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Abstract—Parallel synthesis of the C-terminal-modified DAPT (1) derivatives was accomplished utilizing our novel resin 7. Con-
densation reaction of the N-acylamino acid 10 with the amines 11a—o proceeded smoothly to give the corresponding amides 6a—o
without any epimerization. Among the analogues, the benzophenonemethyl amide derivative 6o showed 30 times more potent

activity than the original DAPT (1).
© 2004 Elsevier Ltd. All rights reserved.

The amyloid- peptide (AB) has been recognized as the
pathogenic molecule in Alzheimer’s disease (AD).! The
production of AP is executed by a stepwise cleavage of
the transmembrane protein amyloid-p precursor protein
(BAPP) by a set of membrane-bound proteases termed
B-secretase and y-secretase. The y-secretase has been
identified as an important therapeutic target for AD,
and various y-secretase inhibitors have been investi-
gated.? Recently, researchers in the Elan group reported
that N-[N-(3,5-difluorophenylacetyl)-L-alanyl-]-(.S)-phe-
nylglycine-z-butyl ester (DAPT 1) exhibited an excellent
v-secretase-inhibitory activity in vitro and could lower
brain AP levels dramatically in APP-transgenic mice.?
These excellent results prompted us to investigate the
structure—activity relationship of DAPT (1) derivatives

(Fig. 1).
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Figure 1. Structure of DAPT (1).
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Our preliminary structure—activity relationship study
was carried out with a partially modified DAPT (1)
derivative by comparison with 1. First, a standard sam-
ple of the DAPT (1) was synthesized from the commer-
cially available L-phenylglycine 2, as shown in Scheme 1.
After conversion to the z-butyl ester, condensation with
Cbz-L-alanine and catalytic hydrogenolysis provided the
primary amine 3. Coupling of 3 with 3,5-difluoro-
phenylacetic acid was induced by WSCD to provide 1.
As shown in Scheme 2, the N-terminal aromatic ring of
1 was replaced by condensation of 3 with the corres-
ponding commercially available arylacetic acids 4a—f to
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Scheme 1. Reagents and conditions: (a) HCIO4, CH3CO,¢-Bu, rt,
61%; (b) Cbz-L-alanine, DCC, HOBt, Et;N, CH,Cl,, rt; (c) Pd/C, H,,
MeOH, rt, 87% (2 steps); (d) 3,5-F,CsH3;CH,CO,H, WSCD-HCl,
CH,Cl,, rt, 68%.
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a: Ar = 0-Br-CgHg-  d: Ar = 0-HO-CgHp-
b: Ar = m-Br-CgHg- €: Ar= m-HO-CgHg-
c: Ar=p-Br-CgHg- f: Ar= p-HO-CgHg-

Scheme 2. Reagents and conditions: (a) ArCH,CO,H (4a—f),
WSCD-HCI, CH,Cl,.


http://www.sciencedirect.com
http://www.sciencedirect.com
http://www.sciencedirect.com
mailto:fukuyama@mol.f.u-��tokyo.ac.jp

1984 T. Kan et al. | Bioorg. Med. Chem. Lett. 14 (2004) 1983—1985

give 5a—f. Since the analogues 5a—f had no inhibitory
activity of y-secretase at 10 uM,* we decided to change
the C-terminal #-butyl ester of 1.

Transformation of the C-terminal #-butyl ester group of
1 to the corresponding amide would be a desirable
alternative, due to its stability under various condi-
tions.> After removal of the r-butyl ester of 1, coupling
with benzylamine under mixed-anhydride conditions
provided 6a® (Scheme 3). Since the inhibitory activity of
6a was comparable to that of 1, we selected 6a as the
lead compound, and planned to synthesize various
analogues at the C-terminal benzyl amide of 6a.

Scheme 3. Reagents and conditions: (a) TFA, 92%; (b) PivCl, Et;N;
PhCH,NH,, CH,Cl,, 0°C, 72%.

Solid-phase synthesis has emerged as a powerful tool for
the construction of diverse libraries. Furthermore, the
method has the added advantage of being a convenient
way of purifying insoluble hydrophobic peptides. Thus,
the synthesis of various DAPT derivatives by solid-
phase would be attractive. However, the usual solid-
phase peptide synthesis of binding the C-terminal car-
boxylic acid to the resin makes the preparation of various
derivatives at the C-terminal amide difficult. Recently,
we developed a trityl-type resin 7, which reacted readily
with amines, and we demonstrated its application for an
efficient solid-phase synthesis of polyamines.” The high
utility of the resin 7 was expected to promote the
synthesis of diverse amide derivatives at the C-terminal
of 1 by loading with the N-terminal amine (Fig. 2).
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Figure 2. Structure of the resin 7.

Preparation of the loading precursor 8 started with
L-phenylglycine 2. After protection as the allyl ester,
condensation with Boc-L-alanine and removal of the
Boc group under acidic conditions gave the amine 8.
Attachment of the primary amine 8 to the resin 7 was
induced by i-Pr,NEt, and subsequent deprotection of
the allyl ester by the palladium-catalyst afforded 10, as
shown in Scheme 4.

It is well known that activation and acylation of N-acyl-
amino acid often causes epimerization at the a-position.
However, no epimerization was observed in the amide
bond formation of the acid derivative 10 with amines.®
Presumably the bulky polymer support prevented
the formation of the oxazolone intermediate and/or the
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Scheme 4. Reagents and conditions: (a) allyl alcohol, TsOH, benzene,
Dean-Stark trap, reflux, 89%; (b) Boc-L-alanine, WSCD-HCI, HOBt,
Et;N, CH,Cl,, rt, 70%; (c) 20% TFA-CH,Cl,, 69%; (d) resin 7,
i-Pr,NEt, CH,Cl,; MeOH; (¢) Pd(PPhjy),, pyrrolidine, DMF.

excess HOBt accelerated the amide formation. Parallel
synthesis of the DAPT analogues 6a—o was accom-
plished by condensation of 10 with the various primary
amines 1la—o, cleavage from the resin by 1% TFA in
CH,Cl, and subsequent incorporation of 3,5-difluor-
ophenylacetic acid unit by its pentafluorophenyl acti-
vated ester (Scheme 5). This simple protocol also has the
advantage of providing sufficiently pure samples by only
washing with Et,O. The results of the parallel synthesis
of DAPT derivatives are summarized in Table 1 and
Figure 3.
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Scheme 5. Reagents and conditions: (a) RNH, (1la-0), DCC
(3 equiv), HOBt (1.5 equiv), CH,Cl, or NMP; (b) 1% TFA—-CH,Cl,;
(C) 3,5-F2C6H3CH2C02pr, i—PerE[, CHzclz, washed with Etzo
Pfp = pentafluorophenyl.

Table 1. Yields of DAPT derivatives 6a—0 and their y-secretase
inhibitory activity compared with DAPT

Compd R= Yield (%)? Activity®
6a CH,Ph 57 1
6b I’l-C4H9 26 0.3
6¢ CHPh, 26 1
6d CH,CcHy4-0-OMe 27 0.2
6e CH,C¢Hy-m-OMe 43 0.1
of CH2C(,H4-p-OMC 12 0.4
6g CH,C¢Hy-0-Cl 4 0.1
6h CH,C¢Hy-m-Cl 25 0.1
6i CH,C¢Hy4-p-Cl 26 0.6
6j CH2C6H4-0-BI' 32 0.3
6k CH,CgHy-m-Br 19 0.1
61 CH,CgHy4-p-Br 36 0.6
6m CH,C¢H,-p-F 17 0.1
6n CH2C6H4—p—C02Me 28 0.6
60° CH,C¢Hy4-p-COPh 48 30

2Qverall yield from 10 in 3 steps and characterization of all com-
pounds (6a-0) were performed by 'H NMR and HR-MS.!°

®The ICs value of DAPT (1) for inhibition of AB 40 was 0.05 uM.
The relative activity was determined by dividing the I1Csy of DAPT
by that of each compound.*
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Figure 3. Structure of 6o.
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The results of the inhibitory activity of 6a—o are also
given in Table 1. As expected, the benzyl 6a and the
benzhydryl amide 6c¢ possessed similar activity to
the original DAPT (1). Among the derivatives 6a—o, the
benzophenonemethyl (p-benzoylbenzyl) amide deriva-
tive 60'© showed the highest activity (30 times more
potent than 1). This result suggested that the C-terminal
benzophenone group would play a key role in the
activity. Furthermore, 60 could be used as a probe for
elucidation of y-secretase, since benzophenones have
been used extensively as photocross-linking agents.!!
Recently, photoaffinity labeling has become a powerful
tool for identification of substrate binding sites of
membrane proteins. Utilizing the probe 6o to collect
detailed structure information for the y-secretase ulti-
mately would allow the discovery of novel drugs.

Further application of this protocol for the synthesis of
various DAPT (1) derivatives and the photoaffinity
labeling experiment with derivatives of 60 are currently
under investigation in our laboratories.'?
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