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A series of N-benzylpiperidine benzisoxazoles has been developed as potent and selective
inhibitors of the enzyme acetylcholinesterase (AChE). The benzisoxazole heterocycle was found
to be an appropriate bioisosteric replacement for the benzoyl functionality present in the
N-benzylpiperidine class of inhibitors. The title compounds were synthesized by alkylating
3-methyl-1,2-benzisoxazoles with an iodo piperidine derivative as the key step. Benzisoxazoles
1b—j,0 displayed potent inhibition of AChE in vitro with ICs's = 0.8—14 nM. Particularly
interesting were N-acetyl and morpholino derivatives 1g (ICso = 3 nM) and 1j (ICs = 0.8 nM),
respectively, which displayed outstanding selectivity for acetyl- over butyrylcholinesterase, in
excess of 3 orders of magnitude. N-Acetyl 1g also displayed a favorable profile in vivo. This
analog showed a dose-dependent elevation of total acetylcholine in mouse forebrain after oral
administration with an EDs, = 2.4 mg/kg. In addition, 1g was able to reverse amnesia in a
mouse passive avoidance model at doses of 3.2 and 5.6 mg/kg with an average reversal of 89.7%.
Molecular dynamics simulations were used to study the possible binding modes of N-
benzylpiperidine benzisoxazoles to AChE from Torpedo californica. Key structural insights
were obtained regarding the potency of this class of inhibitors. Specifically, Asp-72, Trp-84,
Trp-279, Phe-288, and Phe-330 are implicated in the binding of these inhibitors. The
N-benzylpiperidine benzisoxazoles may be suitable compounds for the palliative treatment of

Alzheimer’s Disease.

The cholinergic hypothesis postulates that memory
impairments in patients with Alzheimer’s Disease (AD)
result from a deficit of cholinergic functions in the
brain.! Activity of cholinergic markers such as choline
acetyltransferase is markedly reduced in the brains of
patients with AD in comparison to age-matched con-
trols.2 In addition, cholinergic neurons which originate
at the nucleus basalis of Meynert and project into the
hippocampus and cortex show extensive degeneration
in AD.? Furthermore, muscarinic antagonists such as
scopolamine can induce memory impairments in normal
subjects similar to that of normal aging.* As a conse-
quence, potentiation of central cholinergic action has
been proposed as an approach for the palliative treat-
ment of mild to moderate cases of AD.5

One strategy to enhance cholinergic neurotransmis-
sion is to inhibit acetylcholinesterase (AChE)5 the
enzyme responsible for the metabolic breakdown of
acetylcholine (ACh). Clinical studies with AChE inhibi-
tors have produced mixed results but suggest that these
agents may be able to enhance memory in patients with
AD.® Treatment with 1,2,3 4-tetrahydro-9-aminoacri-
dine (THA, Figure 1) has.demonstrated moderate but
significant efficacy in AD.” THA was recently approved
by the FDA,® becoming the first available treatment for
AD in the United States. However, the aminoacridines
suffer from dose-limiting hepatotoxic effects”-? which are
believed to be structure related.1® Physostigmine (Fig-
ure 1), a carbamate-type inhibitor, has shown inconclu-
sive results in the clinic possibly due to its short half-
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Figure 1. Acetylcholinesterase inhibitors.

life and narrow therapeutic index.»11 A controlled-
release formulation of physostigmine is currently in
phase III trials by Forest Laboratories.!2

A third class of AChE inhibitors, the N-benzylpip-
eridines,!3 seems to overcome the unfavorable side effect
profile and poor pharmacokinetics associated with the
above two classes.!* In addition, the N-benzylpip-
eridines display good selectivity in vitro for acetyl- over
butyrylcholinesterase.l® We became interested in ex-
ploring this class of inhibitors, represented by E-202013¢
(Figure 1). The benzoyl-containing functionality and the
N-benzylpiperidine moiety are believed to be key fea-
tures for binding and inhibition of AChE .13 Qur goal
was to design and synthesize novel prototypes which
would incorporate bioisosteric replacements for the
benzoyl moiety. Furthermore, a strategy was envisioned
in which the novel prototypes would be devoid of chiral
centers that could undergo facile racemization. E-2020
has been tested as a mixture of enantiomers, presum-
ably due to the ease of racemization of the chiral a-keto
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center at physiological pH. Our attention turned to a
series of heterocyclic substitutions which resulted in the
identification of the benzisoxazole ring (la, Figure 1)
as a suitable benzoyl bioisostere.l5 In this paper, we
describe the synthesis, structure—activity relationships,
and possible mode of binding of a series of N-benzyl-
piperidine benzisoxazoles and related derivatives. Mo-
lecular dynamics simulations are presented on a pos-
sible binding mode of N-benzylpiperidine benzisoxazoles
to the X-ray crystal structure of AChE from Torpedo
californica.

Chemistry

Starting 3-methyl-1,2-benzisoxazoles 2a—m were pre-
pared according to the method of Thakar et al.16 or as
described in Scheme 1. Known 4-acetamido-2-hydroxy-
acetophenone!” was converted via the oxime, oxime
acetate, and pyridine-mediated cyclization!® to the
required N-acetyl benzisoxazole 2g. Acid (HCI) hy-
drolysis of 2g afforded aminobenzisoxazole 2k. Treat-
ment of 2k with benzoyl chloride and benzenesulfonyl
chloride under standard conditions yielded benzoyl and
benzenesulfonyl benzisoxazoles 2h,i, respectively. Bis-
alkylation of 2k with §,5-dibromodiethyl ether and
diisopropylethylamine in toluene at 120 °C!® gave the
desired morpholino intermediate 2j. :

Compounds 2a—j,m were alkylated with iodide 5 and
converted to N-benzylpiperidine benzisoxazoles 1la—j,m
by removal of the N-BOC protecting group and benzy-
lation, as described in Scheme 2. Commercially avail-
able ethyl isonipecotate was converted to 5 in three
steps. Protection of the amine functionality with di-terz-
butyl dicarbonate (+-BOC anhydride) gave the desired
N-BOC piperidine 3. Selective reduction of the ester
moiety with LiAlH, afforded primary alcohol 4 which
was treated with iodine—triphenylphosphine in benzene
to afford the desired iodide 5. Alkylation of substituted
3-methyl-1,2-benzisoxazoles 2a—f,m was accomplished
by deprotonation with lithium diisopropylamide (LDA)
in tetrahydrofuran at —78 °C in the presence of 5 to
give 6a—f,m (method A, Scheme 2). Deprotonation was
carried out in the presence of electrophile 5 since it has
been reported!® that the lithiated species generated is
unstable, undergoing fragmentation of the N—O linkage
and formation of a dimeric structure. However, in the
case of 3-methyl-1,2-benzisoxazoles 2g—j, most of which
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o Reagents: (a) di-fert-butyl dicarbonate, Et3N, 1:1 dioxane—
H;0, 0 °C — room temperature, 16 h; (b) LAH, THF, 0 °C — room
temperature, 16 h; (¢) Iz, PPhgs, pyr, PhH, reflux, 1.5 h; (d) method
A; (e) method B; (f) method C; (g) i. TMSOTY, 2,6-lutidine, CH>Cl;,
0°C, 1.5 h, ii. PhCH3Br, Et;N, THF—DMF, room temperature, 24
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room temperature, 2 h.

contained additional acidic protons, deprotonation was
carried out first with 2 equiv of LDA in the absence of
electrophile. In these cases, we found that the lithiated
species generated were stable at —78 °C, undergoing
smooth alkylation upon subsequent addition of electro-
phile 5 to afford 6g—j (method B, Scheme 2). Removal
of the N-BOC protecting group was accomplished by
treatment with trifluoroacetic acid (method C) or tri-
methylsilyl trifluoromethanesulfonate and 2,6-lutidine
in methylene chloride. The intermediate secondary
piperidines were not isolated but submitted directly to
alkylation with benzyl bromide in the presence of EtsN
(method C) or NazCO; to give la—j,m. Final N-
benzylpiperidine benzisoxazoles were isolated usually
as the maleate or fumarate salts.

N-Benzylpiperidine benzisoxazoles 1k,1,n,0 were pre-
pared as described in Scheme 3. Demethylation of le
by treatment with 48% aqueous HBr afforded hydroxy-
benzisoxazole 11. Acid (HCI) hydrolysis of acetamide 1g
gave the corresponding anilino derivative 1k. Diazoti-
zation of 1k with nitrous acid followed by the addition
of CuCN yielded nitrile analog 1n. Hydrolysis of 1n
with powdered KOH in tert-butyl alcohol?® gave the
primary carboxamide lo.

Analogs 7—11, in which the linkage between the
benzisoxazole and N-benzylpiperidine rings was varied,
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were synthesized as described in Schemes 4—6. The
three-carbon analog 7 was prepared as depicted in
Scheme 4. Alcohol 1253 was reacted with iodine-—
triphenylphosphine to give 13. Coupling of 2a with
iodide 13 (method A) afforded N-BOC derivative 14
which was deprotected and alkylated with benzyl bro-
mide (method C) to yield 7. A Wittig protocol utilizing
phosphonium salt 152! and aldehyde 165 was followed
to give unsaturated analog 8 as the E-isomer in a
stereoselective fashion (Scheme 5). Reaction of 3-chloro-
1,2-benzisoxazole?? with the sodium salt of alcohol 4 in
dimethylformamide at 115 °C gave the corresponding
N-BOC intermediate 17, which after deprotection and
alkylation (method C) resulted in desired analog 9
{Scheme 6). Compounds 10 and 11 were also obtained
from 3-chloro-1,2-benzisoxazole by reaction with the
corresponding known diamines 182 and 19%¢ in di-
methyl sulfoxide at 150 °C.

The syntheses of related heterocycles 20—23 pro-
ceeded as described below. Known 3-methyl-1,2-benz-
isothiazole (24)?* and commercially available 1-meth-
ylisoquinoline (26) were coupled with iodide 5 (method
A) to give the corresponding N-BOC derivatives 25 and
27 (Scheme 2). Deprotection and benzyl bromide alky-
lation (method C) then afforded the heterocyclic benz-
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isothiazole and isoquinoline analogs 20 and 21, respec-
tively. Attempts to synthesize quinazoline and indazole
analogs 22 and 23 under similar conditions were unsuc-
cessful. Deprotonation of 4-methylquinazoline with
LDA (1-3 equiv) in the presence of or followed by the
addition of iodo compound 5 resulted only in recovered
starting material or decomposition. After some experi-
mentation, a successful one-pot protocol was developed
(Scheme 7) which involved sequential addition of 1 equiv
of LDA, trimethylsilyl chloride (to react with anion at
carbon-two), a second equivalent of LDA, and iodide 5.
The silyl group was removed upon workup with base to
give the corresponding N-BOC intermediate 28 which
was deprotected and alkylated (method C) to afford 22.
Indazole 23 was synthesized by a sequence utilizing a
different bond disconnection (Scheme 8).25 Condensa-
tion of o-fluoroacetophenone with piperidine aldehyde
16%* was followed by hydrogenation of the resulting
olefin with PtO; to afford ketone 29. Reaction of 29 with
anhydrous hydrazine resulted in formation of the cor-
responding hydrazone which underwent cyclization and
elimination of HF in situ to provide indazole 23.
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Table 1. In Vitro Inhibition of AChE® by Benzisoxazole
Derivatives la—o and E-2020
0-

1 L)
6 } N
R 5’ 4 N_.Ph

compd no. R ICs0 (nM)®
la H 55 +12
1b 5-Me 78+3.5
lc 5,6-diMe 58+ 4.0
1d 5-OMe 72+32
le 6-OMe 83+ 2.7
1f 7-OMe 71+£3.0
1g 6-NHCOMe 28 +2.2
1h 6-NHCOPh 9.4+ 4.8
li 6-NHSO:Ph 14 + 2.3
1 o 0.80 0.3

-

1k 6-NH: 20 +3.8
1 6-OH 26 +4.4
1m 6-Br 50 + 4.7
In 8-CN 101 £ 49
lo 6-CONH- 88+24
E-2020 8.0+ 3.4

@ Source of AChE: human erythrocytes. & ICs, values are the
mean + standard deviation of three assays.

Structure—Activity Relationships

The benzisoxazoles and structurally related com-
pounds were evaluated in vitro for inhibition of AChE
by the spectroscopic method of Ellman et al.26 The
results are presented in Tables 1 and 2.

Substitution of the benzisoxazole ring with electron-
donating and some electron-withdrawing groups re-
sulted in an increase of AChE inhibition in comparison
to the unsubstituted compound 1a (Table 1). Nitrogen-
containing functionalities such as cyclic amines and
N-acyl groups at position 6 were particularly interest-
ing, resulting in a 3—100-fold increase in the inhibition
of AChE in comparison to other alkyl, alkoxy, or
electron-withdrawing groups. The 6-morpholino and
6-NHAc analogs 1j,g, respectively, displayed potent
inhibition in the low nanomolar range (ICsp’s = 0.8—
3.0 nM). The 6-OH and 6-NH; derivatives were less
potent than the corresponding alkylated or acylated
derivatives, suggesting a preference for lipophilic sub-
stituents. This preference is also reflected on the lower
potency displayed by the sulfonamide analog 1li. In
general, among the benzisoxazole substituents studied,
inhibition of AChE seemed independent of steric factors
but was influenced by lipophilicity.

The two-carbon methylene bridge between the benz-
isoxazole and piperidine rings was optimum. The
length of the bridge and the freedom of rotation around
the two-atom connecting unit played a significant role
in the ability of these compounds to inhibit AChE. A
three-carbon chain (7) led to a substantial (16-fold) loss
of activity (Table 2). Restricting rotation by introduction
of a double bond (8, E configuration) resulted in a 4-fold
decrease in inhibition. Diminished inhibition of AChE
was also observed after introduction of heteroatoms
such as oxygen or nitrogen (9—11).

Heterocyclic systems structurally related to the benz-
isoxazole nucleus were prepared and evaluated for
inhibition of AChE. The closely related benzisothiazole
(20) and indazole (23) derivatives were 3—4 times less
potent than la (Table 2). Such a difference between
the oxygen- and sulfur-containing heterocycles is re-
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Table 2. In Vitro Inhibition of AChE® for Benzisoxazole
Derivatives with Different Spacing Units (-Y-) and Related

Heterocycles (-X-)
XN
|
O/KY/CNVP"
X-

compd no. -Y- ICs0 (uM)Y
7 -0- -(CHg)s- 0.90+0.18
8 -0- E-CH=CH- 0.21 £0.03
9 -0- -OCH;- 2.6 +0.30
10 -0- -NHCH,- 0.32 + 0.20
11 -0- -NH(CHg).- 0.81 + 0.02
20 -8- -(CHy)e- 0.099 £ 0.009
21 -CH=CH- -(CHa)g- 0.22 + 0.05
22 -N=CH- -(CHa)q- 0.34 £ 0.07
23 -NH- -(CHa)e- 0.12 + 0.02

a Source of AChE: human erythrocytes. b ICs values are the
mean =+ standard deviation of three assays.

Table 8. Comparison of the in Vitro Selectivity for AChE® over
BuChE? for Selected Benzisoxazole Derivatives and Known
AChE Inhibitors

ICs0 (nMY¥

ratio
compd AChE BuChE BuChE/AChE
lg 2.8+22 9000+ 300 3200
1j 0.8+03 4700 + 1000 5900
E-2020 80+34 2900+60 360
THA 270 + 140 6.0+0.1 0.022
physostigmine 19+ 5.0 73 £ 6.0 3.8

a Source of AChE: human erythrocytes. ? Source of BuChE:
horse serum. ¢ ICs; values are the mean + standard deviation of
three assays.

markable and indicative of the specific hydrogen-bond-
ing requirements of the enzyme. The larger heterocyclic
derivatives, isoquinoline 21 and quinazoline 22, were
also less potent.

Biological Results and Discussion

The N-benzylpiperidine benzisoxazoles 1b—j,0 dis-
played potent in vitro inhibition of AChE comparable
to or better than E-2020. As mentioned above, N-acetyl
derivative 1g and morpholino derivative 1j were among
the most potent compounds in this new class of inhibi-
tors. In addition, these compounds showed outstanding
selectivity for acetyl- over butyrylcholinesterase (BuChE)
as demonstrated by ratios in excess of 3 orders of
magnitude (Table 3). While E-2020 also displayed good
selectivity (300-fold), THA and physostigmine showed
poor selectivity for the cholinesterases. Inhibition of
BuChE, which is abundant in plasma, may be associ-
ated with potentiating peripheral side effects.2” There-
fore, an inhibitor which is essentially devoid of BuChE
activity may display higher therapeutic indices.

In vivo activity was studied by measuring elevation
of whole brain ACh in mouse forebrain in a selected
number of compounds. N-Acetyl 1g displayed the best
profile with an EDsg of 2.4 mg/kg, po (Figure 2). A dose-
dependent elevation of ACh was measured at 0.32—100
mg/kg with a maximum elevation of 178%. Acute (1 h)
LDso was greater than 100 mg/kg. E-2020 and THA
produced a similar maximum elevation of ACh (160%)
but were less potent with EDsg’s of 14 mg/kg (Figure
2).

Compound 1g was also assessed in a mouse passive
avoidance model for its ability to reverse hemicholinium-
3-induced amnesia. At doses of 3.2 and 5.6 mg/kg, 1g
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Figure 2. Elevation of acetylcholine in mouse forebrain

following oral administration. Refer to the Experimental

Section for test procedures. Compounds shown: 1g (O), THA

(a), and E-2020 (@).
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Figure 3. Mouse passive avoidance test: reversal of hemi-
cholinium-3 (HC3)-induced amnesia after oral administration.
Veh = vehicle. Mann-Whitney U test: # = p < 0.05 vs vehicle
treated; * =p < 0.05 and ** = p < 0.01 vs HC3 treated. Refer
to the Experimental Section for test procedures.

was able to reverse amnesia efficiently, with an average
reversal of 89.7% (Figure 3). THA also reversed amne-
sia at the higher dose of 32 mg/kg (data not shown).

Model Binding Mode

The publication by Sussman et al.?® of the X-ray
structure of AChE from T. californica prompted us to
investigate the possible binding modes of our potent
benzisoxazole inhibitors. Molecular dynamics simula-
tions were carried out as described in the Computational
Methods section utilizing benzisoxazole 1g as the model
inhibitor.

The results of the simulations allowed identification
of the key features of the benzisoxazole class of inhibi-
tors that are responsible for their high potency. The key
interactions are illustrated in Figure 4. For inhibitor
1g, there are five possible hydrogen-bonding sites avail-
able: the protonated piperidine N—H, the benzisoxazole
nitrogen and oxygen, and the acetyl N—H and carbonyl
oxygen. Arguably the most critical interaction is formed
between the positively charged piperidine of 1g and the
negatively charged carboxylate side chain of Asp-72.
This hydrogen bond is present 90% of the time and
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forms the foundation upon which the remaining contacts
rest. Examination of the native X-ray structure reveals
that the carboxylate of Asp-72 is hydrogen bonded to
the hydroxyl group of Tyr-334 and presumably hydrated
with solvent, though no crystallographic water mol-
ecules are observed in this region. During the simula-
tion, the hydrogen bond between the carboxylate of Asp-
72 and the phenol OH of Tyr-334 remains intact. The
rigidity of this arrangement further serves to anchor
the location of the piperidine within the gorge. In
general, there is little change observed in the structure
of the protein throughout the course of the simulation,
though there are notable exceptions (vide infra).

Another frequently observed (93% of the time) hydro-
gen bond is the one between the benzisoxazole oxygen
of 1g and the backbone N—H of Phe-288, which is found
on the floor of the gorge. This backbone N—H also
participates in forming a hydrogen bond with the
benzisoxazole nitrogen 40% of the time. As one would
expect, if the complementary hydrogen-bonding sites on
the benzisoxazole are replaced with weak hydrogen-
bond acceptors, or are removed completely (cf. Table 2,
compounds 20—22), there is a significant decrease in
the potency of the inhibitors. The decrease in potency
is consistent with the binding mode determined from
the simulation. Since the backbone N—H of Phe-288
will be hydrated in the absence of an inhibitor, failure
to replace this interaction with a complementary site
on the inhibitor will result in deleterious binding.

The acetyl substituent of 1g is primarily solvent
exposed and does not appear to engage in specific
hydrogen-bonding interactions with the protein, per se.
A hydrogen bond between the amide N—H of 1g and
the carbonyl oxygen of Gly-335 is observed during the
initial phases of the simulation, but this interaction
ultimately yields to a water bridge that is formed
between the carbonyl oxygen of the acetyl group and
the carboxylate group of Asp-285.

Hydrophobic interactions are also evident for the
enzyme—inhibitor model. Indeed, the gorge leading to
the active site is lined with aromatic residues, which
constitute ca. 40% of the residues present in this
region.?® Inhibitor 1g takes advantage of this hydro-
phobic lining by making a variety of specific and
nonspecific contacts. The N-benzyl substituent of 1g
forms an off-center n-stacking interaction with the
indole side chain of Trp-84. The arrangement of the
rings is roughly parallel with the centers displaced such
that the edge of the phenyl ring slightly overlaps the
edge of the indole formed by the atoms CG—CD2—CE3
(Figure 4). It is noteworthy that the average center-
to-center distance between the plane of the indole and
the benzyl rings of Trp-84 and 1g, respectively, is 5.1

, as computed from the coordinates of the saved
configurations. This distance is near the minimum (4.5
A) reported for a planar n-stacked interaction between
two benzene rings in the gas phase, with a similar off-
center geometry.?® Trp-84 has been implicated in the
binding of acetylcholine and other quaternary ligands.28%
As other studies have reported,3° we find little change
in the position of the side chain of Trp-84 during the
simulation. In fact, the average y; torsion measured
from the simulation is —59°, compared to the X-ray
value of —46°, while ys changes by less than 1°. In
addition to the important interaction of Trp-84 with the
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Figure 4. Stereoplot of inhibitor 1g bound within the active site gorge of acetylcholinesterase. Coordinates were obtained from
an instantaneous structure generated during the MD simulation (100 ps). Hydrogen bonds are indicated with dashed lines.

N-benzyl substituent of 1g, we find that the phenyl ring
of Phe-330 interacts with the phenyl ring of 1g via an
edge-on configuration.” Again averaging over the saved
coordinates, we find the average center-to-center dis-
tance between the two phenyl rings is computed to be

While this distance is larger than optl.mal (5.0
A reported for the T-shaped interaction in the gas
phase), the interaction of the benzyl substituent with
the hydrophobic pocket formed by the side chains of Trp-
84 and Phe-330 undoubtedly contributes greatly to the
potency of this class of inhibitors. Also evident from
Figure 4 is the close packing of the piperidine ring with
the phenyl group of Phe-330. Unlike the previously
described interaction with Trp-84, we note the side chain
of Phe-330 differs significantly from the orientation
reported in the “native” X-ray structure. Upon binding
inhibitor 1g, the plane of the phenyl ring rotates about
the y; torsion ca. 113°, affording greater contacts with
not only the benzyl group but the piperidine ring as well.
Some caution is warranted in drawing any conclusions
about the relative rotations in Phe-330 since the “native”
X-ray structure has been reported to contain complexed
decamethonium, which has been shown to bind in this
region.

Changing the length of the chain that connects the
piperidine to the benzisoxazole substituent has been
shown to have a profound effect on the potency (cf. Table
2, compound 7). The optimal length ethyl spacer (i.e.,
1g) is completely consistent with our proposed binding
model. Since the N-benzylpiperidine fragment is ideally
situated, the nature of the spacer will control the
positioning of the benzisoxazole within the gorge and
hence the extent of contact with the protein. The indole
side chain of Trp-279, which is located near the rim of
the gorge, forms an edge-to-face contact pair with the
benzisoxazole (average distance of 5.7 A). In order to
form this contact, the y; and y2 angles of Trp-279 are
rotated by ca. —30° and 60°, respectively, relative to the
X-ray structure. The excellent complementarity be-
tween the narrow gorge of the protein and the inhibitor
is illustrated in Figure 5. Examination of Table 2
reveals a 16-fold decrease in activity on going from the
ethyl to propyl linker. We can rationalize this result
by realizing that the propyl spacer of 7 would force the
benzisoxazole substituent out of the gorge and preclude,
or at the very least reduce, its interaction with the
protein. On the other hand, shortening the spacer
would have the same effect of forcing the benzisoxazole

away from the protein and would disrupt potential
hydrogen-bonding and hydrophoebic interactions.

A potential source of difficulty in attempting to
rationalize all of the in vitro binding data comes from
the fact that we are studying the possible binding modes
of 1g to AChE from T. californica while the in vitro
binding studies were conducted with human AChE.
Clearly, there are likely to be subtle differences in the
binding modes caused by differences in the structures
between these two AChE. However, we note that in the
sequence of human AChE,3! Asp-72, Trp-84, Trp-279,
Phe-288, and Phe-330 are conserved while Asp-285 in
T. californica AChE has been replaced by Glu in the
human sequence. Since Asp-285 is located on the outer
rim of the gorge, and is completely solvent exposed,
mutating this to Glu would likely have minor effects
on the binding of 1g and other inhibitors of this class.

Conclusions

A novel series of benzisoxazoles has been synthesized
and found to be potent and selective inhibitors of AChE
in vitro. The benzisoxazole heterocycle was found to be
a suitable bioisosteric replacement for the benzoyl
moiety present in the N-benzylpiperidine class of inhibi-
tors. In addition, these compounds are devoid of chiral
centers, existing as pure chemical entities at physiologi-
cal pH. Substitution at position 6 with nitrogen-
containing groups resulted in optimization of in vitro
activity. The benzisoxazoles displayed favorable in vivo
profiles as demonstrated by the dose-dependent eleva-
tion of ACh in mouse forebrain and reversal of amnesia
in a passive avoidance model. A model for the binding
of this class of inhibitors to AChE (from T. californica)
is proposed which is consistent with the available
structure—activity relationships. The potency of the
inhibitors is derived from the many hydrogen bonds and
aromatic contacts that are made with the enzyme. The
N-benzylpiperidine benzisoxazoles may be suitable com-
pounds for the palliative treatment of Alzheimer’s
Disease.

Experimental Section

Computational Methods. Molecular dynamics simula-
tions were carried out using the AMBER 4.0 series of pro-
grams® on a Silicon Graphics Iris-4D computer. The standard
OPLS parameters were used for the protein® modified to
incorporate all-atom parameters for the aromatic rings.?” The
TIP3P model for water®* was used to describe the solvent.
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Figure 5. Inhibitor 1g bound, demonstrating the complementary fit with the enzyme. The solvent accessible surface is depicted

in wireframe, generated with the SYBYL program.*

Parameters for inhibitor 1g were derived following the OPLS
paradigm; standard Lennard—Jones ¢ and ¢ values that are
consistent with atomic hybridization were employed, while
partial atomic charges were varied in order to obtain high
quality parameters. Ideally, these charges would be optimized
by fitting the results of fluid simulations to experimental data
on pure liquids or dilute aqueous solutions.?* In the absence
of such data, one method of charge assignment, which has
shown excellent success, is to merge the partial charges from
readily available fragments %37 In the case of inhibitor 1g,
OPLS parameters for the benzyl,3 piperidine,®® alkyl,?® and
acetamide® fragments have been previously reported. As is
usual, aromatic rings were represented by an all-atom model,
while the aliphatic portions were given by united-atom models.

Partial atomic charges for the benzisoxazole substituent
were determined by fitting, via the CHELPG program,* to
the electrostatic potential surface (EPS) computed from the
Hartree—Fock 6-31G(d)*'* wave function. The geometry for
benzisoxazole was first fully optimized by means of analytical
energy gradients®? at the restricted Hartree—Fock level of
theory with the 3-21G*" basis set. The ab initio molecular
orbital calculations were carried out with the Gaussian92
series of programs.*® Jorgensen and co-workers have found
that charges derived from fitting to the EPS from 6-31G(d)
wave functions yield results similar in quality and consistency
to those derived from more elaborate methodologies.* This
“hybrid” approach of merging OPLS- and EPS-derived charges
has been recommended in the case of systems containing alkyl
and amide fragments, due to significant errors in the computed
free energies of hydration, as described in detail elsewhere.*
Parameters used to compute the angle bending and torsional
motion, including improper torsions, were taken from the
AMBER force field .*5 Full parameter specifications for 1g are
given in the supplementary material.

Scaling factors for the 1,4-nonbonded interactions were set
as specified in the OPLS description.?® The SHAKE algo-
rithm,* with a tolerance of 0.0004 A, was used to constrain
all bonds involving hydrogens at their equilibrium values. A
9 A residue-based cutoff was applied to all nonbonded interac-
tions, which were generated using a pair list that was updated
every 25 steps. A 1.5 fs time step was used throughout the
molecular dynamics simulations,

The coordinates of the protein were obtained from the X-ray
structure of AChE isolated from T. californica,? as deposited
in the Brookhaven Protein Data Bank (entry 1ACE).#’ Crys-
tallographic water molecules present in the X-ray structure
as well as a modeled acetylcholine molecule were deleted. Polar
and aromatic hydrogen atoms, in addition to any missing
heavy atoms, were added to the protein using the SYBYL
program.*8 Initial docking of 1g within the gorge leading to
the active site was accomplished by locating possible salt
bridge and hydrogen-bonding sites on the protein that could
complement those found on the inhibitor. Of the four nega-
tively charged amino acids lining the gorge of the active site,
only Asp-72 afforded the accessibility necessary to interact
with the positively charged piperidine of 1g. This key interac-
tion formed the essential anchoring point and was used to
guide the initial placement of 1g within the gorge that leads
to the active site. The inhibitor was placed in the gorge with
the piperidine N—H oriented in a roughly perpendicular
fashion to the plane formed by the carboxylate group of Asp-
72 ca. 1.8 A away. The benzyl and benzisoxazole substituents
were rotated into the gorge such that unfavorable van der
Waals contacts were avoided. The narrow gorge does not allow
a large number of choices in this regard, which makes
positioning the substituents considerably easier than may
otherwise be expected. Several alternative orientations were
explored; none were consistent with the available SAR and
high potency/selectivity of 1g toward AChE (vide infra). The
initial placement of 1g is also consistent with the results of
an independent docking study of E-2020 within the gorge.*® A
25 A sphere of TIP3P water was centered on the side chain
carboxylate carbon of Asp-72, and all water molecules within
1.7 A of any protein or inhibitor atom were removed. A simple
harmonic potential function with a force constant of 1.5 kcal/
(mol A2) was used to maintain the spherical boundary of the
solvent.

The initial system was equilibrated in several phases.
Initially, 5000 steps of the steepest descent minimization was
performed on the water molecules while keeping the protein
and inhibitor fixed, followed by 15 ps of MD at 200 K. Next,
30 ps of equilibration was carried out while allowing the water,
inhibitor, and all protein residues within 20 A of the center of
the sphere of water to move. During this phase, the tempera-
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ture of the system was raised to 298 K. Since some relaxation
of the protein allows pockets to form, resolvation of the system
becomes advantageous to ensure an adequately packed envi-
ronment. The above system was resolvated by adding ad-
ditional water (as above), bringing the total number of water
molecules present to 1247. Finally, another 50 ps of equilibra-
tion at 298 K was carried out to ensure a stable system before
any data collection was begun. Data collection was then
carried out during a 210 ps constant temperature simulation
in which coordinates were saved every 50 steps. Hydrogen-
bonding analysis was performed on the saved coordinate sets
from the simulations. In defining hydrogen bonds, a purely
geometric criterion was applied. A hydrogen bond was con-
sidered to exist if the hydrogen—acceptor distance was less
than 2.5 A and the donor—hydrogen—acceptor angle was
between 120° and 180°.

General Procedures. Melting points were determined in
a Thomas-Hoover or Electrothermal capillary melting point
apparatus and are uncorrected. High-field 'H-NMR spectra
were recorded on a Bruker AM 250, Bruker AM 300, or Varian
XL-300 instrument. Low- and high-resolution electron impact
mass spectra (EIMS and EIHRMS) were recorded in a Kratos
Profile instrument. Low- and high-resolution fast-atom bom-
bardment mass spectra (FABMS and FABHRMS) were re-
corded in a Kratos Concept instrument. Low-resolution
chemical ionization spectra (CIMS) were recorded in a Hewlett-
Packard 5989A instrument. Elemental analysis were carried
out by Mr. J. W. Greene, Analytical Department, Pfizer Inc.,
or Schwarzkopf Microanalytical, Woodside, NY. Flash chro-
matography was performed on EM Kieselgel 60 (40—60 um,
230—400 mesh).

All reactions were carried out under a positive pressure of
nitrogen, unless otherwise noted. Tetrahydrofuran (THF) and
dimethoxyethane (DME) were distilled immediately before use
from sodium benzophenone ketyl. Anhydrous methylene
chloride (CH3Cly), dimethylformamide (DMF), dimethyl sul-
foxide (DMSO), and toluene were purchased from Aldrich
Chemical Co. 3-Methyl-1,2-benzisoxazole (2a),'¢ 3,5-dimethyl-
1,2-benzisoxazole (2b),'® 3,5,6,-trimethyl-1,2-benzisoxazole (2¢),'
5-methoxy-3-methyl-1,2-benzisoxazole (2d),’® 6-methoxy-3-
methyl-1,2-benzisoxazole (2e),5! 7-methoxy-3-methyl-1,2-benz-
isoxazole (2f),52 and 6-bromo-3-methyl-1,2-benzisoxazole (2m)'®
are known and were prepared by the method of Thakar et al.
from the corresponding o-hydroxyacetophenones.

6-Acetamido-3-methyl-1,2-benzisoxazole (2g). A solu-
tion of hydroxylamine hydrochloride (6.14 g, 0.088 mol) and
sodium acetate trihydrate (12.6 g, 0.092 mol) dissolved in the
minimum amount of 7:3 EtOH—H;0 was added to a solution
of 4-acetamido-2-hydroxyacetophenone®® (14.85 g, 0.077 mol)
in 7:3 EtOH—-H20 (100 mL). The resulting mixture was
heated to reflux. After 1.5 h, additional hydroxylamine
hydrochloride (2.70 g, 0.038 mol) and sodium acetate trihy-
drate (5.23 g, 0.038 mol) dissolved in the minimum amount of
water were added. Reflux was continued for 0.5 h. The
reaction mixture was concentrated, and the solid obtained was
collected by filtration. After washing with water and drying
under high vacuum, 11.37 g (71%) of the oxime was obtained
as a light tan solid: mp (EtOAc¢) 200—202.5 °C; 'H-NMR
(DMSO0-ds) 6 11.66 (s, 1H), 11.37 (s, 1H), 9.97 (s, 1H), 7.38 (d,
1H, J = 8.5 Hz), 7.23 (d, 1H, J = 1.6 Hz), 7.03 (dd, 1H, J =
8.6 Hz, J = 1.6 Hz); EIMS m/e (rel intensity) 208 (M*, 100).
Anal. (CmHmNan) C, H, N.

Acetic anhydride (28.5 mL) was added to the oxime (11.3 g,
0.054 mol) obtained above, and the mixture was heated at 130
°C for 2 min. After allowing to cool to room temperature, the
reaction mixture was filtered. The off-white solid collected was
washed with H2O and dried under high vacuum to yield 11.35
g (83%) of the oxime acetate: mp (EtOAc) 178-179 °C; 'H-
NMR (DMSO-de) 6 11.03 (s, 1H), 10.08 (s, 1H), 7.46 (4, 1H, J
= 8.6 Hz), 7.38 (d, 1H, J = 2.0 Hz), 7.07 (dd, 1H, J = 8.6 Hz,
J = 2.0 Hz), 2.38 (s, 3H), 2.22 (s, 3H), 2.06 (s, 3H); EIMS m /e
(rel intensity) 250 (M*, 11), 148 (100). Anal. (C12H14N30,) C,
H, N.

The above oxime acetate (11.3 g, 0.045 mol) was dissolved
in pyridine (100 mL), and the mixture obtained was heated to
reflux for 12 h. The reaction mixture was allowed to cool to
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room temperature and poured over 1 N HCl. The aqueous
layer was extracted with ethyl acetate (3x), and the combined
organic layer was washed with additional 1 N HCI and brine,
dried (MgSQ0y), filtered, and concentrated. Purification by
silica gel flash chromatography (50% — 100% ethyl acetate—
hexanes) gave 2g (5.33 g, 62%) as a white solid: mp (EtOAc¢/
hexanes) 210—211 °C; 'H-NMR (DMSO-dg) 6 10.36 (s, 1H), 8.14
(d, 1H,J = 1.2 Hz), 7.72 (d, 1H, J = 8.6 Hz), 7.35 (dd, 1H, J
= 8.6 Hz, J = 1.6 Hz), 2.49 (s, 3H), 2.10 (s, 3H); EIMS m /e
(rel intensity) 190 (M*, 79), 148 (100). Anal. (C;0H10N202)C,
H,N.
6-Amino-3-methyl-1,2-benzisoxazole (2k). A mixture of
2g(1.07 g, 5.63 mmol) in 1 N HCI (20 mL) was heated to reflux
until a clear solution was obtained (45 min). The mixture was
allowed to cool to room temperature and made basic by
addition of 10% NaOH. The off-white solid obtained was
collected by filtration, washed with H20, and dried under high
vacuum to give 0.619 g (74%) of 2k: mp (Et;0) 118—120 °C;
H-NMR (CDCl3) 6 7.38 (d, 1H, J = 8.5 Hz), 6.61 (dd, 1H, J =
8.5 Hz, J = 1.7 Hz), 6.57 (d, 1H, J = 1.5 Hz), 2.37 (s, 3H);
EIMS m/e (rel intensity) 148 (M*, 100); EIHRMS caled for
CgHgNzO 148.0637, found 148.0619. Anal. (CSHSNgO) C, H;
N: caled, 18.91; found, 18.46.
6-Benzamido-3-methyl-1,2-benzisoxazole (2h). Benzoyl
chloride (0.56 mL, 4.82 mmol) was added to a solution of 2k
(0.70 g, 4.72 mmol), triethylamine (1.35 mL, 9.69 mmol), and
4-(dimethylamino)pyridine (0.07 g, 0.57 mmol) in CHyCls. The
resulting mixture was stirred overnight at room temperature.
The heterogenous mixture was concentrated, and the solid
obtained was collected, washed with HsO and Et;0, and air-
dried to give 2h (1.02 g, 86%) as an off-white solid. A small
sample was purified by recrystallization from EtOH to give a
white solid: mp (EtOH) 213—214 °C; 'H-NMR (DMSO-ds) 6
10.6 (s, 1H), 8.30 (s, 1H), 7.98 (d, 2H, J = 6.9 Hz), 7.80 (d, 1H,
J = 8.6 Hz), 7.68 (d, 1H, J = 8.8 Hz), 7.52—7.63 (m, 3H), 2.53
(s, 3H); EIMS m /e (rel intensity) 252 (M*, 17), 105 (100). Anal.
(C1sH12N202) C, H, N.
6-Benzenesulfonamido-3-methyl-1,2-benzisoxazole (2i).
Benzenesulfonyl chloride (0.528 mL, 4.14 mmol) was added
to a cold (0 °C) solution of 2k (0.613 g, 4.14 mmol) and pyridine
(0.670 mL, 8.28 mmol) in CHyCl; (30 mL). After 1.3 h,
saturated NaHCO; was added and the resulting mixture was
stirred overnight at room temperature. The organic layer was
separated, washed with HoO and brine, dried (MgSOy,), filtered,
and concentrated. Purification by silica gel flash chromatog-
raphy (5% EtOAc—CH;Cly) gave 2i (0.867 g, 83%) as a white
solid: mp 183-184 °C; 'H-NMR (CDCl;s) 6 10.9 (br s, 1H), 7.84
(d, 2H, J = 6.7 Hz), 7.68 (d, 1H, J = 8.5 Hz), 7.52-7.63 (m,
3H),7.34(d, 1H,J=1.5Hz),7.11(dd, 1H,J=8.5Hz,J =17
Hz), 2.52 (s, 3H); EIMS m /e (rel intensity) 288 (M™, 46), 147
(100). Anal. (Cl4H12N203S) C, H, N.
3-Methyl-6-(4-morpholinyl)-1,2-benzisoxazole (2j). A
mixture of 2k (0.230 g, 1.55 mmol), 3,5’-dibromodiethy! ether
(0.397 g, 1.71 mmol), and diisopropylethylamine (Hunig’s base,
0.648 mL, 3.72 mmol) in toluene (2.5 mL) was heated at 120
°C for 15 h. The cooled reaction mixture was diluted with
EtOAc, washed with H;O and brine, dried (MgSO0,), filtered,
and concentrated. Two additional separate reactions using 2k
(0.050 g, 0.34 mmol, and 0.150 g, 1.01 mmol) were carried out
as described above. Crude product from the three reactions
was combined and purified by silica gel flash chromatography
(1% MeOH—CH,Cly) to give 2j (0.499 g, 79% combined yield)
as a pale yellow solid. A small sample was further purified
by recrystallization (EtOAc/hexanes) to give a white solid: mp
(EtOAc/hexanes) 139—140 °C; 'H-NMR (CDCl;) 6 7.46 (d, 1H,
J=8.7Hz),6.95(dd, 1H,J = 8.7 Hz,J = 2.0 Hz), 6.90 (d, 1H,
J =1.9 Hz, 3.88 (t, 4H, J = 4.9 Hz), 3.27 (t, 4H, J = 4.8 Hz),
2.52 (s, 3H); EIMS m /e (rel intensity) 218 (M+, 100); EIHRMS
caled for C12H14N202 218.1056, found 218.1054.
1,4-Piperidinedicarboxylic Acid, 1-(1,1-Dimethylethyl)
Ester, 4-Ethyl Ester (3). A solution of ethyl isonipecotate
(20.0 g, 0.127 moL) and triethylamine (17.8 mL, 0.127 moL)
in 1:1 dioxane—H30 (1.2 L) was cooled to 0 °C. After 15 min,
di-tert-butyl dicarbonate (35.2 g, 0.161 moL) was added and
the resulting mixture was allowed to warm to room tempera-
ture overnight. The mixture was extracted with EtOAc (4x),
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and the combined organic layer was washed with 1 N HCIl,
H;0, and brine, dried (MgSO0y), filtered, and concentrated to
give a light orange oil. Kugelrhor distillation (0.05 Torr, 80—
90 °C) gave 3 (30.69 g, 94%) as a colorless oil: TH-NMR (CDCls)
6 4.11 (q, 2H, J = 7.2 Hz), 3.97—4.05 (m, 2H), 2.80 (br t, 2H,
J=11.6 Hz),2.40 (tt,1H,J=11.0 Hz,J = 3.9 Hz), 1.81—-1.86
(m, 2H), 1.52—1.66 (m, 2H), 1.43 (s, 9H), 1.23 (t, 3H, J = 7.2
Hz); EIMS m/e (rel intensity) 257 (M*, 32), 156 (100);
EIHRMS calced for C13H3NO, 257.1627, found 257.1601.

4-(Hydroxymethyl)-1-piperidinecarboxylic Acid, 1-(1,1-
Dimethylethyl) Ester (4). Lithium aluminum hydride (4.3
g, 0.114 moL) was added to a cold solution (0 °C) of 3 (26.57 g,
0.103 moL) in THF (1 L). After 30 min, the ice bath was
removed and the reaction mixture was allowed to stir over-
night at room temperature. Sodium sulfate decahydrate was
added carefully until evolution of gas subsided. After stirring
for 1 h, the mixture was filtered through a Celite pad and the
filtrate was concentrated. Recrystallization (Et;O/hexanes)
gave 4(20.67 g, 93%) as a white solid: mp (Et:O/hexanes) 80—
81 °C; 'H-NMR (CDCl3) 6 4.04—4.26 (m, 2H), 3.49 (d, 2H, J =
6.4 Hz), 2.70 (br t, 2H, J = 12.0 Hz), 1.60—1.73 (m, 3H), 1.47
(s, 9H), 1.15 (ddd, 2H, J = 23.2 Hz, J = 12.0 Hz, J = 4.3 Hz),
CIMS m/e (rel intensity) 216 ([M + 11%, 80), 160 (100). Anal.
(CuuH21NO3) C, H, N.

4-(Iodomethyl)-1-piperidinecarboxylic Acid, 1-(1,1-
Dimethylethyl) Ester (5). Triphenylphosphine (31.0 g, 0.119
moL) was added to a mixture of iodine (29.0 g, 0.114 moL) in
benzene (1 L). After 5 min, pyridine (18.5 mL, 0.228 moL)
followed by alcohol 4 (20.5 g, 0.095 moL) was added. The
resulting mixture was heated to reflux for 1.5 h. The cooled
reaction mixture was filtered, and the filtrate was washed with
saturated NayS:0; and brine, dried (MgSO,), filtered, and
concentrated. Purification by silica gel chromatography (10%
— 20% EtOAc—hexanes) gave 5 (28.5 g, 92%) as a clear oil.
Upon standing, a white solid was obtained. 5: mp 58—59 °C;
1H-NMR (CDCls) 6 4.09 (br d, 2H, J = 13.1 Hz), 3.08 (d, 2H,
J = 6.5 Hz), 2.66 (br t, 2H, J = 13.1 Hz), 1.80 (br d, 2H, J =
12.9 Hz), 1.52—1.64 (m, 1H), 1.43 (s, 9H), 1.11 (ddd, 2H, J =
24.7 Hz,JJ = 12.7 Hz, J = 4.3 Hz); FABMS m/e (rel intensity)
326 ([M + 17*, 100). Anal. (C;;HINO9) C, H, N.

4-[2-(1,2-Benzisoxazol-3-yl)ethyl]-1-piperidinecarboxy-
lic Acids, 1-(1,1-Dimethylethyl) Esters 6a—f,m. Method
A. A mixture of 2a (0.410 g, 3.08 mmol) and iodide 5 (1.05 g,
3.23 mmol) in dry THF (3.2 mL) was cooled to —78 °C. Freshly
prepared 1 M LDA (3.1 mL, 3.1 mmol) was added dropwise,
and the resulting yellow-orange solution was stirred for 25 min
at —78 °C. Saturated NH,Cl was added, and the mixture was
extracted with EtOAc (3x). The combined organic layer was
washed with brine, dried (MgSO,), filtered, and concentrated.
Purification by silica gel flash chromatography (10% — 20%
EtOAc—hexanes) gave 6a (0.430 g, 42%) as a colorless oil: 'H-
NMR (CDCly) 6 7.62 (d, 1H, J = 8.0 Hz), 7.49-7.55 (m, 2H),
7.25—7.31 (m, 1H), 4.09 (m, 2H), 3.00 (t, 2H, J = 7.8 Hz), 2.66
(brt,2H,J =13.0Hz), 1.71—1.84 (m, 4H), 1.47—1.53 (m, 1H),
1.43 (s, 9H), 1.14 (ddd, 2H, J = 24.5 Hz, J = 12.1 Hz, J = 4.1
Hz); FABMS m /e (rel intensity) 331 ((M + 1]*, 18), 231 (100);
FABHRMS caled for C10H27N2O3 331.2022, found 331.2021.

A similar procedure was followed for the preparation of 6b—
f,m starting from the corresponding 3-methyl-1,2-benzisox-
azoles 2b—fm.

6b: 78%; oil; 'TH-NMR (CDCl3) 6 7.28—7.40 (m, 3H), 4.04—
4.11 (m, 2H), 2.94 (t, 2H, J = 7.8 Hz), 2.64 (br t, 2H, J = 12.3
Hz), 2.43 (s, 3H), 1.70—1.99 (m, 4H), 1.42 (s, 9H), 1.41-1.55
(m, 1H), 1.13 (ddd, 2H, J = 24.4 Hz, J = 12.0 Hz, J = 4.1 Hz);
EIMS m/e (rel intensity) 344 (M*, 10), 271 (100); EIHRMS
caled for CgoH2sN2O3 344.2099, found 344.2073.

6¢: 78%; oil; 'H-NMR (CDCls) 6 7.32 (s, 1H), 7.27 (s, 1H),
4.04—4.10 (m, 2H), 2.93 (t, 2H, J = 7.8 Hz), 2.64 (br t, 2H, J
= 11.9 Hz), 2.35 (s, 3H), 2.32 (s, 3H), 1.70—1.80 (m, 4H), 1.43
(s, 9H), 1.43—1.51 (m, 1H), 1.13 (ddd, 2H, J = 24.3 Hz, J =
12.3 Hz, J = 4.2 Hz); EIMS m/e (rel intensity) 358 (M*, 20),
285 (100); EIHRMS caled for Co1H3oN20s 358.2255, found
3458.2263.

6d: 87%; oil; 'TH-NMR (CDCls) 6 7.46 (d, 1H, J = 9.1 Hz),
7.17(dd, 1H,J = 9.1 Hz,J = 2.5 Hz), 6.96 (d, 1H, J = 2.4 Hz),
4.09—-4.16 (m, 2H), 3.87 (s, 3H), 2.99 (t, 2H, J = 7.8 Hz), 2.69
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(brt,2H,J=12.3 Hz), 1.74—1.85 (m, 4H), 1.46—1.64 (m, 1H),
1.46 (s, 9H), 1.17 (ddd, 2H, J = 22.3 Hz, J = 12.2 Hz, J = 4.2
Hz); EIMS m/e (rel intensity) 360 (M, 5), 259 (100); ETHRMS
caled for CooHasN2O4 360.2050, found 360.2053.

6e: 80%; mp 95—96 °C; 'H-NMR (CDCl3) 6 7.47(d, 1H, J =
8.7 Hz), 6.99 (d, 1H, J = 2.1 Hz), 6.91 (dd, 1H, J = 8.6 Hz, J
= 2.1 Hz), 4.08—4.11 (m, 2H), 3.89 (s, 3H), 2.97 (t,2H,J =17.8
Hz), 2.68 (br t, 2H, J = 12.7 Hz), 1.72—1.84 (m, 4H), 1.46—
1.60 (m, 1H), 1.46 (s, 9H), 1.16 (ddd, 2H, J = 24.6 Hz, J =
12.3 Hz, J = 4.3 Hz); CIMS m/e (rel intensity) 361 (M + 1]+,
80), 261 (100) Anal (Con23N204) C, H, N.

6f: 62%; oil; 'TH-NMR (CDCl3) 6 7.12—7.19 (m, 2H), 6.91 (dd,
1H,J = 6.5 Hz, J = 2.2 Hz), 3.98—4.07 (m, 2H), 3.98 (s, 3H),
2.95 (t, 2H, J = 7.8 Hz), 2.62 (br t, 2H, J = 12.2 Hz), 1.67—
1.78 (m, 4H), 1.40—1.48 (m, 1H), 1.40 (s, 9H), 1.11 (ddd, 2H, J
= 24.5 Hz, J = 12.5 Hz, J = 4.3 Hz); EIMS m/e (rel intensity)
360 (M+, 5), 259 (].OO); EIHRMS caled for Con23N204 360.2050,
found 360.2048.

ém: 27%; mp (CH:Clyhexanes) 100—102 °C; 'H-NMR
(CDCl3) 6 7.77 (s, 1H), 7.52 (d, 1H, J = 7.2 Hz), 7.45 (4, 1H, J
= 7.2 Hz), 4.11 (br d, 2H, J = 14.3 Hz), 3.02 (t, 2H, J = 7.2
Hz), 2.70 (dt, 2H, J = 12.9 Hz, J = 3.6 Hz), 1.70—1.85 (m,
4H), 1.49 (s, 9H), 1.45—1.55 (m, 1H), 1.09—1.29 (m, 2H); CIMS
m/e (rel intensity) 409 (IM + 1]+, 100); EIHRMS caled for
ClgH25BrN203 410.1029, found 410.1049.

4-[2-(1,2-Benzisoxazol-3-yl)ethyl)-1-piperidinecarboxy-
lic Acids, 1-(1,1-Dimethylethyl) Esters 6g—j. Method B.
Freshly prepared 1 M LDA (11.0 mL, 11.0 mmol) was added
dropwise (fast) to a cold (—78 °C) solution of 2g (1.0 g, 5.26
moL) in THF (50 mL). Immediately after addition was
complete, a solution of iodide 5 (1.71 g, 5.26 mmol) in THF (8
mL) was added all at once. The resulting yellow-orange
solution was stirred for 30 min at —78 °C. Saturated NH,Cl
was added, and the mixture was extracted with EtOAc (3x).
The combined organic layer was washed with brine, dried
(MgSO0y), filtered, and concentrated. Purification by silica gel
flash chromatography (20% — 50% EtOAc—CH:Cly) gave 6g
(1.56 g, 76%) as a white solid: mp 142—143 °C; 'H-NMR
(CDCl,) 6 8.76 (s, 1H), 8.05 (s, 1H), 7.48 (d, 1H, J = 8.5 Hz),
7.32(dd, 1H,J = 8.6 Hz,J = 1.5 Hz), 4.06 (brd, 2H, J = 11.5
Hz),2.94 (t, 2H, J = 7.8 Hz), 2.66 (br t, 2H, J = 11.8 Hz), 2.20
(s, 3H), 1.69—1.80 (m, 4H), 1.41—1.47 (m, 1H), 1.44 (s, 9H),
1.12 (ddd, 2H, J = 23.8 Hz, J = 12.0 Hz, J = 3.9 Hz); EIMS
m /e (rel intensity) 387 (M*, 20), 286 (100). Anal. (Ca1H2gN30,)
C,H,N.

A similar procedure was followed for the preparation of 6h—j
starting from the corresponding 3-methyl-1,2-benzisoxazoles
2h-j.

6h: 87%; mp 177—178.5 °C; 'H-NMR (CDCl;) 6 8.61 (s, 1H),
8.15 (s, 1H), 7.86 (d, 2H, J = 7.4 Hz), 7.39—7.53 (m, 5H), 4.03
(br 4, 2H, J = 12.7 Hz), 2.92 (t, 2H, J = 8.0 Hz), 2.50—2.73
(m, 2H), 1.60—1.80 (m, 4H), 1.40—1.45 (m, 1H), 1.41 (s, 9H),
1.13 (ddd, 2H, J = 24.0 Hz, J = 12.2 Hz, J = 3.8 Hz); CIMS
m/e (rel intensity) 450 ([M + 11%, 20), 394 (100). Anal.
(C26Ha1N304) C, H, N.

6i: 81%; mp 66—67 °C; 'H-NMR (CDCl;) 6 7.85 (dd, 2H, J
= 8.3 Hz, J = 1.6 Hz), 7.35—7.57 (m, 6H), 7.02 (dd, 1H, J =
8.5 Hz, J = 1.6 Hz), 4.11 (br d, 2H, J = 13.2 Hz), 2.94 (t, 2H,
J = 7.4 Hz), 2.68 (br t, 2H, J = 12.8 Hz), 1.71-1.77 (m, 4H),
1.46 (s, 9H), 1.46—1.55 (m, 1H), 1.15(ddd, 2H, J = 23.6 Hz, JJ
= 11.7 Hz, J = 3.9 Hz); EIMS m/e (rel intensity) 485 (M*,
50), 384 (100). Anal. (C2sHz1N3058) C, H, N.

6j: 62%; mp 164—165 °C; 'H-NMR (CDCl;) 6 7.46 (d, 1H, J
= 8.6 Hz), 6.92—6.97 (m, 2H), 4.02—-4.15 (m, 2H), 3.89 (t, 4H,
J =49 Hz), 3.27 (t, 4H, J = 4.9 Hz), 2.95 (t, 2H, J = 7.8 Hz),
2.7 (brt, 2H, J = 12.1 Hz), 1.74—1.80 (m, 4H), 1.46—1.56 (m,
1H),1.46 (s, 9H), 1.10—1.22 (m, 2H); EIMS m/e (rel intensity)
415 (M+, 15), 57 (].OO) Anal (CzaH33N304) C, H, N.

3-[2-[1-(Phenylmethyl)-4-piperidinyllethyl]-1,2-benz-
isoxazoles la—h,j. Method C. Trifluoroacetic acid (7 mL)
was added dropwise to a cold (0 °C) solution of 6a (0.50 g, 1.51
mmol) in CHzClp (7 mL). The resulting solution was stirred
at 0 °C for 30 min. Volatiles were removed under reduced
pressure, and excess trifluoroacetic acid was removed by
concentrating from toluene twice. The crude product obtained
was dissolved in CHyCls (10 mL), and triethylamine (0.42 mL,
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3.01 mmol) followed by benzyl bromide (0.18 mL, 1.51 mmol)
was added. The resulting mixture was stirred overnight (15
h) at room temperature. The mixture was washed with H;0O
and brine, dried (MgSOy,), filtered, and concentrated. Purifica-
tion by silica gel flash chromatography (50% EtOAc—hexanes)
gave la, free base (0.350 g, 73%) as a colorless oil. The
maleate salt was prepared by adding a solution of maleic acid
(0.108 g, 0.930 mmol) in Et,0 (20 mL) to a solution of the free
base (0.297 g, 0.926 mmol) in Et;0 (20 mL). The white solid
formed was collected and rinsed with Et20 to give 1a (0.35 g,
87%) as the maleate salt: mp 146—148 °C; 'H-NMR (CDCl3)
6 7.60 (d, 1H, J = 8.0 Hz), 7.51-7.52 (m, 2H), 7.37—7.49 (m,
5H), 7.27—7.32 (m, 1H), 6.30 (s, 2H), 4.16 (s, 2H), 3.45—3.51
(m, 2H), 2.98 (t, 2H, J = 7.4 Hz), 2.60—2.70 {(m, 2H), 1.84—
1.95 (m, 4H), 1.60—1.82 (m, 3H); CIMS m /e (rel intensity) 321
([M + 1]+, 100). Anal (021H24N20'C4H404) C, H, N.

A similar procedure was followed for the preparation of 1b—
h,j starting from the corresponding benzisoxazoles 6b—h,j. In
the cases of fumarate salt formation, fumaric acid (1 equiv)
was dissolved in the minimum amount of EtOH before addition
to a solution of the free base in Et;O or CHyCls.

1b (maleate salt): 53%; mp 149—151 °C; *H-NMR (CDCl3)
6 7.27-7.43 (m, 8H), 6.32 (s, 2H), 4.17 (s, 2H), 3.51 (br d, 2H,
J =11.6 Hz), 2.96 (t, 2H, J = 7.3 Hz), 2.66 (br t, 2H, J = 10.8
Hz), 2.45 (s, 3H), 1.60—1.97 (m, TH); CIMS m /e (rel intensity)
335 ([M + 1]+, 100). Anal. (szstNzO'C4H404) C, H, N.

lc (maleate salt): 48%; mp 182—184 °C; 'H-NMR (CDCl;)
6 7.30—7.41 (m, TH), 6.32 (s, 2H), 4.17 (s, 2H), 3.51 (br d, 2H,
J =11.8 Hz), 2.95 (t, 2H, J = 7.2 Hz), 2.65 (br t, 2H, J = 11.7
Hz), 2.38 (s, 3H), 2.34 (s, 3H), 1.59—1.96 (m, TH); CIMS m /e
(rel intensity) 349 (IM + 11*, 100). Anal. (Csy3HgsN2O-C H,-
04£0.25H;0) C, H, N.

1d (maleate salt): 44%; mp 144—145 °C; 'H-NMR (CDCl3)
6 7.35—7.42 (m, 6H), 7.13 (dd, 1H, J = 9.1 Hz, J = 2.5 Hz),
6.92 (d, 1H, J = 2.4 Hz), 6.30 (s, 2H), 4.17 (s, 2H), 3.83 (s,
3H), 3.46—3.51 (m, 2H), 2.94 (t, 2H, J = 7.3 Hz), 2.60—2.80
(m, 2H), 1.60—1.96 (m, TH); CIMS m /e (rel intensity) 351 ((M
+ 17*, 100). Anal. (CHg2sN202CsH4O4) C, H, N.

le (free base): 55%; mp (Et,O/hexanes) 91—92 °C; 'H-NMR
(CDCl3) 6 7.47(d, 1H, J = 8.7 Hz), 7.21-7.33 (m, 5H), 6.98 (d,
1H,J = 1.8 Hz), 6.90 (dd, 1H, J = 8.7 Hz, J = 2.0 Hz), 3.88 (s,
3H), 3.50 (s, 2H), 2.88—2.98 (m, 4H), 1.96 (br t, 2H, J = 10.6
Hz), 1.74—1.83 (m, 4H), 1.27—1.34 (m, 3H); CIMS m/e (rel
intensity) 351 (IM + 1], 100). Anal. (C2H2N:0,) C, H, N.

1f (fumarate salt): 14%; mp 138—139 °C; 'H-NMR (CDCl;)
6 7.27-7.41 (m, TH), 7.19 (d, 1H, J = 7.7 Hz), 6.59 (s, 2H),
3.97 (s, 3H), 3.65 (s, 2H), 2.90—3.01 (m, 4H), 2.18 (br t, 2H, J
= 10.8 Hz), 1.67—1.77 (m, 4H), 1.26—1.32 (m, 3H); EIMS m /e
(rel intensity) 350 (M*, 10), 333 (100). Anal. (CgoH3sN202Cy-
H Oy C,H, N.

1g (fumarate salt): 42%; mp (EtOH) 225—226 °C; 1H-NMR
(DMSO-dg) 6 10.37 (s, 1H), 8.13 (s, 1H), 7.76 (4, 1H, J = 8.5
Hz), 7.25—7.36 (m, 6H), 6.59 (s, 1H), 3.54 (s, 2H), 2.83—2.96
(m, 4H), 2.10 (s, 3H), 2.01 (br t, 2H, J = 11.1 Hz), 1.69-1.73
(m, 4H), 1.20—1.28 (m, 3H); CIMS m /e (rel intensity) 378 ([M
+ 11+, 100). Anal. (Cy3H27N3020.5C4H,040.25H,0) C, H, N.

1h (maleate salt): 26%; mp 182—183 °C; 'H-NMR (DMSO-
ds) 6 10.65 (s, 1H), 8.31 (s, 1H), 7.98 (d, 2H, J = 7.2 Hz), 7.85
(d, 1H, J = 8.6 Hz), 7.48—7.71 (m, 9H), 6.03 (s, 2H), 4.25 (br
s, 2H), 3.20—3.60 (m, 4H), 2.89—3.02 (m, 4H), 1.40—1.97 (m,
5H); EIMS m/e (rel intensity) 439 (M*, 10), 422 (100). Anal.
(CgsH2oN302C,H:04) C, H, N.

1j (free base): 75%; mp (EtOH) 129—130 °C; 'H-NMR
(CDCl3) 6 7.44 (d, 1H, J = 8.7 Hz), 7.23—7.30 (m, 5H), 6.89—
6.93 (m, 2H), 3.87 (t, 4H, J = 4.8 Hz), 3.47 (s, 2H), 3.25 (t, 4H,
J = 4.8 Hz), 2.85—2.94 (m, 4H), 1.92 (br t, 2H, J = 10.8 Hz),
1.72—1.79 (m, 4H), 1.21—1.31 (m, 3H); CIMS m/e (rel inten-
sity) 406 ([M + 1]%, 100). Anal. (Cs5H31N302) C, H, N.

6-Benzenesulfonamido-3-[2-[1-(phenylmethyl)-4-pip-
eridinyl]lethyl]-1,2-benzisoxazole, Fumarate Salt (li).
Trimethylsilyl trifluoromethanesulfonate (1.30 mL, 6.76 mmol)
was added dropwise to a cold (0 °C) solution of 6i (0.819 g,
1.69 mmol) and 2,6-lutidine (0.590 mL, 5.07 mmol) in CH;Cl,
(17 mL). After 1.5 h, saturated NaHCO; was added and the
resulting mixture was stirred at room temperature for 15 min.
The white precipitate formed was collected by filtration and
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redissolved in HsO at pH 2. This acidic aqueous layer was
extracted with CHsCls (2x) and EtOAc(1x). All organic layers
were combined, dried (MgSOy), filtered, and concentrated. The
crude white solid obtained was suspended in 3:5 THF—DMF
(80 mL), and triethylamine (0.40 mL, 2.86 mmol) followed by
benzyl bromide (0.22 mL, 1.86 mmol) was added. The result-
ing mixture was stirred at room temperature for 24 h. The
reaction mixture was concentrated, and CH;Cl; was added to
the residue. The organic layer was washed with H;O and
brine, dried (MgSOQy,), filtered, and concentrated. Purification
by silica gel flash chromatography (CHsCls — 5% MeOH—CH,-
Cly) gave 1i, free base (0.334 g, 49%) as a white foam. The
fumarate salt was prepared by adding a solution of fumaric
acid (0.040 g, 0.345 mmol) in EtOH (8 mL) to a solution of the
free base (0.150 g, 0.315 mmol) in CH:Cl; (6 mL). After
concentrating, the residue was triturated with Et,0 to give
1i, fumarate salt (0.151 g, 81%) as a white solid: mp >100 °C
dec; 'H-NMR (DMSO-de) 6 7.82 (d, 2H, J = 7.0 Hz), 7.70 (4,
1H, J = 8.6 Hz), 7.51—7.60 (m, 3H), 7.27—7.32 (m, 6H), 7.07
(dd, 1H, J = 8.6 Hz, J = 1.6 Hz), 6.59 (s, 2H), 3.55 (s, 2H),
2.82—2.90 (m, 4H), 2.03 (br t, 2H, J = 11.5 Hz), 1.61—1.70 (m,
4H), 1.20—1.25 (m, 3H); CIMS m/e (rel intensity) 476 (M +
1]+, 100). Anal. (027H29N3038'C4H404'0.5H20) C, H, N.
6-Bromo-3-[2-[1-(phenylmethyl)-4-piperidinyllethyl]-
1,2-benzisoxazole, Maleate Salt (1m). Trifluoroacetic acid
(1.25 mL) was added dropwise to a cold (0 °C) solution of 6m
(0.43 g, 1.05 mmol) in CHClp (5 mL). The resulting solution
was stirred at 0 °C for 30 min. Volatiles were removed under
reduced pressure, and excess trifluoroacetic acid was removed
by concentrating from toluene twice. The crude product
obtained was dissolved in DMF (10 mL), and Na,CO; (0.56 g,
5.23 mmol) followed by benzyl bromide (0.16 mL, 1.36 mmol)
was added. The resulting mixture was stirred at room
temperature for 2 h. The reaction mixture was filtered and
concentrated under reduced pressure. The residue was par-
titioned between EtOAc and saturated NaHCO;. The sepa-
rated organic layer was washed with brine, dried (MgSO,),
filtered, and concentrated. Purification by silica gel flash
chromatography (5% MeOH—-CHCly) gave 1m, free base
(0.279 g, 67%) as a pale yellow oil. The maleate salt was
prepared by adding a solution of maleic acid (0.021 g, 0.196
mmol) in EtOH (1 mL) to a solution of the free base (0.071 g,
0.178 mmol) in CHyCl; (2 mL). After concentrating, 1m,
maleate salt (0.55 g, 60%) was obtained as a white solid: mp
(EtOH) 157158 °C; 'H-NMR (DMSO-dg) 6 8.08 (s, 1H), 7.87
(d, 1H,J = 8.4 Hz), 7.58 (d, 1H, J = 8.5 Hz), 7.47 (s, 5H), 6.03
(s, 2H), 4.23 (br s, 2H), 3.25—3.40 (m, 2H), 3.02 (t,2H,J = 7.5
Hz), 2.80—2.95 (m, 2H), 1.88—2.00 (m, 2H), 1.70—1.80 (m, 2H),
1.30—1.60 (m, 3H); EIMS m/e (rel intensity) 399 (M*, 10), 185
(100); EIHRMS caled for CisHz3BrN;O 398.0994, found
398.0926. Anal. (CgHasBrN20+0.75CH404) C, H, N.
6-Hydroxy-3-[2-[1-(phenylmethyl)-4-piperidinyl]ethyl)-
1,2-benzisoxazole (11). A mixture of 1e (0.1.1 g, 0.288 mmol)
in 48% aqueous HBr (10 mL) was heated at 110 °C for 16 h.
The mixture was made basic by addition of saturated NaHCO3
and extracted with CH3Cl;. The organic layer was dried
(MgS0y), filtered, and concentrated. Purification by silica gel
flash chromatography (3% — 6% MeOH—-CH:Cly) gave le
(0.055 g, 57%) as a white solid: mp 148—149 °C; 'H-NMR
(CDCly) 6 7.70 (br s, 1H), 7.27—7.37 (m, 6H), 6.74—6.80 (m,
2H), 3.63 (s, 2H), 3.04 (br d, 2H, J = 10.8 Hz), 2.88 (t, 2H, J
= 7.7 Hz), 2.05—2.20 (m, 2H), 1.65—1.95 (m, 4H), 1.30—1.60
(m, 3H); EIMS m/e (rel intensity) 336 (M*, 20), 91 (100);
EIHRMS calced for Co1H2N20; 336.1838, found 336.1819.
6-Amino-3-[2-[1-(phenylmethyl)-4-piperidinyllethyl]-
1,2-benzisoxazole, Maleate Salt (1k). A mixture of 1g (0.30
g, 0.79 mmol) in 1 N HCI (10 mL) was heated to reflux for 30
min. The cooled reaction mixture was made basic with 10%
NaOH and extracted with EtOAc (2x). The combined organic
layer was washed with brine, dried (MgSO.,), filtered, and
concentrated to give 1k, free base (0.259 g, 98%) as an oil. The
monomaleate salt was prepared by adding a solution of maleic
acid (0.099 g, 0.85 mmol) in EtOH (3 mL) to a solution of the
free base (0.259 g, 0.77 mmol) in CH2Cl,. After concentrating,
the residue was triturated with Et;0 to give 1k, maleate salt
(0.29 g, 64%) as a white powder: mp 173—174 °C; 'H-NMR
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(DMSO-dg) 6 7.41—7.47 (m, 6H), 6.58—6.63 (m, 2H), 6.06 (s,
2H), 5.87 (br s, 2H), 4.26 (s, 2H), 3.29—3.38 (m, 2H), 2.80—
2.95 (m, 4H), 1.90 (br 4, 2H, J = 12.5 Hz), 1.25—1.80 (m, 5H);
CIMS m /e (rel intensity) 336 (M + 11*, 100). Anal. (CoHgs-
N3;0-C4H,04) C, H, N.
6-Cyano-3-[2-[1-(phenylmethyl)-4-piperidinyl]lethyl]-
1,2-benzisoxazole (1n). A solution of NaNO; (0.112 g, 1.62
mmol) in HoO (4 mL) was added to a solution of 1k (0.534 g,
1.59 mmol) in 28% HCI1 (20 mL) kept at 0 °C. The resulting
mixture was neutralized to pH 7 by cautious addition of solid
NazCO;. The neutral mixture was added in portions to a well-
stirred mixture of toluene (75 mL), ice, and a freshly prepared
solution of CuCN (Organic Syntheses; Collect. Vol. I, p 514;
CuSO4: 0.318 g, 1.99 mmol). The mixture obtained was kept
at 0 °C for 30 min and then at room temperature for 2 h and,
finally, heated at 50 °C for 5 min. The mixture was extracted
with ethyl acetate, and the organic phase was washed with
H;0 and brine, dried (MgSO.,), filtered, and concentrated.
Purification by silica gel flash chromatography (3% MeOH—
CHCly) gave 1n (0.236 g, 43%) as a pale orange solid.
Recrystallization (EtOH/hexanes) of a small sample gave 1n
as an off-white solid: mp (EtOH/hexanes) 113—114.5 °C; 1H-
NMR (CDCls) 6 7.89 (s, 1H), 7.77 (d, 1H, J = 8.4 Hz), 7.57 (d,
1H, J = 8.7 Hz), 7.24—7.33 (m, 5H), 3.51 (s, 2H), 3.04 (t, 2H,
J =179 Hz), 292 (br d, 2H, J = 11.2 Hz), 1.97 (br t, 2H, J =
10.7 Hz), 1.74—1.85 (m, 4H), 1.26—1.40 (m, 3H); FABMS m /e
(relintensity) 346 ((M + 117, 20), 119 (100). Anal. (C32H23N30)
C,H,N.
6-Carbamoyl-3-[2-[1-(phenylmethyl)-4-piperidinylleth-
yll-1,2-benzisoxazole (lo). Powdered KOH (0.150 g, 2.68
mmol) was added to a mixture of 1n (0.250 g, 0.724 mmol) in
t-BuOH (10 mL). The resulting mixture was heated at 85 °C
for 20 min, The cooled reaction mixture was poured over brine
and extracted with CHyCl;. The organic phase was washed
with 10% NaOH and brine, dried (MgSO,), filtered, and
concentrated. The crude product was purified by recrystalli-
zation (EtOAc/hexanes) to give 1o (0.114 g, 43%) as a white
solid: mp (EtOAc/hexanes) 181—182 °C; 'H-NMR (DMSO-ds)
6 8.20 (brs, 1H), 8.15(s, 1H), 7.97 (d, 1H, J = 8.4 Hz), 7.87 (d,
1H, J = 8.1 Hz), 7.64 (br s, 1H), 7.22—7.31 (m, 5H), 3.42 (s,
2H), 3.02 (t, 2H, J = 7.8 Hz), 2.78 (br 4, 2H, J = 11.5 Hz),
1.87 (brt, 2H, J = 10.9 Hz), 1.69—1.73 (m, 4H), 1.22—1.26 (m,
3H); EIMS m/e (rel intensity) 363 (M*, 2), 91 (100). Anal.
{C22H2sN309) C, H, N.
4-(Iodoethyl)-1-piperidinecarboxylic Acid, 1-(1,1-Di-
methylethyl) Ester (13). The procedure described for the
preparation of iodide 5 was followed with 1253 (1.74 g, 7.59
mmol), triphenylphosphine (2.49 g, 9.49 mmol), iodine (2.31
g, 9.11 mmol), and pyridine (1.5 mL, 18.2 mmol) in benzene
(50 mL) to give 13 (2.27 g, 98%) as a colorless oil: 'H-NMR
(CDCl3) 6 4.09 (br 4, 2H, J = 11.4 Hz), 3.22 ({,2H,J =173
Hz), 2.20 (br t, 2H, J = 12.5 Hz), 1.78 (q, 2H, J = 6.9 Hz),
1.47—1.68 (m, 3H), 1.46 (s, 9H), 1.12 (ddd, 2H, J = 24.3 Hz, J
= 12 Hz, J = 4.3 Hz); EIMS m/e (rel intensity) 339 (M*, 62),
156 (100); EIHRMS caled for C;2H2INO: 339.0696, found
339.0705.
4-[3-(1,2-Benzisoxazol-3-yl) propyl]-1-piperidinecarbox-
ylic Acid, 1-(1,1-Dimethylethyl) Ester (14). Method A was
followed with 2a (0.412 g, 3.09 mmol), iodide 13 (1.15 g, 3.4
mmol), and 1 M LDA (3.4 mL, 3.4 mmol) in THF (8 mL) to
give 14 (0.694 g, 65%) as a pale yellow oil: 'H-NMR (CDCls)
6 7.65 (d, 1H, J = 8.0 Hz), 7.54—7.57 (m, 2H), 7.27—7.34 (m,
1H), 4.08 (br d, 2H, J = 12.5 Hz), 2.99 (t, 2H, J = 7.6 Hz),
2.66 (brt, 2H, J = 12.0 Hz), 1.86—1.92 (m, 2H), 1.63—1.68 (m,
4H), 1.45 (s, 9H), 1.36—1.45 (m, 1H), 1.06—1.12 (m, 2H); EIMS
m/e (rel intensity) 344 (M, 5), 243 (100); ETHRMS calcd for
C30H2sN203 344.2100, found 344.2102.
3-[3-[1-(Phenylmethyl)-4-piperidinyl]propyl]-1,2-benz-
isoxazole, Maleate Salt (7). Method C was followed with
14 (0.544 g, 1.58 mmol) and trifluoroacetic acid (4 mL) in CHa-
Clz (16 mL) followed by triethylamine (1.1 mL, 7.9 mmol) and
benzyl bromide (0.21 mL, 1.74 mmol) in CH3Cl; (10 mL) for
7.25 h. Purification by chromatography (2% — 5% MeOH—
CH,Cl,) gave 7, free base (0.285 g, 54%) as a pale yellow oil.
The maleate salt was prepared by adding maleic acid (0.109
g, 0.94 mmol) dissolved in the minimum amount of EtOH to a
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solution of the free base (0.285 g, 0.85 mmol) in CH:Cl; (10
mL). After concentrating, the residue was purified by recrys-
tallization (EtOAc) to give 7, maleate salt (0.292 g, 76%) as
an off-white solid: mp (EtOAc) 134.5—135.5 °C; 'H-NMR
(DMSO-dg) 6 7.90(d, 1H, J = 7.9 Hz), 7.61—7.72 (m, 2H), 7.47
(s, 5H), 7.38 (t, 1H, J = 7.3 Hz), 6.04 (s, 2H), 4.26 (br s, 2H),
3.22—3.45 (m, 2H), 2.99 (t, 2H, J = 7.4 Hz), 2.70—2.96 (m, 2H),
1.70—1.90 (m, 4H), 1.40—1.65 (m, 1H), 1.20—1.40 (m, 4H);
EIMS m/e (rel intensity) 334 (M*, 20), 173 (100). Anal.
(C2H26N,0C,H04) C, H, N.
(E)-3-[2-[1-(Phenylmethyl)-4-piperidinyl]lethenyl]-1,2-
benzisoxazole, Maleate Salt (8). NaH (60% mineral oil
dispersion, 0.10 g, 2.51 mmol)) was added to a mixture of
3-(triphenylphosphoniummethyl)-1,2-benzisoxazole bromide
(15)21 (1.19 g, 2.51 mmol) in THF (10 mL). After the mixture
had stirred at room temperature for 1 h, a solution of aldehyde
165 (0.51 g, 2.51 mmol) in THF (2 mL) was added. The
mixture obtained was stirred for 4 h and filtered. The filtrate
was concentrated, and the residue was partitioned between
Et;0 and H;0. The separated organic layer was dried
(MgSO0y), filtered, and concentrated. Purification by silica gel
flash chromatography (40% EtOAc—hexanes) gave 8, free base
(0.483 g, 60%) as a colorless oil. The maleate salt was prepared
by adding maleic acid (0.194 g, 1.67 mmol) dissolved in the
minimum amount of EtOH to a solution of the free base (0.483
g, 1.52 mmol) in Et20O (25 mL). The white solid obtained was
collected by filtration to give 8, maleate salt (0.581 g, 88%):
mp 174—175 °C; 'H-NMR (DMSO-ds) 6 8.16 (d, 1H, J = 7.8
Hz), 7.75 (d, 1H, J = 8.4 Hz), 7.67 (t, 1H, J = 8.2 Hz), 7.41—
7.55 (m, 6H), 6.96 (br dd, 1H, J = 16.5 Hz, J = 5.6 Hz), 6.78
(d, 1H, J = 16.5 Hz), 6.08 (s, 2H), 4.33 (s, 2H), 3.32—3.39 (m,
2H), 2.95—3.15 (m, 2H), 2.50—2.70 (m, 1H), 2.06 (br d, 2H, J
= 12.6 Hz), 1.60—1.90 (m, 2H); EIMS m/e (rel intensity) 318
(M, 20), 91 (100). Anal. (CyH2N20-CsH,04) C, H, N.
4-[[(1,2-Benzisoxazol-3-yl)oxyimethyl]-1-piperidine-
carboxylic Acid, 1-(1,1-Dimethylethyl) Ester (17). NaH
(60% mineral oil dispersion, 0.941 g, 23.53 mmol) was added
in portions to a solution of alcohol 4 (4.82 g, 22.41 mmol) in
DMF (220 mL) at 0 °C. After 10 min, the reaction mixture
was warmed to room temperature and 3-chloro-1,2-benzisox-
azole? (3.44 g, 22.41 mmol) was added. The mixture obtained
was heated at 115 °C for 16 h. The reaction mixture was
diluted with EtOAc, washed with H20 (4x) and brine, dried
(MgSO0,), filtered, and concentrated. Purification by silica gel
flash chromatography (10% EtOAc—hexanes) gave 17 (4,16 g,
56%) as a white solid: mp 103—104.5 °C; *H-NMR (CDCly,) 6
7.61(d, 1H, J = 7.9 Hz), 7.48—7.54 (m, 1H), 7.41(d, 1H, J =
8.5 Hz), 7.22—7.27 (m, 1H), 4.28 (d, 2H, J = 6.5 Hz), 4.16 (br
d, 2H, J = 13.3 Hz), 2.75 (dt, 2H, J = 13.2 Hz, J = 2.6 Hz),
2.04—2.13 (m, 1H), 1.83 (br d, 2H, J = 13.7 Hz), 1.45 (s, 9H),
1.30 (ddd, 2H, J = 24.9 Hz, J = 12.5 Hz, J = 4.2 Hz); CIMS
m/e (rel intensity) 333 ([M + 117, 100). Anal. (CysH24N50,)
C,H,N.
3-[[1-(Phenylmethyl)-4-piperidinylimethoxy]-1,2-benz-
isoxazole, Fumarate Salt (9). Method C was followed with
17 (0.827 g, 2.49 mmol) and trifluoroacetic acid (10 mL)in CHs-
Cl; (25 mL) followed by triethylamine (0.58 mL, 4.13 mmol)
and benzyl bromide (0.128 mL, 1.07 mmol) in CHzCl; (8 mL)
overnight (18 h). Purification by chromatography (5% MeOH—
CH:Cl;) gave 9, free base (0.199 g, 75%) as an off-white solid.
The fumarate salt was prepared by adding fumaric acid (0.074
g, 0.633 mmol) dissolved in the minimum amount of EtOH to
a solution of the free base (0.186 g, 0.58 mmol) in CH:Cl; (6
mL). After concentrating, the residue was purified by recrys-
tallization (EtOH/Et,0) to give 9, fumarate salt (0.134 g, 53%)
as an off-white solid: mp (EtOH/Et.0) 163—164 °C; 1H-NMR
(DMSO-dg) 6 7.74 (d, 1H, J = 7.8 Hz), 7.61—7.69 (m, 2H), 7.26—
7.41 (m, 6H), 6.60 (s, 2H), 4.28 (d, 2H, J = 6.4 Hz), 3.65 (s,
2H), 2.97 (br d, 2H, J = 11.4 Hz), 2.20 (brt, 2H, J = 11.7 Hz),
1.90—2.05 (m, 1H), 1.81 (br d, 2H, J = 12.8 Hz), 1.38~1.49
(m, 2H); EIMS m /e (rel intensity) 322 (M*, 30), 91 (100). Anal.
(C20H322N202C,H,040.75H,0) C, H, N.
3-[[[1-(Phenylmethyl)-4-piperidinylimethyllamino]-
1,2-benzisoxazole (10). A mixture of 3-chloro-1,2-benzisox-
azole? (0.238 g, 1.55 mmol), 4-(aminomethyl)-1-(phenylmethyl)-
piperidine (18)% (0.316 g, 1.55 mmol), and K2CO3 (0.214 g, 1.55
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mmol) in DMSO (10 mL) was heated at 150 °C for 20 h. The
cooled reaction mixture was diluted with EtOAc (75 mL) and
poured over H20 (200 mL). The organic phase was separated,
washed with brine, dried (MgSO,), filtered, and concentrated.
The brown oil obtained was purified by silica gel flash
chromatography (4% MeOH—CH.Cly) to give 10 (0.084 g, 17%)
as a pale yellow oil: H-NMR (CDCls) 6 7.44—7.50 (m, 2H),
7.38 (d, 1H, J = 8.8 Hz), 7.16—7.31 (m, 6H), 4.35—4.42 (m,
1H), 3.51 (s, 2H), 3.33 (t, 2H, J = 6.2 Hz), 2.92 (br 4, 2H, J =
11.5 Hz), 1.99 (t, 2H, J = 11.6 Hz), 1.77 (br 4, 2H, J = 12.7
Hz), 1.75—1.80 (m, 1H), 1.33—1.45 (m, 2H); EIMS m/e (rel
intensity) 321 (M*, 2), 91 (100); ETHRMS calcd for CooHa3N30
321.1842, found 321.1825.
3-[[2-[1-(Phenylmethyl)-4-piperidinyllethyllamino]-
1,2-benzisoxazole (11). The procedure described for the
preparation of 10 was followed with 3-chloro-1,2-benzisox-
azole?2 (0.682 g, 4.44 mmol), 4-(aminoethyl)-1-(phenylmethyl)-
piperidine (19)** (0.970 g, 4.44 mmol), and K;CO; (0.614 g,
4.44 mmol) in DMSO (30 mL) to give 11 (0.231 g, 15%) as a
pale yellow oil: *H-NMR (CDCl3) 6 7.45—7.54 (m, 2H), 7.24—
7.40 (m, 6H), 7.19 (t, 1H, J = 7.8 Hz), 4.40 (br t, 1H, J = 5.5
Hz), 3.52 (s, 2H), 3.45 (dt, 2H, J = 7.4 Hz, J = 6.0 Hz), 2.91
(br d, 2H, J = 11.8 Hz), 1.99 (br t, 2H, J = 11.2 Hz), 1.62—
1.73 (m, 4H), 1.37—1.52 (m, 3H); EIMS m /e (rel intensity) 335
(M*, 10), 91 (100); HRMS caled for CaiHosN30 335.1999, found
335.1909.
4-[2-(1,2-Benzisothiazol-3-yl)ethyl]-1-piperidinecar-
boxylic Acid, 1-(1,1-Dimethylethyl) Ester (25). Method A
was followed with 3-methyl-1,2-benzisothiazole (24)* (0.50 g,
3.35 mmol), iodide 5 (1.20 g, 3.69 mmol), and 1 M LDA (3.35
mL, 3.35 mmol) in THF (100 mL) to yield 25 (0.582 g, 50%) as
a pale yellow oil: 'H-NMR (CDCls) 6 7.91—7.96 (m, 2H), 7.43—
7.52 (m, 2H), 4.05—4.14 (m, 2H), 3.15 (t, 2H, J = 7.9 Hz), 2.69
(brt,2H, J = 12.1 Hz), 1.74—1.88 (m, 4H), 1.46—1.60 (m, 1H),
1.46 (s, 9H), 1.10—1.29 (m, 2H); EIMS m /e (rel intensity) 346
(M*, 60), 57 (100); ETHRMS calcd for C19H2¢N204S 346.1716,
found 346.1724.
3-[2-[1-(Phenylmethyl)-4-piperidinyl]lethyl]-1,2-benz-
isothiazole, Maleate Salt (20). Method C was followed with
25 (0.312 g, 0.90 mmol) and trifluoroacetic acid (2.3 mL) in
CH.Cl; (10 mL) followed by triethylamine (0.837 mL, 6.0
mmol) and benzyl bromide (0.154 mL, 1.30 mmol) in CH,Cl,
(10 mL) to give 20, free base (0.223 g, 74%) as a clear oil. The
maleate salt was prepared by adding a solution of maleic acid
(0.077 g, 0.66 mmol) dissolved in the minimum amount of
EtOH to a solution of the free base (0.223 g, 0.66 mmol) in
CH,Cl; (12 mL). The resulting mixture was concentrated, and
the residue was purified by recrystallization from EtOAc to
give 20, maleate salt (0.210 g, 70%): mp (EtOAc) 175—176
°C; 'H-NMR (CDCl;) 6 8.14—8.21 (m, 2H), 7.63 (t, 1H, J = 7.4
Hz), 7.50—7.55 (m, 6H), 6.04 (s, 2H), 4.26 (br s, 2H), 3.35 (br
s, 2H), 3.15 (t, 2H, J = 7.6 Hz), 2.80—2.92 (m, 2H), 1.92—2.00
(m, 2H), 1.78—1.88 (m, 2H), 1.54—1.65 (m, 1H), 1.35—1.45 (m,
2H); EIMS m/e (rel intensity) 336 (M*, 10), 91 (100). Anal.
(C21H24N2S-C4H,0,) C, H, N.
4-[2-(Isoquinol-1-yDethyl]-1-piperidinecarboxylic Acid,
1-(1,1-Dimethylethyl) Ester (27). Method A was followed
with 1-methylisoquinoline (26) (0.50 g, 3.49 mmol), iodide 5
(1.2 g, 3.84 mmol), and 1 M LDA (4.2 mL, 4.2 mmol) in THF
(45 mL) at —78 °C for 1.75 h. Purification by silica gel flash
chromatography (30% EtOAc—toluene) gave 27 (0.784 g, 66%)
as a yellow oil: 'H-NMR (CDCls) 6 8.38 (4, 1H, J = 5.8 Hz),
8.08 (d, 1H, J = 8.3 Hz), 7.77 (4, 1H, J = 8.0 Hz), 7.62 (t, 1H,
J=171Hz), 754, 1H,J =171 Hz), 746 (d, 1H, J = 5.7 Hz),
4.08 (br s, 2H), 3.25—3.30 (m, 2H), 2.67 (br t, 2H, J = 12.3
Hz), 1.73-1.81 (m, 4H), 1.49—1.63 (m, 1H), 1.42 (s, 9H), 1.17
(ddd, 2H, J = 24.6 Hz, J = 12.1 Hz, J = 3.8 Hz); EIMS m /e
(rel intensity) 340 (M*, 10), 156 (100); EIHRMS calcd for
Co1H3sN205 340.2151, found 340.2130.
1-[2-[1-(Phenylmethyl)-4-piperidinyljethyllisoquino-
line, Maleate Salt (21). Method C was followed with 27
(0.713 g, 2.10 mmol) and trifluoroacetic acid (7 mL) in CH;Cl;
(14 mL) followed by triethylamine (2.9 mL, 21.0 mmol) and
benzyl bromide (0.275 mL, 2.31 mmol) in CH3Cl; (60 mL) to
give 21, free base (0.26 g, 38%) as a pale yellow oil. The
monomaleate salt was prepared by adding a solution of maleic
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acid (0.10 g, 0.867 mmol) in EtOH (3 mL) to a solution of the
free base (0.26 g, 0.788 mmol) in CH.Cl; (7 mL). After
concentrating, the salt was purified by recrystallization [cold
(0 °C) EtOAc] to give 21, maleate salt (0.195 g, 56%) as an
off-white solid: mp 136—137 °C dec; 'H-NMR (DMSO-ds) o
8.39(d, 1H, J = 5.7 Hz), 8.26 (d, 1H, J = 8.3 Hz), 7.97 (4, 1H,
J=8.1Hz),7.77 (t,1H,J = 7.4 Hz), 7.66—7.71 (m, 2H), 7.49
(s, 5H), 6.05 (s, 2H), 4.28 (br s, 2H), 3.27—3.32 (m, 2H), 2.87—
2.90 (m, 2H), 1.76—2.03 (m, 6H), 1.55—1.69 (m, 1H), 1.33—
1.46 (m, 2H); EIMS m /e (rel intensity) 330 (M*, 50), 239 (100).
Anal. (CzaHzeNz‘C4H404'O.5H20) C, H, N.
4-[2-(1,3-Quinazol-4-yDethyl]-1-piperidinecarboxylic
Acid, 1-(1,1-Dimethylethyl) Ester (28). Freshly prepared
1 M LDA (4.2 mL, 4.2 mmol) was added to a solution of
4-methyl-1,3-quinazoline (0.60 g, 4.2 mmol) in THF (35 mL)
at 0 °C. To the yellow solution obtained was added neat
trimethylsilyl chloride (0.53 mL, 4.2 mmol). After 3 min, a
second equivalent of 1 M LDA (4.2 mL, 4.2 mmol) was added.
Next, a solution of iodide 5 (1.49 g, 4.6 mmol) in THF (10 mL)
was added, and stirring was continued at 0 °C for 1 h. HCI(1
N) was added, and the mixture was stirred at room tempera-
ture for 30 min. The reaction mixture was made basic by
addition of 1 N NaOH and extracted with EtOAc. The organic
layer was washed with brine, dried (MgSO,), filtered, and
concentrated. Purification by silica gel flash chromatography
(20% — 50% EtOAc—hexanes) gave 28 (0.466 g, 33%) as an
oil: *H-NMR (CDCly) 6 9.21 (s, 1H), 8.12 (d, 1H, J = 7.7 Haz),
8.05(, 1H, J = 8.4 Hz), 7.90 (t, 1H, J = 7.8 Hz), 7.65 (t, 1H,
J =17.7Hz), 4.08—4.17 (m, 2H), 3.32 (t, 2H, J = 8.3 Hz), 2.72
(brt,2H,J =12.1 Hz), 1.78—1.90 (m, 4H), 1.57—1.59 (m, 1H),
1.47 (s, 9H), 1.18—1.29 (m, 2H); EIMS m /e (rel intensity) 341
(M+, 10), 157 (100); EIHRMS caled for Con27N302 341‘2104,
found 341.2099.
4-[2-[1-(Phenylmethyl)-4-piperidinyllethyl])-1,3-quinazo-
line, Maleate Salt (22). Method C was followed with 28
(0.429 g, 1.26 mmol) and trifluoroacetic acid (3.5 mL) in CHs-
Cl; (13 mL) followed by triethylamine (0.88 mL, 6.3 mmol) and
benzyl bromide (0.17 mL, 1.39 mmol) in CH,Cl; (22 mL) to
give 22, free base (0.179 g, 43%) as a colorless oil. The maleate
salt was prepared by adding a solution of maleic acid (0.052
g, 0.45 mmol) in Et;0 (10 mL) to a solution of the free base
(0.135 g, 0.41 mmol) in Et,0 (200 mL). The white solid
obtained was collected by filtration to give 22, maleate salt
(0.103 g, 56%): mp 121—122 °C; *H-NMR (DMSO-d¢) 6 9.16
(s, 1H), 8.33 (d, 1H, J = 8.4 Hz), 7.98—8.01 (m, 2H), 7.72—
7.78 (m, 1H), 7.43 (s, 5H), 6.02 (s, 2H), 4.08 (br s, 2H), 3.32 (t,
2H, J = 7.7 Hz), 3.15—3.35 (m, 2H), 2.60—2.80 (m, 2H), 1.89—
1.94 (m, 2H), 1.76—1.79 (m, 2H), 1.30—1.60 (m, 3H); EIMS m /e
(rel intensity) 331 (M*, 10), 77 (100). Anal. (CooHosN3C:H4O4)
C,H,N.
1-(2-Fluorophenyl)-3-[1-(phenylmethyl)-4-piperidinyl]-
propanone (29), Lithium hexamethyldisilazide (1 M, 14.5
mL, 14.5 mmol) was added to a solution of o-fluoroacetophe-
none (2.0 g, 14.5 mmol) in THF (100 mL) at —78 °C. The
mixture obtained was allowed to warm to —20 °C over a 30—
60 min period and then recooled to —78 °C. A solution of
aldehyde 165 (2.94 g, 14.5 mmol) in THF (20 mL) was added.
The mixture was kept at —78 °C for 30 min and then allowed
to warm to room temperature and stirred for 40 min. Satu-
rated NH,Cl was added, and the reaction mixture was
extracted with EtOAc. The organic layer was dried (MgSO.,),
filtered, and concentrated. Purification by silica gel flash
chromatography (30% — 50% EtOAc—CH:Cly) gave a yellow
oil (2.14 g). 'H-NMR showed a mixture of compounds (two
major components). Further purification was not attempted.
A portion of the mixture obtained above (0.661 g) and PtO,
(0.070 g, 0.31 mmol) in EtOH was hydrogenated in a Parr
shaker at 48 psi for 2 h. The mixture was filtered through a
Celite pad, and the filtrate was concentrated. An additional
reaction with the above mixture (1.00 g) was also carried out.
Crude products from these reactions were combined and
purified by silica gel flash chromatography (1% — 3% MeOH—
CH,Cly) to give 29 (0.192 g, 5.3% overall) as a colorless oil:
'H-NMR (CDCl3) 6 7.85 (dt, 1H,JJ = 7.6 Hz, J = 1.8 Hz), 7.47—
7.56 (m, 1H), 7.09—7.33 (m, TH), 3.49 (s, 2H), 2.95—3.03 (m,
2H), 2.89 (br d, 2H, J = 11.4 Hz), 1.94 (br t, 2H, J = 11.1 Hz),
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1.63—1.77 (m, 4H), 1.24—1.39 (m, 3H); EIMS m/e (rel inten-
sity) 325 (M*, 15), 91 (100); EIHRMS calcd for CyHFNO
325.1842, found 325.1866.

3-[2-[1-(Phenylmethyl)-4-piperidinyl]ethyl]-1H-inda-
zole Maleate Salt (23). A mixture of 29 (0.178 g, 0.55 mmol)
in anhydrous hydrazine (10 mL) was heated to reflux for 3 h.
The reaction mixture was allowed to cool, H:O was added, and
the mixture was extracted with CHyCle. The organic layer was
dried (MgS0,), filtered, and concentrated. Purification by
silica gel radial chromatography (CH2Cl; — 10% MeOH-CHo,-
Cly) gave 28, free base (0.047 g, 27%) as a colorless oil. The
maleate salt was prepared by adding a solution of maleic acid
(0.010 g, 0.085 mmol) in Et;0 (5 mL) to a solution of the free
base (0.027 g, 0.085 mmol) in Et;O (75 mL). The white solid
obtained was collected by filtration to give 23, maleate salt
(0.014 g, 38%): mp 152—153 °C; TH-NMR (DMSO-ds) 6 12.7
(s, 1H), 7.72 (4, 1H, J = 8.0 Hz), 7.44—7.47 (m, 6H), 7.31 (t,
1H,J = 7.3 Hz), 7.06 (t, 1H, J = 7.4 Hz), 6.02 (s, 2H), 4.24 (br
s, 2H), 2.93 (t, 2H, J = 7.6 Hz), 1.90—2.00 (m, 2H), 1.60—1.80
(m, 3H), 1.30—1.50 (m, 4H); EIMS m /e (rel intensity) 319 (M*,
25), 91 (100); EIHRMS caled for Co1HasNs 319.2049, found
319.2029.

Inhibition of Acetylcholinesterase and Butyrylcho-
linesterase. The method of Eliman et al.?6 was foliowed. The
assay solution consisted of a 0.1 M sodium phosphate buffer,
pH 8.0, with the addition of 100 uM tetraisopropylpyrophos-
phoramide (iso-OMPA), 100 M 5,5’-dithiobis(2-nitrobenzoic
acid) (DTNB), 0.02 unit/mL AChE (Sigma Chemical Co.; from
human erythrocytes), and 200 4M acetylthiocholine iodide. The
final assay volume was 0.25 mL. Test compounds were added
to the assay solution prior to enzyme addition, whereupon a
20 min preincubation period with enzyme was followed by
addition of substrate. Changes in absorbance at 412 nM were
recorded for 5 min. The reaction rates were compared, and
the percent inhibition due to the presence of test compounds
was calculated.

Inhibition of butyrylcholinesterase was measured as de-
scribed above for AChE by omitting addition of iso-OMPA and
substituting 0.02 unit/mL BuChE (Sigma Chemical Co.; from
horse serum) and 200 xM butyrylthiocholine for enzyme and
substrate, respectively.

Measurement of Elevation of Acetylcholine in Mouse
Brain. AChE inhibitors were given orally. Animals were
sacrificed by focused microwave irradiation at 1 h postdosing,
and the forebrains were removed and homogenized in 20 mM
sodium phosphate buffer, pH 5.3. Homogenates were centri-
fuged 20 min at 12000g; supernatants (10—20 L) were used
for determination of ACh with an ACh analysis system from
Bioanalytical Systems (West Lafayette, IN). A polymeric
anion-exchange column resolved ACh from choline (Ch), and
a postcolumn reactor column containing immobilized AChE
and Ch oxidase converted ACh and Ch to betaine and hydrogen
peroxide; the hydrogen peroxide was readily measured with
an electrochemical detector at 500 mV vs Ag/AgCl reference
electrode and a platinum working electrode. Sensitivity was
approximately 3—5 pmol of ACh. Typical ACh control values
were 18—25 nmol/g in mouse forebrain. Data for drug-treated
animals are reported as percent control values. In general,
the treatment consisted of eight animals per group. Statistical
significance was determined by Student’s one-tailed ¢-test.

Passive Avoidance. A one-trial step-through passive
avoidance procedure was used which is similar to that utilized
by Bammer.5® At the training session, animals were treated
with drugs, placed in the lighted side of a shuttle chamber,
and allowed to cross over to the nonlighted side, where a
scrambled, constant current footshock was delivered until the
mouse escaped to the original, lighted side. Followinga 24 h
delay with no additional drug treatment, animals were tested
by placing them in the lighted side and determining step-
through latency.

Training step-through latency was typically 25—35 s, with
a typical escape crossover time of 3—4 s. For vehicle treated
animals (controls), step-through latency at the retention test
session was typically 150—210 s, indicative of memory of the
training session footshock. A statistically significant decrease
in the test session step-through latency was interpreted as
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evidence for amnesia. In the training session, animals which
did not cross over to the dark side within 90 s were discarded,
as were animals which did not escape the footshock within 20
s. In the test session, animals which did not cross over within
300 s were assigned a step-through latency of 300 s.
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