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Highly efficient acetylcholinesterase (AChE) and serotonin transporter (SERT) dual inhibitors, (S)-4 and (R)-13 were designed and synthesized
on the basis of the hypothetical model of AChE active site. Both compounds showed potent inhibitory activities against AChE and SERT.

Alzheimer's disease (AD), the most common cause of AD patients often exhibit psychiatric symptoms such as
dementia, is a neurodegenerative disorder characterized byrritability, anxiety, and depression. Depression in AD
progressive deterioration of memory and cognifion- patients has been successfully treated with inhibitors of
hancement of central cholinergic function by inhibition of serotonin transporter (SER7)antidepressants that lack
acetylcholinesterase (AChE) is, so far, the only clinically anticholinergic action. Thus, it is anticipated that combining
effective approach for treatment of ADHowever, the SERT and AChE inhibitory activity could offer greater
clinical usefulness of marketed AChE inhibitors (AChEIs) therapeutic benefits, because the antidepressive effect of
is limited mainly by adverse effects on peripheral organs. SERT inhibitors might reduce a demand on cholinergic
systems in the brain to ameliorate cognitive deficits. These
mesearc_h Informaétilon Depa}rtmelgt. b Lab _ dual inhibitors would be a novel class of anti-AD drugs more
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Problems, Prospects and Perspectives; Altman, H. J., Ed.; Plenum Press:AChE inhibitors. Two groups have studied AChEIs that
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compounds showed potent AChE inhibitory activities and
moderate SERT inhibitory activities in vitro. No compound
to date shows simultaneous activation of both the cholinergic

The type B ring-closed compound was also designed to
explore the effect of conformational restriction (Scheme 1).

and serotonergic nervous systems in the brain following oral _

administration, probably because of inappropriate combina-
tion of activities. We describe here the design and synthesis
of highly efficient dual inhibitors of AChE and SERT.

On the basis of the X-ray structure of the complex of
AChE and donepeZiland molecular modeling studiésye
proposed a hypothetical model for inhibitor interaction at
the active site of AChE, which involves four binding sites
(Figure 1). To design the dual inhibitor, we selected one of
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triad site

hydrophobic
bindig site A

Scheme 1. Design of AChE—SERT Dual Inhibitors

ionic site
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Figure 1. Hypothetical model of AChE active site with proposed
pharmacophore.

the marketed AChEls, rivastigmifeas a lead compound.

Rivastigmine possesses three elements that are able to bind

to the proposed binding sites of AChE: a carbamate moiety
to the catalytic triad site, an amino moiety to the ionic site,
and an aromatic ring to the hydrophobic binding site A.
Focusing on the fourth binding site of our model, we chose
fluoxetin€ as the pharmacophoric element corresponding to
the hydrophobic binding site B. Fluoxetine has potent

inhibitory activity against SERT and possesses an ethylamine

moiety that could be overlapped with that of rivastigmine.

Therefore, the type A compound designed by hybridization
of these two compounds at the common ethylamine moiety
was expected to be a dual inhibitor of AChE and SERT.
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We synthesized and evaluated various type A derivatives
and found that most have inhibitory activities against both
AChE and SERT. Optimization of the carbamate group, the
tether-lengti? and the R substituent showed 4-nitrophenoxy
ether derivatived (m = 1, X = O) to be the best type A
dual inhibitor. Both optical isomers of compouddwere
synthesized as shown in Scheme 2. The primary amine of

Scheme 2
HO MeoNCO, MesNCO,
NH, NHBoc NHBoc
a,b c
S)1 8)-2 3 OH
() CO,Me () CO,Me (9
Me,NCO,
NHMe<HCI
AChE SERT
def ICs0 (NM) 1Csq (NM)
0 (S)4 101 42
\©\ (R)4 143 135
(5)4 NO,

a(a) BogO, THF, rt, 72%; (b) MeNCOCI, K,COs;, DMF, rt,
96%; (c) LiAlH,, —78 to 0°C, 97%; (d) DEAD, PPk 4-nitro-
phenol, THF, rt; (e) NaH, Mel, DMF, @C to rt, 77% (2 steps); (f)
2 N HCI—-ACcOEt, rt, 100%.

known (S-1** was Boc-protected, followed by treatment with
dimethylcarbamyl chloride to afford (S)-2. Reduction of the
ester group of$)-2with LiAIH 4 gave primary alcoholS)-

3. The alcohol (33 was reacted under Mitsunobu conditions

(10) There is tether-length dependence to AChEI potency enhancement.
The compounds possessing a longer tether showed stronger AChEI activities;
however, only the type A compounds possessing adequate tether Iength (
= 1) showed SERT inhibitory activities.

(11) Davies, S. G.; Ichihara, Qetrahedron: Asymmetrd991,2, 183.
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with p-nitrophenol, followed by methylation of the Boc-

and the resulting amino group was subsequently protected

protected amine with iodomethane. Finally, deprotection of with Boc to yield R)-8 (99% ee)®* Compound (R)-8vas

the Boc group with 2 N HCl in ethyl acetate provide){4.
Enantiomer R)-4 was prepared by the same method starting
from (R)-11*

Compound §-4 showed potent inhibitory activities against
both AChE (IGo = 101 nM) and SERT (l& = 42 nM).
However, though enantiomeR)-4 showed similar potency
against AChE (Ig = 143 nM), SERT inhibition activity
(ICsp = 135 nM) was slightly diminished compared to that
of (S)-4%?

Type B compound (R)-181 = 1)'3 was synthesized as
shown in Scheme 3. The phenol groupbdfwas protected

Scheme 3
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a (a) MOMCI, i-PrNEt, CHCl,, 0°C, 79%; (b) (EtO)P(O)CH-
CO.Et, NaH, THF, 0°C, 99%; (c) (i) 6)-7,n-BuLi, THF, —78
°C; (ii) Hz, 20% Pd(OHYC, MeOH-H,0—AcOH (20:2:1), rt, 67%
(2 steps); (d) Bo®, EgN, MeOH, rt, 97%; (e) MeNCOCI, K,CG;,
DMF, rt, 97%; (f) LiAlH4;, THF, =50 to O °C, 82%; (Q)
4-nitrophenol, DEAD, PP THF, rt; (h) concentrated HCI, MeOH,
rt, 68% (2 steps); (i) Bo©, EtN, MeOH, rt, 85%; (j) (i) TEO,
pyridine, CHCl,, 0 °C; (ii) (CH,=CH)SnBu, cat. Pd(PP¥),, LiCl,
dioxane, 100°C, 86% (2 steps); (k) allyl bromide, NaH, DMF, 0
°C to rt, 86%,; (I)12 (10 mol %), CHCI, (15mM), 45°C, 96%;
(m) 2 N HCI~ACOEt, rt, 96%; (n) (i) 37% HCHO ag., HCH,
80 °C; (ii) 2 N HCI—ACOEt, rt, 78% (2 steps).
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2

with a methoxymethyl group (MOM), and a Horner
Emmons reaction provide@l The estef was subjected to
the chiral amination method that was reported by Datfes,

(12) By our assay procedures, rivastigmine showed weak inhibitory
activity against AChE (I16o = 11 4M). Donepezil showed potent inhibitory
activity only against AChE (Iés = 10 nM), and fluoxetine showed
inhibitory activities only against SERT (kg= 180 nM).

(13) Seven-membered ring compound £, n = 1, X = O) showed
the most potent AChE and SERT inhibitory activities.

(14) Mendelson, W. L.; Holmes, M.; Dougherty Synth. Commuri996,

26, 593.

(15) Davies, S. G.; Walters, A. 8. Chem. Soc., Perkin Trans.1894,

1129.
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treated with dimethylcarbamyl chloride and reduced with
LiAIH 4 to provide alcohol R)-9. The alcohol R)-9 was
reacted with p-nitrophenol under Mitsunobu conditions.
Treatment with concentrated HCI and Boc protection of the
amino group afforded phenoR§-10, which was converted
to the aryl triflate by treatment with trifluoromethanesulfonic
anhydride. The resulting aryl triflate was coupled with
tributylvinylstannane by a palladium-catalyzed Stille reac-
tion'” to afford the corresponding styrene compound. N-
Allylation of the obtained styrene compound was accom-
plished by treating with allyl bromide and NaH to give)¢
11. Ring-closing olefin metathesis dR)-11with 10 mol %
of Grubbs catalysfi2'® gave the desired seven-membered
ring product in high yield. Deprotection of the Boc group in
the resulting cyclic compound by 2 N HCI in ethyl acetate,
followed by Eshweiler-Clarke methylation, provided{E3.
Enantiomer (S)-13vas prepared by the same method by
using chiral amine (R)-%

Surprisingly, the inhibitory activities oR)-13 against both
AChE and SERT (Ig = 14 and 6 nM, respectively) were
extremely enhanced as compared to thosd ¢fable 1).

Table 1.
Me,NCO,

Inhibitory Actibities of 4 and 13 against AChE

MezNC02\<j©
NHMesHC! _NMesHCI
O
NO.

\l

O
(R-13 \©\
NO.

2 2

AChE SERT
ICs0 (NM) ICs0 (NM)
(5)4 101 42
(5)-13 609 930
[(R)-13 14 6]

Although both enantiomers of showed similar AChE
inhibitory activities, R)-13 showed inhibitory activity against
AChE that was extremely stronger than that of (S)-13. We
supposed that in the case of the ring closure compound, the
restriction of the conformational flexibility of the amine
moiety induced the appropriate binding to ACHE.

These compounds hardly inhibited butyrylcholinesterase
and choline acetyltransferase &S > 100uM) and showed
weak affinities for transporters of norepinephrine and

(16) The determination of optical purity and absolute configuration of
(R)-8are included in Supporting Information.

(17) For a recent review, see: Farina, V.; Krishnamurthy, V.; Scott, W.
J. Org. React.1997,50, 1.

(18) For arecent review, see: (a) Grubbs, R. H.; Chan@e8ahedron
1998,54, 4413. (b) Furstner, AAngew. Chem., Int. EQ000, 39, 3013.
(c) Yet, L. Chem. Rev2000,100, 2963.

(19) Since there is no information on the structure of SERT, the reason
of the opposite stereochemical preference is unclear.
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dopamine (IGSs > 10 4M). In addition, ©)-4and (R)-13

had weak affinities for existing neurotransmitter receptors
such as serotonin, norepinephrine, and dopaming'§iG
10 uM). Compound §)-4 shows more potent inhibitory
activities than (R)-1&gainst AChE in the brain following
an oral administration (Figure 292! The difference in
efficiency between these two compounds could be attributed
to the difference in absorption from the intestine and/or
penetration into the brain.
In summary, we designed and synthesized AChE—SERT
dual inhibitors4 and13 on the basis of a hypothetical model
of the AChE active site. Additionally, ring-closing compound
(R)-13 showed extremely potent inhibitory activities against
both AChE and SERT. Compoun&)-4is the first com-
pound that can facilitate both the cholinergic and serotonergic
transmission. Further pharmacological evaluation of these Figure 2. Inhibition of AChE and SERT in the brain following
. . e . an oral administration in mice (ex vivo assay).
compounds targeting Alzheimer’s disease is underway.

(20) The brain of mouse was isolated 1 h after an oral administration of rting Information Available: nthetic pr r
compounds, and AChE and/or SERT activity were measured. Each symbol Supporting Informatio ailable: Synthetic p ocedures

represents the mean of five mice. The doses (95% confidence interval) of @Nd characterization of new compounds, in vitro assay of

(S)-4necessary for 50% inhibition of AChE and SERT in the brain were (5)-4 and R)-13, and the determination of optical purity and

determined as 13 (#115) and 2.4 (1.92.9) mg/kg, p.o., respectively. . . . N .

Details will be reported soon. absolute conflgqratlon of (R)-8. This material is available
(21) The SERT inhibition oR-13was not determined because a low free of charge via the Internet at http://pubs.acs.org.

penetration of the compound into the brain was predicted from the ex vivo

study of AChE inhibition. OL026418E
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