. M.; Knapp, R. Nature1991, 354, 82—84.
washing with PBSCM. Scintillant (MicroScint 20 from (4) Bunin, B. A.; Ellman, J. AJ. Am. Chem. Sod.992 114,
Packard Bell) was used to solubilize cells, and accumulated 10997-10998.

- - . (5) Bunin, B. A.; Plunkett, M. J.; Ellman, J. AProc. Natl. Acad.
radioactivity was quantifed on a Packard Topcounter. Sci. U.S.A1994 91 4708-4712.

Concentration of the substrate was quantified by liquid g an H.: Cook, P. DChem. Re. 200Q 100, 3311-3340.
scintillation counting on an Packard Tri-Carb. (7) Baldino, C. M.J. Comb. Chen200Q 2, 89—103.

3. Binding Assay.Membrane preparations for the binding ~ (8) Liang, X.; Bols, M.J. Chem. Soc., Perkin Trans 2002
assay were prOduc_ed by scraping the S.tably transfegtegl cells 9 ligﬁfa?(i M. A.; Franck, X.; Fournet, A.; Hocquemiller, R.;
from cell culture dishes (Nunc), pelleting the cells in ice- f i o 5 o T

- ; - Figadee, B. Tetrahedron Lett2001, 42, 3847-3850.
cold PBSCM by centrifugation and homogenizing the cells  (10) Baruah, M.; Bols, MJ. Chem. Soc., Perkin Trans2D02

in ice-cold Harvest buffer | (150 mM NaCl, 50 mM Tris, 509-512.

20 mM EDTA) using an Ultra-Turrax (Janke & Kunkel AG)  (11) Boger, D. L.; Chai, W.; Jin, QJ. Am. Chem. Sod998
for 60 s. The membrane was pelleted by centrifugation at 120, 7220-7225. N . .
1200@ for 10 min at 4°C and washed in ice-_cold Haryest (12) 3232:05 J\{Vé-l;_asl,t};]”.i’Yé.QH,-;V\éf;:]t:(ns?t?\)ﬂn., ,\A].'; ?iilec;,oé. E:R;i
buffer I. The membranes were pelleted again and, finally, Bioorg. Med. Chem. Letl994 4, 28212824,
resuspended in PBSCM using the Ultraturrax briefly. Mem-  (13) Pirrung, M. C.; Chen, 0. Am. Chem. So4995 117, 1240~
brane preparations were aliquoted into 2-mL portions and 1245,

stored at-80 °C until use. The concentration of total protein ~ (14) Singh, SChem. Re. 200Q 100, 925-1024.

: : : : (15) (a) Carroll, F. I.; Gao, Y.; Rahman, M. A.; Abraham, P.;
'I\';liCt:‘OeBén:E?Eli?:rcggeparat'on was determined with the Parham, KJ. Med. Chem1991, 34, 2719-2725. (b) Wang,

S.; Gao, Y.; Laruelle, M.; Baldwin, R. M.; Scanley, B. E.
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. . o . Heterocycl. Chem1996 33, 2037-2040.
and ligands were incubatedrfd h at 20°C. Using a (16) Clarke, R. L.; Daum, S. J.; Gambino, A. J., M. D.; Aceto, J.
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