
2574 J. Med. Chem. 1994, 37, 2574-2582 

Spirovesamicols: Conformationally Restricted Analogs of 
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In an effort to develop selective inhibitors of vesicular acetylcholine storage, we have synthesized 
a series of semirigid vesamicol receptor ligands based on the structure of 2-(4-phenylpiperidino)-
cyclohexanol (vesamicol, AH5183, 1). In these compounds, the planes of the phenyl and 
piperidyl moieties of the parent ligand 1 are held at right angles by vinyl, ethylene, and 
propylene bridges to form N-substituted derivatives of spiro[indene-l,4'-piperidine], 2,3-
dihydrospiro[indene-l,4'-piperidine], and 3,4-dihydrospiro[naphthalene-l(2H),4'-piperidine], 
respectively. Preliminary evaluation of these compounds in electric organ synaptic vesicles 
revealed several potent vesamicol receptor ligands, such as l'-(2-hydroxy-l,2,3,4-tetrahy-
dronaphth-3-yl)spiro[lif-indene-l,4'-piperidine] ( l ib) and l'-(2-hydroxy-l,2,3,4-tetrahydronaphth-
3-yl)spiro[2-bromo-Iff-indene-l,4'-piperidine] (14), which display subnanomolar affinity for this 
receptor. In general, the vinyl and ethylene bridges yielded the most potent analogs while the 
propylene-bridged analogs were among the least potent compounds. The increased rigidity of 
these spiro-fused compounds, relative to the corresponding simple 4-phenylpiperidine deriva
tives of vesamicol, is expected to confer greater selectivity for the vesamicol receptor. 

Introduction 
The synthesis of acetylcholine (ACh) takes place in 

the cytoplasm of cholinergic nerve terminals, and the 
neurotransmitter is subsequently stored in special or
ganelles called synaptic vesicles. In response to a 
stimulus, these vesicles fuse with the presynaptic 
membrane and release their contents into the synapse. 
Neurotransmitter is characteristically released in dis
crete amounts or quanta. Therefore, the synaptic 
vesicle largely defines the unit of ACh release. The 
release of neurotransmitter is in turn inextricably linked 
to its storage. Consequently, inhibition of ACh storage 
provides a useful means of modulating the release of 
ACh and thereby modulating cholinergic function. The 
lipophilic amino alcohol 2-(4-phenylpiperidino)cyclohex-
anol (1, vesamicol, AH5183) induces respiratory paraly
sis, spasms, and death in laboratory animals.1'2 The 
pharmacological activity of vesamicol is attributed to 
its ability to block cholinergic neurotransmission.3 The 
latter process is accomplished by the binding of ves
amicol to a unique site, the vesamicol receptor (VE), on 
the cholinergic synaptic vesicle.4 The VR is functionally 
linked to the vesicular ACh transporter,5 a protein 
complex which transports ACh from the cytoplasm into 
the vesicle. Occupancy of the VR by vesamicol or related 
compounds blocks the storage and subsequent release 
of ACh, thereby effectively shutting down cholinergic 
neurotransmission (for review, see refs 6—8). Moreover, 
vesamicol selectively inhibits the storage and release 
of ACh without affecting the synthesis of this neuro-
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transmitter. The foregoing observations suggest that 
selective blockade of the VR may provide a means of 
modulating cholinergic function in animals. 

In spite of its potency as an anticholinergic, vesamicol 
exhibits a-adrenoceptor and local anesthetic activity at 
higher doses.3,9'10 The poor selectivity of this compound 
limits its use as a selective anticholinergic. Conse
quently, a number of investigators, including us, have 
attempted to develop more potent and selective ligands 
for the VR. Previous studies by Rogers et a l . n have 
shown that l a is the essential fragment for molecular 
recognition at the VR. In addition, these authors 
showed that potent VR ligands such as 2 and 3 could 
be obtained by substitution at the C4-carbon of vesami
col and by ring fusion on the cyclohexyl fragment of 
vesamicol, respectively. In a subsequent study, Efange 
et al.12 reported the synthesis of flexible vesamicol 
analogs represented by 4. Although this compound 
lacks the cyclohexyl moiety found in vesamicol, the 
former was nevertheless found to be equipotent with 
vesamicol. The latter observation was attributed to the 
ability of this flexible analog to adopt a conformation 
similar to that found in the benzo-fused analog 3a,b. 
Further exploration of the structure—activity relation
ships of VR ligands yielded trozamicol, 5a,13 the parent 
structure for a new class of vesamicol receptor ligands. 
Although trozamicol itself is a poor ligand for the VR, 
N-benzylation of trozamicol yields potent ligands such 
as 6.13 In our attempts to expand knowledge of the 
structure—activity relationships at this receptor, we 
disclose yet another approach to the development of 
potent VR ligands for modulating presynaptic cholin
ergic function. 

In a previous study, Rogers et al.11 found that 2-(4-
phenylpiperazinyl)cyclohexanol (7a) was 8-fold less ac
tive than vesamicol. In contrast, the o-methyl-substi-
tuted piperazine 7b was almost equipotent with 1. 
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Figure 1. Vesamicol and analogs. 
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Earlier semiempirical quantum mechanical studies14 

suggest that in the minimum energy conformation of 
1, the plane of fragment B is oriented 45° relative to 
fragment C. In addition, the barrier to rotation around 
C4'—Cl" is approximately 1 kcal/mol. To a first ap
proximation, the rotational barrier about N4'—Cl" (7a) 
would be of similar magnitude. In contrast to 1, where 
steric interactions between the hydrogen atoms at C3' 
and C2" and C5' and C6" predominate, the extension 
of the Ji system into fragment B may favor coplanarity 
between fragments B and C of 7a. However, the 
introduction of the o-methyl group into 7a to form 7b 
is expected, in a manner similar to that observed earlier 
for closely related compounds,14 to significantly increase 
this barrier and thereby lock the phenyl and piperazyl 
moieties in an orthogonal orientation. On the basis of 
this analysis, and the comparable affinities of 1 and 7b, 
we surmised that the orthogonal orientation of the 
phenyl and piperazyl (or piperidyl) moieties was pre
ferred for binding at the VR. Consequently, we proposed 
that conformationally restricted vesamicol analogs which 
maintain orthogonality between the phenyl and piper-
idyl fragments would exhibit high affinity for this 
receptor. To test this hypothesis, we developed three 
classes of conformationally restricted vesamicol analogs 
based on the spiro-fused piperidines 8-10. In these 
structures, rotation of the phenyl moiety relative to the 
piperidyl fragment is restricted by a vinyl, ethylene, or 
propylene bridge. The present report describes the 
synthesis and affinities of these novel VR ligands which 
henceforth shall be referred to as spirovesamicols. 

Chemistry 

The target compounds were synthesized as outlined 
in Schemes 1 and 2. The synthesis of the spiro-fused 
bases 8—10 was reported earlier.15-17 Similar methods 
were utilized to produce the brominated spiro-fused 
indenes 14—17 in variable yields. Although two iso
meric spiro-fused bases could potentially be obtained 
from 4-bromoindene, only 27 was recovered as the major 
product. Formation of the other regioisomer is expected 
to be hindered by unfavorable steric interactions be
tween the incoming electrophile and the bromine atom. 

6 11a or 12a or 13a 

,OH 

1Br 

b, a or b,c 
116orl2borl3ij 

11 

Series a: X = -CHCH-
Series b: X = -(CH2J2-
Series c: X = -(CH2J3-

22 21 
22 

a (a) Spiro-fused piperidine, EtOH, Et3N, reflux; (b) aqueous 
NaOH, CHCl3, reflux; (c) Et3Al, CH2Cl2; (d) di-tert-butyl dicar-
bonate; (e) AT-bromosuccinimide, THF, H2O; (f) HCKg), EtOAc. 

The absence of similar interactions in 5-bromoindene 
led to the formation a 50:50 mixture of 29 and 30. The 
reaction of cyclohexene oxide with the spiro-fused bases 
8—10 yielded the corresponding amino alcohols 11a, 
12a, and 13a, respectively. The yields ranged from 55% 
to 80%. For the synthesis of the benzo-fused compounds 
l i b , 12b, 13b, and 14-17, the bromohydrin 18, ob
tained from the reaction of 1,4-dihydronaphthalene with 
NBS in aqueous THF, was used as a stable source of 
1,4-dihydronaphthalene oxide. Treatment of 18 with 
base followed by reaction of the resulting epoxide with 
8—10,25, and 27 yielded the target amino alcohols l ib , 
12b, 13b, 14, and 15, respectively. Similarly, deprotec-
tion of the equimolar mixture of 29 and 30 and subse
quent reaction of the resulting secondary amines with 
1,4-dihydronaphthalene oxide provided a 50:50 mixture 
of 16 and 17. The latter were separated by chromatog
raphy on silica gel. The assignment of structure for 
these two regioisomers was based on splitting patterns 
and chemical shifts obtained from 1H NMR. For com
pound 17, the following signals were identified for the 
indenyl fragment: a doublet (C7-H) at <5 7.27, a doublet 
of doublets (C6-H) at d 7.36, and a doublet (C4-H) at d 
7.48. In contrast, the following signals were recorded 
for the indenyl fragment of 16: a doublet (C4-H) at d 
7.18, a doublet of doublets (C5-H) at d 7.38, and a 
doublet (C7-H) at d 7.53. In compound 17, these 
chemical shifts span a range of 0.21 ppm, consistent 
with a similar value reported for 5-bromoindene. In 
contrast, the difference in chemical shifts calculated for 
16 is 0.35 ppm. A similar difference in the range of 
chemical shifts for these protons has already been 
reported for 5-iodoindene (A<5 = 0.8 ppm) and 6-iodo-
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Scheme 2. Synthesis of Brominated Spirovesamicols" 
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(c) 1,4-dihydronaphthalene oxide, EtOH, Et3N, reflux; (d) 1,4-
dihydronaphthalene oxide, Et3Al, CH2Cl2. 

indene (Ad = 1.2 ppm).18 The target compounds U c -
f, 12c-f, and 13c-f were synthesized from the key 
intermediates 21a-c , respectively. The synthesis of the 
latter (Scheme 1) followed a sequence earlier described 
for 5a.12 In that study, it was found that epoxidation 
of iV-benzoyl-l,2,3,6-tetrahydropyridine and subsequent 
reaction of the resulting epoxide with 4-phenylpiperi-
dine yields a 50:50 mixture of regioisomeric amino 
alcohols. Subsequent removal of the benzoyl group with 
refluxing 6 N HCl yielded 5a,b. To facilitate deprotec-
tion, the tert-butoxycarbonyl (t-BOC) group was utilized 
in the present study. Surprisingly, this substitution led 
to a significant change in the regioisomer ratio, from 
50:50 to approximately 2-3:1 in favor of 20a-c . In a 
previous study,13 we showed that potent VR ligands are 
derived only from 5a. Thus, the change from a benzoyl 
to a t-BOC protecting group also results in a significant 
improvement of the synthetic sequence. Since the 
epoxide and the iV^-BOC moiety are hot linked directly, 
we attribute the effect of the latter group on the 
regioisomer ratio to a transannular interaction between 
these two groups. Such an interaction would favor 
attack of the epoxide by an incoming nucleophile at the 
C3 position of the piperidine ring. 

Results and Discussion 

The structure of vesamicol may be divided into three 
major fragments: cyclohexyl (fragment A), piperidyl 
(fragment B), and phenyl (fragment C). In addition, 
the molecule is characterized by a long axis, 
C 4 " - C 1 " - C 4 ' - N 1 ' - C 2 - C 5 , which divides the struc
ture into two faces designated a and /3. In their original 
investigation, Rogers et al.11 carried out extensive 
modification of all three fragments with varying results. 
In reviewing these data, we were intrigued by the 
observation that 2-(4-phenylpiperazinyl)cyclohexanol 
(7a) was eight-fold less active than vesamicol while the 
o-methyl-substituted piperazine 7b was practically equi-
potent with 1. On the basis of this observation and our 

Efange et al. 

Table 1. Inhibitory Potency of Spirovesamicols 
compound 

(-)-l 
(-)-8b 
3a 
(+)-6a 
(+)-6b 
(+)-6c 
11a 
l ib 
l i e 
Hd 
He 
Hf 
12a 
12b 

KHnM) 

1.0 ± 0.5° 
0.0065 ± 0.0005" 
0.055 ± 0.010 
0.147 ± 0.029 
0.063 ± 0.013 
0.050 ± 0.013 
6.93 ± 2.05 
0.121 ±0.032 
0.798 ± 0.187 
0.264 ± 0.078 
0.762 ± 0.398 
0.248 ± 0.025 
7.59 ± 0.99 
0.36 ± 0.15 

° Data from ref 19. 

compound 

12c 
12d 
12e 
12f 
13a 
13b 
13c 
13d 
13e 
13f 
14 
15 
16 
17 

JCHnM) 

0.98 ± 0.28 
0.66 ±0.19 
0.80 ± 0.26 
0.36 ± 0.10 

24.25 ± 5.71 
18.36 ± 14.03 
5.80 ± 1.08 
0.856 ± 0.211 
0.638 ± 0.089 
2.638 ± 0.692 
0.41 ± 0.079 
0.212 ± 0.063 
1.40 ± 0.30 
0.271 ± 0.056 

subsequent analysis of the conformational requirements 
for binding at the VR (vide supra), we proposed that 
conformationally restricted vesamicol analogs in which 
fragment B is held orthogonal to fragment C would 
exhibit high affinity for the VR. To test this hypothesis, 
analogs of the spiro-fused bases 8 -10 were synthesized 
and tested in vitro for binding at the VR. 

Support for our hypothesis is clearly evident in Table 
1. With the exception of compounds 11a, 12a, and 13a-
c, all spirovesamicols examined display low nanomolar 
to subnanomolar affinity for the VR. The success of the 
conformational restriction approach is also evident when 
the affinities of these novel compounds are compared 
to those of known VR ligands. For example, the indene 
(±)-l la is 6-fold less potent than (—)-l, while the benzo-
fused analog H b is only slightly less potent than 3a. 
Since the steric requirements of the vinyl bridge would 
be minimal, these results support the view that the 
preferred orientation of fragment B relative to C at the 
VR is orthogonal. For the cyclohexyl-substituted ana
logs, reduction of the vinyl bridge has no efffect on the 
affinity ( H a vs 12a). However, a noticeable reduction 
in affinity is obtained by increasing the length of the 
bridge from two to three carbons, resulting in a rank 
order of potency of H a > 12a > 13a. A slightly different 
rank order is obtained for the benzo-fused analogs where 
l i b > 12b » 13b. Although the ethylene bridge is 
slightly more flexible than the vinyl bridge, the steric 
requirements of these two fragments are similar. There
fore, it would be reasonable to attribute the diminution 
in affinity following the reduction of the double bond to 
the loss of the extended it system. However, the absence 
of a similar trend among the cyclohexyl-substituted (Ha 
and 12a) and halobenzyl analogs (series c-f) provides 
little support for this view. Since the flexibility and 
steric demands of the core structure increase with the 
introduction of a propylene bridge, the reduced affinity 
of the propylene-bridged compounds (13a,b) relative to 
the corresponding ethylene-bridged analogs (12a,b) may 
be partly attributed to these factors. However, the high 
affinity of compound 14 suggests a more complex 
picture. Since the presence of the bromine atom in 
compound 14 adds to the steric bulk of the vinyl bridge, 
the higher affinity of this compound relative to 13b also 
suggests that receptor site topography is an important 
factor. In this connection, it is worth noting that an 
overlay of the minimum energy structures of compounds 
1, H b , and 13b reveals that the introduction of the 
propylene bridge causes a significant displacement of 
the phenyl ring from its original position in 1. More-
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Figure 2. Spirovesamicols. 

over, 13b is dist inguished from l i b in t h a t the middle 
carbon a tom of t h e propylene bridge is out of the p lane 
of fragment C. These al terat ions in the shape of the 
core structure may also be responsible for the differences 
observed. The introduction of a bromine a tom a t the 
C3" , C4", and C 5 " positions of l i b also yielded high-
affinity VR ligands. Compound 15 is equipotent with 
17, and both compounds are approximately half as 
potent as l i b . However, 16 is approximately 12-fold 
less potent t h a n l i b , suggesting a less t h a n favorable 
interaction between the receptor and subst i tuents a t the 
C 5 " position of l i b . The introduction of a chlorine atom 
into the C4" position of vesamicol resul ts in a 2-fold 
reduction in affinity for the VR (vide supra). Since the 
bromine atom in 17 occupies a position corresponding 
to the C4" position of vesamicol, the comparable affinity 
of 17 and l i b suggests a similar mode of interaction 
for spirovesamicols and simple vesamicol analogs with 
the VR. On the basis of the la t ter conclusion, spirove
samicols may be regarded as constrained C2",C4'-
disubst i tu ted vesamicol analogs. The la t te r view is 
supported by the affinities of the halobenzyl analogs 
lie—f, 12c—f, and 13c—f. These compounds were 
synthesized in an effort to combine previous modifica
tions1 3 of fragment A with the conformational restriction 
of fragments B and C. Although the affinities of 
compounds 12c—f a re 2—5 t imes lower t h a n those of 
( + ) - 6 a - c , the corresponding analogs of 5a, these spiro
vesamicols are nevertheless potent l igands for the VR, 
displaying dissociation constants a t or below 1 nM. 
With the exception of series e, the r ank order of potency 

for a given subst i tut ion pa t t e rn (e.g., o-iodobenzyl) is 
generally vinyl = ethylene > propylene. Fur thermore , 
the dissociation constants of all propylene-bridged halo-
benzyl analogs except 13d,e were above 1 nM. Al
though compounds l l c - f , 12c - f , and 1 3 c - f represent 
s imultaneous modification of fragments A - C , the simi
lari ty between the r a n k order of potency observed for 
these compounds and the cyclohexyl and tetrahydronaph-
thyl analogs (vide supra) is consistent with the view tha t 
the role of the bridge (vinyl, ethylene, propylene) is 
largely to restr ict fragments B and C in energetically 
favored orientations. In spite of the anomalous behavior 
of compounds 13d,e, it is clear t ha t while conforma
tional restriction does yield potent VR ligands, the 
optimal length of the bridge is two carbons. Since 
conformational restriction has also been used as a 
s t rategy for increasing selectivity, it is expected t h a t 
these compounds will be more selective t h a n 1 or 
previously reported flexible analogs (e.g., 4). Accord
ingly, studies have been ini t iated to investigate the 
selectivity of these and previously reported vesamicol 
analogs. 

E x p e r i m e n t a l S e c t i o n 

General Section. Synthetic intermediates were purchased 
from Aldrich, Inc. (Milwaukee, WI) and used as received. 
Solvents were distilled immediately prior to use. Com
mercially available reagents were used without subsequent 
purification. 

All air-sensitive reactions were carried out under nitrogen. 
Standard handling techniques for air-sensitive materials were 
employed throughout this study. Melting points were deter
mined on a Mel-Temp melting point apparatus and are 
uncorrected. The specific rotation was determined on an 
automatic polarimeter (Autopol III; Rudolph Research, Flanders, 
NJ). 1H NMR spectra were recorded on an IBM-Brucker 
spectrometer at 200 MHz. NMR spectra are referenced to the 
deuterium lock frequency of the spectrometer. Under these 
conditions, the chemical shifts (in ppm) of residual solvent in 
the 1H NMR spectra were found to be as follows: CHCl3, 7.26; 
DMSO, 2.56; HOD, 4.81. The following abbreviations are used 
to describe peak patterns when appropriate: br = broad, s = 
singlet, d = doublet, t = triplet, q = quartet, m = multiplet. 
Both low- and high-resolution MS were performed on an AEI 
MS-30 instrument. Elemental analyses were performed by 
Atlantic Microlab, Inc., Norcross, GA. Unless otherwise 
indicated, these values are within ±0.4% of the theoretical. 

Column chromatography was performed using Baker Ana
lyzed silica gel (60—200 mesh). Preparative chromatography 
was performed on either a Harrison Research chromatotron 
using Merck 60 PF254 silica gel or a preparative HPLC column 
(Rainin Instrument Co.) using a 41.1 mm i.d. Dynamax silica 
gel column (at a solvent delivery rate of 80 mL/min). Enan
tiomeric purity was determined by HPLC with a Chiralcel OD 
column (isopropyl alcohobhexane, 10:90; flow rate 2—4 mL/ 
min). The isopropyl alcohol used for HPLC contained 1% Et3N. 
Analytical TLC was performed on Analtech glass TLC plates 
coated with silica gel GHLF, and the plates were visualized 
with UV light and/or methanolic iodine. All target compounds 
were checked for purity by HPLC (silica gel, 10—20% isopropyl 
alcohol-hexanes, trace Et3N). 

Procedure A. l'-(2-Hydroxycylohex-l-yl)spiro[lH-in-
dene-l,4'-piperidine] Hydrochloride (Ha). Spiro[Lff-in-
dene-l,4'-piperidine] hydrochloride was prepared by the method 
described earlier by Evans et al.15 A mixture of commercially 
available cyclohexene oxide (0.22 g, 2.24 mmol) and spiro[lff-
indene-l,4'-piperidine] hydrochloride in EtOH (20 mL) and 
triethylamine (5 mL) was refluxed for 21 h, cooled to room 
temperature, and concentrated in vacuo. The residue was 
dissolved in a minimum volume of CH2CI2, and the solution 
was applied onto a short column of silica gel which was 
subsequently eluted with acetone(20):hexanes(79):Et3N(l). The 
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eluent was concentrated in vacuo to yield a dark red syrup 
(0.35 g, 55%) which was judged by TLC to be greater than 95% 
pure. The syrup was dissolved in MeOH and cooled in an ice 
bath. Dry HCl gas was then bubbled through this solution, 
thereby converting the free base to the corresponding hydro
chloride. The solvent was removed in vacuo to yield a solid 
which was recrystallized from isopropyl alcohol to provide a 
light tan solid: mp 280-283 0C; 1H NMR (CDCl3) d 1.20-2.29 
(m, 12, piperidyl, cyclohexyl), 2.74 (d, 2, piperidyl a-H, J = 
5.6 Hz), 2.95 (d, 2, piperidyl), 3.45 (m, 1, cyclohexyl CH2-
CiJNCHOH), 3.70 (m, 1, cyclohexyl CH2CHNCiZOH), 6.72 (d, 
1, indenyl C2-H, J = 5.7 Hz), 6.82 (1, d, indenyl C3-H, J = 5.7 
Hz), 7.16-7.39 (m, 5, aryl). Anal. (Ci9H26NO-HCl) 

Procedure B. r-(2-Hydroxy-l,2,3,4-tetrahydronaphth-
3-yl)spiro[lff-indene-l,4'-piperidine] Hydrochloride (lib). 
Abiphasic mixture of the bromohydrin (1.14 g, 5.0 mmol) in 2 
M aqueous NaOH (100 mL) and CHCl3 (100 mL) was refluxed 
for 2.5 h. TLC (silica gel, 50% hexane-CH2Cl2) confirmed that 
formation of the epoxide was complete. The mixture was 
cooled to room temperature, and the two layers were sepa
rated. The aqueous phase was re-extracted with CHCl3 (2 x 
30 mL) and discarded. The organic extracts were combined, 
dried over anhydrous Na2SOi, and concentrated under reduced 
pressure to yield the crude epoxide as a pale yellow syrup 
which was redissolved in EtOH (30 mL) and Et3N (2 mL). 
Spiro[lff-indene-l,4'-piperidine] hydrochloride (1.11 g, 5.0 
mmol) was added to this solution, and the resulting mixture 
was refluxed overnight. After 17 h, heating was stopped. The 
mixture was cooled to room temperature and concentrated to 
a residue in vacuo. The residue was dissolved in CH2Cl2 (50 
mL), and the solution was washed with saturated aqueous 
NaHCO3 (30 mL). The aqueous extract was washed with CH2-
Cl2 (30 mL) and discarded. The organic extracts were com
bined, dried over anhydrous Na2S04, and concentrated to a 
residue. The latter was dissolved in a minimum volume of 
CH2Cl2 and applied to a short column of silica gel which was 
subsequently eluted with 25% acetone-hexane. Concentration 
of the eluent yielded the product (0.91 g, 55%) as a brown 
syrup. The latter was estimated by TLC (silica gel, acetone-
(25):hexane(74):Et3N(l)) to be greater than 97% pure. The 
corresponding hydrochloride was prepared in MeOH as out
lined for (Ha) above and recrystallized from isopropyl alco
hol: mp 254-257 0C; 1H NMR (CDCl3) d 1.46 (d, 2, piperidyl 
yS-Heq, J = 12.8 Hz), 2.17 (m, 2, piperidyl /S-Ha*), 2.86-3.49 
(m, 8, tetrahydronaphthyl Cl-H, C3-H, C4-H, piperidyl U-H8x-
>eq), 3.93-4.20 (m, 3, piperidyl a-H*,, CiTOH), 6.79 (d, 1, indenyl 
C2-H, J = 5.6 Hz), 6.90 (d, 1, indenyl C3-H, J = 5.7 Hz), 7.03-
7.42 (m, 8, aryl). 

Procedure C. Preparation of l'-[l-(Butoxycarbonyl)-
3-hydroxypiperidin-4-yl] spiro [ Iff-indene-1,4'-piperi-
dine] (19a) and l'-[l-(Butoxycarbonyl)-4-hydroxypiper-
idin-3-yl]spiro[lff-indene-l,4'-piperidine] (20a). A solution 
of 1,2,3,6-tetrahydropyridine in CH2Cl2 (10 mL) was added to 
a stirring solution of di-ie/t-butyl dicarbonate in CH2Cl2 (40 
mL). The resulting mixture was treated with Et3N (1 mL) and 
stirred overnight. After 30 h, the reaction mixture was 
concentrated to provide a clear colorless liquid which was 
redissolved in THF (100 mL). To this solution were added 
iV-bromosuccinimide (4.45 g, 25.0 mmol) and water (25 mL). 
The resulting biphasic mixture was stirred at room tempera
ture for 23 h, diluted with water (40 mL), and extracted with 
CH2Cl2 (2 x 50 mL). The combined organic extracts were dried 
over anhydrous Na2SO4 and concentrated under reduced 
pressure to a syrup. The latter was triturated with hot hexane 
and cooled to cause precipitation of succinimide. The precipi
tate was removed by filtration and discarded. The filtrate was 
concentrated to provide a mixture of the isomeric bromohy-
drins as a yellow syrup (6.8 g, 98%). A fraction of this syrup 
(3.64 g, 13.0 mmol) was refluxed for 2 h in a biphasic mixture 
OfCHCl3 (100 mL) and 2.5 M aqueous NaOH (100 mL). The 
mixture was allowed to cool to room temperature, and the 
layers were separated. The aqueous layer was re-extracted 
with CHCl3 (2 x 30 mL) and discarded. The combined organic 
extracts were dried over anhydrous Na2SO4 and concentrated 
to yield iV-(fert-butoxycarbonyl)-l,2,3,6-tetrahydropyridine ox
ide (2.72 g) as an orange liquid. A mixture of the crude epoxide 

(2.72 g) and 8 (2.22 g, 10.0 mmol) in EtOH (60 mL) and Et3N 
(15 mL) was refluxed for 24 h, cooled, and concentrated to a 
residue. The latter was partitioned between CH2Cl2 (50 mL) 
and water (40 mL). Following separation of the layers, the 
aqueous phase was re-extracted with CH2Cl2 (50 mL). The 
organic extracts were combined, dried over anhydrous Na2-
SOj, concentrated to a minimum volume, and passed through 
a short column of silica gel (eluting with acetone(20):hexane-
(79):Et3N(l)). Concentration of the eluent provided a red syrup 
which was subjected to preparative HPLC (5:94:1 J-PrOH: 
hexane:Et3N; flow rate 80 mIVmin). Concentration of the more 
mobile fraction yielded 19a (0.61 g, 16%) as a syrup: 1H NMR 
(CDCl3) 6 1.45 (br s, 9, (CH3)-C), 1.70-1.90 (m, 2, piperidyl), 
2.01 (td, 1, piperidyl), 2.11-2.28 (m, 2, piperidyl), 2.38-2.70 
(m, 2, piperidyl), 2.76-3.00 (m, 3, piperidyl), 3.47 (m, 1, 
piperidyl), 3.67 (m, 1, piperidyl), 3.91-3.40 (m, 2, piperidyl), 
4.15 (m, 1, N-Cff-CHOH), 4.28 (br s, 1, ffC-OH), 4.45 (br s, 1, 
OH), 6.74 (d, 1, J = 6 Hz, Ph-CH=Cff), 6.80 (d, 1, J = 6 Hz, 
Ph-Cff=CH), 7.20-7.39 (m, 4, phenyl). The less mobile 
fraction, 20a (1.90 g, 49%), was obtained as the major 
component: 1H NMR (CDCl3) 6 1.52 (m, 11, (CHs)3-C, piper
idyl), 1.99-2.35 (m, 4, piperidyl), 2.40 (td, 1, piperidyl), 2.61 
(td, 1, piperidyl), 2.72-2.82 (m, 3, piperidyl), 2.92 (m, 1, 
piperidyl), 3.07 (m, 2, piperidyl), 3.63 (m, 1, N-Cff-CHOH), 4.13 
(br s, 1, ffC-OH), 4.38 (br s, 1, OH), 6.74-6.80 (complex dd, 
2H, indyl), 7.18-7.41 (m, 4, phenyl). Anal. (C23H32N2O3) C, 
H, N. 

Resolution of 20a. Racemic 20a was resolved on a 
Chiralcel OD column (20% i-PrOH-hexane) to yield 0.8 g of 
(+)-20a and 0.8 g of (-)-20a (64% recovery). (+)-20a: retention 
time, 14.6 min; [ a b = +38.72° (c = 0.02, MeOH). (-)-20a: 
retention time, 20.3 min; [a]D = -38.95° (c = 0.02, MeOH). 

(+)-l'-(4-Hydroxypiperidin-3-yl)spiro[lff-indene-l,4'-
piperidine] Dihydrochloride ((+)-21a) and (-)-l'-(4-Hy-
droxypiperidin-3-yl)spiro[lff-indene-l,4'-piperidine] Di
hydrochloride ((-)-21a). Solutions of (+)- and (-)-20a in 
EtOAC (20 mL) were cooled down to 0 0C. Dry HCl gas was 
bubbled through these solutions for 30 min with stirring. The 
stirring was continued for an additional 30 min at 0 0C. The 
solutions were concentrated under reduced pressure to yield 
(+)-21a (0.62 g, 84%) and (-)-21a (0.69 g, 93%), respectively: 
mp 279-282 0C. 

Procedure D. l'-[4-Hydroxy-l-(2-iodobenzyl)piperi-
din-3-y 1]spiro[Lff-indene-1,4-piperidine] Dihydrochlo
ride (lie). A mixture of sodium bicarbonate (0.42 g, 5.0 
mmol), 2-iodobenzyl chloride (0.23 g, 0.92 mmol), and l'-(4-
hydroxypiperidin-3-yl)spiro[lff-indene-l,4'-piperidine] dihy
drochloride (0.30 g, 0.84 mmol) in EtOH (13 mL) and water (6 
mL) was refluxed for 23 h. The resulting mixture was cooled 
and concentrated under reduced pressure. The residue was 
partitioned between CH2Cl2 (30 mL) and water (25 mL). After 
separation of the layers, the aqueous layer was re-extracted 
with CH2Cl2 (2 x 30 mL) and discarded. The combined organic 
layers were dried over anhydrous Na2SO4 and concentrated 
to a residue which was purified by radial flow chromatography 
on silica gel (13:86:1 acetone:hexane:triethylamine) to yield 
0.13 g (31%) of the free base as a pale yellow syrup. The latter 
was converted to the corresponding hydrochloride in methanol 
as described above and recrystallized from i-PrOH to give a 
white solid, mp 242-245 0C. The yield was increased to 71% 
when procedure E was used: 1H NMR (CDCl3) d 1.36 (d, 2, 
piperidyl), 1.66 (dt, 1, piperidyl), 2.04-2.27 (m, 5, piperidyl), 
2.57 (t, 1, piperidyl), 2.64 (dt, 1, piperidyl), 2.70-3.52 (m, 5, 
piperidyl), 3.57-3.62 (m, 3, benzyl, piperidyl), 3.80 (br s, 1, 
OH), 6.73 (d, J = 6 Hz, 1, Ph-CH=Ci/), 6.80 (d, J = 6 Hz, 1, 
Ph-Cff=CH), 6.96 (t, J = 9 Hz, 1, iodophenyl), 7.21-7.44 (m, 
6 H, iodophenyl, phenyl), 7.84 (d, 1, J — 6 Hz, iodophenyl). 

Procedure E. l'-[4-Hydroxy-l-(3-iodobenzyl)piperi-
din-3-yl]spiro[LH-indene-l,4'-piperidine] Dihydrochlo
ride (Hd). A mixture of 21b (0.30 g, 0.84 mmol), 3-iodobenzyl 
bromide (0.25 g, 0.84 mmol), and K2CO3 (0.4 g, 2.89 mmol) 
was stirred in DMF (20 mL) at room temperature for 18 h. 
The reaction mixture was diluted with CH2Cl2 (50 mL), 
filtered, and diluted with H2O (100 mL), the organic layer was 
separated, and the aqueous layer was re-extracted with CH2-
Cl2 (50 mL). The combined organic extracts were dried over 
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Na2SO4 and concentrated under reduced pressure to obtain a 
liquid residue. The residue was purified by passing through 
a short silica gel column (33% acetone-hexane). The eluent 
was concentrated under reduced pressure to obtain a yellow 
syrup (0.29 g, 71%). The free base was converted to the 
dihydrochloride using methanolic HCl: mp 226-228 °C; 1H 
NMR (CDCl3) <5 1.35 (d, 2, piperidyl), 1.64 (dt, 1, piperidyl), 
1.93-2.25 (m, 5, piperidyl), 2.54 (t, 1, piperidyl), 2.66 (dt, 1, 
piperidyl), 2.79-3.10 (m, 5, piperidyl), 3.40-3.56 (m, 3, benzyl, 
piperidyl), 3.80 (br s, 1, OH), 6.72 (d, J = 6 Hz, 1, Ph-CH=CiJ), 
6.80 (d, J = 6 Hz, 1, Ph-CiJ=CH), 7.06 (t, J = 9 Hz, 1, 
iodophenyl), 7.20-7.36 (m, 5, iodophenyl, phenyl), 7.58 (d, 1, 
iodophenyl), 7.69 (s, 1, iodophenyl). 

l'-[4-Hydroxy-l-(4-iodobenzyl)piperidin-3-yl]spiro[lH-
indene-l,4'-piperidine] Dihydrochloride ( l ie) . Procedure 
E: yield, 52%; mp (ether-isopropyl alcohol) 243-245 0C; 1H 
NMR (CDCl3) d 1.35 (d, 2, piperidyl), 1.62 (dt, 1, piperidyl), 
1.92-2.30 (m, 5, piperidyl), 2.56 (m, 2, piperidyl), 2.86-3.07 
(m, 5, piperidyl), 3.40-3.57 (m, 3, benzyl, piperidyl), 3.81 (br 
s, 1, OH), 6.72 (d, 1, J = 6 Hz, Ph-CH=CiT), 6.79 (d, 1, J = 6 
Hz, Ph-CiJ=CH), 7.07 (d, 2, J = 8 Hz, iodophenyl), 7.17-7.36 
(m, 4, phenyl), 7.64 (d, 2, J = 8 Hz, iodophenyl). 

1'- [4-Hy droxy-1 - (2-fluorobenzyl)piperidin-3-yl] spiro-
[lif-indene-l,4'-piperidine] Dihydrochloride (Uf). Pro
cedure E: yield, 66%; mp (acetone) 126-128 0 C; 1H NMR 
(CDCl3) d 1.36 (d, 2, piperidyl), 1.64 (dt, 1, piperidyl), 1.94-
2.16 (m, 6, piperidyl), 2.62 (t, 1, piperidyl), 2.79-3.13 (m, 5, 
piperidyl), 3.40-3.56 (m, 3, benzyl, piperidyl), 3.80 (br s, 1, 
OH), 6.75 (d, J = 6 Hz, 1, Ph-CH=CiJ), 6.78 (d, J = 6 Hz, 1, 
Ph-CiJ=CH), 7.01 (t, J = 8 Hz, 2, fluorophenyl), 7.18-7.36 
(m, 6, fluorophenyl, phenyl). 

l'-Benzyl-2,3-Dihydrospiro[indene-l,4'-piperidine] (31). 
4-(2-Phenylethyl)pyridine (8.5 g, 46 mmol) and benzyl chloride 
(11.64 g, 92 mmol) were refluxed in acetone for 48 h. The 
precipitated l-benzyl-4-(2-phenylethyl)pyridinium chloride was 
filtered, washed with acetone, and dried in vacuo at 50 0C to 
obtain 9.35 g (65%) off the white solid. l-Benzyl-4-(2-phenyl-
ethyDpyridinium chloride (9.0 g, 29.0 mmol) was suspended 
in MeOH (100 mL) and cooled to 0 0C in an ice bath. NaBH4 
(4.73 g, 207.2 mmol) was added portionwise with vigorous 
stirring over 40 min. After cooling and stirring for an 
additional 1 h, the reaction mixture was concentrated under 
reduced pressure and partitioned between H2O (50 mL) and 
CH2CI (50 mL). The layers were separated, and the aqueous 
phase was re-extracted with CH2CI2 (50 mL). The combined 
CH2CI2 extracts were dried over Na2S04 and concentrated 
under reduced pressure to provide 7.1g (91%) of l-benzyl-4-
(2-phenylethyl)-l,2,3,6-tetrahydropyridine as a pale yellow 
oil: 1H NMR (CDCl3) 6 2.14 (br s, 2, N-CH2-CiJ2-CH=), 2.27 
(t, 2, J = 8 Hz, N-CiJ2-CH2), 2.57 (t, 2, J = 6 Hz, Ph-CiJ2-
CH2), 2.73 (m, 2, Ph-CH2-CiJ2), 2.97 (br s, 2, N-CiJ2-CH=), 3.59 
(s, 2, Ph-CH2-N), 5.41 (m, 1, CH=C), 7.14-7.38 (m, 10, phenyl). 
l-Benzyl-4-(2-phenylethyl)-l,2,3,6-tetrahydropyridine (7.1 g, 
25.6 mmol) was refluxed in 85% H3PO4 (50 mL) for 80 h. The 
reaction mixture was made basic with 6 N NH4OH and 
extracted with ether (2 x 100 mL). The ethereal extracts were 
dried over MgSO4 and concentrated under reduced pressure 
to a residue. The crude product was purified by radial flow 
chromatography on silica gel (hexane(9)acetone(l)) to yield 2.3 
g (32%) of l'-benzyl-2,3-dihydrospiro[indene-l,4'-piperidine] as 
a straw-colored liquid: 1H NMR (CDCl3) <5 1.53 (br d, 2, 
piperidyl /?-Heq), 1.96 (dt, 2, piperidyl /3-Hax), 2.02 (t, 2, Ph-
CH2-CiJ2, =7 = 6 Hz), 2.20 (dt, 2, piperidyl a-Hax), 2.90 (m, 4, 
Ph-CiJ2-CH2, piperidyl a-Heq), 3.59 (s, 2, benzyl), 7.14-7.40 
(m, 9, phenyl). 

2,3-Dihydrospiro[liJ-indene-l,4'-piperidine] Hydro
chloride (9). r-Benzyl-2,3-dihydrospiro[liJ-indene-l,4'-pi-
peridine] (0.50 g, 1.80 mmol) was dissolved in dichloroethane 
(6 mL). The resulting solution was cooled to 0 0C and 
1-chloroethylchloroformate (0.258 g, 1.80 mmol) was added in 
one batch. Cooling was continued for 10 min after which the 
reaction mixture was refluxed for 1 h, cooled to room tem
perature, and concentrated under reduced pressure. The 
residue was redissolved in MeOH (10 mL) and refluxed for 2 
h. The resulting solution was concentrated under reduced 
pressure to obtain 0.40 g (quantitative) of a pale yellow 

crystalline solid: mp 256-257 0C (lit.15 mp 288-290 0C); 1H 
NMR (CDCl3) <5 1.74 (br d, 2, piperidyl /?-Heq), 2.10 (td, 2, 
piperidyl /3-H3x), 2.13 (t, 2, Ph-CH2-CTJ2, J = 6 Hz), 2.94 (t, 2, 
J = 6 Hz, Ph-CiJ2-CH2), 3.12-3.38 (m, 4, piperidyl a-HMeq), 
7.19 (br s, 4, phenyl); MS (EI) m/e 187.2 (M+ of free base). 

2,3-Dihydro-l'-(2-Hydroxycyclohex-l-yl)spiro[LH-in-
dene-l,4'-piperidine] Hydrochloride (12a). Procedure A: 
yield, 60%; mp 264-267 0C; 1H NMR (CDCl3) d 1.25 (br d, 2, 
piperidyl /S-Hcq (N-CH2-CiJ2)), 1.76-2.94 (m, 15, cyclohexyl, 
piperidyl), 2.00 (t, 2, J = 6 Hz, Ph-CH2-CiJ2), 2.77 (t, 2, J = 6 
Hz, Ph-CiJ2-CH2), 3.40 (m, 1, CiJ-OH), 4.17 (br s, 1, OH), 7.25 
(s, 4, phenyl). 

l'-(2-Hydroxy-l,2,3,4-tetrahydronaphth-3-yl)-2,3-dihy-
drospiro[lH-indene-l,4'-piperidine] Hydrochloride (12b). 
Procedure B: yield, 48%; mp 267-269 0C; 1H NMR (CDCl3) d 
1.86 (br d, 2, piperidyl /S-Heq), 2.04 (td, 2, piperidyl ,S-Hax), 2.08 
(t, 2, J = 6 Hz, Ph-CH2-CiJ2), 2.45 (td, 1, piperidyl Ct-Hax), 2.84 
(m, 9, piperidyl ct-Heq, tetrahydronaphthyl Cl-H, C3-H, C4-
H, Ph-CiJ2-CH2), 3.33 (dd, 1, piperidyl (X-Hax), 3.92 (m, 1, CiJ-
OH), 4.47 (br s, 1, OH), 7.15 (s, 4, phenyl(spiro)), 7.32 (m, 5, 
phenyl). 

l'-[l-(terf-Butoxycarbonyl)-3-hydroxypiperidin-4-yl]-
2,3-dihydrospiro[indene-l,4'-piperidine] (19b) and T-[I-
(ter*-Butoxycarbonyl)-4-hydroxypiperidin-3-yl]-2,3-di-
hydrospiro[indene-l,4'-piperidine] (20b). Procedure C. 
19b: yield, 14%; 1H NMR (CDCl3) d 1.45 (s, 9H, tert-butyl), 
1.56 (m, 2, piperidyl), 1.86 (m, 4, piperidyl), 1.97 (t, J = 6 Hz, 
2, Ph-CH2-CiJ2), 2.32 (m, 2, piperidyl), 2.55 (m, 3, piperidyl), 
2.88 (t, J = 6 Hz, 2, Ph-CZJ2-CH2), 3.85 (m, 1, piperidyl), 3.95 
(m, 1, piperidyl), 4.22 (br d, 1, piperidyl), 4.40 (br d, 1, 
piperidyl), 7.17 (s, 4, phenyl). 20b: yield, 25%; 1H NMR 
(CDCl3) d 1.45 (s, 9H, tert-butyl), 1.56 (m, 2, piperidyl), 1.74-
2.11 (m, 7, Ph-CH2-CiJ2, piperidyl), 2.38 (m, 2, piperidyl), 2.60 
(m, 4, piperidyl), 2.89 (t, J = 6 Hz, 2, Ph-CiJ2-CH2),3.58 (m, 1, 
piperidyl), 3.68 (m, 1, piperidyl), 4.13 (m, 1, piperidyl), 4.27 
(br d, 1, piperidyl), 7.18 (s, 4, phenyl). 

Resolution of 20b. Racemic 20b (0.6 g, 1.55 mmol) was 
resolved on Chiralcel OD column (30:70 i-PrOH:hexane (trace 
Et3N)) to yield 0.22 g of (+)-20b and 0.23 g of (-)-20b (75% 
recovery). (+)-20b: retention time, 12.5 min [ah = +28.74° 
(c = 0.02, MeOH). (-)-20b: retention time, 18.2 min; [a]D = 
-28.87° (c = 0.02, MeOH). 

(+)-l'-(4-Hydroxypiperidin-3-yl)-2,3-dihydrospiro[in-
dene-l,4'-piperidene] Hydrochloride ((+)-21b) and (-)-
l'-(4-Hydroxypiperidin-3-yl)-2,3-dihydrospiro[indene-
l,4'-piperidene] Hydrochloride ((-)-21b). Solutions of (+)-
and (-)-20b in EtOAC (20 mL) were cooled down to 0 0C. Dry 
HCl gas was bubbled through these solutions for 30 min with 
stirring. The stirring was further continued for an additional 
30 min at 0 0C. The solutions were concentrated under 
reduced pressure to yield the corresponding deprotected 
hydrochlorides, (+)-21b (92%) and (-)-21b (90%): mp 280-
283 0C. 

(±)-l'-(4-Hydroxypiperidin-3-yl)-2,3-dihydrospiro[in-
dene-l,4-piperidine] Dihydrochloride (21b). Method 2. 
A mixture of 21a (1.2 g, 3.35 mmol) and 10% Pd-C (0.2 g) in 
MeOH (50 mL) was hydrogenated for 3 h at 50 psi. The 
catalyst was filtered, and the filtrate was concentrated under 
reduced pressure to yield an off-white solid (1.12 g, 93%): mp 
280-283 0C. 1H NMR <5 1.79 (d, 2, piperidyl), 1.96 (dt, 1, 
piperidyl), 2.14 (t, J = 8 Hz, 2, Ph-CH2-CiJ2), 2.35 (m, 4, 
piperidyl), 2.95 (t, J = 8 Hz, 2, Ph-CiJ2-CH2), 3.10-3.74 (m, 9, 
piperidyl), 4.05 (d, 1, piperidyl), 4.28 (dt, 1, piperidyl), 7.11-
7.39 (m, 4, phenyl). 

1'- [4-Hydroxy-1 - (2-iodobenzyl)piperidin-3-yl] -2,3-dihy-
drospiro[indene-l,4'-piperidine] Dihydrochloride (12c). 
Procedure E: yield, 39%; mp (s-PrOH-ether) 246-249 0C; 1H 
NMR (CDCl3) <5 1.59 (m, 2, piperidyl), 1.80-2.10 (m, 8, 
piperidyl, indane), 2.31 (t, 1, piperidyl), 2.51 (t, 1, piperidyl), 
2.67-3.10 (m, 7, piperidyl, indane), 3.40-3.54 (m, 3, benzyl, 
piperidyl), 4.05 (br s, 1, OH), 6.95 (t, 1, iodophenyl), 7.16-
7.30 (m, 5, iodophenyl, phenyl), 7.32 (d, 1, iodophenyl), 7.81 
(s, 1, iodophenyl). 

l'-[4-Hydroxy-l-(3-iodobenzyl)piperidin-3-yl]-2,3-dihy-
drospiro[indene-l,4'-piperidine] Dihydrochloride (12d). 
Procedure E: yield, 73%; mp (i-PrOH-ether) 243-246 0C; 1H 
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NMR (CDCl3) S 1.50 (m, 2, piperidyl), 1.78 (dt, 1, piperidyl), 
1.88-2.02 (m, 7, piperidyl, indane), 2.31 (t, 1, piperidyl), 2.54 
(t, 1, piperidyl), 2.67-3.00 (m, 7, piperidyl, indane), 3.40-3.51 
(m, 3, benzyl, piperidyl), 3.80 (br s, 1, OH), 7.03 (t, J = 9 Hz, 
1, iodophenyl), 7.14-7.28 (m, 5, iodophenyl, phenyl), 7.57 (d, 
1, iodophenyl), 7.66 (s, 1, iodophenyl). 

l'-[4-Hydroxy-l-(4-iodobenzyl)piperidin-3-yl]-2>3-dihy-
drospiro[indene-l,4'-piperidine] Dihydrochloride (12e). 
Procedure E: yield, 50%; mp (s-PrOH-ether) 248-249 0C; 1H 
NMR (CDCl3) d 1.51 (m, 2, piperidyl), 1.67-1.93 (m, 8, 
piperidyl, indane), 2.35 (t, 1, piperidyl), 2.57 (dt, 1, piperidyl), 
2.75-3.04 (m, 7, piperidyl, indane), 3.41-3.54 (m, 3, benzyl, 
piperidyl), 3.80 (br s, 1, OH), 7.06 (d, 2,J = 8 Hz, iodophenyl), 
7.17-7.35 (m, 4, phenyl), 7.64 (d, J = 8 Hz, iodophenyl). 

l'-[4-Hydroxy-l-(4-fluorobenzyl)piperidin-3-yl]-2,3-di-
hydrospiro[indene-l,4'-piperidine] Oxalate (12f). Pro
cedure E: yield, 84%; mp (i-PrOH-ether) 129-131 0C; 1H 
NMR (CDCl3) <5 1.62 (m, 3, piperidyl), 1.78-2.06 (m, 7, 
piperidyl, indane), 2.37 (t, 1, piperidyl), 2.59 (dt, 1, piperidyl), 
2.76-3.05 (m, 7, piperidyl,indane), 3.41-3.58 (m, 3, benzyl, 
piperidyl), 3.80 (br s, 1, OH), 7.01 (t, 2, fluorophenyl, J = 8Hz), 
7.14-7.28 (m, 6, fluorophenyl, phenyl). 

Procedure F. 3,4-Dihydro-l'-(2-hydroxycyclohex-l-yl)-
spiro[naphthalene-l,4'-piperidine] Hydrochloride (13a). 
A flask containing a mixture of 10 (505 mg, 2.51 mmol) in 
dichloromethane (2 mL) was maintained at 0 0C while Et3Al 
(1.32 mL, 2.51 mmol) was added dropwise. The solution was 
stirred at room temperature for 35 min. The flask was then 
placed in an ice bath, and a solution of cyclohexene oxide (255 
mL, 2.51 mmol) in dichloromethane (75 mL) was added. The 
resulting mixture was stirred at room temperature for 18 h, 
while the disappearance of the epoxide was monitored by TLC 
(silica gel, ethyl acetate:hexanes, 50:50). When the reaction 
was complete (the solution became white), 5 N KOH (2 mL) 
was added and stirring was prolonged for 2 h. Water (10 mL) 
was added, and the mixture was extracted with dichlo
romethane (3 x 20 mL). After extraction, the combined 
organic extracts were washed with brine, dried (Na2SO4), and 
concentrated. The desired compound, 13a, was obtained as a 
white crystalline solid (598 mg, 80%); no impurities were 
observed by TLC (silica gel, ethyl acetate:hexanes, 50:50). The 
hydrochloride was prepared in methanolic HCl, and the white 
solid was recrystallized from 50% ethyl acetate-hexanes: mp 
306.6 0C; 1H NMR (CDCl3) 6 2.24-1.22 (3m, 16, piperidine, 
cyclohexanol), 2.46-2.52 (m, 2, Ph-CH2), 2.65-2.79 (m, 4, Ph-
CH2-CH2-CH2), 2.98-3.02 (dt, 1, CHN), 3.42-3.47 (s, 1, CH-
OH), 4.18 (s, 1, OH), 7.05-7.26 (m, 3, arom), 7.45-7.49 (d, 
IH, arom, J = 7.7 Hz). Anal. (C20H29NO-HC1) C, H, N. 

3,4-Dihydro-l'-(2-hydroxy-l,2,3,4-tetrahydronaphth-3-
yl)spiro[naphthalene-l(2if),4'-piperidine] Hydrochlo
ride (13c), Crude 1,4-dihydronaphthalene (340 mg, 2.3 
mmol), obtained from the corresponding bromohydrin as 
outlined for l i b above, was reacted with 10 following procedure 
F to yield, after purification on silica gel (ethyl acetate:hexanes: 
triethylamine, 50:50:1), a white solid (583 mg, 72%). The 
hydrochloride was prepared in methanolic HCl and recrystal
lized from ethyl acetate: mp 274.2 0C; 1H NMR (CDCl3) 6 
1.23-2.24 (m, 16, piperidyl, cyclohexyl), 2.73-2.79 (m, 4, Ph-
CH2-CH2-CH2), 2.85-3.02 (dt, 1, CHN), 3.30-3.45 (m, 1, 
CHOH), 4.18 (s, 1, OH), 7.05-7.26 (m, 7, arom), 7.48-7.52 (d, 
1, arom, J = 7.6 Hz). Anal. (C24H29NO-HCl) C, H, N. 

l'-[l-(tert-(Butoxycarbonyl)-3-hydroxypiperidin-4-yl]-
3,4-dihydrospiro[naphthalene-1 (2H),4'-piperidine] (19c) 
and l'-[ l-(fer/-Butoxycarbonyl)-4-hydroxypiperidin-3-
yl]-3,4-dihydrospiro[naphthalene-l(2H),4'-piperidine] 
(20c). A mixture of the hydrochloride of 10 (4.9 g, 20.6 mmol) 
and 5.8 g (21 mmol) of the isomeric bromohydrins derived from 
l-(ter£-butoxycarbonyl)-l,2,3,6-tetrahydropyridine (see proce
dure F above) in absolute ethanol (25 mL) and triethylamine 
(15 mL) was refluxed for 24 h. Since TLC (silica gel, hexanes: 
ethyl acetate, 50:50) failed to show any progress in the 
reaction, solid potassium carbonate (7.26 g, 52.5 mmol) was 
added and the mixture was refluxed for 4 more days. After 
cooling, the salts were filtered off and the volatiles were 
removed under reduced pressure. The remaining brown oil 
was dissolved in ethyl acetate (30 mL), and the organic layer 

was successively washed with water (2 x 20 mL) and brine 
(20 mL), dried over Na2SO4, and concentrated. The mixture 
of 19c and 20c was obtained as an orange oil (6.7 g, 84%). The 
regioisomers were separated by preparative HPLC on a gel 
column (hexanesdsopropyl alcohol, 98:2) to afford 1.58 g (20%) 
of 19c (retention time, 7 min) and 3.70 g (46%) of 20c (retention 
time, 8 min). 19c: 1H NMR (CDCl3) 6 1.45 (s, 9, tert-butoxy), 
1.58-1.84 (m, 8, NCH2-CH2), 1.92-2.25 (m, 2, Ar-CH2, CH2-
CH2), 2.35-2.54 (m, 6, CH2CH2N(t-BOC)-CH2), 2.72-2.78 (m, 
4, Ar-CH2CH2-CH2), 2.87-2.98 (t, 1, CH-N, J = 11.8 Hz), 3.38-
3.50 (m, 1, CH-OH), 7.05-7.22 (m, 3, arom), 7.43-7.46 (d, 1, 
arom, J = 7.7 Hz). 20c: 1H NMR (CDCl3) <51.47 (s, 9, 3 CH3), 
2.18-1.57 (2m, 8, 2 N-CH2-CH2), 2.38-2.30 (dt, 2, CH2-CHOH, 
J = 3.6, 13.6 Hz), 2.57-2.49 (t, 2, Ar-CH2, J = 9.9 Hz), 2.64-
2.58 (d, 2, N-CH2- CHN, J = 11.9 Hz), 2.78-2.75 (m, 4, Ar-
CH2-CH2-CH2), 3.09-2.98 (t, 2, CH2-CH2-N-t-BOC, J = 11.2 
Hz), 3.66-3.54 (dt, 1, CH-N, J = 4.6,10.3 Hz), 3.83 (s, 1, CH-
OH), 7.21-7.03 (m, 3, arom), 7.45-7.42 (d, 1, arom, J = 7.7 
Hz). 

Resolution of 20c. Separation of the two enatiomers, (+)-
and (-)-20c, was performed on a 250 mm x 10 mm i.d. 
Chiralcel OD column (hexanes:isopropyl alcohohtriethylamine, 
70:30:0.3) to afford (+)-20c (retention time, 10 min) and (-)-
20c (retention time, 18 min) as white crystalline solids. (+)-
20c: [a]D = +30.2° (c = 1.0, MeOH). (-)-20c: [a]D = -30.9° 
(c = 1.0, MeOH). 

l'-(4-Hydroxypiperidin-3-yl)-3,4-dihydrospiro[naph-
thalene-l(2H),4'-piperidine] Dihydrochloride (21c). HCl 
gas was bubbled for 30 min through a solution of 20c (800 
mg, 2.1 mmol) in EtOAc (10 mL) while the flask was main
tained in an ice bath. The resulting solution was subsequently 
stirred at room temperature for 30 min, and the volatiles were 
removed under reduced pressure. The white solid thus 
obtained was recrystallized from 50% isopropyl alcohol-
hexanes to provide the hydrochloride of 21c as a white powder 
(80%). 

1'- [ 1- (2-Iodobenzyl)-4-hydroxypiperidin-3-yl] -3,4-dihy-
drospiro[naphthalene-l(2H),4'-piperidine] (13c). A mix
ture of the dihydrochloride of 21c (250 mg, 0.67 mmol), DMF 
(10 mL), potassium carbonate (463 mg, 3.35 mmol), and 
2-iodobenzyl chloride (1.00 mmol, 254 mg) was stirred at room 
temperature for 18 h. Water (25 mL) and dichloromethane (2 
x 25 mL) were added, and the organic layer was extracted, 
washed with brine (25 mL), dried (Na2SO4), and concentrated. 
The crude product was purified by chromatography (silica gel, 
hexanes:ethyl acetate, 50:50) to afford 13c as a yellow oil. The 
latter was converted to the corresponding hydrochloride in 
saturated HCl/ether and recrystallized twice from 50% i-PrOH-
hexanes to yield 0.20 g (33%) of 13c: mp 258.8 0C; 1H NMR 
(CDCl3) d 1.50-2.21 (2m, 8, 2 N-CH2-CH2), 2.45-2.57 (m, 2H, 
Ar-CH2-CH2, J = 10.2 Hz), 2.60-2.76 (m, 2, CH2-CHOH), 2.84 
(m, 4, Ar-CH2-CH2-CH2), 2.88-3.00 (t, 2, CH2-CH2-CHOH, J 
= 11.2 Hz), 3.09-3.13 (d, 2, N-CH2-CHN, J = 8.7 Hz), 3.50-
3.64 (m, 3, Ar-CH2-N, CH-N), 3.85 (s, 1, CH-OH), 4.67 (s, 1, 
OH), 6.96-7.49 (m, 8H, arom), 7.83-7.87 (d, IH, arom, J = 
6.8 Hz). 

l'-[l-(3-Iodobenzyl)-4-hydroxypiperidin-3-yl]-3,4-dihy-
drospiro[naphthalene-l(2H),4'-piperidine] (13d). A mix
ture of 21c and 22c (676 mg, 1.81 mmol), 3-iodobenzyl bromide 
(2.17 mmol, 645 mg), and triethylamine (10 mL) in absolute 
EtOH (20 mL) was refluxed for 18 h. Volatiles were removed 
under reduced pressure, and the red residue was treated with 
water. After extraction in dichloromethane (3 x 30 mL), the 
combined organic layers were washed with brine, dried over 
Na2SO4, and concentrated to give a dark red semisolid residue. 
Chromatographic purification (silica gel, 50% ethyl acetate-
hexanes) afforded 276 mg (30%) of the crude product as a 
yellow oil. The two regioisomers were separated by HPLC 
(silica gel, hexane:Isopropyl alcohol:triethylamine, 98:2:0.02), 
and 13d was obtained as a white crystalline solid (166 mg, 
18%). Only a trace of the other isomer was recovered. The 
hydrochloride of 13d was prepared in saturated methanolic 
HCl and subsequently recrystallized from 50% E-PrOH-
hexanes to provide a white powder: mp 245 0C; 1H NMR 
(CDCl3) d 1.59-2.06 (m, 8, 2 N-CH2-CH2), 2.41-2.48 (m, 2, 
Ar-CH2-CH2), 2.52-2.62 (m, 2, CH2-CHOH), 2.75-2.78 (m, 4, 
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Ar-CH2-CiJ2-CH2), 2.83-2.92 (m, 2, CH2-CH2-CHOH), 3 .01-
3.06 (d, 2, N-CH2-CHN, J = 10.0 Hz), 3.38-3.56 (m, 3, Ar-
CH2-N, CH-N), 3.85 (s, 1, CH-OH), 7.02-7.31 (m, 5, arom), 
7.44-7.48 (d, 1, arom, J = 7.8 Hz), 7.58-7.62 (d, 1, arom, J = 
7.9 Hz), 7.68 (s, 1, arom). 

Procedure G. l'-[l-(4-Iodobenzyl)-4-hydrosypiperi-
din-3-yl]-3,4-dihydrospiro[naphthalene-l(2H),4'-piperi-
dine] (13e). A mixture of the hydrochloride of 21c (250 mg, 
0.67 mmol), potassium carbonate (463 mg, 3.35 mmol), and 
4-iodobenzyl chloride (298 mg, 1.00 mmol) in absolute ethanol 
(25 mL) was refluxed for 16 h. When the mixture had cooled, 
the salts were filtered off and the volatiles were removed under 
reduced pressure. The residue was dissolved in ethyl acetate 
(25 mL), and the solution was successively washed with water 
(25 mL) and brine (25 mL). The organic layer was then dried 
(Na2SO,!) and concentrated. The product was purified by 
chromatography (silica gel, hexanes:ethyl acetate, 50:50), and 
13e was obtained as a colorless oil (226 mg, 52%). The 
hydrochloride was prepared in a saturated HCl/ether solution 
and recrystallized twice from 50% isopropyl alcohol—hexanes 
to yield a yellow powder: mp 256.3 0C; 1H NMR (CDCl3) d 
1.56-2.18 (2m, 8, 2 N-CH2-CH2), 2.40-2.45 (d, 2H, Ar-CH2-
CH2, J = 10.1 Hz), 2.51-2.60 (m, 2, CH2-CHOH), 2.72-2.78 
(m, 4, Ar-CH2-CH2-CH2), 2.84-2.97 (t, 2, N-CH2-CH2-CHOH, 
J = 11.9 Hz), 3.05-3.50 (d, 2, CHN-CH2-N, J = 10.4 Hz), 3.40-
3.55 (m, 4, CH-OH, Ar-CH2-N, CHN), 3.81 (s, 1, OH), 7.22-
7.02 (m, 4, arom), 7.42-7.46 (d, 2, arom, J = 7.7 Hz), 7.63-
7.67 (d, 2, arom, J = 8.2 Hz). 

l'-[l-(4-Fluorobenzyl)-4-hydroxypiperidin-3-yl]-3,4-di-
hydrospiro[naphthalene-1 (2H),4'-piperidine] (13f). Pro
cedure E: yield, 13%; mp 232.4 0C; 1HNMR (CDCl3) d 1.50-
2.10 (m, 8, 2 N-CH2-CH2), 3.47-2.52 (m, 2, Ar-CH2-CH2), 2.59-
2.64 (dt, 2, CH2-CHOH, J = 2.1 Hz, J' = 10.1 Hz), 2.68-2.78 
(m, 4, Ar-CH2-CH2-CH2), 2.87-2.99 (t, 2, CH2-CH2-CHOH, J 
= 11.0 Hz), 3.05-3.10 (d, 2, N-CH2 CHN, J = 10.2 Hz), 3.76-
3.80 (m, 3, Ar-CH2-N, CH-N), 3.90 (s, 1, CH-OH), 4.55 (s, 1, 
OH), 6.75-7.49 (m, 8H, arom). 

l'-(2-Hydroxy-l,2,3,4-tetrahydronaphth-3-yl)spiro[2-
bromo-lH-indene-l,4'-piperidine] Hydrochloride (14). 
Compound 24 was prepared from 2-bromo-lH-indene (proce
dure H) and purified by radial flow chromatography in silia 
gel (hexanes(94):acetone(5):Et3N (I)) to yield 3.0 g (57%) of a 
golden yellow syrup: 1H NMR (CDCl3) d 1.24-1.29 (d, 2, 
piperidyl /3-Heq), 1.44-1.54 (s, 9, tenf-butoxy), 2.04-2.12 (m, 
2, piperidyl /3-H8x), 3.45-3.60 (m, 2, piperidyl OL-H3x), 4 .21 -
4.35 (br s, 2, piperidyl cx-Heq), 6.85 (s, 1, indenyl C3-H), 7.13-
7.31 (m, indenyl C4-H, C5-H, C6-H), 7.80 (d, 1, indenyl C7-
H). 

Compound 24 (2.8 g, 7.85 mmol) was converted to 25 as 
described for 21a above. This product was added to a solution 
of 1,4-dihydronaphthalene oxide, prepared from the cor
responding bromohydrin (9.0 mmol) as described in procedure 
B above, in EtOH (10 mL) and Et3N (10 mL). The resulting 
mixture was refluxed for 40 h, cooled to room temperature, 
and concentrated in vacuo. The residue was partitioned 
between CH2Cl2 (50 mL) and saturated NaHCO3 (30 mL). After 
separation of the phases, the aqueous layer was re-extracted 
wtih CH2Cl2 (2 x 30 mL). The combined organic extracts were 
dried over anhydrous Na2S04 and concentrated to a residue. 
The latter was subjected to radial flow chromatography on 
silica gel (hexanes(79):acetone(20):Et3N(D) to provide 1.92 g 
(60%) of 14 as a syrup: 1H NMR (CDCl3) d 1.43 (d, 2, piperidyl 
,3-Heq, J = 10.5 Hz), 2.13-2.32 (m, 2, piperidyl /3-H3x), 2 .81-
3.49 (m, 9, tetrahydronaphthyl Cl-H, C3-H, C4-H, piperidyl 
a-H), 3.96 (m, 1, CHOH), 6.88 (s, 1, indenyl C3-H), 7.02-7.97 
(m, 7, aryl), 7.81 (d, 1, indenyl C7-H, J = 7.2 Hz). The 
corresponding hydrochloride was obtained in cold methanolic 
HCl and recrystallized from i-PrOH as an off-white solid: mp 
278-281 0C. 

l'-(2-Hydroxy-l,2,3,4-tetrahydronaphth-3-yl)spiro[4-
bromo-lH-indene-l,4'-piperidine] Hydrochloride (15). 
The reaction of 7-bromo-lH-indene (3.50 g, 17.94 mmol) with 
LiN[Si(CH3)3]2 and tert-butyl bis(2-chloroethyl)carbamate (pro
cedure H) yielded a mixture of two products (5.85 g, 90%) in 
a ratio of 85:15, respectively, as revealed by HPLC (silica gel, 
2% acetone-hexanes). Deprotection (see 21a), subsequent 

neutralization, and extraction into EtOAc yielded, after con
centration, 2.2 g (46%) of the crude free base. Trituration of 
this residue with CH2Cl2 yielded 27 as a white solid which 
was collected by filtration, washed with CH2Cl2, and dried at 
50 0C in vacuo: mp 310-315 0C (sinters); 1H NMR (DMSO-
de) d 1.30 (d, 2, piperidyl a-Heq, J = 13.5 Hz), 2.38 (dt, 2, 
piperidyl <3-HM, J = 12.9 Hz, J' = 4.8 Hz), 3.21 (dt, 2, piperidyl 
a-Hax, J = 13.4 Hz, J' = 2.4 Hz), 3.35 (d, 2, piperidyl a-Heq, J 
= 11.1 Hz), 6.78 (d, 1, indenyl C2-H, J = 6.0 Hz), 7.14 (t, 1, 
indenyl C6-H, J = 8.4 Hz), 7.26 (d, 1, indenyl C2-H, J = 6.0 
Hz), 7.29 (d, 1, indenyl C5-H, J = 6.0 Hz), 7.40 (d, 1, indenyl 
C7-H, J = 8.4 Hz). 

A solution of 1 M Et3Al in toluene (0.65 mL) was added 
dropwise at room temperature under N2 to a stirring suspen
sion of 27 (0.30 g, 1.13 mmol) in CH2Cl2 (13 mL). Complete 
dissolution occurred at the end of the addition. The resulting 
solution was stirred at room temperature for 40 min at which 
time a solution of 1,4-dihydronaphthalene oxide in CH2Cl2 (5 
mL), prepared from the corresponding bromohydrin (1.35 
mmol) as described in procedure B above, was added dropwise 
over 5 min. Stirring was continued for 21 h. The reaction 
was quenched by dropwise addition of 4 N NaOH (20 mL). The 
resulting mixture was stirred vigorously for 2 h, diluted with 
H2O (25 mL), and extracted with CH2Cl2 (3 x 30 mL). The 
combined organic extracts were dried over NaS04 and con
centrated to a tan solid which was purified by radial flow 
chromatography on silica gel (hexanes(79):acetone(20):Et3N-
(I)) to yield an off-white solid (0.30 g, 65%): mp 265-267 0C; 
1H NMR (CDCl3) <5 1.45 (d, 2, piperidyl /3-Heq, J = 12.9 Hz), 
2.10-2.28 (m, 2, piperidyl Ct-Hax), 2.65 (t, 1, piperidyl a-Hax, J 
= 11.4 Hz), 2.81-3.11 (m, 7, tetrahydronaphthyl Cl-H, C4-H, 
piperidyl), 3.35 (dd, 1, piperidyl a-Heq, J = 16.1 Hz, J' = 5.7 
Hz), 3.93 (m, 1, CHOH), 6.87 (d, 1, indenyl C2-H, J = 5.7 Hz), 
6.96 (d, 1, indenyl C3-H, J = 5.7 Hz), 7.12 (m, 5, aryl), 7.31 (d, 
1, indenyl C5-H, J = 7.4 Hz), 7.38 (d, 1, indenyl C7-H, J = 7.9 
Hz). 

Procedure H. 5-Bromo-l'-«ert-butoxycarbonyl)spiro-
[lH-indene-l,4'-piperidine] (29) and 6-Bromo-l'-(tertf-
butoxycarbonyl)spiro[lH-indene-l,4'-piperidine] (30). A 
solutionn of 1 M LiN[Si(CH3)3]2 in THF (45 mL) was added 
dropwise over 20 min, under N2, to a cooled (ice bath) stirring 
solutionn of 5-bromo-lH-indene (3.90 g, 20.0 mmol) in dry THF 
(15 mL). Following the addition, stirring was continued at 4 
0C for 45 min. The dark solution was then transferred via 
cannula to a precooled (ice bath) solution of tert-\>uty\ NJf-
bis(2-choroethyl)carbamate (4.84 g, 20.0 mmol) in dry THF (15 
mL). The resulting solution was stirred at 4 0C for 2 h and 
then at room temperature for 18 h. The dark purple mixture 
was concentrated in vacuo, and the residue was triturated with 
a small volume of 20% acetone-hexanes and applied into a 
short silica gel column. The latter was eluted with the same 
solvent (300 mL). The eluent was concentrated to yield 6.45 
g (88%) of the crude mixture of 29 and 30 which was 
considered pure enough for use without further purification. 
However, a small fraction of this material was purified by 
radial flow chromatography on silica gel (hexanes(89):acetone-
(10):Et3N(l)) to provide an orange-colored syrup: 1H NMR 
(CDCl3) <5 1.30 (d, 2, piperidyl ^-Heq, J = 16.8 Hz), 1.50 (s, 9, 
tert-butoxy), 1.96 (dt, 2, piperidyl /3-Hax, J = 12.3 Hz, J' = 4.6 
Hz), 3.09 (t, 2, piperidyl Cx-H11x, J = 13.0 Hz), 4.17 (br d, 2, 
piperidyl a-Heq, J = 13.0 Hz), 6.71 (d, 1, indenyl C2-H, J = 
5.78 Hz), 6.85 (m, 1, indenyl C3-H), 7.14-7.45 (m, 3, aryl). 
Anal. (Ci8H22BrNO2) C, H, N. 

l'-(2-Hydroxy-l,2,3,4-tetrahydronaphth-3-yl)spiro[6-
bromo-lif-indene-l,4'-piperidine] Hydrochloride (16) and 
l'-(2-Hydroxy-l,2,3,4-tetrahydronaphth-3-yl)spiro[5-bro-
mo-lH-indene-l,4'-piperidine] Hydrochloride (17). HCl-
(g) was vigorously bubbled through a cooled (ice bath) solution 
of 29 and 30 (6.20 g, mmol) in EtOAc (100 mL). The resulting 
solution was stirred at 4 0C for an additional 45 min and 
concentrated in vacuo to a brown solid. The latter was 
triturated with Et2O, filtered, washed with Et2O, and dried 
to afford 4.12 g (80%) of a mixture of isomeric bromospiro[lH-
indene-l,4-piperidine] hydrochlorides. 

A fraction of this mixture (2.0 g, 6.65 mmol) was added to a 
solutionn of 1,4-dihydronaphthalene oxide, prepared from the 
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corresponding bromohydrin (1.61 g, 7.1 mmol), in E t O H (50 
mL) and E t 3 N (20 mL). The mixture was refluxed for 72 h, 
cooled to room tempera tu re , and concentrated in vacuo to a 
syrup. The la t te r was di luted wi th CH2CI2, and the solution 
was washed wi th s a tu ra t ed NaHCOs (40 mL). The aqueous 
layer was re-extracted wi th CH2CI2 (40 mL) and set aside. The 
combined organic extracts were dried over Na2S04 and con
centra ted to a residue. Radial flow chromatographic separa
tion (hexanes( 89):acetone(10):Et3N(l)) yielded a small fraction 
of s ta r t ing mater ia l (0.30 g, 17%) and two products. The more 
mobile product, 16, was obtained as a whi te powder (0.2 g, 
10%) which was converted to the hydrochloride in MeOH and 
recrystallized from isopropyl alcohol: m p 259—263 0C; 1 H 
NMR (CDCl3) <5 1.44 (d, 2, piperidyl £-Heq, J = 12.8 Hz), 2 . 0 8 -
2.30 (m, 2, piperidyl j8-HM), 2.64 (t, 1, piperidyl a-Ha*, J = 9.8 
Hz), 2 .59-3 .12 (m, 7, t e t rahydronaphthy l C l -H , C4-H, piper
idyl), 3.35 (dd, 1, piperidyl a-Heq , J = 16 Hz, J' = 5.8 Hz), 
3.94 (m, 1, CiTOH), 6.72 (d, 1, indenyl C2-H, J = 5.6 Hz), 6.90 
(d, 1, indenyl C3-H, J = 5.7 Hz), 7.14 (s, 4, te t rahydronaphthyl 
C5-H, C6-H, C7-H, C8-H), 7.18 (d, 1, indenyl C4-H, J = 8.1 
Hz), 7.38 (dd, 1, indenyl C5-H, J = 7.9 Hz, J' = 1.6 Hz), 7.53 
(d, 1, indenyl C7-H, J = 1.6 Hz). The less mobile product, 17, 
was also obtained in 10% yield and coverted to the hydrochlo
ride in a similar manner : m p 2 6 9 - 2 7 0 0C; 1 H NMR (CDCl3) 
<51.43 (d, 2, piperidyl /3-Heq, J = 13.2 Hz), 2.16 (m, 2, piperidyl 
/3-Hax), 2.64 (t, 1, piperidyl a -H M , J = 9.8 Hz), 2 .79-3 .12 (m, 
7, t e t rahydronaphthy l C l -H , C4-H, piperidyl), 2 .94-3 .40 (dd, 
1, piperidyl a-Heq , J = 16.1 Hz, J' = 5.7 Hz), 3.94 (m, 1, 
C M ) H ) , 6.72 (d, 1, indenyl C2-H, J = 5.7 Hz), 6.92 (d, 1, 
indenyl C3-H, J = 5.6 Hz), 7.14 (s, 5, t e t rahydronaphthy l C5-
H, C6-H, C7-H, C8-H), 7.27 (d, 1, indenyl C7-H, J = 6.6 Hz), 
7.36 (dd, 1, indenyl C6-H, J = 7.9 Hz, J' = 1.7 Hz), 7.48 (d, 1, 
indenyl C4-H, J = 1.6 Hz). 

Bio log ica l . Dissociation constants of novel compounds 
were measured by competition against binding of [3H]vesami-
col to electric organ synaptic vesicles a t 22 0C, after 24 h of 
incubation, by the method of Rogers et al.19 
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