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We herein report the discovery of four series of fused 5,6-bicyclic heterocycles as y-secretase modulators.
Synthesis and SAR of these series are discussed. These compounds represent a new class of y-secretase
modulators that demonstrate moderate to good in vitro potency in inhibiting AB4, production.
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Despite Alzheimer’s disease being identified more than
100 years ago, it still remains an urgent medical challenge.'”
Alzheimer’s disease is a neurodegenerative disorder with clinical
symptoms of cognitive impairment and progressive loss of bodily
functions and language ability. The disease is characterized patho-
logically by neuronal loss, neurofibrillary tangle (NFT) formation,
and extracellular deposition of amyloid-B (AB) peptide plaques.
Although there are several hypotheses about the cause of the dis-
ease, a predominant one is the amyloid hypothesis.*> According
to this hypothesis, reduced clearance and/or increased aggregation
of the Ap peptides, especially AB4o and AB4,, play a key role in the
pathogenesis of Alzheimer’s disease.

AP peptides are generated by initial cleavage of the amyloid
precursor protein (APP) by B-secretase to form a C-terminal frag-
ment (CTF), which is subsequently proteolyzed by y-secretase to
produce Ap peptides ranging from 37 to 42 amino acids in length.
Despite accounting for only 10% of the overall A peptide produc-
tion, AB4, is the major component of amyloid plaques. Several
classes of 7y-secretase inhibitors (GSIs) have been reported to
demonstrate efficacy in reducing overall production of Ap peptides
in plasma, cerebrospinal fluid (CSF) and brain.%” However,
v-secretase inhibitors can cause mechanism-based toxicity due
to disruption of the processing of other y-secretase substrates such
as Notch and ERB4. Cleavage of Notch is important for cellular gene
transcription, and inhibition of Notch cleavage by GSIs results in
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side effects such as thymus atrophy and intestinal goblet cell
hyperplasia.®

On the other hand, y-secretase modulators (GSMs) selectively
inhibit the production of AB4, without blocking the overall func-
tion of y-secretase on CTF and other substrates such as Notch.
Therefore this class of molecules should not cause Notch-related
side effects and could offer a better safety profile than GSIs.'° It
is believed that GSMs interact with y-secretase at an allosteric site,
inducing a conformational change in the protease and causing a
shift of cleavage specificity to preferentially produce shorter, more
soluble Ap-peptides such as ABss.''~'® However, the exact location
of this allosteric site on y-secretase remains unknown. Non-steroi-
dal anti-inflammatory drugs (NSAIDs) such as ibuprofen, indo-
methacin, sulindac sulfide and tarenflurbil were the first class of
GSMs reported to selectively reduce the production of AB,, in favor
of shorter peptides such as Apss.'”~'° In addition, they did not in-
hibit the cleavage of other transmembrane protein substrates such
as Notch by 7y-secretase.’® However, they demonstrated limited
potency (AB4z ICso=25-200 uM) and did not improve cognition
in clinical trials in AD patients.?!??

Eisai reported a GSM 1 which contains a cyclic cinnamamide
motif (Scheme 1).23-2% It demonstrated good in vitro potency and
selectivity as a GSM in our hands (Cell AB4; ICs0 = 64 nM, ABtotal
ICs0/AB4z 1Cso ratio = 226).26 This compound also showed robust
in vivo efficacy to reduce CSF and brain AB4, (—55% CSF AB4, and
—44% brain APsy, 3h after a single oral dose of 30 mg/kg).?”
Inspired by this novel structure, we decided to modify the core
of 1 to identify new chemical entities with improved potency
and ancillary profile, while removing the cinnamamide double
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Scheme 1. Design of fused 5,6-bicyclic y-secretase modulators.

bond, which could be a potential Michael acceptor. We explored
core modifications by forming an additional five-membered ring
between the cinnamamide double bond and the carbonyl group
in the central core. This modification led to four series of com-
pounds containing a fused 5,6-bicyclic structure as the central core
as depicted in Scheme 1. We conducted SAR on the R region of each
of these series. Herein we discuss the synthesis and SAR data for
each of these series.

We first looked at the tetrahydrotriazolopyrimidine series, and
the synthesis is outlined in Scheme 2. The acid 2 was coupled with
hydrazinopyrimidine to afford 3. With pyridine as solvent at
elevated temperature, 3 underwent intramolecular cyclization to
form triazolopyrimidine core 4, which was then alkylated with
1-(1-bromoethyl)-4-fluorobenzene to afford 5. Analogues 6-24
with different N-substitution were prepared by a similar route to
5, and SAR data of these compounds is summarized in Table 1.
Compound 5 with a 1-(4-fluorophenyl)ethyl group had moderate
activity to inhibit AB,4,. Longer alkyl chains attached to the benzylic
carbon improved the potency and selectivity (6 AB4, ICso = 156 nM,
7 AB4 IC50 = 145 nM). Replacement of the simple alkyl chain at the
benzylic carbon with a cyclopropyl group (8, 9) was not tolerated.
Compound 10 with hydrogen substitution at the benzylic carbon
showed potency similar to that exhibited by 5. Substitutions on
the phenyl ring also affected the activity. Halogen substitutions
generally were better than non-halogen substitutions (13-14 vs
15-16). Compound 12 with a 1-(3,4,5-trifluorophenyl)ethyl group

and 14 with a 3,4-dichlorophenyl ring were the most potent ana-
logues in this series (12 AB4; [Csp = 116 nM, 14 AB4; IC50 = 126 nM).
Longer N-alkyl substitutions as in the case of 17 and 18 did not
help improve the potency. Amide derivatives 19-22 were generally
not favored, although 21 had moderate activity. Urea compound 23
was not active up to 20 uM. N-Arylsulfonamide analogue 24
showed weak potency. Changing the R from the 1-(4-fluoro-
phenyl)ethyl of 5 to a hydrogen atom (4) completely eliminated
the activity. Overall, N-benzyl derivatives were favored over urea,
amide and N-arylsulfonamide compounds. In order to determine
the ability of compounds 12 and 14 to reduce the amount of
AB4 in CSF, each compound was dosed orally in rats at 30
mg/kg. Unfortunately, neither compound showed statistical effi-
cacy in this in vivo model, despite good in vitro potency. Examina-
tion of the pharmacokinetics of 12 and 14 revealed that each had
limited brain exposure (12 Pl. C3 = 9.00 pM, brain Csp, = 0.49 pM;
14 Pl. Cs;, = 22.8 pM, brain Csp, = 0.52 pM).28

Given the disappointing in vivo data from the tetrahydrotriazol-
opyrimidine series, we decided to work on tetrahydroisoxazol-
0[3,4-b]pyridine and tetrahydroisoxazolo[5,4-b]pyridine series,
which could offer better brain penetration due to lower basicities
and higher c log P values. The preparation of the tetrahydroisoxaz-
olo[3,4-b]pyridine series is depicted in Scheme 3. A Sonogashira
coupling of 25 with pent-4-yn-1-ol, followed by protection of the
alcohol afforded 26. Cycloaddition of 26 with nitrile oxide, gener-
ated in situ from dibromoformaldoxime, gave 27. Deprotection of
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Scheme 2. Reagents and conditions: (a) 2-hydrazino-1,4,5,6-tetrahydropyrimidine, HATU, i-Pr,NEt, DMF, 88%; (b) pyridine, 120 °C, 54%; (c) NaH, 1-(1-bromoethyl)-4-

fluorobenzene, DMF/THF, 4%.
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Table 1
Cell AB4z ICs0 and y-secretase modulator selectivity of tetrahydrotriazolopyrimidines
4-24

Compound R ABaz ICs50” (nM) ABotal ICs0/AB42
ICsp ratio
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Table 1 (continued)

Compound R APz 1Cs50™ (nM) ABrotar IC50/ABaz

1Csp ratio

(0]

19 ‘&JKQ\ 19316 1

F
20 wF 1919 10
Ky

o F

21 % )H/@ 485 41
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(e}

/S/
24 % \©\ 2215 9
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2 1Cso was reported as an average of multiple determinations (n > 2).
> clogP=4.5.
c
d

clogP=4.7.
clogP=54.

TBS ether 27, followed by oxidation of the resulting alcohol to an
aldehyde and the reductive amination of this aldehyde with (S)-
1-(4-fluorophenyl)ethanamine provided 28. Final compound 29
was delivered after ring closure at elevated temperature and
displacement of aromatic bromide with 4-methyl imidazole.
Compounds 30-32 were synthesized by a similar method to 29.
The SAR data in Table 2 showed that this tetrahydroisoxazol-
0[3,4-b]pyridine series showed moderate but reduced activity rel-
ative to 1. Varying the R substitution of 29 to that of 30-32 had
little effect on potency. Compound 31 was dosed orally at 30 mg/
kg in rats, but did not show statistical efficacy. Meanwhile, the
tetrahydroisoxazolo[5,4-b]|pyridine series was synthesized as
shown in Scheme 4. N-Alkylation of 33 with 1-(1-bromoethyl)-
4-fluorobenzene afforded 34, which was converted to 35 by Aldol
condensation with 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzaldehyde and Swern oxidation of the resulting alcohol inter-
mediate. Finally, oxime ether formation and dehydrative ring
closure delivered the product 36, which was resolved by chiral
HPLC to provide its two enantiomers 37 and 38.2° The latter was
3-fold more potent than the former. The SAR data for the rest of
the analogues 39-41%° is presented in Table 2. Changing the R sub-
stitution from the 1-(4-fluorophenyl)ethyl of 38 to a 1-(4-fluoro-
phenyl)propyl (39) or to a 1-(3,5-difluorophenyl)ethyl (40)
decreased potency 2-fold, whereas the 1-(3,4,5-trifluorophe-
nyl)ethyl derivative 41 maintained similar activity to that of 38.
Overall, the tetrahydroisoxazolo[3,4-b]pyridine and tetrahydrois-
oxazolo[5,4-b]pyridine series displayed moderate in vitro activity
and did not offer a better profile than the tetrahydrotriazolopyrim-
idine series. Although these two series of compounds have
relatively lower basicities (higher clog P value) than tetrahydro-
triazolopyrimidine series in general, which suggest a possibility
of better brain penetration, compound 31 did not show improved
in vivo potency. The lack of in vivo activity could be partially
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Scheme 3. Reagents and conditions: (a) pent-4-yn-1-ol, PdCl,(PPhs),, Cul, DIEA, THF; (b) TBSCI, imidazole, CH,Cl,, 99% for two steps; (c) dibromoformaldoxime, NaHCOs3,
CH,Cl,, 50 °C, 30%; (d) HF, THF, 99%; (e) (COCl),, DMSO, CH,Cl,, —78 °C; (f) (S)-1-(4-fluorophenyl)ethanamine, MgSO,4, CH,Cl,; (g) NaBH,4, MeOH, 80% for three steps; (h)
BEMP, CH3CN, 180 °C, 15%; (i) 4-methyl imidazole, Cu,0, Cs,COs, 4,7-dimethoxy-1,10-phenanthroline, polyethylene glycol, butyronitrile, 30%.

attributed to its limited in vitro potency (31, AB4z IC50 = 356 nM).
Therefore, we need to identify compound with not only low basi-
city but also good in vitro potency for displaying in vivo activity.

Having explored the previous three series, we turned our atten-
tion to the tetrahydropyrazolopyridine series. Synthesis of this
tetrahydropyrazolopyridine series is outlined in Scheme 4. From
intermediate 35, analogue 42 was obtained through hydrazone for-
mation and cyclization in one pot.3° Compound 42 showed good

Table 2

in vitro activity (AB4z ICso = 164 nM) (Table 3). Changing the R sub-
stitution from the 1-(4-fluorophenyl)ethyl of 42 to a 1-(3,4,5-triflu-
orophenyl)propyl (43) maintained similar activity. Enantiomer
44! was examined in our rat in vivo model, where it demonstrated
moderate, but statistically significant efficacy in reducing rat CSF
AB4> (—26% AB4y, 3 h after 30 mg/kg po dosing). The improved
in vivo activity of 44 seems to correlate well with its good
in vitro potency and lower basicity (c log P = 6.6) than the previous

Cell AB4> ICso and y-secretase modulator selectivity of tetrahydroisoxazolo[3,4-b]pyridines 29-32 and tetrahydroisoxazolo[5,4-b]pyridines 37-41

X—=Y
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NN
/\
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Compound X Y R AB4z 1C50* (nM) ABrotal IC50/AB42 ICsp ratio
29° 0 N K 465 38
F
30 0 N % 537 37
31¢ 0 N m 356 48
F
% F
32 0 N 440 46
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Table 2 (continued)
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Compound X Y R AB4z IC50% (NM) ABtotal ICs0/AB42 ICsp ratio
\% F
40 N 0 935 21
F
\% F
41 N [0} 540 37
F
F
@ ICso was reported as an average of multiple determinations (n > 2).
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Scheme 4. Reagents and conditions: (a) NaH, 1-(1-bromoethyl)-4-fluorobenzene, THF, 57%; (b) t-BuLi, 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde, —78 °C, 50%,
THF; (c) (COCl),, DMSO, Et3N, CHxCly, 94%; (d) NH,0H-HCl, KOAc, MeOH, 89%; (e) P,0s, EtOH, 80 °C, 29%; (f) NH>NH,, P,0s, EtOH, 75 °C, 21%.

Table 3
Cell AB4y IC50 and 7y-secretase modulator selectivity of tetrahydropyrazolopyridins
42-45

Compound R AB4z IC50* (nM)  AByotal IC50/AB42 ICs0 ratio
42" ‘iJ\@\ 164 46
F
QLL F
43 201 99
F
F
»%z F
44¢ 122 164
F
F
~
' F
45 209 96
F
F

2 1Cso was reported as an average of multiple determinations (n > 2).
> clogP=509.

€ clogP=6.6.

three series. With this encouraging preliminary data in hand, we
plan to explore the potential of this series and the results will be
reported in the near future.

In summary, we have explored four series of 5,6-bicyclic het-
erocycles as y-secretase modulators. Compounds from all series
demonstrated moderate to good in vitro potency. Among these ser-
ies, we have identified the tetrahydropyrazolopyridine core as a
promising new lead series. Specifically, compound 44 demon-
strated good in vitro and moderate in vivo efficacy as a y-secretase
modulator.
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