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Following the discovery of a new series of 1-benzyl-4 [2-(N-benzoyl-N-methyl)ethyl~ piperidine 
(2) derivatives with a potent anti-acetylcholinesterase (anti-AChE) activity, we extended the 
structureactivity relationships (SAR) to rigid analogues (4) and 1-benzyl-4 [2-(N-benzoyl-N- 
phenylamino)ethyll piperidine derivatives (3). Introduction of a phenyl group on the nitrogen 
atom of the amide moieties reeultedin enhanced activity. The rigid analogue containing isoindolone 
(9) was found to exhibit potent anti-AChE activity comparable to that of 2. Furthermore, 
replacement of the isoindolone with other heterobicyclic ring systems was examined. Among the 
compounds prepared in these series,l-benzyl-4[2-[4-(benzoylamino)phthalimidolethyl]piperidine 
hydrochloride (19) (ICs0 = 1.2 nM) is one of the most potent inhibitors of AChE. Compound 19 
showed a definite selectivity to AChE over the BuChE (about 34700-fold) and, at dosages of 1&50 
mg/kg, exerted a dose-dependent inhibitory effect on AChE in rat brain. 

Multiple central nervous system dysfunctions have been 
identified in senile dementia of the Alzheimer’s type 
(SDAT), including changes in the concentration of nore- 
pinephrine, serotonin, dopamine, and various peptides,’ 
but by far the most consistent finding is a large reduction 
of choline acetyltransferase (CUT)  activity. C U T  is an 
enzyme located exclusively within cholinergic neurons and 
thus serves as biochemical marker for these cells. This 
marked decrease of ChAT activity has been demonstrated 
in the hippocampus and cortex, areas of the brain believed 
to be associated with learning and memorye2-11 

These findings suggest that impaired cortical cholinergic 
transmission may be at  least partly responsible for the 
symptoms of SDAT. Therefore, enhancement of the 
activity of cholinergic neurons has been regarded as one 
of the most promising methods for treating these patients. 
In support of this suggestion, it has been reported that 
physostigmine and 1,2,3,4-tetrahydro-B-aminoacridine 
(tacrine), which potentiate the action of ACh by inhibiting 
the degrading enzyme acetylcholinesterase (AChE), can 
bring about memory improvement in SDAT.12J3 

In our previous paper,14 the design, synthesis, and 
structure-activity relationships (SAR) for a series of 
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l-benzyl-4-[2-(N-benzoylamino)ethyl]piperidine (1) were 
described. Among these compounds 1-benzyl-4- [2-[N- 
[(4’-benzylsulfonyl) benzoyl] -N-methylamino] ethyl] pi- 
peridine hydrochloride (5) was one of the most potent 
inhibitors of AChE and showed an affinity 18 OOO times 
greater for AChE than for BuChE. At  a dose of 3 mg/kg, 
compound 5 produced a marked and significant increase 
ACh content in the rat brain. 

It was also shown that introduction of a methyl group 
(2) and a phenyl group (3a) on the nitrogen atom of the 
amide resulted in increased anti-AChE activity. We then 
focused on the rigid analogues (4) of l-benzyl-4-[2-(N- 
benzoyl-N-methy1amino)ethyllpiperidine (2) and 1-ben- 
zyl-4- [2-(N-benzoyl-N-phenylamino)ethyllpiperidine an- 
alogues (3). We report herein the results of our study on 
the syntheses and the structure-activity relationships of 
the series of 3 and 4 (Figure 1). 

Chemistry 
The compounds 3a-0 were synthesized by methods that 

we described in the previous paper.14 The rigid analogue 
of 2,1-benzy1-4- [2-(1-oxoisoindolin-2-yl)ethyllpiperidine 
hydrochloride (9) was synthesized by the route shown in 
Scheme I. l-Benzyl-4-(2-hydroxyethyl)piperidine (6) was 
prepared by the modified Stokbroekx’s method.ls The 
reaction of compound 6 with thionyl chloride gave 
l-benzyl-4-(2-chloroethyl)piperidine hydrochloride (7), 
which on treatment with l-oxoindoline16 gave the desired 
compound 9. l-Benzyl-4-(2-phthalimidoethyl)piperidine 
hydrochloride (10) and its derivatives 11-16,20-26 were 
synthesized by either the condensation of phthalic an- 
hydride and 4-(2-aminoethyl)-l-benzylpiperidine (all4 in 
n-BuOH or the reaction of phthalimide and compound 7 
in NJV-dimethylformamide. 
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Condensation of 1 (2H)-oxoisoquinoline (28)17 and 
compound 7 in N,N-dimethylformamide gave compound 
29, which was subjected to catalytic reduction (HZ/Pd-C) 
to yield l-bnzyl-4- 12- [3,4-dihydro-l-isoquinolon-2-yll- 
ethyllpiperidine (31a). The reaction of l-benzyl-4-[2-(N- 
phenylacety1amino)ethyllpiperidine (30) with paraform- 
aldehyde gave l-benzyl-4- 12- [1,4-dihydro-3-isoquinolon- 
2-yllethyllpiperidine (31b). Compound 31b was reduced 
with LiAlHr in tetrahydrofuran to yield l-benzyl-4-[2- 
(1,2,3,4-tetrahydroisoquinolin-2-yl)ethyll piperidine (3 IC) 
(Scheme 11). l-Benzyl-4-[2-(N-formylamino)ethyl]- 
piperidine (33) was allowed to react with anthranilic acid 
(32) at  150 OC to give l-benzyl-4-[2-[4-oxoquinazolin- 
3(4H)-yllethyllpiperidine (341, which was subjected to 
reduction with sodium cyanoborohydride to yield l-benzyl- 
4- 12- [1,2-dihydro-4-oxoquinazolin-3(4H)-yll ethyl] piperi- 
dine (35). Condensation of methyl N-(ethoxycarbonyl)- 
anthranilate (36) with compound 8 at 200 OC gave l-benzyl- 
4- [2- [1,2-dihydro-2,4-dioxoquinazolin-3(4H)-yllethyll- 
piperidine (37) (Scheme 111). 
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Structure-Activity Relationships 
A new series of piperidine derivatives was tested for 

biological activity in vitro using AChE from mouse brain 
homogenates. Esterase activity was determined according 
to the method of Ellman et d.18 The anti-AChE activities 
of the series of l-benzyl-4- [ 2-(N-benzoyl-N-phenylamino)- 
ethyllpiperidine derivatives (3) are presented in Table I. 

Substitution at  position 4 of the phenyl ring of the 
benzoyl group (R1) with an electron-accepting group 
(fluoro, 3c; nitro, 3d) led to an increase in anti-AChE 
activity. Replacement of the benzoyl group with a 
propionyl(3h) or cyclohexylcarbonyl(3f) group caused a 
remarkable decrease in activity, but replacement with an 
acetyl group did not (3g). When the amide moiety of 
compound 3g was reduced by LIAlH4 to an amino moiety 
(3m), anti-AChE activity nearly disappeared. These 
results suggest that the carbonyl and aromatic planarity 
are essential for activity. 

Substitution at the meta position of the N-phenyl ring 
group of compound 3a by a methoxy group (3i) or fluoro 
group (3k) caused little change in anti-AChE activity, 
whereas substitution with a methoxy group (3j) at  the 
para position resulted in decreased activity. We tried to 
incorporate an ortho substitution to the N-phenyl ring 
group, but the ortho substitution derivatives could not be 

~~ 
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Table I. Structures and Activities for Various 
l-Benzyl-4-[2-(substituted amino)ethyl]piperidines 

yield, inhibn of AChE: 
no. Ri Rz 5% ICw, nMn 

3c F aw 

3e N 0  To 
3f 0"" 
3g CH3CO 

3h CH&H&O 

3i CH3CO 

31 CH3CO 

3k CH&O 

31 CH3CO 

3m CH3CH2 

3n CHaCO 

30 CH3CO 

65 

67 

38 

28 

73 

71 

81 

79 

37 

69 

50 

43 

72 

98 

63 

73 

95 

560 

170 

35 

590 

18 

5.4 

64 

9400 

52 

830 

46 

700 

65 

205 

12000 

108 

660 
a The value of the hydrochloride is shown. 

obtained by the same synthetic method. Replacement of 
the N-methyl group of the benzamide derivative (2) with 

a phenyl group (3a) increased the anti-AChE activity by 
about 5-fold. However, in the case of the acetamide 
derivative 30, the activity increased by about 13-fold (3g). 
Thus either R1 or Rz must be an aromatic ring group to 
retain the activity. 

Compound 9 was synthesized as the cyclic analogue of 
2 and showed slightly greater anti-AChE activity. How- 
ever, another cyclic analogue, the phthalimide derivative 
(lo), showed about 6-foldstronger activity than compound 
2. We then synthesized phthalimide derivatives to in- 
vestigate their structure-activity relationships. Table I1 
shows the anti- AChE activity of phthalimide derivatives. 
Substitution at  the 3 or 4 position of the phthaliiide ring 
moietybyanitrogroup (13),aminogroup (17), ormethoxy 
group (20) produced about a 3-4-fold increase in activity 
compared to that of compound 10. Introduction of a bulky 
moiety (acetylamino, 18; benzoylamino, 19; (benzylamin0)- 
carbonyl, 21; benzoyl, 22) a t  the 4-position of the phthal- 
imide derivatives further increased the activity. In 
contrast, introduction of the benzoylamino group (25) at 
position 3 of the phthalimide ring moiety significantly 
decreased its activity. We previously reported that 
substitution at  the para position of the phenyl ring of the 
benzamide moiety with a bulky moiety led to a substantial 
increase in activity for the series of l-benzyl-4-[2-(N- 
benzoy1amino)ethyll piperidine derivatives (I) .  This ob- 
servation is consistent for the phthalimide derivatives, 
since the 4-position of phthalimide ring could be regarded 
as equivalent to the para position of the phenyl ring of the 
benzamide moiety in terms of positional relationships with 
the carbonyl group. Anti-AChE activity decreased with 
decreasing length of the bridging alkyl chain in the 
phthalimide derivatives (IC50 of 11 = 27 000 nM, 12 = 
3000 nM, and 13 = 12.5 nM). 

Introduction of a methoxy group (14) or chloro group 
(15) at the para position on the phenyl ring of R4 reduced 
the activity. Replacement Of R4 with a methyl group (16) 
caused a great reduction in activity. 

We next examined derivatives with six-membered ring 
systems in place of the five-membered ring of the 
phthalimide moieties. Table I11 shows the anti-AChE 
activity of these compounds. The six-membered ring 
derivatives 29,31a, 34, and 35 were much less potent, while 
31b and 31d had enhanced activity. However, when the 
carbonyl group of the amide group of the tetrahydroiso- 
quinolone ring was reduced to amino (3c), anti-AChE 
activity was significantly decreased. The activity of 1,2- 
dihydroquinazolin-2-one derivative (38) was comparable 
to that of compound 31b, while the quinazoline-2,4- 
(lH,3H)-dione derivative (37) showed slightly greater 
activity. The valerolactam derivative (40) was less potent 
than compound 31b, which suggested that the aromatic 
ring moiety is needed to increase the anti-AChE activity. 
These results not only support the previous observation 
that the carbonyl and aromatic moieties of this series of 
AChE inhibitors are necessary for activity but also suggest 
that the positional relationship between the carbonyl and 
aromatics is important. 

Biological Results 
Among compounds prepared in these series, l-benzyl- 

4- [2- [ 4-(benzoy1amino)phthalimidol ethyl] piperidine hy- 
drochloride (19) (IC50 = 1.2nM) is themost potent inhibitor 
of AChE. Compound 19 also was found to show a definite 
selectivity to AChE over butyrylcholinesterase (BuCHE) 
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Table 11. Structures and Activities for Various l-Benzyl-4-[w-(subetituted phthalimido)alkyl]piperidines 
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no. R3 n yield, % mp,OC formula inhibn of AChE: ICSO, nM 
9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

d N  

0 

d N  

OZN 0 

&N 

02N &N 0 

&N 

&N 

dN 

4N 0 

4N 0 

OZN 0 

4N 0 

0 

CH3COHN *N 

0 

C,H&OHN 
0 

CHI0 dN 
0 

CIH6CH2NHCO 
0 

2 

2 

0 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

CH3 

21 

62 

55 

65 

45 

35 

35 

74 

96 

74 

65 

38 

34 

52 

33 

183-184 

216-218 

254-255 

271-273 

224-227 

205-206 

229-231 

256-258 dec 

140-142 

238-239 dec 

151-153 

221-222 dec 

227-228 dec 

162-163 

177-179 

98 

30 

27000 

3000 

12.5 

440 

240 

6800 

8.8‘ 

2.8 

1.2 

8.0 

2.2 

2.4 

9.0 
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Table 11. (Continued) 

Sugimoto et al. 

no. R3 n R4 yield, 7% mp, O C  formula inhibn of AChE2 ICm, nM 
98 amorphous CzzHzsN30~ 11.00 

24 C H 2 9  

25 C H * G  

q+ NH2 

76 246-248 dec CBHBN~O~HC~ 340 

Q+ 
CbH,COHN 

26 52 178-181 C21H~N30rHCl 13 

+N N' 

0 

4 The value of the hydrochloride is shown. 

(34700-fold). Physostigmine has a preference for AChE 
over BuChE (11.7-fold), and tacrine has a less selective 
inhibitory effect (Table IV). The selectivity of compound 
19 for AChE was higher than that of l-benzyl-4-[2-[N- 
[4-(benzylsulfonyl)benzoyll -N-methylaminolethyl] piper 
idine hydrochloride (5). 

The results of the ex vivo inhibitory effects on AChE 
of compound 19 are shown in Figure 2. In rat brain, 
compound 19 at doses of 10 and 50 mg/kg exerted a dose- 
dependent inhibitory effect on AChE. 

On the basis of these biological studies, it is concluded 
that compound 19 has a highly selective and very potent 
inhibitory effect on AChE, and the structure of compound 
19 qualifies as a new type of acetylcholinesterease inhibitor. 

Experimental Section 
All melting points were determined using a Yanagimoto 

micromelting apparatus unless otherwise specified and are 
uncorrected. lH NMR spectra were taken with a JEOL F X - W  
spectrometer using Me4Si as an internal standard. Mass spectra 
were obtained on a JEOL HX-100 spectrometer using a direct 
insertion probe. Elemental analysis is indicated only by symbols 
of the elements; analytical results were within 0.4 % of theoretical 
values. 
l-Benzyl-4-[2-(N-acetyl-N-phenylamino)ethyl]piperi- 

dine (3g). Acetyl chloride (0.40 g, 5.1 "01) was added dropwise 
to a mixture of l-benzyl-4 [ 2-(N-phenylamino)ethyl]piperidine14 
(0.70 g, 2.4 mmol), triethylamino (2.00 g, 19.8 mmol), and 20 mL 
of tetrahydrofuran while the mixture was cooled with ice with 
stirring. The reaction was allowed to proceed at  room temper- 
ature for 3 h, and 20 mL of water was then added, followed by 
extraction with methylene chloride. The extract was washed 
with a saturated saline solution and dried over anhydrous 
magnesium sulfate. The solvent was then evaporated in vacuo. 
The residue was purified by silica gel column chromatography 
(CHzClZ-MeOH = 955), thereby preparing the title compound 
3g: yield 0.31 g (37%); lH NMR (CDC13) 6 1.0-2.1 (m, 12 H), 
2.6-3.0 (m, 2 H), 3.39 (s, 2 H), 3.67 (t, 2 H), 6.9-7.5 (m, 10 H); 
MS mle 336 (M+). 
l-Benzyl-4-(2:chloroethyl)piperidine Hydrochloride (7). 

To a solution of l-benzyl-4-(2-hydroxyethyl)piperidine (6) (14.9 
g, 68.2 mmol) in CHzClz (400 mL), was added dropwise SOC12 
(9.92 mL, 0.136 mol) with ice cooling, and the mixture was stirred 
for 4 h at 50 OC. After the mixture was evaporated, EbO was 
added to the residue and the precipitate was collected by filtration 
to give 15.6 g (83%) of l-benzyl-4-(2-chlorothyl)piperidine 
hydrochloride (7): lH NMR (CDC13) 1.32 (t, 3 H), 1.20-2.08 (m, 
6 H), 2.78-2.94 (db, 2 H), 3.45 (8, 2 H), 3.52 (t, 2 H), 7.24 (s, 5 
H) (free base). 

l-Benzyl-4-[ 24 2-oxoisoindolin-2-yl)ethyl]piperidine Hy- 
drochloride (9). A mixture of isoindolin-l-one (Log, 7.5 mmol), 
compound 7 (free base) (2.0 g, 8.41 mmol), KI (0.01 g), and NaH 
(60 % dispersion in oil, from which the oil was removed by rinsing 

three times with hexane in DMF 40 mL) (0.6 g, 15 mmol), was 
stirred at 80 OC for 5 h. After cooling, 100 mL of water was 
added, and the mixture was extracted with CHCL The CHC13 
layer was then washed with water, dried with anhydrous 
magnesium sulfate, and evaporated in vacuo. The residue was 
purified by silica gel flash column chromatography (CHCl3- 
MeOH = 1W1) to give 0.68 g of free base compound 9. It was 
treated with 10% HC1-AcOEt, and the resulting crystals were 
recrystallized from EtOH-AcOEt to give 0.57 g (21%) of 
compound 9, mp 183-184 "C. Anal. (CzzHXNzO-HCl) C, H, N. 
l-Benzyl-4-[2-(4-nitrophthalimido)ethyl]piperidine Hy- 

drochloride (13). A mixture of 4-(2-aminoethyl)-l-benzyl- 
piperidine (8) (1.10 g, 4.7 m o l )  and 4-nitrophthalic anhydride 
(1.0 g, 5.2 mmol) in dioxane (30 mL) was refluxed for 2 h. Then 
50 mL of water was added, and the reaction mixture was extracted 
with CHC13. The CHCl3 layer was dried with anhydrous sodium 
sulfate and evaporated in vacuo. The residue was purified by 
silica gel column chromatography. The product was eluted with 
CHC13-MeOH (201) to give 1.3 g of free base compound 13. It 
was treated with 10% HC1-EtOAc, and the resulting crystals 
were recrystallized from acetone-isopropyl ether to give 0.98 g 
(49%) of 13, mp 224-227 "C. Anal. (CZZHBN~O~.HC~) C, H, N. 
l-Benzyl-d[2-(4-aminophthalimido)ethyl]piperi~e (17). 

A mixture of the free base of compound 13 (7.90 g, 20 mmol), 
concentrated HC1-MeOH (14 mL14 mL), and iron powder (3.40 
g) was stirred at  60-70 OC for 1.5 h. Then 200 mL of water was 
added, and the reaction mixture was alkalized with a saturated 
sodium bicarbonate solution and extracted wtih CHC13. The 
CHCl3 layer was dried with K2C03 and evaporated to give 7.0 g 
(96 %) of compound 17, mp 140-142 OC. Anal. (CzzHzaN302) C, 
H, N. 

l-Benzyl-4-[ 2-(4-benzoylamino)pht halimidolethyll- 
piperidine Hydrochloride (19). A mixture of compound 17 
(2.0 g, 5.5 mmol), benzoyl chloride (1.0 g, 7.1 mmol), and 1 g of 
triethylamine in tetrahydrofuran (20 mL) was stirred overnight 
at  room temperature. Saturated sodium bicarbonate solution 
was added, and the reaction mixture was extracted with CHCl3. 
The CHC13 layer was washed with water, dried with anhydrous 
magnesium sulfate, and evaporated to give the free base of 
compound 19. It was treated with 10% HC1-EtOAc, and the 
resulting crystals were recrystallized from EtOH-Et20 to give 
1.8 g (65%) of compound 19, mp 151-153 OC. Anal. (CBHB- 

l-Benzyl-4-[2-[ l-isoquinolon-2-yl]ethyl]piperidine (29). 
To a suspension of NaH (0.17 g, 4.25 mmol), from which the oil 
was removed by rinsing the NaH (60% dispersion in oil) three 
times with hexane in DMF 10 mL, a solution of l-isoquinolone 
(0.40 g, 2.75 mmol) in DMF 20 mL was added. l-Isoquinolone 
was synthesized from 2-(fi-ethoxyethenyl)benamide as described 
in our previous paper." 

The reaction mixture was stirred for 1 h at  60 OC. A solution 
of compound 7 (0.70 g, 2.55 mmol) in DMF (10 mL) was added, 
and the reaction mixture was stirred for 3 ha t  70 OC. The reaction 
mixture was poured into ice water and extracted with EtOAc. 
The EtOAc layer was washed with water, dried with anhydrous 

N30yHCl) C, H, N. 
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Table 111. Structures and Activities for 1-Benzylpiperidine Derivatives 
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Rs 

29 

31a 

31b 

31c 

31d 

30 

35 

37 

38 

39 

40 

yield, inhibn of AChE: 
no. Rs % mp, O C  formula ICw, nM 

72 C23H2~N20 11004 

42 

63 

37 

63 

67 

73 

15 

73 

55 

18 

amorphous 

oil 

amorphous 

oil 

210-214 dec 

135-140 dec 

80-82 dec 

208-210 

amorphous 

212-213 

oil 

loo00 

17' 

16ooo 

23 

1200 

800 

4.2 

1 3' 

4.5 

270" 

(I The value of hydrochloride is shown. 

Table IV. Inhibitory Effect of 19 and Reference Compounds on 
AChE and BuChE Activity (in Vitro) 

I&, nM4 
AChE BuChE ratio of ICW 

compounds activity activity (BuChE/AChE) 
19 1.22 

5 0.56 

physostigmine 0.69 

tacrine 81 

(0.94-1.53) 

(0.42-0.71) 

(0.63-0.74) 

(72.6-88.6) 

42325 34700 
(41589-44156) 
10100 18000 
(8196-11971) 
8.1 11.7 
(7.80-8.40) 
73 0.9 
(72.1-73.9) 

AChE source was rat brain homoeenate: BuChE source was rat 
plasma. N = 4. Numbers in a parent6eses represent a range of 95 5% 
confidence limits. 

magnesium sulfate, and evaporated. The residue was purified 
by silica gel column chromatography (CH2C12-MeOH = 201) to 
give 0.70 g (79%) of compound 2 9  lH NMR (CDCls) 6 1.10-2.20 
(m, 9 H), 2.70-3.10 (m, 2 H), 3.50 (s,2 HI, 4.03 (t, 2 H), 6.50 (m, 
1 H), 6.90-7.90 (m, 9 H) 8.47 (d, 1 H); MS m/e 346 (M+). 

l-Benzy1-4[2-(N-phenylacetylamino)ethyl]pi~~~e (30). 
To a solution of compound 8 (1.93 g, 8.84 mmol) in 20 mL of 
tetrahydrofuran were added triethylamine (1.79 g, 17.7 "01) 
and phenylacetyl chloride (1.64 g, 10.6 mmol) at 0 "C. This 
mixture was stirred at  0 "C for 1 h. The mixture was evaporated 
to remove the solvent, and the resulting residue was diluted with 
CH2Cl2 (150 mL), washed with a 10% sodium carbonate solution 
(100 mL), and a saturated sodium chloride solution (100 mL). 
After dryingwithanhydrous magnesium sulfate, the CHzClzlayer 
was evaporated to give a yellow oil. The yellow oil was purified 
by silica gel column chromatography (CHzC12-MeOH = 501) to 
give 2.97 g (100%) of compound 30 'H NMR (CDCld 6 1.1& 
2.21 (s,9 H), 2.72-3.00 (m, 4 H) 3.13-3.61 (m, 2 H), 3.55 (s,2 H), 
5.50 (1 H), 7.30 (8,  10 H); MS mle 336 (M+). 

l-Benzyl-4-[ 2-[ 1,4-dihydro-3-iaoquinolon-2-yl]ethyl]pi- 
peridine (31b). Toamixtureofcompound30(1.15g, 3.42mmol) 
in AcOH (2 mL), AczO (2 mL), and paraformaldehyde (0.215 g, 
7.16 mmol) was added concentrated H2SO4 (0.44 g, 4.48 mmol) 
at  75 OC. This solution was stirred at  100 OC for 3 h. The mixture 
was alkalized with 1 N NaOH, diluted with 30 mL of H20, and 
extracted with 50 mL of CH2Clz. This CH2Cl2 layer was washed 
with 30 mL of 10% sodium carbonate solution. After drying 
with anhydrous magnesium sulfate, the CH2Cl2 layer was 
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tallized from MeOH-isopropyl ether to give 0.46 g (73%) of 
compound 36, mp W 8 2  OC dec. Anal. (C22HnNsO.2HCl) C, H, 
N. 

l-Benzyl-4-[ 24 lf-clihy~2,4-clioxocluinazolin-3(4a)-yl]- 
ethyllpiperidine Hydrochloride (37). A mixture of methyl 
N-(ethoxycarbony1)anthranilat.e (36) (50 g, 0.224 mol) and 
compound 8 (49 g, 0.224 mol) was stirred at 190-200 OC for 6 h 
to produce MeOH and EtOH, which were then removed. The 
residue was purified by silicagel column chromatography (CHCk 
MeOH = 501) to give the free base of compound 37. It was 
treated with 10% HC1-EtOH, and the resulting crystals were 
recrystallized from EtOH-HzO to give 13.3 g (15%) of compound 
37, mp 208-210 "C. Anal. (C22Hd302.HCl) C, H, N. 

l-Benzyl-4-[2-(2-pipridonyl)ethyl]piperidine (40). To a 
suspension of NaH (60% dispersion in oil) (0.89 g, 22.0 mmol), 
from which the oil was removed by rinsing the NaH three time 
with hexane in DMF 10 mL, was added a solution of b-valero- 
lactam (0.69 g, 6.96 mmol) in DMF (10 mL). The suspension was 
stirred at 70 OC for 2 h and then a solution of compound 7 (free 
base) (1.10 g, 4.63 mmol) in DMF' (10 mL) was added dropwise, 
and the mixture was left to stand at room temperature. After 
the mixture was stirred at 70 OC for 2 h, it was evaporated to 
remove the solvent. CHCla was added to the residue, and the 
CHCl3 layer was washed with water. After being dried with 
anhydrous magnesium sulfate, the CHCls layer was evaporated 
to give a brown oil. The brown oil was purified by silica gel 
column chromatography (CH2C1z-MeOH = 1OO:l) to give 0.25 g 
(18% of compound 40 'H NMR (CDCla) 6 1.10-2.16 (m, 13 H), 
2.16-2.50 (m, 2 H), 2.87 (bd, 2 H), 3.03-3.43 (m, 4 H), 3.48 (s,2 
HI, 7.27 (8,  5 H); MS m/e 300 (M+). 

Materials and Methods. Determination of Cholinergic 
Parameters. In Vitro Anti-Cholinesterase Activity. The 
inhibitory effects of compound 19 on AChE and BuChE were 
compared with those of physostigmine and tacrine in in vitro 
experiments. Cholinesterase activity was measured by the 
spectrophotometric method of Ellman et al.le Mouse brain 
homogenates (100 mg of brain per mL of 0.1 M sodium-potassium 
phosphate buffer, pH 8.0) and rat plasma were used as sources 
of acetylcholinesterase (AChE) and butyrylcholinesterase 
(BuChE), respectively. Acetylthiocholine (AthCh) and bu- 
tyrylthiocholiie (ButhCh) were used as the substrates for 
measurement of AChE activity and BuChE activity, respectively. 
In brief, 300 pL of compound solution and 1.0 mL of the enzyme 
were mixed and preincubated for 60 min at 37 "C. At the end 
of the preincubation period, the enzyme reaction was conducted 
by mixing a 130-pL aliquot of the preincubated mixture with 0.5 
mM AthCh or 1.0 mM ButhCh and 0.33 mM 5,5'-dithiobis(2- 
nitrobenzoic acid) in the phosphate buffer, pH 8.0 at 25 OC. 
Different concentrations of the compounds were assayed, and 
1Cw values were determined graphically from log concentration- 
inhibition curves. 

AChE Activity in Ex Vivo Experiments in Rat Brain. 
Male Wistar rata weighing 275-344 g were used. Compound 19 
was suspended in 5% gum arabic solution and administered 
intraperitoneally. Control animals were given 5% gum arabic 
solution. Rats were sacrificed by decapitation 1 h after drug 
administration. The whole brain was removed, immediately 
frozen in liquid nitrogen, and stored in at -80 O C  until assayed. 
The frozen tissues were homogenized in 10 volumes of ice-cold 
0.1 M sodium-potassium phosphate buffer, pH 8.0, and AChE 
activity was measured using AthCh as the substrate. 
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Figure 2. Effect of 19 on rat brain AChE (ex vivo). The 
compound was administered intraperitoneally at two doses 1 h 
before decapitation. Ordinate indicates AChE activity (AA412 
min/g). Each column represents the mean i SE for six 
determinations. (I*) p < 0.01. 

evaporated to produce a yellow oil. The yellow oil was purified 
by silica gel column chromatography (CH2C12-MeOH = 50:l) to 
give 0.75 g (63 %) of 31b: lH NMR (CDCl3) b 1.10-2.20 (m, 9 
HI, 2.93 (bd, 2 H), 3.40-3.65 (m, 6 HI, 4.43 (s,2 HI, 7.00-7.50 (m, 
4 H), 7.31 (8, 5 HI; MS mle 348 (M+). 

l-Benzy1-4-[2-( 1,2,3,4-tetrahydroisoquinolin-2-yl)et hyll- 
piperidine (31c). To a solution of compound 31a (0.14 g, 0.40 
mmol) in tetrahydrofuran (4 mL) was added LiAlHl(O.03 g, 0.79 
mmol) at 0 OC. This mixture was stirred under reflux for 1 h. 
Then, 5 drops of water, 5 drops of 1 N NaOH, and 15 drops of 
water were added. The mixture was filtered, and the filtrate was 
evaporated to afford a yellow oil (0.05 g, 37 % of compound 31c: 
lH NMR (CDCls) b 1.10-2.20 (m, 9 H), 2.22-2.97 (m, 8 H), 3.45 
(s,2 H), 3.55 (8, 2 H), 6.90-7.20 (m, 4 HI, 7.21 (s,5 H); MS m/e 
334 (M+). 
l-Benzyl-4-[2-(N-formylamino)ethyl]piperidine (33). A 

mixture of compound 8 (5.0 g, 22.9 mmol) in 99% formic acid (25 
mL) was stirred at 100 OC for 6 h. The mixture was diluted with 
200 mL of ice water and alkalized with 1 N NaOH. The mixture 
was extracted with ether. After being dried with anhydrous 
magnesium sulfate, the ether layer was evaporated to give a yellow 
oil (3.47 g). The yellow oil was purified by silica gel flash column 
chromatography (CH2ClrMeOH = 101) to give 2.13 g (38%) of 
compound 33. 
1-Benzyl-4-[2-[4-oxaquinazolin-3(4a)-yl]ethyl]piperi- 

dine Hydrochloride (34). A mixture of compound 33 (1.92 g, 
7.78 "01) and anthranilic acid (32) (2.14 g, 15.6 "01) was 
heated at 150 OC for 4 h. The mixture was diluted with 0.1 N 
NaOH (100 mL) and extracted with CHzClz. After being dried 
with anhydrous magnesium sulfate, the CHzClz layer was 
evaporated to give a brown oil (3.29 g). The oil was purified by 
silica gel flash column chromatography (hexane-EtOAc = 1:l) 
to give 2.33 g of the free base of compound 34. It was treated 
with 10% HC1-EtOAc, and the resulting crystals were recrys- 
tallized from MeOH-isopropyl ether to give 2.20 g (67%) of 
compound 34, mp 135-140 OC dec. Anal. (CnHdaO.2HCl) C, 
H, N. 

l-Benzyl-4-[2-[ lf-~hydro-4-oxoquinazolin-3(4a)-yl]eth- 
yllpiperidine Hydrochloride (36). To a solution of compound 
34 (free base) (0.52 g, 1.49 mmol) in MeOH (6 mL) were added 
2 N HCl-MeOH and then NaBHaCN (0.103 g, 1.64 mmol). The 
solution was adjusted to pH 4 by addition of 2 N HC1-MeOH. 
This mixture was stirred at room temperature for 1 h, poured 
into 0.1 N NaOH (50 mL), and extracted with CH2C12. After 
being dried with anhydrous magnesium sulfate, the CH2Cl2 layer 
was evaporated to give a pale yellow oil. The oil was purified by 
silica gel flash column chromatography (CHCl3-MeOH = 201) 
to give 0.52 g of the free base of compound 36. It was treated 
with 10% HC1-EtOAc, and the resulting crystals were recrys- 

Supplementary Material Available: A listing of NMR and 
MS data and elemental analysis for compounds 3a-0, 24, 29, 
31a-c, 38, and 40 (2 pages). Ordering information is given on 
any current masthead page. 


