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The Synthesis of Novel GABA Uptake Inhibitors. 1.
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(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]-3-piperidinecarboxylic Acid
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A series of different synthetic approaches to novel GABA uptake inhibitors are described, leading
to examples which are derivatives of nipecotic acid and guvacine, substituted at nitrogen by 4,4-
diaryl-3-butenyl or 2-(diphenylmethoxy)ethyl moieties. The in vitro value for inhibition of [3H]-
GABA uptake in rat synaptosomes was determined for each compound. It was found that the most
potent examples are those having a substituent in an “ortho” position in one or both aromatic/
heteroaromatic groups. The majority of the compounds described are structurally related to
tiagabine, (R)-1-[4,4-bis(3-methyl-2-thienyl)-3-butenyl]-3-piperidinecarboxylic acid hydrochloride
(NNC 05-0328) and some of the reasoning behind the selection of this compound as a drug candidate

is summarized.

Introduction

v-Aminobutyric acid (GABA) is recognized as the
principal inhibitory neurotransmitter in the mammalian
central nervous system (CNS).12 It has been estimated
that approximately 40% of synapses in the CNS are
GABA’ergic.? Attenuation of GABA'ergic neurotrans-
mission has been postulated as being involved in the
pathophysiology of several CNS disorders in humans, for
example anxiety, pain, and epilepsy.+6 As aresult, much
interest has recently been focused on the various potential
pharmacological approaches to the enhancement of
GABA ergic functionin humans,” for example, by thedirect
agonism of GABA receptors,39 the inhibition of enzymatic
breakdown of GABA, 1011 or by the inhibition of the uptake
of GABA into neuronal and glial cell bodies.12:13

It is well documented that GABA agonists are respon-
sible for a number of unacceptable side effects in humans.!4
However, in principle, GABA uptake inhibitors should
exert a more therapeutically useful influence than GABA
agonists. This is because a major enhancement of
GABA'’ergic neurotransmission would only take place
under conditions where GABA is already being released
physiologically. We therefore opted for the GABA uptake
inhibition approach in investigating a potential new
treatment for epilepsy.

Since it was understood that some reference GABA
uptake inhibitors showed potent anticonvulsant effects
in rodents!5-17 and that a firm connection between the
inhibitory influence of GABA and epilepsy in larger
mammals had been established by direct brain adminis-
tration of GABA in primates,!8 we commenced a planned
synthesis program to provide novel CNS-targeted inhib-
itors of GABA uptake.

It was discovered some years ago that a number of cyclic
amino acids such as nipecoticacid 1, guvacine 2, and homo-
B-proline 31920 (which can be considered as conforma-
tionally-restricted GABA analogs?!) display in vitro ac-
tivity as inhibitors of [3H]-GABA uptake. This finding
stimulated interest in the notion that the above compounds
could be used as the basis for the design of new centrally-
acting drugs. However, detailed investigation of com-
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pounds 1-3 has supported the conclusion that these cyclic
amino acids do not readily cross the blood brain barri-
er.192228 The obvious modification of preparing the more
lipophilic prodrug esters® of 1 and 2 provided compounds
which were protective in various seizure models;!%24 despite
this, their cholinergic effects?5 had a negative influence on
their in vivo utility.

In the early 1980s some lipophilic derivatives of the
amino acids 1-3 were prepared which apparently do cross
the blood brain barrier following peripheral administra-
tion.26 These compounds, an example of which is SKF
89976A, containing a lipophilic moiety attached to the
nitrogen atom of the cyclic amino acids 1-3, exhibited
promising seizure protection!®18 in some animal models
predictive of anticonvulsant activity.2” The compounds
also displayed reduced CNS depressant effects compared
with some commonly used anticonvulsant drugs, such as
diazepam.2® These observations have also stimulated
others to investigate this field,23]eading to the discovery
of a highly lipophilic GABA uptake inhibitor with CNS
activity, CI-966. This compound is a diaryl ether deriv-
ative3!32 (Figure 2) and resulted from a research program
at Parke-Davis/Warner-Lambert. CI-966 has been in-
vestigated in a phase I clinical trial.33

We wish to report the synthesis3 and biological activity
of a series of novel and selective GABA uptake inhibitors
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(represented by the general formulas 4 and 5) which exhibit
an improved potency and pharmacological profile as
compared to earlier examples.

One compound from the above series, (R)-1-[4,4-bis-
(3-methyl-2-thienyl)-3-butenyl]}-3-piperidinecarboxylic acid
(6) (NNC 05-0328, tiagabine), has progressed to phase II
human clinical trials. The pharmacology?353 in laboratory
animals and the biochemistry%”38 of tiagabine has been
presented elsewhere, providing evidence of the compound’s
potency and selective mode of action. In addition to the
demonstrated anticonvulsant effect (with minimal ob-
served tolerance®) of tiagabine, we have also been able to
show that in relevant animal models, the compound
possesses some analgesic*® and anxiolytic#! activity. Fur-
thermore, in animal models of cognitive impairment, it
has been demonstrated that following subchronic treat-
ment, tolerance develops to memory impairing side effects
produced by very high doses of tiagabine, whereas no
tolerance developed to its anticonvulsant effect.42 The
results of the human clinical trials of tiagabine have now
been reported in preliminary form.4

Chemistry

The overall strategy used for the preparation of the new
butenyl GABA uptake inhibitors of general formula 4 was
via N-alkylation of the parent cyclic amino acids 1 and 2,
with 4-halo- or 4-tosyl-1,1-diaryl/heteroaryl-1-butenes, as
shown in Scheme I. The parent cyclic amino acids were
protected as their ester derivatives for this reaction. The
separate enantiomers of 1 could be prepared by the
published procedure involving resolution with either L-(+)-
(giving (R)-ethyl nipecotate) or with D-(-)-tartaricacid. 4+
For diaryl ether derivatives of general formula 5, ether
formation was carried out with a diaryl methanol and a
preformed 1-(2-hydroxyethyl)amino acid ester.

The N-alkylated amino acid ester derivatives were
saponified under basic conditions, also illustrated in
Scheme I, to provide the free acids featured in Table I,
isolated generally as their crystalline hydrochloride salts.

The four different synthetic routes used in the prep-
aration of the requisite 4-halo- or 4-tosyl-1,1-diaryl/
heteroaryl-1-butenes are outlined in methods A-D, Scheme
I. Scheme II covers methods E (giving diaryl ethers) and
F (providing amide structures).
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Method A. The basis of this method is the well-
established acid-catalyzed opening of a cyclopropyl ring.4
A diaryl/heteroaryl ketone, for example 7, is converted
into a cyclopropylcarbinol derivative by reaction with
cyclopropylmagnesium bromide. This product can be
transformed to a 4-bromo-1,1-diaryl/heteroaryl-1-butene
such: as 8, with hydrobromic acid in acetic acid. An
alternative cyclopropyl ring opening procedure utilizing
halotrimethylsilanes,* in particular bromotrimethylsilane,
has also been applied successfully to the preparation of
this class of compounds (see method D).

Method B. This approach to diarylbutenyl derivatives
is suitable for the preparation of symmetrical examples.
The nucleophilic attack of an organolithium species, for
example 2-lithio-3-methylthiophene 9 (derived from 2-bro-
mo-3-methylthiophene),*® on a 4-halobutyrate ester at low
temperature provided 4-bromo-1,1-bis(3-methyl-2-thie-
nyl)-1-butene 8 after dehydration of the intermediate
4-bromo-1,1-dithienyl-1-butanol. This bromideis reacted
further as described above. Control of reaction conditions
is important here because the formation of a 2,2-dithie-
nylfuran derivative can be detected at higher temperattres.

Method C. There are few syntheses of 2,2-diaryl- and
heteroaryltetrahydrofurans described.4®-52 However, we
have found that the reaction of, for example, 4-chloro-
1-(2-thienyl)-2-butanone with a Grignard reagent provided
the 2,2-disubstituted tetrahydrofuran 10 in good yield.5?
The tetrahydrofuran ring could subsequently be opened,
with concomitant dehydration, in the presence of aqueous
hydrochloric acid to provide an unsymmetrical butenol
11. Conversion of this alcohol into 4-(3-methyl-2-thienyl)-
4-(2-thienyl)-3-butenyl 4-methylbenzenesulfonate (12)54
proceeded well using p-toluenesulfonyl chloride in pyri-
dine/chloroform at 45 °C. However, at reflux, the pre-
dominant product was the corresponding 4-chloro-1-
butene derivative 13. It was found that either 12 or 13
could be used to alkylate the guvacine or nipecotic acid
esters.

Method D. This method shares a common cyclopro-
pylcarbinol intermediate 14 with method A, but this is
instead prepared from a cyclopropylphenylmethanone
such as 15 using either a Grignard reagent or organolithium
reagent, for example 2-lithio-1-methylpyrrole 16. In this
example, treatment of the cyclopropylcarbinol 14 with
bromotrimethylsilane*’ provided 4-bromo-1-(1-methyl-2-
pyrrolyl)-1-phenyl-1-butene (17) which could be employed
to alkylate, for example, guvacine ethyl ester 1855 in the
conventional way. The resultant ester 19 was isolated as
a hydrochloride salt by treating the free base in warm
toluene with a stoichiometric quantity of methanol fol-
lowed by chlorotrimethylsilane.%® This procedure hasbeen
found to be generally useful for the isolation of hydro-
chloride salts under anhydrous conditions.

Method E. Diaryl ether-containing GABA uptake
inhibitors were not generally known in the literature when
the novel examples 20, 21 and 22 were prepared. The
synthetic strategy we adopted at the outset of this work
is therefore rather different from the published meth-
ods?57 and has the advantage that the synthon 23 is
common to all the preparations despite changes in the
diaryl methyl ether moiety. This 1-(2-hydroxyethyl)-
nipecotic acid ester could be isolated in satisfactory yield
by distillation and was allowed to react with a diaryl-
methanol derivative under dehydrative conditions® togive
the ether 24, which was saponified to 20.
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Scheme 1. Synthetic Routes to Butenyl GABA Uptake Inhibitors
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Table 1. [BHJGABA Uptake: 4,4-Diaryl/heteroarylbutenyl Derivatives

R’1
/I\N'O\'(OH
A2 CHOL

ICs (nM)
compd no. R, R”, R; method mp (°C) empirical formula analysis (mean % SE)
6 o ,9. o ’? (R-N A 183.5-185.58 CooHgsNO;82-HC1.0.75CsHe0 CHNCLS 675
28 o ,9. o ,9. §-N A 183.5-185.5° CaoHasNO3S2-HC1.0.75CsHe0 CHN,CLS 218+13
29 m,? o ,Q N A 203-205 CaoHsNO.S-HCl CHN,CLS 87+4
30 Mq? o ,@. G A 208-209° CagHzsNO,8,-HC10.5CsHg0-0.56H,0 CHN,CLS 1386
31 o Q ’Q (R)-N A 65-67d C22H27NO,S-0.5H,0 CHN,S 783
CHy’
32 - ,9. ’Q ($-N A 196-197¢ C2oHo7NO,8-HCl C,HN,CLS 383 %53
m .
33 “,Q ,Q G A 216-217b C2sH3sNO,S-HCL CHNCLS 13012
CHy’
34 ’Q J:P (R)-N D 208-10¢ CoH2NO2-HCI C,HN 82 %13
CHy’ CHy’
35 Q_p (R-N A 217-2198 CaHysNO-HC1:0.25H,0 CHN,Cl  1920% 25
36 ? Q G A amorphous  CoH2NO,S-HCI CHCLN,S 265+ 24
37 o p $ G A 2522548 C21H2;CIeNO,S-HCl CH,N,S 320 £ 29
L
38 o Q °~q°' G A amorphous  CgHzCl,NO,S-HCL CHN,CLS 1864 + 295
39 ? ? N A 181-182¢ C1sH21NO,S2-HCl CHN 256 £ 61
40 o p ? (R-N A 209-210% C1sH23NO,S,-HCl CHNCLS 619
41 o p ? (S)-N C 170-178°7¢  C;gHzsNO,S5-HCL-0.15PhCH; CHN,CLS 69075
42 m’? Q G A 224-226¢ C1sHyNO,S-HCI CHNCl 11210
43 o p Q N C 189-191¢4  CyHgNO,S-HCI C,HN,S 290 £ 27
4 o ,9. i "(R-N D 207-210¢ C23HysCINO,S-HCI10.5H,0 C,HN 1139
45 o ,9. “: G D 260-2649 CogHy(CINO,S-HCI1-0.5H,0 CHNCLN 3006
46 o p *’Q\* (R)-N D 189-1916¢  CyH2gNO,S-HCI-0.25H,0 CHN,Cl 24715
47 o ,? i (R-N A 200-201° Ca2H2NO,S-HCI C,HN 264 £ 37
<
48 ’? a G A 218-220/%  CgHgCINO,S-HCI C,HN,8 848 + 79
T
49 9\“ Q G D 193-195¢ Co1H2N20:S-HCl C,H,N,Cl 130 £ 17
SKF 89976A Q Q N 330 = 36
SKF 100330A (P Q G 341 £ 51



C20H23NO2S2-HCl-O.5C3HgO-O.5H2O
C22H26CINO2S.HCI-O.5H2O
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footnotes to Table I

Andersen et al.

s-h Crystallization solvents: a, acetone; b, 2-propanol; ¢, Et;0; d, CH:Clg; e, H20; £, toluene; g, EtOH; h, methanol. N represents nipecotic
acid (see 1), G represents guvacine (see 2); both are alkylated on nitrogen; R; refers to 4.

Scheme II. Synthetic Routes to Other GABA Uptake Inhibitors

Method E
o cH, 07 cHy
N o HOCH,CH,Br HO o PbyCHOH
—_—
K4CO3, acetone p-TsOH
PRCH3, DMF
(23)
O 07 chy O HC1 OH
)
O o 1. NaOH, EtOH \/\O/ko
—_—
O 2.Hcl O
(29 (20)

Method F

CHz

°M

(26)

Method F. Acylation of ethyl nipecotate with the acid
chloride 25 of 4,4-diphenyl-3-butenoic acid provided an
amide ester 26 which was saponified to provide example
27.

Biological Results and Discussion

With a view toidentifying novel GABA uptake inhibitors
with improved potency and selectivity, a large range of
4 ,4-disubstituted 3-butenyl GABA uptake inhibitors con-
taining both aryl and heteroaryl groups have been pre-
pared.5%8° Some representative examples of these struc-
tures are included in Table I. Their IC5 values for in
vitro inhibition of [*(H]GABA uptake, determined essen-
tially by Fjalland’s method®! are included. A mean of
three toseven determinations is given, with standard errors
(SE) included.

In these examples, some of the steric and electronic
properties of the aryl and heteroaryl moieties have been
varied in order to prove the requirements for inhibiting
GABA transport at the site2-5% involved in the uptake of
GABA from the synaptic cleft into neuronal and glial cell
bodies. When compared tosome reference centrally acting
GABA uptake inhibitors, such as SKF 89976A and SKF
100330A (Table I), compounds comprising of simple

NaOH, EtOH

thiophene/phenyl isosteric replacements, giving the ex-
amples 36 and 39, showed no significant improvement in
potency over the parent compounds.

The two phenyl groups, as in SKF 89976A, were
incorporated into a tricyclic system reminiscent of known
psychotropic molecules to give the novel derivative 35.
This compound was only weakly active as a GABA uptake
inhibitor. Our conclusion from this conformationally
restricted analogue was to target compounds incorporating
alkyl substituents which would have a limiting effect on
the possible coplanarity of the two aryl moieties as aresult
of steric repulsion.

Inspection of Table I reveals that many of the novel
examples containing substituted thiophenes exhibit in-
creased potency in vitro as inhibitors of GABA uptake. In
particular, the examples with a substituent located in an
“ortho” position on one or both of the heteroaromatic/
aromatic moieties, such as 6, 29, 30, 31, and 40, showed
much increased potency compared to 36 and 39, with either
one or two o-methyl groups apparently being the preferred
substitution pattern. Thissame tendency is observed with
the introduction of two 0-methyl groups in SKF 89976A,
providing the novel bis(2-methylphenyl) example 34 and
resulting in a 4-fold increase in in vitro potency.
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Table II. [SHJGABA Uptake: Diaryl Ether Derivatives
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R4
)\ o N\ OY OH
R4 Ha O

compd no. R’y R”, Re method mp (°C) empirical formula analysis ICs (nM) (mean % SE)
20 Q Q N E 176-178¢ CH2sNO3-HCl CHN,Cl 1370 £ 35
OCH; - OCHy
21 Q Q N E 167-169° C2sH2NOs-HCl CHN >3000
22 Q Q N E 195-197  CuHuNOsHCI  CHN 388 + 85
CHy CHy

ab Crystallization solvents: a, 2-propanol; b, Et;0.
Table III. In Vivo Anticonvulsant Effects

[BHIGABA Kftake: inhibition of DMCM-induced
ICs (nM) seizures in mice: EDjg,

compd (from Table I) (mg/kg) after ip administration
40 60 2.5
[ 67 1.2
31 78 1.2
34 82 1.3
29 87 2.6
42 112 2.1
4 113 3.0
33 130 1.9
49 130 1.8
30 138 1.8
SKF 89976A 330 3.1
SKF 100330A 341 3.6
diazepam 2.5

Another replacement of a phenyl group by a heterocycle
- which we found could be tolerated in this series is that in
the 1-methyl-2-pyrrolyl derivative 49. This example
retained a high degree of in vitro potency compared to
SKF 100330A. Generally, a conclusion from Table I is
that either one or two ortho substituents will improve the
activity of compounds which are otherwise not outstanding
inhibitors of [FH]IGABA uptake.

The requirement for a basic center (the amino acid
nitrogen) in these GABA uptake inhibitors is illustrated
by the activity of the amide 27 which had an IC5, of 49 000
nM for in vitro inhibition of [BH]GABA uptake.

Where both the R- and S-enantiomers of target nipecotic
acid 1 derivatives were prepared, the R-enantiomer
possesses a clear potency advantage, such as in the cases
of 6, 31, and 40 compared to 28, 32, and 41. Another
observed trend amongst the amino acid moieties in these
examples is that N-substituted derivatives of guvacine 2
tend to be either weaker or equipotent in terms of their
invitro activity than their (R)-nipecotic counterparts; this
phenomenon is seen most clearly when comparing 33 with
31 or 42 with 40.

Table II illustrates the diaryl ether derivatives which
were also prepared as centrally acting GABA uptake
inhibitors. The three examples 20, 21, and 22 were
significantly weaker in terms of in vitro inhibition of [3H]-
GABA uptake than similarly substituted examples in
Table I; note for example the bis(2-methylphenyl)methyl
ether 22 compared to 34. The ortho effect as discussed
above is also apparent in these compounds.

In Table III the in vivo anticonvulsant effect in mice of
the 10 most potent compounds in inhibition of [FH]GABA
uptakeisillustrated, expressed as EDjg values in milligrams

per kilogram. The convulsion model used is based on
observing the inhibition of clonic seizures induced by a 15
mg/kg intraperitoneal (ip) dose of the chemoconvulsant
methyl 6,7-dimethoxy-4-ethyl-8-carboline-3-carboxylate
(DMCM), an inverse benzodiazepine receptor agonist. The
experimental procedure has been described previously.3¢
The potent in vivo anticonvulsant effect of 6 is apparent
from Table III.

Conclusion

Given the background elucidated above, the reasons for
selecting tiagabine (6) as a candidate for clinical devel-
opment can be summarized as follows. Itisasymmetrical
bis(3-methyl-2-thienyl) derivative which makes it more
straightforward in preparation than other potent but
unsymmetrical examples such as 31 and 40. The drug has
a suitable lipophilicity (log P = 1.59 using the octanol/pH
7.4 buffer method) for availability in the central nervous
system.®¢ This value is significantly lower than for other
clinically investigated examples. Tiagabine is a single
enantiomer;a highly potent and selective in vitro inhibitor
of [BH]GABA uptake®” with a highly promising in vivo
profile as an anticonvulsant agent®3¢ and therefore
represents a prototype for future drug development in
this field.

Experimental Section

Physical Methods. Melting points were determined in open
capillary tubes on a Biichi 535 melting point apparatus and are
uncorrected. Thestructures of tested compounds are consistent
with spectroscopic data and satisfactory elemental analyses (for
C, H, N with a Perkin-Elmer Model 240 elemental analyzer; S
and Cl were determined by the Schoniger combustion method)
were obtained within £0.4% of theoretical values where given.
1H NMR spectra were recorded on a Bruker WM400 spectrometer
with TMS as standard, with illustrative chemical shifts quoted
in ppm (8) in the solvents indicated. Compoundsused asstarting
materials are either known compounds or compounds which can
be prepared by methods known perse. Column chromatography
was carried out using the technique described by W. C. Still et
al.8” on Merck silica gel 60 (Art 9385) using thick-walled glass
columns. HPLC was carried out on a Waters Model 510
chromatograph interfaced via a system module to a Waters 490
multiwavelength detector to a reversed-phase C;s column (250
X 4 mm, 5 um, 100 A; eluent flow rate 1 mL/min at 35 °C).
Retention times are given in minutes.

Synaptosomal [PHJGABA Uptake. Uptake of [FHJGABA
into synaptosomal preparations was assayed by a filtration assay.®!
Rat forebrain was rapidly excised and homogenized in 20 mL of
ice-cold 0.32 M sucrose with a hand-driven Teflon/glass Potter-
Elvehjem homogenizer. The homogenate was centrifuged for 10
min at 600g at 4 °C. The pellet was resuspended in 50 volumes
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of ice-cold buffer (120 mM NaCl, 0.18 mM KCl, 2.30 mM CaCl,,
4.0 mM MgSO,, 12.66 mM Na,HPO,, 2.97 mM NaH,PO,, and
10.0 mM glucose, pH 7.4) at 4 °C.

Fifty microlitres of this synaptosomal suspension (0.1 mg of
protein), diluted into 300 uL of phosphate buffer and 100 L of
test substance solutions in water were preincubated for 8 min at
30 °C. Then 50 uL of [*H]GABA (final concentration 0.9 nM)
and unlabeled GABA (final concentration 0.9 nM) were added
before continuing incubation for another 8 min. Synaptosomes
were then recovered by rapid filtration through Whatman GF/F
glass fiber filters under vacuum. Filters were washed twice, each
time with 10 mL of ice-cold isotonic saline, and the tritium trapped
on the filters was assessed by conventional scintillation counting
in4 mL of Filter-Count (Packard). Non-carrier-mediated uptake
was determined in the presence of nipecotic acid (500 uM) and
was subtracted from total binding to give carrier-mediated [*H]-
GABA uptake. The ICs value obtained for each exampleisshown
in Tables I and II.

Chemistry. Each of the methods A-F are illustrated by the
preparation of the following derivatives. Although the methods
are illustrated for specific compounds, the methods have been
found to be general for the examples in Table 1.

1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]-3-piperidine-
carboxylic Acid Hydrochloride (29) (Method A). Bis(3-
methyl-2-thienyl)methano! (§1). Magnesium turnings (8.65
g,0.34 mol) in anhydrous Et;O (20 mL) were treated with 2-bromo-
3-methylthiophene (prepared as described by Kellogg et al.)®
(63.0 g, 0.36 mol) in anhydrous Et;O (100 mL) under a nitrogen
atmosphere. After the initial exothermic reaction had subsided
the reaction mixture was stirred for 1 h and a solution of
3-methylthiophene-2-carboxaldehyde (42.7 g, 0.34 mol) in an-
hydrous Et;0 (100 mL) was added dropwise. The resultant
mixture was stirred for 1 h and then cooled to 5 °C. Water (100
mL) and saturated aqueous NH,Cl (50 mL) were carefully added.
The aqueous phase was acidified with 4 N aqueous HCl. Water
(100 mL) and Et,0 (100 mL) were added, and the phases were
separated. The organic phase was washed with 10% aqueous
Na;CO; (50 mL), dried (NazS0O,), and evaporated in vacuo to
give 51 (72.4 g,95%) as an oil: Ry = 0.40 (SiO,, 70:30 n-heptane/
THF); *H NMR (CDCly) 4 1.88 (br s, 1 H), 2.06 (s, 6 H), 6.15 (br
s, 1 H), 6.64 (d, 2 H), 7.00 (d, 2 H).

Bis(3-methyl-2-thienyl)methanone (7). To a solution of
51(72.4g,0.32mol) in CH,Cl; (500 mL) was introduced activated
MnO, (155.0 g, 1.78 mol) at room temperature. The mixture was
stirred for 16 h at room temperature and filtered. The filtrate
was evaporated, and the resultant residue was fractionated in
vacuo (122-134 °C (0.2 mmHg)) to give 8 as an oil (50.6 g, 76%):
1H NMR (CDCly) 5 2.45 (s, 6 H), 6.90 (d, 2 H), 7.40 (d, 2 H).

4-Bromo-1,1-bis(3-methyl-2-thienyl)-1-butene (8). Mag-
nesium turnings (10.7 g, 0.44 mol) in anhydrous THF (40 mL)
were treated with cyclopropyl bromide (53.4 g, 0.44 mol) in
anhydrous THF (60 mL) under a nitrogen atmosphere. After
the initial exotherm had subsided, the reaction mixture was
heated at reflux for 0.5 h and anhydrous THF (50 mL) was
introduced. The mixture was allowed to cool to room temper-
ature, and a solution of 7 (50.6 g, 0.25 mol) in anhydrous THF
(50 mL) was added dropwise. The resultant mixture was heated
at reflux for 1.5 h and allowed to coo) to ambient temperature,
and H;O (200 mL) was carefully introduced. The pH of the
aqueous phase was adjusted to 3 with 4 N aqueous HCI, and the
phases were separated. The aqueous phase was extracted with
THF (50 mL); and the combined organic phases were dried (Nay-
S0,). Thesolvent wasevaporated in vacuo togive cyclopropylbis-
(3-methyl-2-thienyl)methanol (52) (63.2 g, 98%) as an oil. This
carbinol was dissolved directly in acetic acid (300 mL), and 48 %
aqueous HBr (250 mL) was added dropwise at 10 °C. Thesolution
was stirred for 1.5 h, and water (1000 mL) was added. This
mixture was extracted with Et,O (500 mL), and the phases were
separated. The organic phase was washed with 10% aqueous
K;COs until the washings were measured at pH 11, dried (Nag-
S0,), and evaporated in vacuo to a residue. Flash chromatog-
raphy on silica gel (30:10 n-heptane/THF) provided 8 (36.5 g,
46%) as an oil: Ry=0.53 (Si0,, 70:30 n-heptane/ THF); (H NMR
(CDCly) 6 2.05 (s, 3 H), 2.07 (8, 3 H), 2.71 (q, 2 H), 3.44 (t, 2 H),
6.(1)? (t, 1 H), 6.80 (d, 1 H), 6.87 (d, 1 H), 7.09 (d, 1 H), 7.25 (d,
1 H).

Ethyl 1:[4,4-Bis(3-methyl-2-thienyl)-3-buteny!]-3-pipe-
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ridinecarboxylate (53). The bromide 8 (6.55 g, 0.02 mol) was
dissolved in acetone (50 mL), and ethyl 3-piperidine carboxylate
(3.14 g, 0.02 mol), KI (0.30 g, 0.002 mol), and K,CO; (3.0 g, 0.02
mol) were added to give a slurry which was stirred at ambient
temperature for 44 h. The reaction mixture was filtered, and the
filtrate was concentrated in vacuo to an oil. Flash chromatog-
raphy on silica gel (90:10 n-heptane/THF) provided 53 (6.3 g,
78% ) as a gum; R, = 0.34 (810, 70:30 n-heptane/ THF); '<H NMR
(CDCly) 6 1.23 (t, 3 H), 2.03 (s, 3 H), 2.04 (s, 3 H), 2.33 (q, 2 H),
2.48 (t, 2 H), 4.12 (q, 2 H), 6.05 (t, 1 H), 6.77 (d, 1 H), 6.85 (d,
1 H), 7.21 d, 1 H).

1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]-3-piperidine-
carboxylic Acid Hydrochloride (29). To a solution of §3 (6.3
g, 0.016 mol) in EtOH (30 mL) was added at room temperature
12 M aqueous NaOH (2.5 mL). The mixture was stirred for 4
h at room temperature and cooled to ca. 5 °C. The pH was
adjusted to ca. 1 with 4 N aqueous HCl, CH,Cl; (600 mL) was
added, and the phases were separated. The organic phase was
washed with water (5 mL) and dried (Na;SO,). The solvent was
removed in vacuo, and the solid residue was recrystallized from
2-propanol (150 mL) to provide 29 (4.4 g, 69%) as a white solid:
mp 203-205 °C; 'TH NMR (DMSO0-dg/D,0) 6 2.02 (s, 3 H), 2.04
(s, 3 H), 6.05 (t, 1 H), 6.90 (d, 1 H), 7.02 (d, 1 H), 7.28 (d, 1 H),
7.46 (d, 1 H). Anal. (CyHsNO,S;-HC) C, H, N, Cl, S.

(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]-3-piperidi-
necarboxylic Acid (6) (Method B). 4-Bromo-1,1-bis(3-
methyl-2-thienyl)-1-butene (8). A mixture of n-butyllithium
(44 mL, 0.11 mol, 2.5 M) and anhydrous Et;O (60 mL) was placed
on anice bath. A solution of 2-bromo-3-methylthiophene* (17.7
g, 0.10mol) in anhydrous Et20 (25 mL) was added within 30 min
while the temperature was kept at 5-10 °C. Stirring was
continued at 10 °C for another 15 min before the mixture was
cooled to -70 °C. A solution of ethyl 4-bromobutyrate (7.8 g,
0.040 mol) in anhydrous Et;O (25 mL) was added at such a rate
to the 2-lithio-3-methylthiophene 9 that the temperature was
kept below—65°C. When the addition was complete the mixture
was stirred at -70 °C for 2.5 h. Cold water (30 mL) and cold
aqueous 1 N HCI (15 mL) were introduced successively while the
temperature was kept below 0 °C. The reaction mixture was
stirred for 15 min to allow the temperature to rise above 0 °C,
and the phases were separated. The aqueous phase was extracted
with Et,0 (50 mL), and the combined organic phases were washed
with cold water (25 mL) and brine (25 mL). After the solution
was dried over anhydrous Na;SO,, the solvent was evaporated
in vacuo to an oil (18.7 g) which was dissolved in 2-propanol (100
mL). A 20% aqueous H;SO, solution (10 mL) was added, and
the mixture was stirred at room temperature for3h. Thesolvents
were evaporated in vacuo to give a residue which was partitioned
between CH,Cl; (200 mL) and a saturated NaHCOjs solution (50
mL). The phases were separated, and the aqueous phase (with
pH 8-9) was extracted further with CH,Cl; (50 mL). The
combined organic phases were washed with water (50 mL), brine
(50 mL), and dried (Na;SO,). The solvent was evaporated in
vacuo to give an oil which was purified on a silica gel column
(1:10 THF/n-heptane) to provide 8 (10.1 g, 77% from ethyl
4-bromobutyrate) as a yellow oil, Ry = 0.53 (SiOq, 70:30 n-heptane/
THF), which was found to be identical to that obtained by method
A

Ethy! (R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]-3-pi-
peridinecarboxylate (54). A mixture of 8 (3.3g, 10 mmol) and
ethyl (R)-3-piperidinecarboxylate*445 (1.6 g, 10 mmol) were
reacted as described for compound 53 to afford the desired ester
54 (2.0g,50%) asangum: R;=0.34 (SiO,; 30:70 THF/n-heptane);
[a]p? = -25.5° (¢ = 1.00, EtOH); 'H NMR (CDCl;) 4 1.23 (t, 3
H), 2.03 (s, 3 H), 2.04 (s, 3 H), 2.33 (q, 2 H), 2.48 (t, 2 H), 4.12
(q, 2 H), 4.12 (q, 2 H), 6.05 (t, 1 H), 6.77 (d, 1 H), 6.85 (d, 1 H),
7.21 (d, 1 H). Anal. (C»HxNO;S,) C, H, N.

(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-buteny!]-3-piperidi-
necarboxylic Acid Hydrochloride (6). The above ester 54
(5.9 g, 15 mmol) was hydrolyzed as described for compound 29.
The resultant solid residue was recrystallized from acetone and
dried in vacuo to provide 6 (5.6 g, 79%) as a white solid: mp
183.5-185.5 °C; [a]p® =-10.0° (¢ = 1.0, H;0); 'H NMR (DMSO-
de) 6 1.97 (s, 3 H), 2.02 (s, 3 H), 5.98 (t, 1 H), 6.85 (d, 1 H), 6.96
(d, 1 H), 734 (d, 1 H), 752 (d, 1 H). Anal. (CzHgs-
NO,S,-0.75C3Hs0) C, H, N, Cl, S.

(8)-1-[4-(3-Methyl-2-thienyl)-4-(2-thienyl)-3-buteny!]-3-
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piperidinecarboxylic Acid Hydrochloride (41) (Method C).
2-(3-Methyl-2-thienyl)-2-(2-thienyl)tetrahydrofuran (10).
Magnesium turnings (4.7 g, 0.19 mol) in anhydrous THF (75 mL)
were treated with 2-bromo-3-methylthiophene in anhydrous THF
(125 mL) under anitrogen atmosphere. Aftertheinitialexotherm
had subsided, the reaction mixture was heated at reflux for 1 h
before being allowed to cool to ambient temperature. Asolution
of 4-chloro-1-(2-thienyl)butanone (27.8 g, 0.148 mol) in THF (75
mL) was added dropwise. The reaction mixture was heated at
reflux for 0.5 h and allowed to cool. Concentrated aqueous NH,-
Cl (175 mL) was carefully introduced before extraction with
EtOAc (3 X 200 mL). The combined organic extracts were dried
(MgSO,) and evaporated in vacuo to an oil. Flash chromatog-
raphy on silica gel (40:1 n-heptane/EtOAc) provided 10 (25.6 g,
69%) as an oil: R; = 0.57 (SiOy, 2:1 cyclohexane/EtOAc); 1H
NMR (CDCly) § 2.10 (s, 3 H), 2.0-2.18 (m, 2 H), 2.56-2.70 (m, 2
H), 4.02-4.11 (m, 2 H), 6.82 (d, 1 H), 6.87 (t, 1 H), 6.91 (t, 1 H),
7.09 (d, 1 H), 7.23 (d, 1 H). Anal. (C;3sH,,08, C, H.

4-(3-Methyl-2-thienyl)-4-(2-thienyl)-3-butenol (11). The
disubstituted tetrahydrofuran10 (3.1 g, 12.4 mmol) was dissolved
in a mixture of THF (20 mL) and EtOH (20 mL), and 2 N aqueous
HCI (10 mL) was introduced. The reaction mixture was heated
at 80 °C for 1.75 h and evaporated in vacuo to an oil which was
purified by flash chromatography on silica gel (9:1 — 5:1
cyclohexane/EtOAc), providing 11 (2.56 g, 83%) as an oil (a ca.
85:15 mixture of E- and Z-isomers): Ry = 0.14 (SiO,, 70:30
n-heptane/EtOAc); tH NMR (CDClg) & 2.06 (s, 3 H), 2.32 (q, 2
H), 3.66-3.73 (br m, 2 H), 6.36 (t, 1 H), 6.67=7.27 (m, 5 H) (major
isomer); 2.01 (s, 3 H), 2.70 (q, 3 H), 3.76~3.83 (br m, 2 H), 5.89
(t, 1 H), 6.80~7.33 (m, 5 H) (minor isomer). Anal. (C;sHi.
08,;-0.1H,0) C, H, S.

4-(3-Methyl-2-thienyl)-4-(2-thienyl)-3-butenyl 4-Methyl-
benzenesulfonate (12). The butenol 11 (4.28 g, 17 mmol) was
dissolved in EtOH-free CHCI; (80 mL), and pyridine (4.0 mL)
was added. p-Toluenesulfonyl chloride (6.60 g, 34.6 mmol) in
EtOH-free CHCl; (160 mL) was added dropwise. The solution
was stirred at ambient temperature for 72 h and cooled to -35
°C, and further p-toluenesulfonyl chloride (6.60 g, 34.6 mmol)
in EtOH-free CHCl; (150 mL) was added dropwise followed by
pyridine (4.0 mL). Stirring was continued for 48 h. Pyridine
(3.0 mL) and p-toluenesulfonyl chloride (3.30 g, 17.3 mmol) were
introduced at -35 °C, and the reaction mixture was heated at 45
°C for 48 h. The reaction mixture was evaporated to a residue,
to which water (100 mL) and EtOAc (100 mL) were added. The
EtOAc layer was separated, washed with water (3 X 100 mL),
dried (MgSO,), and evaporated in vacuo to an oil which was
purified by flash chromatography on silica gel (20:1 — 10:1
heptane/THF), providing the desired tosylate 12 as an oil (4.38
g 64%) (a ca. 90:10 mixture of geometric isomers): R; = 0.17
(SiO,, 70:30 n-heptane/EtOAc); 'H NMR (CDCly) 4 2.00 (s, 3 H),
2.38 (q, 2 H), 2.44 (s, 3 H), 4.06 (t, 2 H), 6.16 (t, 1 H), 6.65-7.84
(m, 5 H) (major isomer only quoted).

Ethyl (S)-1-[4-(3-Methyl-2-thienyl)-4-(2-thienyl)-3-bute-
nyl])-3-piperidinecarboxylate (55). Ethyl (S)-3-piperidine-
carboxylate‘* (10.0 g, 63.6 mmol) and 12 (4.35 g, 10.7 mmol)
were reacted as described for compound 53. The residue on
evaporation of the filtrate was dissolved in EtOAc (200 mL), and
a pH 5 aqueous tartaric acid solution (200 mL) was added (in
order to remove unreacted ethyl (S)-3-piperidinecarboxylate).
The EtOAc phase was separated and dried to give a gum (3.6 g)
which was purified by flash chromatography on silica gel (80:10
cyclohexane/EtOAc) to provide 85 (3.3 g, 79%) as a gum: Ry =
0.42 (Si0;, 1:1 cyclohexane/EtOAc); 'H NMR (CDClg) 5§ 1.24 (t,
3 H), 2.07 (s, 3 H), 4.12 (q, 2 H), 6.31 (t, 1 H), 6.66 (d, 1 H), 6.91
(m, 2H),7.12 (d, 1 H), 7.26 (dd, 2 H) (major isomer only quoted).
Anal. (CyH2NO:S;) C, H, N.

(S)-1-[4-(3-Methyl-2-thienyl)-4-(2-thienyl)-3-butenyl]-3-
piperidinecarboxylic Acid Hydrochloride (41). The ester
55 (3.10 g, 7.96 mmol) was hydrolyzed as described for compound
29, giving a residue which was dissolved in toluene (300 mL).
Chlorotrimethylsilane (1.01 mL) and CH3OH (0.35 mL) were
added to dry toluene (50 mL), this mixture was added to the
above toluene solution of 41, and the solid HCl salt which
precipitated was collected by filtration. This solid was dissolved
in EtOH (10 mL), and this solution was added dropwise to a
mixture of Et;O (250 mL) and toluene (250 mL), providing a
white crystalline solid which was collected and dried to give 41
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(2.28 g, 72%): mp 170-173 °C; 'H NMR (DMSO-dy) 6 2.03 (s,
3 H), 6.36(t,1 H), 6.83 (d, 1 H), 7.00 (t, 1 H), 7.04 (d, 1 H), 7.45
(d 2 H), 7.58 (d, 1 H). Anal. (C;yHssNO,S»HC)) C, H, N, Cl,

1 [4—(1-Methyl-z-pyrrolyl)-4—phenyl-3-butenyl] 1,2,5,6-tet-
rahydro-3-pyridinecarboxylic Acid Hydrochloride (49)
(Method D). Cyclopropyl(l-methyl-2-pyrrolyl)phenyl-
methanol (14). Toawell-stirred solution of 2.5 M n-butyllithium
in hexanes (205 mL, 0.51 mol) was added dropwise freshly distilled
TMEDA (59.6 g,0.51 mol) at room temperature under a nitrogen
atmosphere. Freshly distilled 1-methylpyrrole (55.5 g, 0.68 mol)
was carefully introduced at room temperature to provide (1-
methyl-2-pyrrolyl)lithium 16. The mixture was stirred for 15
min, and cyclopropylphenylmethanone 15 (51.5 g, 0.34 mol) was
added dropwise. The reaction mixture was stirred for 0.5 h at
room temperature; water (200 mL) was added. The phases were
separated, and the aqueous phase was extracted with cyclohexane
(50 mL). The combined organic extracts were dried (Na;SO,)
and evaporated in vacuo to give 14 as an yellow oil in quantitative
yield: R¢=0.17 (SiO,, 50:50 CH;Cly/n-heptane); !H NMR (CDCls)
61.86 (s, 1 H), 3.18 (s, 3 H), 6.10 (t, 1H),657(d 2 H), 7.14-7.34
(m, 5 H).

4-Bromo-1-(1-methyl-2-pyrrolyl)-1-phenyl-1-butene (17)
A solution of bromotrimethylsilane (25.5 mL, 0.20 mol) in
anhydrous EtOH-free CH;Cl, (700 mL) was added dropwise at
10 °C to a solution of 14 (45.0 g, 0.20 mol) in anhydrous CH,Cl,
(800 mL) under a nitrogen atmosphere.4” The reaction mixture
was stirred for 0.5 h at 10 °C, allowed to reach ambient
temperature, and washed with 5% aqueous NaHCO; (2 X 150
mL). The organic phase was filtered through a pad of silica gel
(Lichroprep 40-63,, 150 mL). The filtrate was dried (Na;SO,)
and evaporated in vacuo to give 17 (53.4¢,93%) asan oil (an E/Z
mixture): R; = 0.36 (Si0,, 50:50 CH:Cly/n-heptane); 'H NMR
(CDClg) 6 2.78 (q, 2 H), 3.18 (s, 3 H), 3.43 (t, 2 H), 6.14 (dd, 1 H),
6.20-6.26 (m, 2 H), 6.58 (dd, 1 H), 7.20-7.40 (m, 5 H) (major
geometric isomer); 3.25 (s, 3 H), 5.87 (t, 1 H), 6.10 (s, 1 H), 6.58
(s, 1 H) (minor isomer).

Ethyl 1-[4-(1-Methyl-2-pyrrolyl)-4-phenyl-3-butenyl]-
1,2,5,6-tetrahydro-3-pyridinecarboxylate Hydrochloride (19).
The bromide 17 (42.5 g, 0.14 mol) was reacted with ethyl 1,2,5,6-
tetrahydro-3-pyridinecarboxylate (18)% (21.9 g, 0.14 mol) as
described for compound 53. The residue on evaporation of the
filtrate was dissolved in EtOAc (600 mL). The resulting solution
was evaporated to 500 mL in order to remove residual acetone,
and water (100 mL) was introduced. The pH of the aqueous
phase was adjusted to 4.0 with aqueous tartaric acid (34% wt/
vol), and the phases were separated. Water (50 mL) was added
to the organic phase, and pH in the aqueous phase was adjusted
to 8.0 with 2 N aqueous NaOH. The organic phase was washed
with brine and dried (Nap;SO,), and the solvent was evaporated
in vacuo. The residue was dissolved in toluene (175 mL), and
this solution was heated to 45 °C. CHzOH (6.5 mL, 0.16 mol)
and chlorotrimethylsilane (20.2 mL, 0.16 mol) were added
sequentially, and the reaction mixture was stirred at ambient
temperature for 18 h and then at 0 °C for 2 h, during which time
the hydrochloride salt precipitated.®® This precipitate was
collected by filtration, washed with cold toluene (50 mL), and
dried to give 19 (44.8 g, 69%). A portion (10 g, 0.025 mol) was
recrystallized from water (50 mL) to give a crystallinesolid (9.0 g,
62%): mp 135-7 °C; 'H NMR (CDCly) 6 1.24 (t, 3 H), 2.66 (m,
2 H), 3.16 (s, 3 H), 4.18 (q, 2 H), 6.10 (m, 2 H), 6.29 (t, 1 H), 6.83
(br s, 1 H), 7.06 (br s, 1 H), 7.16-7.36 (m, 5 H).

1-{4-(1-Methy!l-2-pyrrolyl)-4-phenyl-3-butenyl]-1,2,5,6-tet-
rahydro-3-pyridinecarboxylic Acid Hydrochloride (49). The
ester 19 (23.5 g, 0.06 mol) was hydrolyzed as described for
compound 29. After the reaction mixture was stirred for 4 h at
room temperature the residual EtOH was removed by distillation
invacuo and CH,Cl; (400 mL) was added. Concentrated aqueous
HCl (24.6 mL) was introduced at 10 °C followed by a small amount
of ice to dissolve precipitated NaCl. The phases were quickly
separated, and the organic phase was separated and kept at 5 °C
for 1 h. The solid product which precipitated was collected by
filtration, dried in vacuo, and recrystallized from acetone (250
mL) to give the analytically pure 49 as a white solid (13.8 g,
63%): mp 180.5-182.5 °C; 'H NMR (DMSO-d,) 5 3.15 (s, 3 H),
6.10 (m, 2 H), 6.29 (t, 1 H), 6.82 (br s, 1 H), 7.00 (br s, 1 H),
7.15-7.45 (m, 5 H). Anal. (C»HzN:0-HCD) C, H, N, ClL.
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1-[2-(Diphenylmethoxy)ethyl]-3-piperidinecarboxylic
Acid Hydrochloride (20) (Method E). Ethyl 1-(2-Hydrox-
yethyl)-3-piperidinecarboxylate (23). A mixture of K:CO,
(365g,2.64 mol), KI (44 g, 0.26 mol), ethyl 3-piperidinecarboxylate
(207 g, 1.32 mol), 2-bromoethanol (175 g, 1.40 mol), and acetone
(600 mL) was stirred at room temperature for 18 h. The reaction
mixture was filtered, and from the filtrate the solvent was
evaporated in vacuo to give a residue which was fractionated to
provide 174 g (65% ) of 23 (bp 110-115 °C (1.0 mmHg)); 'HNMR
(CDCly) 6 1.28 (t, 3 H), 1.6 (m, 2 H), 1.75 (m, 1 H), 1.9 (m, 1 H),
2.2 (m, 1 H), 2.4 (m, 1 H), 2.65 (m, 3 H), 2.75 (m, 1 H), 2.9 (m,
1 H), 3.10 (br s, 1 H), 3.63 (m, 2 H), 4.16 (q, 2 H).

Ethyl 1-[2-(Diphenylmethoxy)ethyl]-3-piperidinecarbox-
vlate (24). From a mixture of DMF (30 mL), toluene (100 mL),
benzhydrol (3.7 g, 20 mmol), 23 (4.0 g, 20 mmol), and p-tolue-
nesulfonic acid monohydrate (8.0 g, 42 mmol) was removed water
azeotropically over 1.25 h by means of a Dean-Stark trap. The
reaction mixture was cooled and poured into a mixture of ice
water (150 mL) and 25% aqueous NHj (100 mL). The phases
were separated, and the aqueous phase was extracted with toluene
(50 mL). The combined organic phases were washed with brine
(50 mL) and dried (Na;SO,). The solvent was evaporated in
vacuo to give an oily residue which was purified by flash
chromatography on silica gel (1:4 THF/n-heptane) to afford (2.8
€,38%)of 24 asanoil. A small portion wassubjected to Kugelrohr
distillation to provide an analytically pure sample (250 °C (0.5
mmHg)); TH NMR (CDCl,) & 1.24 (t, 3 H), 2.68 (t, 2 H), 3.59 (t,
2H),4.12(q,2H),5.37 (5,1 H),7.2-7.4 (m, 10 H). Anal. (Cy3Hge-
NOy) C,H, N.

1-[2-(Diphenylmethoxy)ethyl]-3-piperidinecarboxylic
Acid Hydrochloride (20). The ester 24 (0.92 g, 2.5 mmol) was
hydrolyzed as described for compound 29. The oily residue on
evaporation was dissolved in dry diethyl ether (150 mL) and left
to crystallize. The solid formed was collected by filtration,
recrystallized from 2-propanol, and dried in vacuo to give 20
(0.41g,43%) as a white solid: mp 176-178 °C; 'H NMR (DMSO-
de) 6 1.4-2.0 (m, 4 H), 2.8-3.8 (m, 9 H), 5.56 (s, 1 H), 7.2-7.4 (m,
10 H). Anal. (C;Hy:NO3-HC) C, H, N, CL

1-[4,4-Diphenyl-1-0x0-3-butenyl]-3-piperidinecarboxyl-
ic Acid (27) (Method F). Ethyl 1-[4,4-Diphenyl-1-o0xo0-3-
butenyl]-3-piperidinecarboxylate (26). A mixture of 4,4-
diphenyl-3-butenoic acid® (4.8 g, 0.020 mol) and thionyl chloride
(30 mL) was stirred at room temperature for 75 min. Excess
thionyl chloride was removed in vacuo to give an oily residue
which was dissolved in toluene (30 mL). A solution of ethyl
3-piperidinecarboxylate (7.3 g, 0.046 mol) in toluene (20 mL) was
added, and the resulting suspension was stirred at room tem-
perature for 2 h. The reaction mixture was treated successively
with 4 N aqueous HCI (50 mL), saturated aqueous NaHCO, (25
mL), and brine (50 mL). The organic phase was separated and
dried (MgSO0,), and the solvent was evaporated in vacuo to give
aresidue which was purified by chromatography on silica gel (3:7
THF/n-heptane). An oil (4.6 g) was obtained which could be
crystallized from a mixture of diethyl ether and petroleum ether
(1:20). The solid which formed was collected by filtration and
recrystallized from cyclohexane to give 26 (3.2 g, 41%) as a solid
(a ca. 1:1 mixture of amide rotamers): mp 83-85 °C; 1H NMR
(CDCly) 6 1.20 (t, 3 H), 1.26 (t, 3 H), 3.20 (m, 2 H), 3.25 (d, 2 H),
4.10 (q, 2 H), 4.15 (q, 2 H), 6.27 (t, 1 H), 6.30 (t, 1 H); 7.2-7.4 (m,
10 + 10 H).

1-[4,4-Diphenyl-1-o0x0-3-butenyl ]-3-piperidinecarboxyl-
ic Acid (27). To a stirred solution of 26 (1.0 g, 2.7 mmol) in a
mixture of EtOH (5 mL) and acetone (10 mL) was added 12 N
NaOH (0.25 mL). The mixture was stirred at room temperature
for 4 h before acidification with a 2 N aqueous HCl. CH.Cl, (20
mL) was introduced with vigorous stirring, and the phases were
separated. The organic phase was washed with brine, dried (Nay-
S0,), and evaporated in vacuo. The residue was suspended in
Et;0 (50 mL) and filtered. From the filtrate the solvent was
evaporated in vacuo to give a residue which was treated with a
mixture of THF and petroleum ether and allowed to crystallize.
This afforded 27 (0.3 g, 32%) as a solid (a ca. 1:1 mixture of
amide rotamers): mp 113-115 °C; 'H NMR (CDCl,) 4 3.20 (d,
2 H), 3.25 (d, 2 H), 6.23 (t, 1 H), 7.2-7.4 (m, 10 + 10 H). Anal.
(C22H3sNO3-0.5H;0) C, H, N.

Andersen et al.

Acknowledgment. We wish to acknowledge the con-
tribution of Helle Brendum, Aase Ilum, Karina Madsen,
Grant Mc.Kinstry, Freddy Pedersen, Henrik Stephensen,
and Jan Serensen for skilled synthesis of target compounds
and thank Dorthe Andersen for determining ICs values.
The relevant and helpful comments of Behrend F. Lundt
are acknowledged.

References

(1) De Robertis, E. GABAergic Neurotransmission. An Overview. In
GABA and Endocrine Function; Racagni, G., Donoso, A., Eds.;
Raven Press: New York, 1987; pp 1-12.

(2) Gottlieb, D. I. GABAergic Neurons. Sci. Am. 1988, 38-45.

(3) Fonnum, F. Biochemistry, Anatomy, and Pharmacology of GABA
Neurons. In Psychopharmacology: The Third Generation of
Progress; Melzer, H. Y., Ed.; Raven Press: New York, 1987; pp
173-182. .

(4) Meldrum, B. S. Epilepsy and Gamma-aminobutyric Acid Mediated
Inhibition. Int. Rev. Neurobiol. 1975, 17, 1-36.

(5) Loecher, W. GABAmimetics in Animal Models of Séizure States.

In Epilepsy and GABA Receptor Agonists Basic and Therapeutic

Research (L.E.R.S. Monograph Series Vol. 3); Bartholoni, G., Bossi,

L., Lloyd, K. G., Morselli, P. L., Eds.; Raven Press: New York,

1985; pp 109-119.

(a) Meldrum, B. Mechanism Based Approaches to Anticonvulsant

Therapies: Modulation of Inhibitory and Excitatory Transmission.

In Current and Future Trends in Anticonvulsant, Anxiety, and

Stroke Therapy; Wiley-Liss Inc.: New York, 1990; pp 31-43. (b)

Curtis, D. R. GABAergic Transmission in the Mammahan Central

Nervous System. In GABA-Neurotransmitters: Pharmacochem-

ical Biochemical and Pharmacological Aspects; Krogsgaard-

Larsen, P., Scheel-Kriiger, J., Kofoed, H., Eds.; Munksgaard:

Copenhagen, 1978; pp 17-27.

(7) Enna, S. J. GABA Receptor Pharmacology. Functional Consid-

-erations. Biochem. Pharmacol. 1981, 30, 907-913.

(8) Krogsgaard-Larsen, P. y-Aminobutyric Acid Agonists, Antagonists,
and Uptake Inhibitors. Design and Therapeutic Aspects. J. Med.
Chem. 1981, 24, 1377-1383.

(9) Krogsgaard-Larsen, P.; Hjeds, H.; Falch, E.; Joergensen, F. S.;
Nielsen, L. Recent Advances in GABA Agonists, Antagonists and
Uptake Inhibitors: Structure-Activity Relationships and Thera-
peutic Potential. Adv. Drug. Res. 1988, 17, 381-456.

(10) Schechter, P. J. Vigabatrin. In New Anticonvulsant Drugs;
12V16eldzru5m, B. S, Porter, R. J., Eds.; John Libby: London, 1986; pp

5—-275.

(11) Lewis, P. J.; Richens, A. Vigabatrin: A New Anti-Epileptic. Br.
J. Clin. Pharmacol. 1989, 27 (suppl. 1).

(12) Krogsgaard-Larsen, P.; Falch, E.; Larsson, O. M.; Schousboe, A.
GABA Uptake Inhibitors; Relevance to Antiepileptic Drug Re-
search. Epilepsy Res. 1987, 1, 77-93.

(13) Krogsgaard-Larsen, P. GABA Synaptlc Mechanisms: Stereochem-
ical and Conformational Requirements. Med. Res. Rev. 1988, 8,

27-56.

(14) Hoehn-Saric, R. Effects of THIP on Chronic Anxiety. Psychop-
harmacology 19883, 80, 338-341.

(15) Yunger, L. M.; Fowler, P. J.; Zarevics, P.; Setler, P. E. Novel
Inhibitors of y-Aminobutyric Acid (GABA) Uptake: Anticonvul-
sant Actions in Rats and Mice. J. Pharm. Exp. Ther. 1984, 228,
109-115.

(16) Lodecher, W. Anticonvulsant Action in the Epileptic Gerbil of Novel
Inhibitors of GABA Uptake. Eur. J. Pharmacol. 1985, 110, 103-
108.

(17) Schwark, W. 8.; Lscher, W. Comparison of the Anticonvulsant
Effects of Two Novel GABA Uptake Inhibitors and Diazepam in
Amygdaloid Kindled Rats. Naunyn-Schmiedeberg’s Arch. Phar-
macol. 1985, 329, 367-371.

(18) Silva-Barrat, C.; Brailowsky, S.; Riche, D.; Menini, C. Anticon-
vulsant Effects of Localized Chronic Infusions of GABA in Cortical
:.gd Reticular Structures of Baboons. Exp. Neurol.1988, 101,418-

7.

(19) Krogsgaard-Larsen, P.; Labouta, I. M.; Meldrum, B.; Croucher,
M.; Schousboe, A. GABA Uptake Inhibitors as Experimental Tools
and Potential Drugs in Epilepsy Research. In Neurotransmitters,
Seizures and Epilepsy; Morselli, P., Lloyd, K. G., Léscher, W.,
Meldrum, B. S., Reynolds, E. H., Eds.; Raven Press: New York,
1981; pp 23-25.

(20) Nielsen, L.; Brehm, L.; Krogsgaard-Larsen, P. GABA Agonists and
Uptake Inhibitors. Synthesis, Absolute Stereochemistry, and
Enantioselectivity of (R)-(-)-and (S)-(+)-Homo-8-proline. J.Med.

. Chem. 1990, 33, T1-71.

(21) Johnston, G. A. R.; Allan, R. D.; Kennedy, S. M. G.; Twitchin, B.

Systematlc Study of GABA Analogues of Restricted Conformatmn

In GABA-Neurotransmitters: Pharmacochemical Biochemical
and Pharmacological Aspects; Krogsgaard-Larsen, P., Scheel-
{{rﬁgler, J., Kofoed, H., Eds.; Munksgaard: Copenhagen, 1978; pp
47-164.

6

~



Synthesis of Novel GABA Uptake inhibitors

(22) Myers, R.D.Blood-Brain Barrier: Techniques for the Intracerebral
Administration of Drugs. In Handbook of Pharmacology, Vol. II;
Iversen, L. L., Iversen, S. D., Snyder, S. H., Eds.; Plenum Press:
New York, 1975; pp 1-28.

(23) Bodor, N.; Brewster, M. E. Problems of Delivery of Drugs to the
Brain. Pharmacol. Ther. 1983, 19, 337-386.

(24) Frey, H-H.; Popp, C.; Ldscher, W. Influence of Inhibitors of High
Affinity GABA Uptake on Seizure Thresholds in Mice. Neurop-
harmacology 1979, 18, 581-590.

(25) Hinko, C. N.; Crider, A. M.; Wood, J. D. A Comparison of Prodrug
Esters of Nipecotic Acid. Neuropharmacology 1988, 27, 475-483.

(26) Ali, F.E.; Bondinell, W. E.; Danbridge, P. A.; Frazee, J. S.; Garvey,
E.; Girard, G, R.; Kaiser, C.; Ku, T. W.; Lafferty, J. J.; Moonsammy,
G.L;0h,H.-J.; Rush, J. A.; Setler, P. E.; Stringer, O. D.; Venslavsky,

J. W.; Volpe, B. W.; Yunger, L. M.; Zirkle, C. L. Orally Active and

Potent Inhibitors of Gamma Aminobutyric Acid Uptake. J. Med.
Chem. 19885, 28, 653-660.

(27) Lédacher, W.; Schmidt, D. Which Animal Models Should Be Used
in the Search for New Antiepileptic Drugs? A Proposal Based on
Experimental and Clinical Considerations. Epilepsy Res. 1988, 2,
145-181.

(28) Schwark, W.; Haluska, M. Prophylaxis of Amygdala-Kindling
Induced Eplleptogenesm. Comparison of a GABA Uptake Inhibitor
and Diazepam. Epilepsy Res. 1987, 1, 63-69.

(29) N’Goka, V.;Schlewer, G.; Linget,J. -M Chambon, J.-P.; Wermuth,
C.-G. GABA Uptake Inhibitors: Construction of a General Phar-
macophore Model and Successful Prediction of a New Represen-
tative. J. Med. Chem. 1991, 34, 25647-2557.

(30) Pavia, M. R. Preparation and Formulation of N-Substituted
3-Piperidime or 3-Pyridine-carboxylic acid and their Derivatives
for the Treatment of Epilepsy. Warner Lambert Company, Eur.
Pat. E.P. 221572 (CL. C07 D211/60), 13 May 1987.

(31) Bjorge, S.; Black, A.; Bockbrader, H.; Chang, T.; Gregor, V. E,;
Lobbestael, S. J.; Nugiel, D.; Pavia, M. R.; Radulovic, L.; Woolf,
T. Synthesis and Metabolic Profile of CI-966: A Potent, Orally-
Acgive Inhibitor of GABA Uptake. Drug Dev. Res. 1990, 21, 189-
19

(32) Taylor, C. P,; Vartanian, M. G.; Schwarz, R. D.; Rock, D. M,;

Callahan, M. J Davis, M. D. Pharmacology of CI-966 A Potent
GABA Uptake Inlnbxtor, In Vitro and in Experimental Animals.
Drug Dev. Res. 1990, 21, 195-215.

(33) Taylor,C.P.GABA Receptors and GABAergic Synapses as Targets
for Drug Development. Drug Dev. Res. 1990, 21, 151-160.

(34) Some of the data in this report was initially presented as a poster
at the 5th SCI-RSC Medicinal Chemistry Symposium, Cambridge,
U.K., September 10-13, 1989.

(35) Braestrup, C.; Nielsen, E. B.; Wolffbrandt, K. H.; Andersen, K. E.;
Knutsen, L. J. S.; Sonnewald, U. Modulation of GABA Receptor
Interaction with GABA Uptake Inhibitors. Int. Congr. Ser.-
Excerpta Med. 1987, 750 (Pharmacology), 125-128.

(36) Nielsen, E. B.; Suzdak, P. D.; Andersen, K. E.; Knutsen, L. J. S;
Sonnewald, U.; Braestrup, C. Characterization of Tiagabine (NO-
328), a New Potent and Selective GABA Uptake Inhibitor. Eur.
J. Pharmacol. 1991, 196, 257-266.

(37) Braestrup, C.; Nielsen, E. B.; Sonnewald, U.; Knutsen, L. J. S;;
Andersen, K. E.; Jansen, J. A.; Frederiksen, K.; Andersen, P. H,;
Mortensen, A.; Suzdak, P. D. (R)-N-[4,4-Bis(3-Methyl-2-Thienyl)-
but-3-en-1-yl] Nipecotic Acid Binds with High Affinity to the Brain
y-Aminobutyric Acid Uptake Carrier. J. Neurochem. 1990, 54,
639-647.

(38) Rekling, J. C.; Jahnsen, H.; Mosfeldt Laursen, A. The Effect of
Two Lipophilic y-Aminobutyric Acid Uptake Blockers in CAl of
the Rat Hippocampal Slice. Br.J. Pharmacol. 1990, 99, 103-106.

(39) Picardo, A.; Gent, P.; Feely, M. Anticonvulsant Tolerance and
Recovery During Repeated Administration of the GABA Uptake
Inhibitor NO-328. Br.J. Pharmacol. 1990, 99 (Proc. Suppl. April),
Abstract 131P.

(40) Sheardown, M. J.; Weis, J. U.; Knutsen, L. J. S.; Swedberg, M. D.
B.; Suzdak, P. D. Analgesic Effect of the GABA Uptake Inhibitor
NO-328 (N-[4,4-Di(3-methyl-2-thienyl) but-3-en-1-yl)nipecotic Acid.
19th Annual Meeting of the Society for Neuroscience, Phoenix,
AZ, U.S.A., October 20-November 3, 1989. Soc. Neurosci. Abstr.
1989, 15, 602.

(41) Nielsen, E. B. Anxiolytic effect of NO-328, a GABA Uptake
Inhibitor. Psychopharmacology 1988, V96, N1, S42.

(42) Judge, M. E.; Swedberg, M. D. B.; Suzdak, P. D. Tolerance to the
Cognitive Impairing Effects but not to the Anticonvulsant Effects
(1)5 %0-13238, aSelective GABA Uptake Inhibitor. Eur.J.Pharmacol.

, 183, 467.

Journal of Medicinal Chemistry, 1993, Vol. 36, No. 12 1725

(43) (a) Mengel, H. B.; Pierce, M. W.; Mant, T.; Christensen, M. S.;
Gustafson, L. Tiagabine Safety and Tolerance During 2-weeks
Multiple Dosing to Healthy Volunteers. Epilepsia 1991, 32 (suppl.
1), 1991. (b) Chadwick, D.; Richens, A.; Duncan, A.; Dam, M,;
Gram, L.; Morrow, J.; Mengel, H.; Shu, V.; Mc.Kelvy, J. F.; Pierce,
M. W. Tiagabine Hydrochloride. Safety and Efficacy as Adjunctive
g;reatmentforComplexPamdSexzures Epilepsia 1991, 32 (suppl.

(44) Akkerman,A. M.;DedJongh,D. K.; Veldstra, H. Synthetic Oxytocics.
L. 3-(Piperidyl-(N)-Methyl)indoles and Related Compounds. Recl.
Trav. Chim. Pays-Bas 1951, 70, 899~916.

(45) Bettoni, G.; Duranti, E.; Tortorella, V. Absolute Configuration and
Optical Purity of 3-Substituted Piperidines. Gazz.Chim.Ital.1972,
102, 189-195.

(46) Julia, M.; Julia, S.; Giegan, R. Terpenes and Related Compounds
From Methyl Cyclopropyl Ketone. Bull. Soc. Chim. Fr.1960,1072-
1079.

(47) Balme, G.; Fournet, G.; Gore, J. The Reaction of Trimethylchlo-
rosilane with Alpha-cyclopropanoic Alcohols in the Presence or in
tg%Absence of Lithium Halogenides. Tetrahedron Lett. 1986, 27,
1907-1908.

(48) Kellogg, R. M.; Schaap, A. P.; Harper, E. T.; Wynberg, H. Acid-
Catalyzed Brominations, Deuterations, Rearrangements, and De-
brominations of Thiophenes under Mild Conditions. J. Org. Chem.
1968, 33, 2902-2909.

(49) Torabi, H.; Evans, R. L.; Stavely, H. E. The Reformatsky Reaction
with Halolactones. I. Reaction with Nonsteroid Carbonyl Com-
pounds. J. Org. Chem. 1969, 34, 3792-3796.

(50) Marxer, A. Grignard Reactions with Haloalkylamines. III. For-
mation of Oxolanes by a New Ring Closure Reaction of 3-Dime-
thylaminopropylcarbinol. Helv. Chim. Acta 1969, 52, 262-2170.

(51) Mc.Caustland, D. J.; Chien, P.-L.; Burton, W. H.; Cheng, C. C. A
Structural Modification Study of the Antimalarial 2-(p-Chlo-
rophenyl)-2-(4-piperidinyl)tetrahydrofuran. J. Med.Chem. 1974,
17, 993-1000.

(52) Nudelman, N.S.; Vitale, A. A. Carbonylation of Aryllithium Agents
in the Presence of Alkyl Halides: One-Pot Synthesis of Diaryla-
lkylcarbinols and Derivatives. J. Org. Chem. 1981, 46, 4625-4626.

(53) Short, J. H. Substituted Tetrahydrofurans. Abbott Laboratories,
U.S. Patent 3, 274 218 (C1.260-347.7) Sept. 20, 1966.

(54) Kabalka, G.W.; Varma, M.; Varma,R. S.; Srivastava, P. C.; Knapp,
F.F. ’I‘osylatmn of Aloohols J. Org. Chem. 1986, 51, 2386-2388.

(55) Morlacchi, F.; Cardellini, M.; Liberatore, F. Preparation of Un-
saturated Heterocyclic Compounds, II. Synthesis of Guvacine.
Ann. Chim. 1967, 57, 1456-1461.

(56) Guddal, E. Personal cominunication.

(57) Falch, E.; Krogsgaard-Larsen, P. GABA Uptake Inhibitors. Syn-
theses and Structure-activity Studies on GABA Analogues Con-
taining Diarybutenyl and Diarylmethoxy-alkyl N-substituents.
Eur. J. Med. Chem. 1991, 26, 69-78.

(58) Sugasawa, S.; Fujiwara, K. Benzhydryl S-Chloroethyl Ether.
Organic Syntheses; Wiley: New York, 1963; Collect. Vol. IV, p 72.

(59) Gronvald, F. C.; Braestrup, C. N-(Butenyl Substituted) Azahet-
erocyclic carboxylic acids. U.S. Patent 5,010,090, 1991.

(60) S&%iewald, U. Amino Acid Derivatives. U.S. Patent 4,931,450,
1

(61) Fjalland, B. Inhibition by Neuroleptics of Uptake of [2H]-GABA
into Rat Brain Synaptosomes. Acta Pharmacol. Toxicol. 1978, 42,
73-76.

(62) Nelson, H.; Mandiyan, S.; Nelson, N. Cloning of the Human Brain

ABA Tra.nsporter FEBS Lett. 1990, 269, 181-184.

(63) Guastella,J.; Nelson, N.; Nelson, H.; Czyzyk, L.; Keynan, S.; Miedel,
M. C.,; Davidson, N.; Lester, H. A.; Kanner, B. . Cloning and
Expression of a Rat Brain GABA Transporter. Science 1990, 249,
1303-1306.

(64) Bowery, N. G. GABA Transporter Protein Cloned from Rat Brain.
Trends Pharmacol. Sci. 1990, 11, 435-437.

(65) Kuhar, M. A GABA Transporter cDNA has been Cloned. Trends
Neurosci. 1990, 13, 473-474.

(66) Hansch, C.; Bjorkroth, J. P.; Leo, A. Hydrophobicity and Central
Nervous System Agents: On the Principle of Minimal Hydropho-
bicity in Drug Design. J. Pharm. Sci. 1987, 76, 663-687.

(67) Still, W. C.;Kahn,M.; Mitra, A. Rapid Chromatographic Technique
for Preparative Separations with Moderate Resolution. J. Org.
Chem. 1978, 43, 2923-2925.

(68) Johnson, W. S.; Petersen, J. W.; Schneider, W. P. Extension of the
Modified Stobbe Condensation. Acid-Catalyzed Decomposition
of the Products and a Lacto-enoic Tautomerism. J. Am. Chem.
Soc. 1947, 69, 74-79.



