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Structure-Activity Studies on Benzhydrol-Containing Nipecotic Acid and 
Guvacine Derivatives as Potent, Orally-Active Inhibitors of GABA Uptake 
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The introduction of lipophilic groups onto the ring nitrogen of nipecotic acid and guvacine, two 
known GABA uptake inhibitors, afforded potent, orally-active anticonvulsant drugs. A series of 
compounds is reported which explores the structure-activity relationships (SAR) in this series. 
Among the areas explored: side-chain SAR (aromatic-, heterocyclic-, and tricyclic-containing side 
chains) and modifications to the tetrahydropyridine ring. The benzhydrol ether-containing side 
chains afforded the most potent compounds with several exhibiting in vitro ICs0 values for GABA 
uptake of <1 pM (including 5, Table I; 37, 43, Table IV; and 44, Table V). Compound 44 was 
selected for extensive evaluation and subsequently progressed to Phase 1 clinical trials with severe 
adverse effects seen after single dose administration to humans. 

Introduction 
y-Aminobutyric acid (GABA) is the major inhibitory 

neurotransmitter in the mammalian central nervous 
Malfunctions of the central GABAsystem have 

been suggested to contribute to the development of certain 
psychiatric and neurological diseases,415 and there is 
considerable evidence that impaired operation of GABAer- 
gic synapses may be an important causative factor in 
seizure disorders. Consequently, compounds which en- 
hance GABAergic inhibition in the brain are of interest 
as possible therapeutic agents.@ There are several 
methods by which GABAergic transmission could be 
enhanced, including GABA receptor agonists and inhib- 
itors of GABA metabolism. In addition, since thesynaptic 
actions of GABA are primarily terminated by reuptake 
into nerve terminals and glia cells,lOJl an additional 
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strategy to enhance the synaptic actions of GABA is to 
block its reuptake.12-14 The relevance of GABA uptake 
inhibition to antiepileptic drug research has recently been 
reviewed. l5 

Small amino acids such as nipecotic acid and guvacine 
(Table I) are potent inhibitors of GABA uptake with no 
affinityfor GABA receptors.11J6 There are also anumber 
of additional amino acid derivatives which have been 
reported to be GABA uptake inhibitors such as guani- 
dinoethanesulfonic acid" and 3-pyrrolidineacetic and 
carboxylic acids.14 These compounds do not readily enter 
the CNS following peripheral administration, presumably 
due to their hydrophilic nature.lgZ0 A number of more 
lipophilic analogs of these GABA uptake inhibitors have 
been reported in an attempt to increase their ability to 
cross the blood-brain barrier, although their limited 
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Table I. Inhibition of [SHJGABA Uptake into Rat Hippocampal 
Slices 

compound ICs0 i SEM, r M  

oys 

8.6 i 0.94 

R(-)  5.2 * 0.29 
S(+) 55 4.7 

7.3 i 0.69 

10 i 0.083 

SKF 89976A 
compound 44 0.34 & 0.064 
phenytoin >50 
carbamazepine > 50 
valproic acid > 50 

success as orally-active anticonvulsant agents suggested 
that improved derivatives are needed.21-23 

We hoped to increase the entry of the known GABA 
uptake inhibitors guvacine and nipecotic acid into the CNS 
by introducing lipophilic groups onto the nitrogen atom 
of the six-membered ring. A similar strategy was reported 
while this work was in progress by a group at SmithKline 
which resulted in the identification of SKF 89976A (Table 

a compound shown to be a potent, nonsedative 
anticonvulsant drug in an animal model of complex-partial 
seizures in rats. More recently, N o v o ~ ~ ~ ~ ~  has disclosed a 
related analog, NO-328, which is a potent anticonvulsant 
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in rata and and Krogsgaard-Larsen reported a 
limited series of GABA, &alanine, nipecotic acid, and 
guvacine analogs containing the benzhydryl ethyl ether 
side chain.= 

In this paper we report extensive structure-activity 
studies of a series of N-(benzhydryl ethyl ether) nipecotic 
acid or guvacine derivatives which afforded GABA uptake 
inhibitors that are more potent and lipophilic than the 
parent amino acids and possess potent anticonvulsant 
activity after oral administration.36~~6 

Chemistry 
In most cases the target compounds were prepared from 

commercially available starting materials as described in 
methods A-D (Scheme I). In the first step, the benzhydrols 
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were prepared by reaction of a Grignard reagent with an 
aldehyde (method A-1) or in the case of several symmetrical 
benzhydrols, by reaction of 2 equiv of Grignard reagent 
with 1 equiv of ethyl or methyl formate (method A-2). In 
a few cases the benzhydrols were commercially available 
or the commercially available benzophenones were reduced 
with sodium borohydride (method A-3). The side chain 
was added to the benzhydrols by either reaction with 
chloro- or bromoethanol in the presence of sulfuric acid 
(method B-1, Scheme I) or for acid-sensitive benzhydrols, 
reaction with sodium hydride and ethyl or tert-butyl 
bromoacetate, reduction to the alcohol with lithium 
aluminum hydride, and formation of the mesylate (method 
B-2). The intermediates prepared by method B were 
reacted with secondary amines in the presence of K&03 
(method C), and the final products were generated by 
lithium hydroxide hydrolysis (method D). 

Several of the final products required unique synthetic 
routes. For the preparation of 3, the side chain was 
prepared from benzhydrol chloride and thiourea followed 
by alkaline hydrolysis to afford the thiol derivative37 which 
was further elaborated by reaction with chloroethanol and 
potassium tert-butoxide. 4,4-Dichlorodibenzosuberone 
(Scheme 11,46) was prepared by W ~ r t z - l i k e ~ ~  coupling of 
3-chlorobenzyl bromide followed by reaction with oxalyl 
chloride. The side chain for 21 was prepared from the 
anion of 3-phenylbenz0furan~~ followed by quenching with 
ethylene oxide. The epoxy alcohol 47 (Scheme 111) was 
prepared by a novel reaction.40 The Stobbe condensation 
product of benzophenone and the half ester of succinic 
acid41 was reacted with lithium aluminum hydride to afford 
47 as the sole product in 77 9% yield. For the preparation 
48 (Scheme IV) 1,l-diphenylacetone was converted to the 
enol acetate followed by selective bromination with 
bromine and light. This material, 48, was further reacted 
with ethyl nipecotate followed by hydrolysis resulting in 
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ester and enol acetate cleavage to afford 23. For the 
preparation of compounds 27 and 28, methyl 4-0x043- 
piperidinecarboxylate was reduced to a mixture of 4-cis 
and 4 4 ”  alcohols with sodium borohydride.42 After 
introduction of the side chain, the cis and trans compounds 
were separated by chromatography and carried on sep- 
arately. Compound 29 was prepared from 38 by depro- 
tonation with LDA and reaction with acetyl chloride. 
Alkaline hydrolysis and decarboxylation afforded 29. The 
primary amide 40 was reacted with phosphorus oxychloride 
to afford 30. DIBAL reduction of 39 gave 31. The five- 
membered ring analogs 33 and 34 were prepared via side- 
chain alkylation of the required pyrrolidinecarboxylic acid 
e ~ t e r . ~ * ~ ~  For the preparation of 36, the racemic acid 5 
was resolved with (S)-(-)-a-methylbenzylamine. The 
mother liquor which was enriched in 37 was further 
enriched by regenerating the free base and resolution with 
(R)-(+)-a-methylbenzylamine. Compound 40 was pre- 
pared from the acid 5 by reaction with ctubonyldiimidazole 
and ammonia. The secondary, 41, andtertiary, 42, amides 
were prepared from 39, using methylamine and Weinreb’s 
chemistry,& respectively. The syntheses of 43-45 required 
guvacine methyl ester which was prepared from arecoline 
by demethylat i~n.~~ 

Results and Discussion 
To prepare potent, orally-active GABA uptake inhibitors 

we began with (f)-nipecotic acid, a known inhibitor (ICs0 
= 8 pM for GABA uptake inhibition), and introduced 
lipophilic side chains onto the nitrogen atom to increase 
lipophilicity and oral activity of this polar amino acid. A 
large series of compounds were tested for their ability to 
inhibit GABA uptake in vitro, and the results with forty- 
five of these compounds are presented herein to illustrate 

~ ~~ ~ ~ ~ 
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the structure-activity relationships observed. Among the 
areas explored: side-chain SAR (aromatic, heterocyclic, 
tricyclic) and modifications to the tetrahydropyridine ring. 

The (diphenylmeth0xy)ethyl-containing analog 1 (Table 
11; IC60 = 3.4 pM) demonstrated that large groups could 
be introduced onto the nipecotate nucleus with no loss of 
activity, and 1 showed anticonvulsant activity after 
systemic administration in the kindled rat model of 
partial-complex seizures.m Lengthening the side chain 
to afford 2 or replacing the oxygen with a sulfur, 3 caused 
a loss of GABA uptake inhibition. Aromatic substitution 
resulted in a wide range of activities (Table 11; 4-13). 
Substitution on only one ring introduces a chiral center 
at the diphenylmethane carbon which with the chiral 
center a t  C-3 of the tetrahydropyridine ring results in four 
possible diastereomers. This complication was avoided 
when the symmetrically substituted derivative 5 was found 
to be greater than 10-fold more active than 4. Replacement 
of one phenyl ring with a cycloalkyl group, compound 14, 
or heterocycles, compounds 15 and 16, gave a moderate 
loss of activity. Compounds 17 and 18, where the two 
phenyl rings of 1 are in a seven-membered ring resembling 
the anticonvulsant carbamazepine, resulted in a slight loss 
of activity while introduction of a third phenyl ring with 
either an ethoxy or propoxy spacer (compounds 19 and 
20) afforded less active derivatives. 

The benzofuran derivative 21, a hybrid of the SKF- 
type compound and our benzhydrol derivatives, was nearly 
inactive as was replacement of the oxygen linkage with a 
cyclopropyl ring, 22, or a carbonyl group, 23. In summary, 
the results in Table I1 illustrate that two phenyl rings 
both substituted in the 4-position results in the best activity 
profile. 

Modifications to the nipecotate nucleus were made with 
the side chain found in 5 placed on each compound to 
allow direct comparison to 5 (Table 111). Changing the 
position of the carboxylic acid (compound 26) gave an 
inactive analog in agreement with previous studies on 
isonipecotic acid GABA uptake inhibitors." cis- and 
trans-4-hydroxynipecotic acids have been reported to be 
excellent GABA uptake inhibitors, and while the cis 
compound 27 was nearly 7 times more potent as a GABA 
uptake inhibitor than the corresponding trans compound 
28, both were considerably less potent than 5. Conversion 
of the carboxylic acid to the methyl ketone 29, nitrile 30, 
alcohol 31, or its complete removal, 32, resulted in greatly 
reduced activity. It is interesting to note that the 
piperidine derivative 32 (or the 2-pyrrolidinone analog 
35) retained GABA uptake inhibitory activity, suggesting 
that the side chain may have some activity on its own. 
Ring contraction to the five-membered ring without 
(compound 33) or with a one-carbon spacer (compound 
34) was carried out. In the former compound almost all 
activity was abolished suggesting that the spatial rela- 
tionship between the nitrogen and carboxylic acid groups 
was changed beyond allowed limits but was restored to 
some degree when the carbon spacer was introduced. 
Compound 34 was tested in vivo and had significant 
anticonvulsant activity at doses of 30 and 100 mg/kg iP 
in mice, but because of its relatively low potency was not 
studied further. 

(50) Schwark, W. S.; Loscher, W. Comparison of the Anticonvulsant 
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1985,329, 367-71. 
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Separation of the C-3 enantiomers of compound 5 
afforded the S-(+) derivative 36 (Table IV), which was 
approximately 50 times less potent than the R-(-) enan- 
tiomer 37. Preparation of the esters (38 and 39) and amides 
(40-42) afforded less potent derivatives which had no 
apparent in vivo benefits. The one standout, 38, was 
approximately 5-fold less potent than 5 as an anticon- 
vulsant in kindled rats50 (EDm = 25 mg/kg ip) and had a 
very slow onset of action after ip administration consistent 
with a slow conversion of the ester to a free acid in vivo. 
The unsaturated analog 43 afforded a potent inhibitor 
which contains no chiral center, removing the need for 
resolution of enantiomers and affording a much simpler 
chemical synthesis. In vivo evaluation of 43 revealed 
anticonvulsant activity, with an ED60 value of 14 mg/kg 
ip for elevation of afterdischarge threshold in kindled 
rats,60 but ataxia a t  only slightly higher doses (ED60 = 17 
mg/kg) precluding further development. This undesirable 
effect was not observed with 44 (Table V), which exhibited 
anticonvulsant effects in mice and kindled rats at doses 
that did not cause ataxia. Compound 44 is a potent GABA 
uptake inhibitor producing a concentration-related block- 
ade of sodium-dependent, high-affinity PHI GABA uptake 
into rat hippocampal slices. The concentration which 
inhibits uptake by 50% (ICs0 value) was 340 f 64 nM for 
44 as compared to 5200 f 290 nM for (-)-nipecotic acid 
and 10 000 f 83 nM for SKF 89976A in our hands (Table 
I). The value obtained for SKF 89976A is approximately 
40-fold higher than that previously reported in the 
l i t e r a t ~ r e . ~ ~  The reason for this discrepancy is unclear 
but may relate to the different in vitro conditions and 
tissue preparations used and the relative proportion of 
neuronal vs glial GABA uptake inhibition sites present. 
The 10-20-fold increase in in vitro potency of 44 compared 
to R-(-)-nipecotic acid or SKF 89976A might result from 
several factors including the hydrogen bonding ability of 
the side-chain oxygen atom, a loss of electron delocalization 
upon olefin removal, or change in conformational con- 
straints upon removal of the olefin which affords adiphenyl 
conformation that better matches the three-dimensional 
topography of the GABA uptake site. The results of our 
structure-activity studies on the heterocyclic ring analogs 
are consistant with conclusions previously reported that 
the (R)-(-)-nipecotic acid and guvacine nuclei place the 
nitrogen and carboxylic acid in the correct relationship 
for optimal GABA uptake inhibiti~n.~' Furthermore, a 
recent papersz in which the authors used published SAR 
dataz4 to establish a pharmacaphore model is also in full 
accord with the compounds described in this paper. 

Compound 44, which was selected for further evaluation, 
specifically blocked GABA uptake since no significant 
inhibition of D-aspartate, dopamine, norepinephrine, or 
serotonin uptake was observed at concentrations producing 
maximal effects on GABA. Using receptor binding 
techniques, 44 showed no affinity to a variety of neu- 
rotransmitter receptors including adenosine-1 and -2, a1 
and -2, @-adrenergic, benzodiazepine, bradykinin, dihy- 
dropyridine-sensitive calcium channels, dopamine-1, ex- 
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J.-P.; Lagrange, J.; Lagrange, P.; Wermuth, C. G. Alkyl and Aryl 
Derivatives of Nipecotic Acid: Synthesis and Evaluation of Inhibition of 
GABA Uptake as a Function of Conformational Parameters and Bio- 
availability. Eur. J. Med. Chem. 22, 1987, 383-91. 

(52) N'Goka, V.;Schlewer, G.; Linget, J. M.; Chambon, J. P.; Wermuth, 
C. G. GABAUptake Inhibitors: Construction of a General Pharmacaphore 
Model and Successful Prediction of a New Representative. J .  Med. Chem. 
1991, 34, 2547-57. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

lis 

~~~ 

GABA uptake 
general inhibition: 

entry R mp ("C) molecular formula synthetic methoda ICW f SEM, pM 

CziHzaN03*HCl 180-182 B-1, C, D 

- 

58-65 

- 

148-152 

- 

125-140 

211-215 

151-152 

131-138 

166-167 

224-225 

157-160 

162-164 

48-65 

B-1, C, D 

B-2, C, D 

A-3, B-1, C, D 

B-1, C, D 

B-1, C, D 

A-3, B-1, C, D 

A-1, B-1, C, D 

A-2, B-1, C, D 

A-3, B-1, C, D 

A-2, B-1, C, D 

A-2, B-1, C, D 

A-1, B-1, C, D 

A-1, B-2, C, D 

A-1, B-2, C, D 

3.4 f 0.26 

12 * 1.0 

60 (eat) 

20 (eat) 

0.41 f 0.076 

7.8 * 1.0 

5.7 f 0.26 

0.71 f 0.34 

0.92 f 0.069 

1.2 f 0.73 

2.5 f 0.43 

3.2 f 0.77 

1.4 f 0.34 

1.1 f 0.14 

8.7 f 0.54 
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Table I1 (Continued) 
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GABA uptake 
general inhibition: 

entry R mp ("C) molecular formula synthetic methods ICW i SEM, NM 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

CI 

'CI 

97-105 

152-153 

A-1, B-2, C, D 

A-3, B-2, C, D 

182-183 C23H25ClzNOrHCl A-3, B-2, C, D 

251-256 

189-194 

B-1, C, D 

B-1, C, D 

B-2, C, D 

B-2, C, D 

C, D 

B-2, C, D 

C, D 

3.6 * 0.36 

2.5 f 0.29 

1.6 0.29 

3.1 * 0.49 

7.9 i 2.0 

22 (eat) 

>50 

>so 

50 (est) 

>50 

citatory amino acid (glutamate, quisqualate, kainate, 
NMDA, and strychnine-insensitive glycine), GABAA and 
GABAB, muscarinic, nicotinic, p, 6, and K opiate and 
phencyclidine binding sites. Weak binding was observed 
at dopamine-2 receptors, histamine-1 receptors, u sites, 
and site 2 of the voltage-sensitive sodium channel; however, 
these effects occurred at pM concentrations compared to 
the nM potency observed for GABA uptake inhibition. 

The spontaneous release of preloaded PHIGABA from 
neuronal tissue is increased by nipecotic acid53 but not by 
5 or 44 (unpublished data). The increased GABA release 
caused by application of nipecotic acid has been explained 
on the basis of heteroexchange of nipecotic acid for cystolic 
GABA via the GABA transporter. However, this process 
is only possible because nipecotic acid is a substrate for 
the GABA carrier. The related bulky GABA uptake 
inhibitor NO-326 has been reported to lack substrate 
activity for the GABA carrier.31 On the basis of this 

information, most of the bulky compounds described in 
this report are unlikely to be substrates for the GABA 
carrier, although all of them are apparently competitive 
inhibitors of GABA uptake. Experiments with radiola- 
beled compounds are necessary to rigorously explore this 
idea. 

Compound 44 inhibited veratridine-stimulated [W]- 
guanidine influx into rat cortical slices with an ICs0 value 
of 10 pM. This action is shared by several other anti- 
convulsants (e.g. phenytoin) which are thought to act on 
voltage-sensitive sodium channels. This appears to be a 
minor mode of action for 44 since 10 pM is approximately 
35 times the IC50 for GABA uptake blockade. 

In vivo studies with 44 have previously been described 
in In summary, 44 was effective in rodents 
following oral administration in several seizure models at 
doses that did not cause ataxia. Clonic seizures induced 

(53) Szerb, J. C. Effect of Nipecotic Acid, a Gamma-Aminobutyric 
Acid Transport Inhibitor, on the Turnover and Release of Gamma 
Aminobutyric Acid in Rat Cortical Slices. J.  Neurochem. 1982,39,850- 
8. 

(54) 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 Inhibitor, In Vitro and in Experimental Animals. Drug Deu. Res. 
1990,21, 195-216. 
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CI CI 

entry R mD (OC) molecular formula general" synthetic methods GABA uDtake inhibition: ICW i SEM. UM 
6 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

148-152 

109-110 

120-122 

92-100 

91-94 

123-126 

160-162 

171-173 

51-63 

- 

- 

~ ~~ 

C21H&12N03*HCl 0.41 i 0.076 - 

>50 

1.5 & 0.15 

1.2 i 0.91 

22 (est) 

> 50 

47 (est) 

21 (est) 

>50 

2.1 i 1.7 

26 & 2.9 

a E refers to individual description in Experimental Section. 

by the GABA antagonist pentylenetetrazole (PTZ)M in 
mice were prevented by 44 with an EDm of 0.4 mg/ kg PO 
(0.2-0.6 mg/kg PO, 95% confidence interval, Figure 1) as 
were threshold clonic seizures from picrotoxin (EDm = 
1.7 mg/kg ip, 1.9-2.6 mg/kg 95% confidence interval). 
Tonic extensor seizures from low-intensity corneal elec- 

(55)Taylor, C. P.; Sedman, A. J. Pharmacology of the Gamma- 
Aminobutyric Acid-Uptake Inhibitor CI-966 and Ita Metabolites: Pre- 
clinical and Clinical Studies. In Transmitter Amino Acid Receptors: 
Structures, Transduction and Models for Drug Development; Barnard, 
E. A., Costa, E., Eds.; Thieme Medical Publ., Inc., New York, 1991. 

(56) Krall,R.L.;Penry,J.K.;White,B.G.;Kupferberg,H.J.;Swinyard, 
E. A. Antiepileptic Drug Development: 11. Anticonvulsant Drug Screen- 
ing. Epilepsia 1978, 19, 409-28. 

troshock inmiceS7 were effectively blocked with 44 (Figure 
1; EDm = 1.0 mg/kg PO, 0.6-1.6 mg/kg 95% confidence 
limits) whereas conventional maximal electroshock sei- 
zureP were prevented only by high doses of 44 in mice 
or rata, with approximately 50% of the mice protected 
after doses of 3G250 mg/kg PO. Finally, 44 potently 
inhibited focal seizures in the rat hippocampus preventing 
hippocampal afterdischarges in a dose-related manner 
(ED50 = 2.6 mg/kg PO, 1.4-4.8 mg/kg, 95% confidence 

(57) Piredda,S. G.;Woodhead,J.H.;Swinyard,E.A.EffedsofStimub 
Intensity on the Profile of Anticonvulsant Activity of Phenytoin, 
Ethosuximide, and Valproate. J. Pharmacol. Exp. Ther. 1985,232,741- 
5. 
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Table IV 

GABA 
uptake 

general@ inhibition: 
synthetic ICm i 

entry R mp(OC) molecularformula methods SEM,pM 

6 
36 
37 
38 
39 
40 
41 
42 
43 

OH 148-152 CzIH&lzNOrHCl - 
O H  S-(+) 182-183 CzIH&lzNO~*HCl E 
O H  I&(-) 181-184 Cg1H&lzN08*HCl E 
OCHB 87-89 CmH&lZNOrHCl E 
OCHZCHa - C~H&lZNOs*HCl B-1, C 
NHz 211-213 CzIH&l*NzOZ*HCI E 
NHCHs 100-103 C~H&lzN~0&9HCl E 
N(CH& 178-179 C&&lzNzO~HCl E 
OH; A-3,4 183-185 CziHziClzNOrHCl C, D 

0.41 f 0.076 
14 f 0.83 
0.18 i 0.0062 
0.70 i 0.050 
11 1.9 
35 (est) 
40 (est) 
25 i 7.1 
0.41 f 0.046 

~ a E refers GiTdividual description in Experimental Section. 

Table V 

GABA 
uptake 

general. inhibition: 
synthetic I C w i  

entry R mp(OC) molecularformula methods SEM,pM 

44 O H  A-3,4 234-237 C&plFaOs*HCl C, D 0.34 * 0.064 
46 OCHs;A-3,4 - C ~ H & 8 0 8  C 4 0 i 1 1  

a E refers to individual description in Experimental Section. 

interval, Figure 2). Ataxia (ED50 = 64 mg/kg PO, 29-155 
mg/kg 95% confidence interval, mice) and other behav- 
ioral side effects of 44 were observed at doses greater than 
those producing anticonvulsant effects (against PTZ or 
after discharges). 

We can speculate that the oral effectiveness of 44 results 
from its ability to efficiently cross the blood-brain barrier 
(BBB), however its mechanism of transport is uncertain. 
Unrestricted diffusion through the BBB is possible for 
substances that can cross biological membranes by virtue 
of their lipophilic character, and to a large extent this can 
be predicted from an in vitro lipid-water partition 
coefficient. The partition coefficient (octanol-water) of 
44 was determined by the shake-f!!h method. At pH 7.4, 
4, and 1 the partition coefficient was >3 indicating 
sufficient lipophilicity to anticipate BBB transport. Al- 
ternatively, there are at least seven specific carier systems 
which transport compounds into the brain.68 For example, 
acidic drugs such as salicylic, benzoic, nicotinic, and 

(58)Pardridge, W. M.; Olendorf, W. H. Transport of Metabolic 
Substances Through the Blood-Brain Barrier. J.  Neurochem. 1977,28, 
5-12. 
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Figure 1. Anticonvulsant and ataxia-producing effects of 44 in 
mice after various oral doses. Data are the percent of eight to 
ten mice per dose that exhibited each effect. PTZ (filled circles) 
denotes protection from clonic pentylenetetrazole (85 mg/kg sc) 
seizures. Threshold electroshock (filled triangles) denotes mice 
protected from tonic extensor seizures from 14-mA corneal 
electroshock. Ataxia (filled squares) denotes mice that fell from 
a rotating rod.& Mice protected from tonic extensor seizures 
from maximal electroshock are shown as open triangles. All data 
were obtained at the approximate time of peak effect after oral 
dosing (PTZ = 2.0 h, threshold electroshock = 2.0 h, maximal 
electroshock = 1.5-2.0 h, ataxia = 1.0 h). The solid lines are the 
best-fit curves from probit analyses.61 

a w / Ataxia 
0 : : / ;  I 

1 10 100 

Doer of Compound 44 (mgntg PO) 

Figure 2. Anticonvulsant and ataxia-producing effects of oral 
44 in rata. Anticonvulsant action (filled circles) is the percent 
of eight rats that failed to exhibit hippocampal afterdischarge. 
Ataxia (filled squares) is the percent of rata ataxic when observed 
on a level surface. Time of testing after dose was 2.5 h 
(anticonvulsant action) or 2.0 h (ataxia). Solid lines are from 
probit analyses.61 
valproic acids are transported across the BBB in a carrier- 
mediated manner via a monocarboxylic acid transport 
system.59 While the lipophilic nature of 44 is likely to 
explain the oral activity of this compound alternate 
mechanisms can not be ruled out. 

On the basis of our results, single doses of 44 were 
administered to healthy human volunteers in a preliminary 
tolerance and safety study. Unfortunately, the highest 
dose administered (50 mg; n = 2) was associated with 
unanticipated severe neurological and psychological side 
effects. These clinical fiidings have been reported in detail 
elsewhere.B0 Further clinical evaluation of 44 was termi- 
nated because of these adverse effects. 

(59) Kang, Y. S.; Teras&, T.; Tsuji, A. Acidic Drug Transport in vivo 
Through the Blood-Brain Barrier. A Role of the Transport Carrier for 
Monocarboxylic Acids. J.  Pharmacobio-Dyn. 1990,13, 158-63. 
(60) Sedman, A. J.; Gilmet, G. P.; Sayed, A. J.; Posvar, E. L. Initial 

Human Safety and Tolerance Study of a GABA Uptake Inhibitor, CI- 
966 Potential Role of GABA as a Mediator in the Pathogenesis of 
Schizophrenia and Mania. Drug. Dev. Res. 1990,21, 235-42. 
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Experimental Section 
All melting points were obtained on a Thomas-Hoover capillary 

melting point apparatus and are uncorrected. NMR spectra were 
recorded with a Varian EM-390 spectrometer using Me&i as the 
internal standard and deuteriochloroform or MezSO-de as solvent. 
NMR values are reported in 6 values. Purity was determined by 
microanalysis and by TLC with 0.25-mm thick platea coatedwith 
silica gel G as the stationary phase. IR spectra were recorded 
with a Nicolet XS-20 FT-IR spectrometer using KBr pellets. All 
compounds possessed microanalytical and spectral data consis- 
tent with the proposed structures. 
Method A-1. 4-(Trifluoromethyl)-a-[4-(trifluoromethyl)- 

phenyllbenzenemethanol. The Grignard reagent derived from 
4-bromobenzotrifluoride (Aldrich, 40 g, 0.18 mol) was prepared 
in ether and cooled to 5 "C, and a,a,a-trifluoro-p-tolualdehyde 
(Aldrich, 29.6 g, 0.17 mol) was added dropwise in ether. The 
reaction mixture was stirred for 1.5 h at reflux and 16 h at room 
temperature and the solid alkoxide precipitate isolated by 
filtration, washed with 1:l ether-pentane, dried, and slurried 
with 150 mL of CHC13 and 120 mL of saturated ammonium 
chloride solution. The CHCl3 layer was separated and the 
aqueous layer extracted with CHCl3 (2 X 50 mL) to afford 34.25 
g of product. The mother liquors from the filtration were 
evaporated and reextracted to afford an additional 8.2 g of product 
giving a total of 42.3 g (77.7% yield): TLC (41  pentane-ether), 
Rf = 0.3; lH-NMR (CDC13) 7.61 (d, 4 H, aromatic), 7.52 (d, 4 H, 
aromatic), 5.95 (d, 1 H, CHPhZ), 2.38 (d, 1 H, OH). Anal. 
(CisHifl~O)C, H. 
Method A-2. 3,4-Dichloro-a-(3,4-dichlorophenyl)ben- 

zenemethanol. The Grignard of 3,4-dichlorobromobenzene (21 
mmol) was cooled to 5 OC, ethyl formate (0.78 g, 10.5 mmol) in 
5 mL of THF added over 5 min, and the reaction refluxed for 4 
h and poured onto 40 mL of cold 1 N HC1. The organic layer 
was separated, the aqueous layer extracted with ether (2 X 30 
mL), and the organic-soluble material purified by chromatog- 
raphy (silica, hexane-ethyl acetate-methanol; 80:201) to afford 
2.75 g of the desired carbinol (74% yield). 
Met hod A-3. 4-Met hy 1-a- (4-met hylpheny1)benzenemet h- 

anol. To 4,4'-dimethylbenzophenone (12.0 g, 57 "01) in 
2-propanol (130 mL) at room temperature was added sodium 
borohydride (0.57 g, 15 mmol). After 16 h an additional 0.57 g 
of sodium borohydride was added and the reaction stirred for 3 
h at room temperature. Five milliliters of water was added, and 
evaporation left a residue which was taken up in ether, washed 
with water and saturated NaC1, dried, and filteredto afford 11.70 
g of the desired product as a white solid (97% yield), mp 68-70 
"C. 
Method B-1. l-[[(2-Bromoethoxy)-4-(trifluoromethyl)- 

phenyl]methyl]-4-(trifluoromethyl)benzene (49). To 2-bro- 
moethanol(46.3 g, 0.37 mol) in 300 mL toluene was added 7 mL 
of concentrated sulfuric acid and the mixture warmed to 60 "C. 
4- (Trifluoromethy1)-a- [4-(trifluoromethy1)phenyllbenzenemeth 
anol (79.32 g, 0.25 mol) in warm toluene (285 mL) was added 
dropwise. The reaction temperature was maintained at 85-90 
OC for 6 h, cooled, and diluted with 75 mL of toluene, and the 
layers were separated. The toluene layer was washed with HzO 
(2 X 75 mL) and saturated NaCl and dried to afford an oil which 
was dissolved in 20 mL of hexane. Cooling to -70 "C gave the 
desired product (76.6 g, 72.6% yield): mp 35-38 "C; Rf = 0.2 
(401 pentane-ether); 1H-NMR (CDClS) 7.60 (d, 4 H, aromatic), 
7.52 (d, 4 H, aromatic), 5.53 (a, 1 H, CHPhZ), 3.81 (t, 2 H, CHZ), 
3.55 (t, 2 H, CHz). Anal. (C1,H1&rFeO) C, H, F, Br. 
Method B-2. 2-Furfuryl-(4-chlorophenyl)carbinol(2.0 g, 9.58 

mmol) was dissolved in dry THF (60 mL) at 0 "C. Sodium hydride 
(0.38 g of 60% mineral oil dispersion, 9.58 mmol) was added 
portionwise at 0 "C and then refluxed for 30 min. tert-Butyl 
bromoacetate (1.8 g, 9.23 mmol) in THF (20 mL) was added over 
20minfollowedbya 16-hreflux. Theproductwasaddeddropwise 
to an ether (25 mL) suspension of lithium aluminum hydride 
(0.18 g, 4.6 mmol) and the reaction stirred 16 h at room 
temperature, quenched with water, cooled, and filtered through 
Celite. The ether solution was washed with saturated NaC1, dried, 
and purified by chromatography (silica, 1:3; ethyl acetatehexane) 
to afford a light brown oil (1.8 g, 6.7 mmol) which was dissolved 
in methylene chloride (15 mL) and cooled in an ice bath. Addition 
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of diisopropylethylamine (1.2 g, 9.4 mmol) followed by dropwise 
addition of methanesulfonyl chloride (0.92 g, 8.0 mmol) in 5 mL 
of methylene chloride followed. The reaction was stirred for 30 
min, water (0.5 mL) added, the mixture evaporated, and the oil 
dissolved in methylene chloride (30 mL), washed with water, 
dried, and used in the next reaction. 
Met hod C. 1,2,5,6-Tetrahydro- 1-[ 2 4  bis[ 4-(trifluoro- 

methy1)phenyllmet hoxy]ethyl]-3-pyridinecarboxylic Acid, 
Methyl Ester (45). Guvacine methyl ester (30.1 g, 0.21 mol), 
compound 49 (76.0g, 0.18 mol; see method B-l), acetonitrile (150 
mL), and anhydrous KzCOs (29.0g, 0.21 mol) were combined and 
stirred 10 min at room temperature, refluxed for 15 h under 
nitrogen, cooled, and filtered through powdered KzCO3, and the 
solids were washed with acetonitrile (2 X 60 mL). Evaporation 
gave 97.2 g of an oil which was purified by chromatography (silica, 
3:7; ethyl acetate-hexane, Rf = 0.18): 'H-NMR (CDCl3) 7.33- 
7.19 (m, 8H, aromatic), 7.00 (a, 1 H, CH=C),5.33 (a, 1 H, CHPhZ), 

3.25 (a, 2 H, piperidine C-2), 2.79 (t, 2 H, J = 5.84 Hz, OCH2- 
CHzN), 2.61 (t, 2 H, J = 5.65 Hz, piperidine C-6), 2.34 (bs, 2 H, 
piperidine C-5); IR (liquid f i b )  2949, 1715, 1659, 1615, 1491 
cm-l. Anal. (CZ~HBF~NO, C, H, N. 
Method D. 1,2,S,6-Tetrahydro-1-[2-[bia[4-(trifluorome- 

thyl)phenyl]methoxy]ethyl]-3-pyridinecarboxylic Acid, 
Monohydrochloride (44). The ester from method C was 
dissolved in methanol (150 mL) and aqueous 2 N LiOH solution 
(150 mL, 0.3 mol) added. The reaction was stirred for 64 h at 
room temperature under nitrogen. Evaporation afforded a 
semisolid which was dissolved in 1200 mL of water and cooled, 
and 100 mL cold concentrated HCl was added. The solid was 
filtered, washed with 500 mL of cold 3 N HCl and 500 mL of 
ether and dried under Nz. Crystallization from 2 1  acetonitrile- 
water gave 82.3 g of the hydrochloride salt: Rf = 0.15, 7:2.50.5 
toluene-2-propanol-acetic acid; lH-NMR (DMSO-de) 7.55-7.81 
(2 doublets, 8 H, aromatic), 7.01 (a, 1 H, CH=C), 5.91 (a, 1 H, 
CHPh2),4.10-2.60 (4multiplets, 11 H,piperidineringCHz). Anal. 

l-[3-(Diphenylmethoxy)propyl]-3-piperdinecarboxylic 
acid (2): 'H-NMR (CDC13) 7.24 (8,  10 H, aromatic), 5.31 (a, 1 
H, CHPhz), 3.48 (t, 2 H, J = 5.7 Hz, CHzO), 3.31-2.35 (m, 7 H, 
NCHs, CHCOzH), 2.14-1.60 (m, 6 H, piperidine C-4,5,0CH2CHz); 
IR (KBr) 3430,3030, 2930,2870,1712, 1589, 1495,1455,1392, 
1307 cm-l. 
1-[2-[ (Diphenylmethyl) thio]ethyl]-3-piperidinecarbox- 

ylic Acid (3). Diphenylmethyl mercaptan (4.0 g, 20 mmol)37 
was dissolved in ethanol (40 mL), and potassium tert-butoxide 
(2.24 g, 20 mmol) was added. The reaction was heated to reflux 
and chloroethanol(l.61 g, 20 mmol) added over 50 min. After 
30 additional min, the mixture was cooled and evaporated and 
the oil purified by chromatography (ethyl acetatehexane; 3:7) 
to afford product, aprecursor of 3 (3.6 g, 75% yield, mp = 35 "C). 

1-[ 24 (4-Chlorophenyl)phenylmethoxy]ethyl]-3-piperi- 
dinecarboxylic acid (4): 'H-NMR (CDCb) 12.7 (bs, 1 H, acid), 
7.28 (m, 9 H, aromatic), 5.45 (a, 1 H, CHPhz), 4.15-3.20 (m, 6 H, 
OCHzCHzN, piperidine C-2). 2.95-1.10 (m, 7 H, piperidine 
C-3,4,5,6); IR (CHC13) 2875, 1733, 1604 cm-I. 

1-[2-[Bis(4-fluorophenyl)methoxy]ethyl]-3-piperidine- 
carboxylic acid (6): 1H-NMR (CDCb) 7.55-7.45 (m, 4 H, 
aromatic), 7.14-7.04 (m, 4 H, aromatic), 5.66 (a, 1 H, CHPhZ), 
4.38-2.94 (m, 9 H, OCHzCHzN, piperidine C-2,3,6), 2.35-1.35 
(m, 4 H, piperidine (2-43); IR (KBr) 2874, 1673, 1601 cm-I. 

1 -[ 24 Bis[ 4 4  trifluoromet hoxy ) phen y llmet hoxy ]et hyll-3- 
piperidinecarboxylic acid, monohydrochloride (9) was pre- 
pared from 4-(trifluoromethoxy)bromobenzene obtained by 
cooling 4-bromophenol (Kodak, 34.6 g, 0.2 mol) to -70 "C and 
adding COFz (20 g, 0.3 mol). The reaction was sealed and heated 
to 100 OC for 1 hand then 140 "C for 2 h. The reaction was cooled 
to 0 OC, excess COFz vented, and the feaction cooled to -78 "C. 
SF4 (24 g, 0.22 mol) was added, and the reactor was sealed and 
heated to 140 "C for 4 h and then cooled. The vessel was vented 
and the residue dissolved in CHZC12 (100 mL) and poured into 
a saturated NaHC03 solution. The organic layer was evaporated 
and the residue distilled at 58-62 "C, 20 mmHg to afford 25.0 
g of product (52% yield). 

3.73 (8, 3 H, COzCHs), 3.62 (t, 2 H, J = 5.85 Hz, OCHzCHeN), 

(CBHZ~F~NO~HC~).  C, H, N, C1. 
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1424 (2,8-Dichloro-lO,l l-dihydro-5H-dibenzo[ad]cyclo- 
hepten-S-yl)oxy]ethyl]-3-piperidinecarboxylic acid, mono- 
hydrochloride (18) was prepared from 4,4'-dichlorodibenzo- 
suberone (46, Scheme 11). The Grignard of 3-chlorobenzyl 
bromide (10.0 g, 48 mmol, Aldrich) was prepared, LizCuC4 (Alfa, 
0.1 M in THF, 0.2 mL) added, and the mixture refluxed for 15 
min. The reaction was poured into dilute aqueous HC1-ice and 
extracted with ether (100 mL), and the product was crystallized 
from hexane to afford 5.2 g of the biphenyl product (86% yield, 
mp = 48-9 OC). To CS2 (50 mL) was added AlCb (17.4 g, 130.0 
mmol) and the mixture cooled to -78 OC. Oxalyl chloride (6.5 
g, 50 mmol) was added dropwise and the reaction warmed to 
room temperature. The biphenyl product (3.2 g, 130 mmol) was 
added in CSz (10 mL) and stirred 16 h at 35 OC. Water was 
added, CS2 evaporated, the mixture extracted with CHCl3, and 
the product purified by chromatography (silica, 91; hexane- 
ethyl acetate) to afford 0.8 g of product (22% yield). 
1-[2-(Triphenylmethoxy)ethyl]-3-piperidinecarboxylic 

acid (19): 1H-NMR (CDC13) 7.40-7.20 (m, 15 H, aromatic), 3.01 
(t, 2 H, J = 5.6 Hz, CHzO), 2.81 (m, 1 H, CHCOzH), 2.60-1.95 
(m, 6 H, CHzN), 1.77-1.30 (m, 4 H, piperidine C-4,5); IR (KBr) 
3420,3057,2960,1716,1597,1491,1450 cm-l. 

l-[3-(Triphenylmethoxy)propyl]-3-piperidinecarboxyl- 
ic acid (20): 'H-NMFt (CDCl3) 7.42-7.22 (m, 15 H, aromatic), 
3.02 (t, 2 H, J = 3.7 Hz, CH20), 2.94-2.00 (m, 7 H, CHzN, 
CHC02H), 2.W1.29 (m, 6 H, piperidine C-4,5, OCHzCH2); IR 
(KBr) 3445, 3057,2972, 1716, 1597, 1491, 1450, 1389 cm-'. 
1-[2-(3-Phenyl-2-benzofuranyl)ethyl]-3-piperidinecar- 

boxylic acid, monohydrochloride (21) was prepared from 
3-phenylbenzo[2,3]furan39 (8.96 g, 46.2 mmol). The anion was 
formed with n-BuLi (20.6 mL, 48.4 mmol) in THF (120 mL). 
After 7 h the reaction was cooled to -78 OC, oxirane (6 mL, 8.53 
M in THF, 51.3 mmol) added, and after 10 min CuBr-MezS (0.47 
g in 2 mL of MezS) added, stirred 2 h at -78 OC, and warmed to 
room temperature over 24 h. The reaction was quenched by 
addition of water and saturated NazS203. The organic layer was 
extracted with ether (3 X 30 mL) and the resulting oil purified 
by chromatography (silica, 25:2.51; CHzCl.rhexane-2-propanol) 
to afford 3-phenyl-2-benzo[2,3]furanyl-2-ethanol as light yellow 
crystals (6.7 g, 61% yield, mp = 81-2 "C). 
1-[2-(2,2-Diphenylcyclopropyl)ethyl]-3-piperidinecar- 

boxylic Acid, Hydrochloride (22) (Scheme 111). To lithium 
aluminum hydride (4.25 g, 112 mmol in 100 mL of THF) was 
added the Stobbe condensation41 product (17.35 g, 55.9 mmol) 
of benzophenone and the half-ester of succinic acid in 100 mL 
of THF over 30 min. The reaction was refluxed for 19 h and 
cooled and ether (100 mL), hexane (100 mL), and 10 mL of 20% 
aqueous NaOH were added. The ether layer was dried (KzCO3) 
and the product purified by chromatography (silica, 1:l; pentane- 
ether) to afford 10.2 g (77% yield) of 47: lH-NMR (de-DMSO) 
12.8 (bs, 1 H, HCl), 10.6 (bs, 1 H, COOH), 7.30-7.08 (m, 10 H, 
aromatic), 3.80-3.00 (m, 7 H, CHzN, piperidine C-3), 2.05-1.00 
(m, 9 H, piperidine C-4,5, cyclopropyl, CHzO); IR (KBr) 1725, 
1600,1496,1447,1401,1276 cm-l. 

1-(2-0~0-3 ,3-diphenylpmpyl) -3-piper idinc  acid 
(23) was prepared from 48 (Scheme IV). 1,l-Diphenyl-2- 
propanone (Aldrich, 7.73 g, 36.8 mmol in 25 mL of acetic acid) 
and 7 g of sodium acetate were refluxed for 4 days, the mixture 
was cooled to 80 OC, and excess acetic anhydride was decomposed 
with 15 mL of water. The mixture was poured onto 100 g of ice, 
stirred 16 ha t  room temperature, neutralized with solid NaHC03, 
extracted (3 x 100 mL ethylacetate), and distilled (<0.1 mmHg) 
to afford the desired enol ether (3.28 g, 13.0 mmol) which was 
dissolved in CC4 (50 mL) and to which N-bromosuccinimide 
(2.5 g, 14 mmol) was added. The mixture was heated at reflux 
and 50 mg of AIBN added, and the mixture was irradiated with 
a 275-W sunlamp with reflux continuing for 15 min to afford 48 
as an oil which was used directly in methods C and D: 1H-NMR 
(&-DMSO) 8.20-7.80 (bs, 1 H, COOH), 7.32 (8,  10 H, aromatic), 
5.55 (s,1 H,CHPh2),4.56 (8, 2 H, COCHzN),4.W1.20 (m,9 H, 
piperidine); IR (KBr) 1730, 1599, 1497, 1454, 1400 cm-l. 
1-(3,4Diphenylbutyl)-3-piperidinecarboxylic acid, mono- 

hydrochloride (24) was prepared from 3,4-diphenylbutan-l-o1, 
in turn prepared by placing sodium hydride (1.24 g, 50% 
suspension in mineral oil, 26 mmol) in THF (50 mL), and adding 
triethyl phosphonoacetate (Aldrich, 5.82 g, 26 mmol) dropwise 
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with stirring. 2-Phenylacetophenone (Aldrich, 5.0 g, 26 mmol) 
was added in 10 mL of THF and the reaction stirred at reflux 
for 16 h, cooled, quenched with water (5 mL), and extracted with 
ether. The product (a mixture of 2,3 and 3,4 olef i i )  was purified 
by chromatography (silica, 1:9; ethyl acetate-hexane) to afford 
5.0 g of product (72% yield) which was dissolved in ethyl acetate 
(100 mL) and 1 g of 20% Pd on carbon added. The reaction was 
stirred 16 h under a hydrogen atmosphere and the product 
purified by chromatography (silica, 1:4; ethyl acetate-hexane) to 
afford 3.54 g (70% yield) of the desired saturated product which 
was dissolved in 100 mL of CHzClz and cooled to -78 OC. 
Diisobutylaluminum hydride (84 mL of a 1 M solution in hexane) 
was added dropwise and the reaction stirred for 3 h at -78 OC. 
Methanol (1 mL) was added and the mixture poured into ether, 
washed with saturated sodium potassiumtartrate solution, dried, 
and purified by chromatography (silica, 1:1, ethylacetate-hexane) 
to afford 2.56 g (85% yield) of product. 

I-[ 1-[2-[Bis(4-chlorophenyl)methoxy~hyl]-3-piperidinyl]- 
ethanone (29) was prepared from 38 (5.56 g, 13.2 mmol) which 
was added to a THF solution of lithium diisopropylamine (14.5 
mmol) over 15 min at -78 OC. After 30 min, acetyl chloride (1.03 
g, 13.2 mmol) was added in 5 mL of THF. The reaction was 
slowly warmed to room temperature over 16 h. Evaporation 
afforded an oil which was dissolved in CHCb (50 mL), washed 
with water and saturated NaC1, and evaporated. Purification by 
chromatography (silica, 1:4; ethyl acetate-hexane) furnished 3.4 
g of desired keto ester (56% yield) which was dissolved in 
methanol (60 mL) and 1 N LiOH (12.5 mL) and stirred at room 
temperature for 72 h. The methanol was evaporated and 35 mL 
of water added followed by 30 mL of 5% NaHSOr and 25 mL 
of ethanol. The reaction was heated at reflux for 2 hand cooled, 
solid KzCO3 added to pH 8, the solution extracted with CHCb 
(3 X 50 mL), and the resulting oil purified by chromatography 
(silica, gradient of 10-20% acetone in CHCls with 1 % triethyl- 
amine added) to afford 1.6 g of 29. 

1-[ 24 Bis( 4-chloropheny1)met hoxylet hyl1-3-piperidine- 
carbonitrile, monohydrochloride (30) was prepared from 40 
(2.6 g, 6.4 mmol) which was dissolved in pyridine (10 mL). POCb 
(2.0 g, 12.8 mmol) was added dropwise, the reaction stirred at 90 
OC for 90 min and then at 45 OC for 40 h and cooled, and ether 
(100 mL) added followed by solid NaHC03. The ether layer was 
separated, washed with water and saturated NaC1, and evaporated 
to afford 1.5 g of 30. 

1- [ 2-[ Bis(  4-chloropheny1)met hoxy let hyll-3-piper- 
idinemethanol, monohydrochloride (31) was prepared from 
39 (3.0 g, 6.87 mmol) dissolved in CHzClz (20 mL) and cooled to 
-70 OC. To this was added diisobutylaluminum hydride (20.62 
mL of a 1 M solution in hexane, 20.62 mmol) over 20 min. The 
reaction was allowed to warm to room temperature over 16 h, 
then diluted with CHzCl2 (100 mL) and 20 mL of 1.2 N NaOH, 
and shaken vigorously. The CHzCl2 layer wae separated, the 
aqueous layer extracted with CHzClz (2x), and the organic layers 
evaporated to afford an oil which was purified by chromatography 
(silica, 982; CHCl3-methanol) to afford 2.18 g of 31. 

1-[ 2 4  Bis (4-chloropheny1)met hoxylet hyll-2-pyrroli- 
dinone (35). To sodium hydride (0.55 g, 60% in oil, 13.75 mmol) 
in DMF (35 mL) was added 2-pyrrolidinone (0.85 g, 10 mmol) 
and the reaction stirred for 2 h followed by addition of bromo 
sidechain(3.15g, 1Ommol). After18hat4O0C,standardworkup 
gave 3.3 g of solid which was purified by chromatography (silica, 
l:l& ether-hexane) to afford 0.9 g of 35 (25% yield): 'H-NMR 
(CDC1,) 7.32-7.20 (m, 8H,  aromatic), 5.30 (s , l  H, CHPhZ), 3.68- 
3.45 (m, 6 H, NCHzCHzO, NCOCHz), 2.36 (t, 2 H, J = 7.90 Hz, 
pyrrolidinone C-4), 2.00 (m, 2 H, pyrrolidinone C-3). 
(S)-(+)-l-[2-[Bis(4-chlorophenyl)methoxy]ethyl]-3-pip- 

eridinecarboxylic acid, hydrochloride (36) was prepared from 
5 by resolution with (R)-(+)-cY-methylbenzylamine. The salt was 
formed in ethyl acetate followed by three recrystallizations from 
hexane-ethyl acetate and further treated with 25% aqueous HCl, 
and the HCl salt was recrystallized from ethyl acetate-acetone 
to afford 36: [ a ] ~  = +8.50 (c = 2.04, DMF); HPLC, >98% 
optically pure (glycoprotein column, 3% ethanol in 0.05 M 
phosphate buffer, 0.002 M DMOA, pH 7.0, 0.4 mL/min). 

(R)-(-)-l-[2-[Bis( 4-chlorophenyl)methoxy]ethyl]-3-pip- 
eridinecarboxylic acid, hydrochloride (37) was obtained from 
the filtrate from the first crystallization in the preparation of 36 
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OCHaCH2N), 3.25 (e, 2 H, piperidine C-2), 2.79 (t, 2 H, J = 5.84 
Hz, OCH2CH2N), 2.61 (t, 2 H, J = 5.65 Hz, pipertdine C-6), 2.34 
(bs, 2 H, piperidine C-5); IR (liquid fii) 2949,1715,1659,1615, 
1491, 1437, 1267, 1091 cm-l. 

Pharmacological Methods. Pharmacological methods have 
been previously described in detaiLM 

In Vitro GABA Uptake Inhibition. Rat hippocampal 
prism (0.1 mm cuboidal) were incubated for 15 min in the 
presence or absence of test compound. [SHIGABA was added 
and samples incubated for an additional 2 min before rapid 
filtration through Whatman GF/F fiitere. Samples were then 
washed with 5 mL of ice-chilled 0.9 % saline. Distilled water was 
added and samples were allowed to sit at least 60 min before 
b e i i  measured for radioactivity by scintillation counting. Blanks 

re treated in an identical manner but were left on ice throughout 

nonlinear curve-fitting routine to the logistic equation. 
Threshold Pentylenetetrazole Seizures in Mice. Pentyl- 

enetetrazole (85 mg/kg) was given subcutaneously and animals 
were observed for 30 min afterwards for the appearance of clonic 
convulsive seizures of the forelimbs.& The appearance of more 
than 3 sec of clonus was scored as a seizure. The number of mice 
with seizures was scored at a number of different doses of 44, and 
EDw was determined by probit 

Electroshock Seizures in Mice. Low-intensity electroshock 
(14 mA) was delivered via corneal electrodes, and the number of 
mice with tonic extensor seizures was Standard maximal 
electroshock seizures were produced in the same manner, but 
with a 50-mA stimulus.& 

Focal Seizures in Rats. Wire electrodes were implanted in 
the dorsal hippocampus of rata and stimulated (1-me biphasic 
pulses, 500 PA, 10 Hz for 10 8)  repeatedly in four separate day- 
long sessions. At least 1 week later, threshold electrical current 
for a focal afterdischarge was determined by incrementing 
stimulus current by 20%, starting at 40 PA. The test stimuli 
were 1-ms biphasic pulses, 60 Hz for 1 sec. Threshold was 
determined in three sequential trials before drug treatment. 
Following drug treatment, stimulation was given at  twice the 
mean predrug threshold. If no afterdischarge developed, an 
anticonvulsant effect was scored. 

Ataxia. Ataxia in mice was determined by the rotorod 
procedure.m Mice were placed on a 1-in. rod rotating at  6 
revolutions per minute. Failure to maintain balance in each of 
three 30-8 trials was scored as ataxia. Ataxia in rata was scored 
by observation of markedly abnormal posture or gait in three 
consecutive trials on a flat table top. 
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Y the incubation. ICW values were determined by an iterative 

(61) Litchfield, J. T.; Wilcoxin, F. A. Simplified Method of Evaluating 
DoeaEffect Experiments. J. Phrmacol. Exp. Ther. 1949,96,99-113. 

which was evaporated to a solid enriched in the (It)-(-) enan- 
tiomer. The residue was taken up in acetone and treated with 
ice-cold 25% aqueous HCl. The salt was removed by filtration 
and dissolved in 1 N NaOH and CHCls, and the pH was adjusted 
to 6.5 with saturated NaH2PO4. The organic layer was separated, 
evaporated, and redissolved in ethyl acetate, and 1 equiv of (S)- 
(-)-a-methylbenzylamine was added. The mixture was evapo- 
rated to dryness and the resulting salt recrystallized three times 
and converted to the HC1 salt as described for 36. The HCL salt 
was crystallized from ethyl acetate-acetone to obtain 37 HPLC 
(as for 36) showed 100% optical purity); [a]D = -8.71 (c = 2.06, 
DMF). 

1-[2-[ Bis(4-chlorophenyl)methoxy]ethyl]-3-piperidine- 
carboxylic acid, methyl ester, hydrochloride (38) was pre- 
pared from the free base of 5 using excess diazomethane in ether 
to afford 0.72 g (86% yield) of 38. 
l-[2-[Bis(4-chlorophenyl)methoxy]ethyl]-3-piperidine- 

carboxylic acid, ethyl ester (39): 'H-NMR (CDCls) 7.33-7.22 
(m, 8 H, aromatic), 5.32 (8, 1 H, CH2Ph2), 4.12 (q,2 H, J = 7.17 
Hz, C02CH2Me), 3.57 (t, 2 H, J = 5.98 Hz, CH20), 3.07-2.74 (m, 
2 H, pip C-2), 2.67 (t, 2 H, J = 5.98 Hz, CHzN), 2.62-1.38 (m, 7 
H, pip C-3,4,5,6), 1.23 (t, 3 H, J = 7.17 Hz, Me); IR (liquid fib) 
2941, 1730,1491, 1091, 1016 cm-l. 
l-[t[Bis(4-chlorophenyl)methoxy]ethyl]-3-piperidine- 

carboxamide, monohydrochloride (40) was prepared by 
dissolving 5 (21.56 g, 52.8 mmol) in THF and adding carbon- 
yldiimidazole (9.42 g, 58.1 mmol). The reaction was heated at  
reflux for 24 h and cooled slightly, and a stream of anhydrous 
ammonia was bubbled through the reaction for 5 min. The 
mixture was then heated at reflux for 16 h, ammonia again bubbled 
for 10 min, and heating continued for an additional 4 h. The 
solvent was evaporated and the oil dissolved in 250 mL of ether, 
washed with saturated NaHC03 and saturated sodium chloride, 
and purified by chromatography (silica, 5.50.50.1; e t h e r  
methanol-triethylamine) to yield 40. 

1- [ 2- [ Bis( 4-chloropheny1)met hoxy ]et hy 11-N-methyl-3-pi- 
peridinecarboxamide, hydrochloride (41) was prepared from 
39 (1.86 g, 4.27 mmol) dissolved in methanol (100 mL) and 
methylamine gas (10 g). The reaction vessel was sealed and heated 
at  60 OC for 18 h. Evaporation afforded an oil which was dissolved 
in ether, washed with water, evaporated, and purified by 
chromatography (silica, 982; ethermethanol) to give 41. 

1-[ 2-[Bis(4-chlorophenyl)methoxy]ethyl]-N,IV-dimethyl- 
3-piperidinecarboxylic acid, monohydrochloride (42) was 
prepared from 39 (2.18 g, 5 mmol) in 10 mL of toluene to which 
methylchloroaluminum NJV-dimethylamidea was added. The 
reaction was refluxed for 5 h, cooled, and quenched with 5% 
aqueous HC1. The organic layer was washed with water and 
saturated NaHCOa, concentrated, and purified by chromatog- 
raphy (silica, acetone) to obtain 0.70 g of 42 (32% yield). 

1-[ 2-[Bis( 4-chlorophenyl)methoxy]ethyl]- 1,&6,6-tetrahy- 
dro-3-pyridinecarboxylic acid, methyl ester (45): 'H-NMFt 
(CDCb) 7.33-7.19 (m, 8 H, aromatic), 7.00 (8,  1 H, CH=C), 5.33 
(8,  1 H, CHPhz), 3.73 (8,3 H, CO&Hs), 3.62 (t, 2 H, J = 5.85 Hz, 


