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ABSTRACT: Cyclic hydroxyamidines were designed and
validated as isosteric replacements of the amide functionality.
Compounds with these structural motifs were found to be
metabolically stable and to possess highly desirable pharma-
cokinetic profiles. These designs were applied in the identi-
fication of γ-secretase modulators leading to highly efficacious
agents for reduction of central nervous system Aβ42 in various
animal models.

■ INTRODUCTION
Alzheimer’s disease (AD) is an ultimately fatal neurodegener-
ative disease that is the most common cause of age-related
dementia. More than 35 million people suffer from AD
worldwide, with an estimated annual cost of over $600 billion,
and the AD population may increase to more than 115 million
by 2050 according to a report from Alzheimers Disease Inter-
national.1 A great collective effort is being made across aca-
demic and industrial laboratories to develop therapies to halt or
even reverse AD. There are two distinct pathological hallmarks
in the AD brains: extracellular amyloid plaques and intracellular
neurofibrillary tangles. Amyloid plaques are composed of insoluble
deposits of amyloid-β (Aβ), particularly Aβ42, a 42 amino acid long
peptide produced from its precursor protein (APP) through
sequential cleavages by BACE12 and γ-secretase.3 Aβ42 and its
oligomers were found to be highly toxic in cells and were
proposed4 as the root cause for AD’s pathology, leading to
neurofibrillary tangle formation and eventual cell death.
Aβ42, despite being the predominant component of the

amyloid plaque, is produced in minor proportion (5−10%) of
the total Aβ species composed of Aβ37 to Aβ42. They differ at the
C-terminus because of poor selectivity at the γ-secretase
cleavage step. Several classes of γ-secretase inhibitors (GSIs)
have been reported to effectively eliminate production of all Aβ
peptides in vitro and in vivo. However, γ-secretase has a wide
variety of substrates in addition to APP that are involved in
diverse biological processes. One of the most notable processes

is the Notch cleavage,5 producing a cell surface receptor in-
volved in regulating cell differentiation and proliferation.6 GSI’s
selectivity issues against Notch and other biological pathways
became a significant concern when their clinical trials identified
higher incidence of skin cancer in the treatment group than in
the placebo group among other known mechanism-based toxi-
cological findings.7

In 2001, a class of small molecules was found that alter the
product distribution among the known Aβ species without
overall inhibition of the γ-secretase enzyme function including
APP and Notch processing. GSMs selectively reduce certain Aβ
species while enhancing the production of others.8,9 A sub-
class of these γ-secretase modulators (GSMs) exemplified by
some nonsteroidal anti-inflammatory drugs (NSAIDs) such as
ibuprofen, indomethacin, and sulindac sulfide was found to
elevate the level of the shorter Aβ species (Aβ37, Aβ38, and
Aβ39) while inhibiting longer and more toxic Aβ40 and Aβ42.
This type of GSM presents a unique approach to address the
central tenet of the amyloid hypothesis (i.e., Aβ42 inhibition)
while effecting a gentler perturbation of Aβ natural metabolism,
potentially leading to less mechanism-based toxicity involving
Aβ and γ-secretase inhibition.10 Therefore, it is highly attractive
to identify GSMs that can selectively reduce Aβ42 and elevate
the Aβ40/Aβ42 ratio and can be evaluated as anti-AD agents for
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their safety and efficacy profiles in comparison to other
approaches targeting the Aβ process. Flurizan (Figure 1), the

most advanced GSM developed by Myriad Genetics, failed to
demonstrate statistically significant efficacy in AD patients in a
phase III clinical trial. This result was not surprising given the
compound’s weak in vitro activity against γ-secretase Aβ42 cleavage
and its poor central nervous system (CNS) penetration,11

highlighting the need for a more potent and brain penetrant GSM.
In 2004, a new class of non-NSAID class of GSMs was

reported by scientists from Torrey Pines Therapeutics12 with
impressive potency in reduction of Aβ42 in cells. Compound I
(Figure 1) was also shown to reduce both plasma and brain
Aβ42 and Aβ40 in Tg 2576 mice. Furthermore, chronic
treatment of Tg 2576 mice with I lowered plaque density
and amyloid load in both hippocampus and cortex.9 Following
this lead, a biarylcinnamide class of GSM was reported later
that preserved the imidazolylphenyl group with the central
aminothiazole of I replaced by an α,β-unsaturated amide (e.g.,
1, II, and III in Figure 2).13,14 Compound 1 entered phase I
clinical studies in 2006, but the clinical development was
temporarily halted because of the finding of rat lenticular
toxicity after administration of high doses for 13 weeks.8e In our

hands, E-2012 showed good in vitro potency (HEK 293Swe‑Lon

cell Aβ42 IC50 = 64 nM) and a desirable GSM profile (Aβtotal/
Aβ42 IC50 ratio of 226). It also exhibits robust rat in vivo
efficacy in reducing cerebrospinal fluid (CSF) Aβ42 by 55% and
cortical Aβ42 by 44% after a single oral dose of 30 mg/kg.

■ MODULATOR DESIGN

In an effort to design novel GSMs, we decided to focus on the
non-NSAID GSM class represented by compound 1 and try to
further optimize its overall profile and address its lenticular
toxicity issue. A survey of related patent literature indicated that
the imidazolylphenyl group is a highly conserved pharmaco-
phore across multiple subclasses of modulators from a number
of research laboratories. In contrast, the middle part of the
molecule, represented by the δ-lactam in 1, can be highly
variant, leaving room for exploration of a diverse range of
structures. Realizing that compound 1 is a GSM with a highly
optimized pharmacokinetic and pharmacodynamic profile, in
our modulator design, we aimed to learn from its electronic
topology while exploring significantly different chemical
structures. One striking SAR point represented by the potent
E-2012 analogue compound III (Aβ42 IC50 = 56 nM, com-
pound 639 in ref 13) indicates high tolerance in the enzyme
environment around the quarternalized benzylic position for
large structural changes on this portion of the molecule. More
importantly, the steric bulkiness at this site precluded the right-
hand lone electron pair of the lactam carbonyl group from
interacting with any potential H-bonding donor of the enzyme.
The combination of potentially high tolerance for structural
change and an idling right-hand lone electron pair on the
carbonyl offers an attractive opportunity to build a ring from
the position of the carbonyl oxygen to the benzylic position. An
imino group would be required to offer an extra valence to form
the ring while still preserving the left-hand lone pair electron

Figure 1. NSAID and non-NSAID γ-secretase modulators.

Figure 2. Design of 1,2,4-oxadiazoline as an amide isostere.
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density as a replacement of the carbonyl group. However, an
imino group seldom is a viable replacement for the carbonyl
because of its high basicity and reactivity; a neutral version of
the imino group therefore should be a far better choice.
Hydroxylated imines such as oximes, hydroxyamidines,15 and
hydroxyguanidines16 are known to be much less basic than their
imine counterparts and in most cases far more stable. There-
fore, a cyclized oxadiazoline or oxadiazine appeared to be a
reasonable isosteric replacement of the lactam carbonyl in 1.
Comparing the core conformations of compound 1 (gray)

and oxadiazoline 2a (red), we found that they are completely
superimposible (Figure 2). Molecular designs such as 2a have
minimum perturbation of electronic topology compared to 1
while offering a different molecular framework for us to further
optimize its profile. However, oxadiazolines have not been
explored as viable pharmacophores, and their metabolic and
toxicological profiles were unknown. The monocyclic oxadiazo-
lines seem unstable under acidic conditions,17 but some fused
tricyclic oxadiazolines are stable in hot 20% HCl in MeOH.18

On the other hand, a ring expanded analogue of oxadiazoline,
oxadiazine, has been explored in the context of p38 MAP kinase
inhibitors, one of which was evaluated in phase II human clinic
trials for cardiovascular disease.19 In order to expeditiously

validate the proposal of isosteric replacement of the lactam
carbonyl group with cyclic hydroxyamidines, we first focused
on monocyclic oxadiazolines because of their straightforward
syntheses. Despite their known stability issues, the monocyclic
oxadiazolines (e.g., 4 in Scheme 1) should be a suitable probe
for the validity of the GSM molecular design using the in vitro
cellular assay, before more resource was applied to this direc-
tion. If successful, we planned to move to bicyclic oxadiazolines
(e.g., 2a in Figure 2) and oxadiazines (e.g., 2b in Figure 2) to
address any druggability issues.

■ CHEMISTRY

The monocyclic 1,2,4-oxadiazoline 4 was synthesized in three
steps as outlined in Scheme 1. The imidazolylbenzaldehyde 613

reacted with (formylmethylene)triphenylphosphorane to form
imidazolylcinnamaldehyde 7 which was subsequently converted
to oxime 8. Nitrile oxide 9, generated in situ by treatment of
8 with N-chlorosuccinimide and pyridine,20 reacted with the
ketimine 10 through a [3 + 2] dipolar cycloaddition to form
compound 4.
The bicyclic oxadiazoline compounds 2a, 3, and 12−19 were

prepared as described in Scheme 2 from the key intermediate
oxadiazolines (31a−j), which were synthesized from the [3 + 2]

Scheme 1. Synthesis of Monocyclic Oxadiazoline 4a

aReagents and conditions: (a) microwave 150 °C, 30 min, THF; (b) NH2OH·HCl, KOAc, MeOH; (c) NCS/Py, DCM; (d) Et3N, DCM.

Scheme 2. Synthesis of 5-Alkyl-5-aryl Bicyclic Oxadiazolinesa

aReagents and conditions: (a) NBS, DMF; (b) Et3N, DMF; (c) t-BuOK, THF; (d) t-BuOK, THF; (e) NaBH4, THF/MeOH.
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dipolar cycloaddition of the corresponding 3-bromopropylke-
timines 30a−j and a nitrile oxide generated from bromooxime
29 in situ.21 A potassium tert-butoxide mediated cyclization of
31a−j led to formation of the bicyclic oxadiazoline compounds
32a−j, which were finally coupled with the imidazolylbenzal-
dehyde 6 using Horner−Emmons conditions to give 2a, 3, and
12−19, respectively (Scheme 2).
The ester group in the bicyclic oxadiazolines 3 and 12−19 is

highly versatile in order to access alcohols and other functional
groups (Schemes 2 and 3). The success of the [3 + 2]
cycloaddition was highly dependent on the quality of the
corresponding imines, for which three synthetic methods had
to be developed based on different starting amines and

ketones. Nonfunctionalized ketimine 10 was generated from
3-methoxypropylamine and 4-fluoroacetophenone using 3 Å
molecular sieves as the dehydrating agent. Ketimine 30a con-
taining a 3-bromopropyl group was obtained with condensation
conditions involving TiCl4 and Et3N.

22 Formation of ketimines
(30b−j) containing both ester and 3-bromopropyl groups was
found to be most efficient using TMS triflate catalyzed imine
synthesis from the TMS protected amine (42)23 and the corre-
sponding arylketoesters (Scheme 4)24 that were obtained from
the corresponding aryl bromides (43, 44) and diethyl oxalate
through the Grignard reaction as shown in Scheme 5.
Compound 3a is an enantiomer obtained by resolving the

racemate 3. The absolute structure of 3a was determined as the

Scheme 3. Synthesis of 3-(4-Fluorophenyl)-3-hydroxymethyl or 3-Aminomethyl Analoguesa

aReagents and conditions: (a) MeMgBr, Et3N, THF; (b) (S)-2-methyl-CBS-oxazaborolidine in toluene, BH3·Me2S, THF; (c) NaBH4, THF/MeOH;
(d) MeI, NaH, DMF; (e) Swern oxidation. (f) For 36 and 37: NaBH(OAc)3, HOAc, the corresponding amine, DCE. For 38: the reductive
amination with 2-aminoethylbenzoate followed by hydrolysis with LiOH. (g) Acetic anhydride, Et3N, DCM; (h) MeSO2Cl, Et3N, DCM.

Scheme 4. Synthesis of the Ketimine 30ba

aReagents and conditions: (a) TMSCl, Et3N, DCM; (b) TMSOTf, DCM, reflux.
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S-configuration through its hydroxyethyl derivatives 11a and
11b, using the NMR spectra of their corresponding Mosher’s
esters.25

As illustrated in Scheme 6, oxadiazine 53 was synthesized via
lactam 51 which was prepared from 48 and 49 using a similar
method described in ref 13. The enantiomer of amino alcohol
48 was synthesized by the Sharpless aminohydroxylation26

from styrene 47. By use of a Mitsunobu reaction/deprotection
sequence, lactam 51 was then converted into hydroxylamine
52, followed by cyclization using P2O5 in refluxing EtOH
overnight to yield oxadiazine 53 in 90% enantiomeric excess.

■ RESULTS AND DISCUSSION

Racemic oxadiazoline 4, designed based on compound II
(Figure 2) for the initial GSM design validation, has IC50 of 187
nM for Aβ42 and IC50 of 2 μM for Aβ40 in the cellular assays.
Compared to the IC50 of compound II of 60 nM for Aβ42
reduction, these data confirm the modulator profile and the
validity of oxadiazoline as an isosteric replacement of the lactam
carbonyl group. Compound 4 is stable under neutral conditions,

only slowly decomposing in aqueous 0.1 N HCl at room tem-
perature over 3 h, leading to the corresponding acetophenone.
A cyclized version of the oxadiazoline such as compound 2a

would further stabilize the heterocyclic ring18 and may lead to a
suitable “druggable motif”.27 Indeed, the active enantiomer of
racemic 2a(α) is far more stable under the same conditions,
with deterioration of enantiomeric excess from 99.6% to 55.7%
overnight as the only observable change. The compound has a
pKa of 6.7, a value higher than the reported pKa for 1-phenyl-
imidazole (pKa = 5.1),28 indicating that the oxadiazoline core is
more basic than the N-phenylimidazole group. Compound
2a(α) possesses an excellent pharmacokinetic profile in all
animal species examined (Table 4) and has a low drug−drug
interaction liability as evidenced by lack of inhibition of human
cytochrome P450s, such as 3A4, 2D6, and 2C9, and lack of
induction of human hPXR. It has a hERG ion channel IC50 of
740 nM (Table 3) in a voltage clamp cellular assay and thus has
some risk of QTc prolongation in humans. More interestingly,
compound 2a(α) demonstrates a pharmacological profile indis-
tinguishable from E-2012 in vitro, with an IC50 of 58 nM for
reduction of Aβ42 and an Aβtotal/Aβ42 IC50 ratio of 237 in an
HEK293 cell assay (Table 1). When administered to rats,
compound 2a(α) dose dependently reduces CSF levels of Aβ42
by 51% and 30% 3 h after single oral doses of 10 and 3 mg/kg,
respectively, with corresponding brain exposure of 5 and
0.8 μM.
The highly desirable in vitro and in vivo profile of 2a(α)

highlighted the urgency to resolve the hERG issue. A com-
prehensive medicinal chemistry effort was therefore launched to
further optimize this series. Among many directions, we
examined substitution effects on both 3-phenyl and 3-methyl

Scheme 5. Synthesis of the Ketoesters 45 and 46a

aReagents and conditions: (a) i-PrMgCl·LiCl, THF.

Scheme 6. Synthesis of Oxadiazine 53a

aReagents and conditions: (a) CbzNH2, NaOH/tert-butyl hypochlorite, (DHQ)2PHAL, K2OsO2(OH)4, PrOH/water; (b) H2/Pd(OH)2; (c) EDCI,
HOBT, DIEA, DMF; (d), NaOMe, MeOH; (e) N-hydroxyphthalimide, PPh3, DIAD, THF; (f) NH2NH2, EtOH; (g) P2O5, EtOH, reflux.
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groups on the oxadiazoline ring as shown in Table 1 with an
emphasis on reduction of hydrophobicity of these compounds
(see also ref 14 for examples of similar approaches around
E-2012). Hydroxylation of the 3-methyl group is tolerated with
an eudismic ratio between the two enantiomers (5a and 5b)
higher than 260-fold. The S-configuration (5a) is the preferred
stereochemistry, which agrees with what was reported for 1.
Additional fluorine substitution modestly improves potency
with the 3,4,5-trifluorophenyl (25a) being the most potent
(Aβ42 IC50 of 15 nM). Polar group incorporation into the 3-aryl
group (23a, 26a, and 27a) had a negative impact on GSM
potency.
Compound 5b, with a pKa of 5.8, was found to be more

stable compared to 2a(α), as it showed no sign of decom-
position or deterioration of enantiomeric excess after
7 days at room temperature in 0.1 N HCl/MeOH (1:1). The
excellent stability of 5b can be attributed to the increased
barrier to decomposition imposed by the inductive effect of
3-hydroxymethyl and potential stabilization from an intra-
molecular hydrogen bond between the hydroxyl group and the
oxadiazoline oxygen.
Encouraged by the tolerance to the C3-methyl modification,

we further explored the scope of the SAR at this position.
Replacement of the C3-methyl group with either configuration
of 1-hydroxyethyl is tolerated though no improvement was seen
(11a, 11b). Charged groups (36, 37) seem to reduce modu-
lator potency while the less basic hydroxyethylamino group has
the least impact (38). Small nonbasic nitrogen derivatives such
as amide (39) and sulfonamide (40) are modestly tolerated
(Table 2).
With the full validation of five-membered cyclic hydroxy-

amidines as lactam carbonyl isosteric replacement, we further
explored other variations of this concept by first examining
oxadiazines with a choice of trifluorophenyl group as exempli-
fied by compound 25a. Compound 53 displays two pKa values
of 7.4 and 2.7, indicating that the oxadiazine ring is modestly
more basic than oxadiazolines. This weak basicity gives 53 a
highly desirable aqueous solubility of greater than 100 mM at
pH 3.5 as an HCl salt, despite the fact that its measured logD
(5.29 at pH 7.4) suggested a molecule with a rather hydrophobic

nature. Its nominal basicity notwithstanding, compound 53 is
a very potent GSM in vitro, indicating an excellent isosteric
replacement of the carbonyl group (Table 3).

Table 1. In Vitro Activity of 3-Aryl-3-alkyl Substituted Bicyclic Oxadiazoline Analogues

IC50,
a nM

compd Ar R C3 config Aβ42 Aβtotal IC50(Aβtotal)/IC50(Aβ42)

2a(α) 4-F-Ph Me b 58 13702 237
5a 4-F-Ph CH2OH S 29 14130 488
5b 4-F-Ph CH2OH R 7643 >20000 >3
20a Ph CH2OH

b 96 3210 33
21a 3-F-Ph CH2OH

b 26 7164 280
22a 2-F-Ph CH2OH

b 53 10052 189
23a 4-CN-Ph CH2OH

b 117 >20000 >171
24a 3,5-di-F-Ph CH2OH

b 21 6750 316
25a 3,4,5-tri-F-Ph CH2OH

b 15 15810 1023
26a 5-F-Py-2-yl CH2OH

b 103 19716 192
27a 5-F-Py-3-yl CH2OH

b 106 >20000 >189
aDetermined in HEKSwe‑Lon 293 cells. bActive enantiomer.

Table 2. In Vitro Activity of (S)-3-(4-Fluorophenyl)-3-alkyl
Substituted Bicyclic Oxadiazoline Analogues

IC50,
a nM

compd R Aβ42 Aβtotal
IC50(Aβtotal)/-
IC50(Aβ42 )

11a CH(OH)Me (R) 46 16237 350
11b CH(OH)Me (S) 89 >20000 >225
35 CH2OMe 122 17466 144
36 CH2NHMe 191 >20000 >105
37 CH2NMe2 196 18833 96
38 CH2NHCH2CH2OH 80 >20000 >250
39 CH2N(Me)COMe 199 >20000 >101
40 CH2N(Me)SO2Me 72 19308 269

aDetermined in HEKSwe‑Lon 293 cells.

Table 3. In Vitro Profiles of 2a(α), 5a, and 53

2a(α) 5a 53 1

Aβ42 IC50 (nM)a 58 29 33 64
Aβ40 IC50 (nM)a 267 170 123 2300
Aβtotal IC50 (nM)a 14000 14130 >20000 14000
Notch IC50 (nM)a >50000 >50000
hERG IC50 (nM)b 740 3300 1000 1200
Pa‑b

c (nm/s) 346 302 246 579
Pb‑a/Pa‑b

c 0.6 1.4 2 1.2
adetermined in HEK293Swe‑Lon cells. bdetermined using a voltage-
clamp method. cPa‑b is the permeability when applied to the apical
side, while Pb‑a is the permeability when applied to the basolateral side
in a Caco-2 membrane assay (nm/s). The ratio of these two values
is a measure of Pgp efflux, while the Pa‑b value is a measure of
permeability.
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The GSM characteristics of 5a and 53 were further con-
firmed by the changes they induce in the Aβ species produced
by HEK293Swe‑Lon cells in vitro as assessed by mass spectrom-
etry. Incubation of HEK293Swe‑Lon with 10 μM 53 selectively
reduced Aβ42, Aβ40, and Aβ39 while profoundly increasing
production of Aβ37 and Aβ38 (Figure 3). A similar modulator
profile was also observed for 5a.

Compounds 5a and 53 are highly permeable in a Caco-2
membrane permeability assay and do not appear to be
substrates for PGP efflux (Table 3).29 These two compounds
possess excellent pharmacokinetic profiles typical of their struc-
tural classes in dog, rat, and monkey (Table 4). Both com-
pounds displayed a better overall hERG profile than compound
2a(α) because both reduced potency for blocking the hERG
channel and decreased exposure at the effective doses (Table 3).
Neither compound affected QTc intervals in dogs at sufficient
exposure multiples over exposures required for pharmacological
effect (data not shown).
Compounds 5a and 53 did not inhibit APP processing

(Table 3) in vitro as indicated by a lack of substrate accumu-
lation of C89 and C100, the cleavage products of preceding
α-secretase and BACE1 cleavages. Nor did they affect Notch
processing in HEK293 cells expressing the human Notch1
protein at concentrations up to 50 μM. The shift in specificity
of APP cleavage (Figure 3) rather than a reduction in overall
γ-secretase activity and the resulting lack of changes in substrate
accumulation and Notch processing confirm that both com-
pounds are potent GSMs. There was no evidence of Notch-related

side effects or biomarker changes following repeated admin-
istration of the highest tolerable doses of 5a and 53 to rats.
Neither compound produced goblet cell meta/hyperplasia in
the ileum, nor did they decrease thymus size or dramatically
affect body weight, all of which are common side effects of
γ-secretase inhibitors that reduce Notch cleavage. In addition,
HES-1 and adipsin expression, biomarkers for Notch activity,
were unaffected in the jejunum of treated rats.
Compound 53 (3 mg/kg, orally) reduces cortical Aβ42 to

63% of the level seen after vehicle administration, while 5a
(10 mg/kg, orally) reduces cortical Aβ42 levels to 37% (Table 5).
Compounds 5a and 53 were also found to dose-dependently
reduce Aβ42 preferentially over Aβtotal and Aβ40 upon acute
administration to rat (Figure 4). Similar results were observed
after sub-chronic (6 day) dosing in rat (data not shown). Four
hours after a single dose of 30 mg/kg to cynomolgous monkeys
(n = 3), 53 reduces Aβ42 in the cortex and CSF to 44% and
70% of the values seen after vehicle administration (Figure 5).
The corresponding plasma exposure of 53 4 h after admini-
stration to the monkeys was ∼6 μM, while the average brain/
plasma ratio in the monkeys was determined to be 1.4.

■ SUMMARY AND CONCLUSION
Cyclic hydroxyamidines were designed as novel isosteric
replacements of amide with a consideration of hydrogen
bonding characteristics and lack of strong basicity. Both five-
membered oxadiazolines and six-membered oxadiazines were
found to be ideal replacements for a lactam group. Importantly,
these novel druggable motifs were found to possess highly
desirable pharmacokinetic and toxicological profiles, offering ex-
cellent opportunities for exploration of amide bond replace-
ment, a frequently encountered but potentially difficult task in
drug discovery. Most valuable of all, both scaffolds were found
to be modestly basic, enabling salt formation for rapid dissolu-
tion with an appropriate formulation while maintaining amide
characteristics at physiological pH. The successful and expe-
ditious validation of these novel amide isosteres led to GSMs
that are highly efficacious in vitro and in vivo in a number of
animal models. Further exploration of these compounds as
potential drugs to fight Alzheimer’s disease is underway and will
be subjects of additional publications.

■ EXPERIMENTAL SECTION
Cell Based γ-Secretase Assay. Human embryonic kidney

(HEK) 293 cells stably transfected with a human APP cDNA with
both the Swedish and London familial AD mutations in the pcDNA3.1
vector (Invitrogen, HEK293Swe‑Lon cells) were treated with GSM

Figure 3. Mass spectrometric analysis of Aβ peptides generated from
HEK293Swe‑Lon cells after treatment with vehicle (DMSO) or 10 μM 53.

Table 4. PK Parameters in Rat, Dog, and Monkeya

compd speciesa AUC b (μM·h) Cmax
b (μM) BA c (%) T1/2

d (h) Vdss
d (L/kg) CL d (mL min−1 kg−1)

2a(α) rat 19 4.9 78 2.5 1.6 6.8
dog 27 5.3 69 1.7 2.2 23
monkey 30 5.6 57 2 1 7.3

5a rat 61 7.5 98 3.4 1.6 6.1
dog 26 4.0 38 1.4 0.4 5
monkey 30 8.8 48 3 1.4 6

53 rat 265 19.8 100 3.5 0.4 1.4
dog 27 7.9 69 0.8 0.6 9
monkey 11 4.9 34 0.9 0.8 11

a10 mg/kg for po; 3 mg/kg for iv in rat, dog, and monkey. bAUC (area under the curve) and Cmax (maximal drug concentration) obtained with po
administration. cBA: bioavalability. dT1/2 (half-life), Vdss (steady state volume of distribution), and CL (in vivo clearance) obtained with iv
administration.
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compounds for 5 h. Aβ in conditioned medium was measured using
MesoScale Discovery (MSD) technology-based sandwich immuno-
assays. Aβ42 was measured using a pair of labeled antibodies TAG-G2-
11 and biotin-4G8. Aβ40 was measured using the antibody pair of
TAG-G2-10 and biotin-4G8; total Aβ was measured using TAG-W02
and biotin-4G8. In some cases, a cell based γ-secretase assay was also
carried out in HEK293 cells stably coexpressing a C99 expression
construct and PS1ΔE9, a familial Alzheimer's disease mutant form
presenilin.30 Aβ in conditioned medium was measured using the same
methods described above.
Mass Spectrometric Analysis of Aβ Profiles. The Aβ profile in

conditioned medium was analyzed using surface enhanced laser
desorption/ionization (SELDI) mass spectrometry as described pre-
viously.31 The γ-secretase mixture of 50 μL was applied on a PS20
protein chip array (BioRad) that had been precoated with 1 μg of
antibody W02. The array was incubated overnight at 4 °C. Nonspecific
protein binding to the array was removed by washing three times in
phosphate buffered saline (PBS) with 0.2% Tween 20 followed by
three times in PBS. The array was rinsed briefly with water and air-
dried before being analyzed on BioRad.
Notch Assay. HEK293 cells stably expressing a human Notch

protein with a truncated extracellular EGF repeat domain (NΔE)32
were treated with GSI or GSM compounds. Production of the Notch
intracellular domain (NICD) in cell lysates was measured using a

MSD-based sandwich immunoassay with Notch antibodies (Cell
Signaling).

CSF and Brain Aβ Assays. CSF Aβ42 was measured using
AlphaLISA Aβ1−42 and Aβ1−40 kits (Perkin-Elmer) according to the
manufacturer’s instructions. CSF total Aβ was measured using
MesoScale Discovery technology with biotinylated antibody 4G8
(Signet) and S-tag labeled antibody W02. Aβ from rat and monkey
brain was enriched by solid phase extraction using an Oasis HLB LP
96-well plate (Waters Corp.) and analyzed using AlphaLISA Aβ1−42
and Aβ1−40 kits.

Drug Treatment in Animals. Male CD rats (∼100 g, Crl:CD-
(SD); Charles River Laboratories, Kingston, NY) were group housed
and acclimated to the vivarium for 5−7 days prior to use in a study.
Compounds were formulated in 20% hydroxypropyl-β-cyclodextrin
and administered orally with a dosing volume of 5 mL/kg. Three
hours after drug administration, rats were euthanized with excess CO2.
Immediately following euthanasia, CSF was collected from the cisterna
magna and quickly frozen on dry ice. Only visibly clear CSF samples
were analyzed. Blood was collected from the vena cava, and plasma
was isolated using heparin as an anticoagulant. Finally, the brain was
removed from the skull and immediately frozen on dry ice. All tissues
were stored at −70 °C until Aβ quantification.

Adult male purpose bred cynomolgous monkeys (Macaca
fascicularis), weighing between 6 and 8 kg, were used. Monkeys
were fasted overnight prior to orogastric gavage tube administration of
compound (formulated in 0.4% MC with 1−2 equiv of tartrate acid as
an excipient) in a 1 mL/kg dosing volume. Three hours after drug
administration, monkeys were given an intramuscular injection of
ketamine HCl, a blood sample was collected from the femoral vein,
and the animals were euthanized by an intravenous dose of sodium
pentobarbital. CSF was collected from the cisterna magna immediately
following euthanasia, and then the brain was removed and frozen on
dry ice.

Chemistry. 1H NMR spectra were measured on a Varian Oxford
400 or Bruker 500 UltraShield spectrometer. Chemical shifts δ are
reported relative to CDCl3 at 7.26 ppm as an internal standard. LCMS
spectra were obtained on a Shimadzu VP-Sciex API 150EX system.
HPLC spectra were obtained on a Shimadzu VP system. Normal
phase column chromatography was performed on prepacked silica
gel columns using ISCO CombiFlash system. Reverse phase column
chromatography was performed on Phenomenex Luna 10 μm C18

Table 5. In Vivo Profile of 5a and 53 in Rat

CSF Aβ (%)a cortex Aβ (%)a plasma Aβ (%)a

compd po (mg/kg) plasma (μM) B/P ratio Aβ42 Aβ40 Aβtotal Aβ42 Aβ40 Aβ42 Aβ40 Aβtotal

5a 10 3.6 0.15 66 104 120 37b 77 41b 44 b 77
53c 3 3 0.49 65 74 88 63 84 32 50 86

aExpressed as % vehicle in CSF, cortex, and plasma at 3 h after dosing. bp < 0.05 vs vehicle-treated rats (ANOVA on raw values followed by
Dunnett’s post hoc t test comparing each treatment group to vehicle). cResults for 53 are average of data from several studies; see Figure 4 for data
and variance.

Figure 4. Aβtotal, Aβ40, and Aβ42 in plasma (left), CSF (middle), and cortex (right) from rats treated acutely with various single oral doses of 53
(1−30 mg/kg). Data are the mean ± standard error of the mean averaged from several studies, expressed as % vehicle.

Figure 5. Aβtotal, Aβ40, and Aβ42 in plasma, CSF, and cortex from
monkeys treated with 53 orally at 30 mg/kg at 4 h. Data are expressed
as a percent of the predose value from the same animals (plasma) or as
a percent of the control (vehicle)-treated monkeys (CSF and cortex).
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columns using Alltech 627 HPLC pump or Varian SD-1 HPLC
system. Chiral columns were from Chiral Technologies. The purity of
final compounds was analyzed on two independent reverse phase
HPLC systems with different gradient. LC−electrospray mass spectrom-
etry with a C-18 column using a gradient of 5−95% MeCN in water as
the mobile phase was used to determine the molecular mass and
retention time. The purity of the samples was assessed using a mass
detector and a UV detector at 254 nm. An additional analytical reverse
phase HPLC system was used to assess the purity of final compounds
using a UV detector monitored at both 219 and 254 nm and an ELSD
detector. All compounds have purity greater than 95%.
(E)-3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imida-

zol-1-yl)benzylidene)-3-methyl-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridine (2a) and Its Enantiomers (2a(α) and
2a(β)). 2a, 2a(α), and 2a(β) were prepared from 30a similar to the
method for 3, 3a, and 3b. Compound 2a was resolved on an OD
column, eluting with 50% isopropanol in hexanes containing 0.1%
Et2NH to give 2a(α) and 2a(β). 1H NMR (400 MHz, CDCl3): δ 7.81
(1H, s), 7.58−7.55 (2H, m), 7.51 (1H, s), 7.26−7.24 (1H, d), 7.10−
7.06 (2H, t), 7.02−7.00 (1H, d), 6.98 (1H, s), 6.94 (1H, s), 3.85 (3H, s),
3.17−3.12 (1H, m), 2.87−2.78 (1H, m), 2.78−2.69 (1H, m), 2.69−
2.60 (1H, m), 2.32 (3H, s), 1.97−1.78 (2H, m), 1.89 (3H, s). LCMS
for 2a(α): m/z 433 [M + 1]+, 100% purity. LCMS for 2a(β): m/z 433
[M + 1]+, 99.9% purity.
(E)-Ethyl 3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridine-3-carboxylate (3), and Its S-enan-
tiomer (3a) and R-Enantiomer (3b). Under N2 protection, a solu-
tion of potassium t-BuOK (22.3 g, 199.5 mmol) in anhydrous THF
(200 mL) was added slowly to a solution of 32b (81.3 g, 190.0 mmol)
and 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (6)
(39.0 g, 180.5 mmol) in anhydrous THF (1900 mL) at −78 °C.
The reaction mixture was stirred at −78 °C for 45 min, allowed to
warm to −20 °C over a period of 30 min, diluted with brine, and
extracted with EtOAc. The combined organic phase was washed with
brine, dried over anhydrous Na2SO4, and concentrated under reduced
pressure to give 3 (91 g, crude). This product (88 g) was resolved in an AS
column, eluting with 55% isopropanol in hexanes containing 0.1% Et2NH
to give the S-enantiomer 3a (30.6 g, 34.8% yield) and the R-enantiomer
3b. Analytical data for 3a: 1H NMR (400 MHz, CDCl3) δ 7.70 (1H, s),
7.53−7.47 (3H, m), 7.24−7.22 (1H, d), 7.13−7.09 (2H, t), 7.00−6.98
(1H, d), 6.96 (1H, s), 6.91 (1H, s), 4.40−4.28 (2H, m), 3.83 (1H, s),
3.58−3.55 (1H, m), 2.88−2.85 (1H, m), 2.76−2.63 (2H, m), 2.28 (3, s),
1.99−1.91 (1H, m), 1.73−1.69 (1H, m), 1.35−1.31 (3H, t). LCMS m/z
491 [M + 1]+, 100% ee. 3b: LCMS m/z 491 [M + 1]+, 99% ee.
(E)-5-(4-Fluorophenyl)-3-(3-methoxy-4-(4-methyl-1H-imida-

zol-1-yl)styryl)-4-(3-methoxypropyl)-5-methyl-4,5-dihydro-
1,2,4-oxadiazole (4). A mixture of 4-fluoroacetophenone (1.36 g,
9.9 mmol), 3-methoxypropylamine (1.76 g, 19.8 mmol), 3 Å molecular
sieves, and 18 mL of DCM in a sealed tube was heated at 50 °C for 3 h
and then was at room temperature for several days. The filtrate was
concentrated under reduced pressure to give 10 (1.03 g). A mixture
of 8 (100 mg, 0.39 mmol), NCS (51.9 mg, 0.39 mmol), and pyridine
(7.8 mg, 0.1 mmol) in DCM (1.2 mL) was stirred at room tem-
perature for 10 min, followed by additions of 10 (98 mg, 0.39 mmol)
and Et3N (0.8 mL). The reaction mixture was stirred overnight,
diluted with DCM, washed with water, and dried over anhydrous
Na2SO4. The crude was purified on a silica gel column MeOH con-
taining 2% Et3N/DCM with a gradient from 0% to 5%, followed by
purification on a C18 column, eluting with MeCN/water containing
0.1% formic acid to give 4 (27 mg). 1H NMR (400 MHz, CDCl3):
δ 7.80 (1H, br s), 7.59−7.54 (2H, m), 7.48−7.44 (1H, d), 7.27−7.25
(1H, d), 7.18−7.16 (1H, d) 7.12 (1H, s), 7.08−7.04 (2H, t), 6.94
(1H, br s), 6.58−6.54 (1H, d). LCMS m/z 465 [M + 1]+, 97.7% purity.
(S,E)-(3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imi-

dazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methanol (5a) and (R,E)-(3-(4-
Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imidazol-1-yl)-
benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]oxadiazolo[4,3-a]-
pyridin-3-yl)methanol (5b). Method a. Sodium borohydride
(1.3 g, 34. mmol) was added to a solution of 3a (11.4 g, 23.2 mmol)

in anhydrous THF (116 mL) in an ice bath, followed by slow addition
of anhydrous MeOH. The reaction mixture was stirred at room
temperature for 2 h, quenched with a mixture of ice and brine, and
extracted with EtOAc. The combined organic phase was washed with
brine, dried over anhydrous Na2SO4, and concentrated under reduced
pressure. The crude was purified on a silica gel column, eluting with
MeCN containing 5% Et3N/EtOAc with a gradient from 0% to 100%
to give 5a (8.1 g, 77.7% yield). 1H NMR (400 MHz, CDCl3): δ 7.72
(1H, s), 7.52−7.48 (2H, m), 7.45 (1H, s), 7.26−7.23 (1H, d), 7.16−
7.08 (2H, t), 7.03−6.96 (2H, m), 6.92 (1H, s), 4.23−4.19 (1H, d),
4.09−4.05 (1H, d), 3.84 (3H, m), 3.36−3.32(1H, m), 2.99−2.75
(1H, m), 2.75−2.68 (2H, m), 2.60 (1H, br s), 2.29 (3H, s), 2.04−1.92
(1H, m), 1.92−1.80 (1H, m). LCMS m/z 449 [M + 1]+, 99.0% purity.
Compound 5b was prepared from 3b by the same method. HPLC:
96.8% purity.

Method b. Compound 3 (3 g, crude) was reduced according to
method a to give 5 (2.8 g, crude). This product (500 mg) was resolved
on an AD column, eluting with 65% isopropanol in hexanes containing
0.1% Et2NH to give 5a (183 mg, 36.6%) and 5b.

(E)-3-(3-Methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl)-
acrylaldehyde (7). A solution of 3-methoxy-4-(4-methyl-1H-imida-
zol-1-yl)benzaldehyde (6) (1.00 g, 4.6 mmol) and (formylmethylene)-
triphenylphosphorane (1.83 g, 6.0 mmol) in THF was heated at
150 °C in a microwave reactor for 30 min. Solvent was evaporated
under reduced pressure, and the residue was purified on a silica gel
column, eluting with EtOAc/hexanes in a gradient from 0% to 100%
to give 7 (1.05 g), which was used without further purification in the
preparation of 8.

3-(3-Methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl)-
acrylaldehyde Oxime (8). Hydroxylamine hydrochloride (2.35 g,
33.8 mmol) was added portionwise to a solution of 7 (6.3 g,
26.0 mmol) and potassium acetate in MeOH (300 mL) in an ice bath.
The reaction mixture was stirred at 0 °C for 90 min and then at room
temperature for 30 min. Solvent was evaporated under reduced pres-
sure. The residue was partitioned in EtOAc and brine, and aqueous
NaHCO3 was added to adjust the pH to 8. The aqueous phase was
extracted with EtOAc, and the combined organic phase was washed
with brine and dried over anhydrous Na2SO4. The crude was briefly
purified on a C18 column, eluting with MeCN/water containing 0.02%
concentrated HCl. The collected fraction was concentrated under reduced
pressure to remove MeCN, neutralized with aqueous NaHCO3, and
extracted with EtOAc to give 8 (2.48 g). LCMS m/z 258 [M + 1]+. It was
used without further purification in the preparation of 4.

(R)-1-((S,E)-3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)ethanol (11a) and (S)-1-((S,E)-3-
(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imidazol-1-yl)-
benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]oxadiazolo[4,3-a]-
pyridin-3-yl)ethanol (11b). Under N2 protection, a 1 M solution of
(S)-2-methyl-CBS-oxazaborolidine (4.1 mL, 4.1 mmol) in toluene was
added to a solution of the crude 33 (2.2 g, 4.9 mmol) in anhydrous
THF (15 mL) at room temperature, followed by slow addition of 2 M
solution of BH3·Me2S (3.7 mL, 7.3 mmol) in THF. The reaction
solution was stirred for 2 h, quenched with a mixture of brine and ice,
and extracted with EtOAc. The combined organic phase was washed
with brine and dried over anhydrous Na2SO4. The crude was purified
on a silica gel column, eluting with EtOAc/hexanes from 0% to 100%.
The desired fraction was concentrated under reduced pressure. The
resulting residue (1.3 g) was dissolved in THF (27 mL), treated with
concentrated hydrochloride (0.45 mL, 5.5 mmol) at room tempera-
ture for 1 h, neutralized with aqueous NaHCO3, concentrated under
reduced pressure, diluted with brine, and extracted with EtOAc. The
combined organic phase was washed with brine and dried over
anhydrous Na2SO4. The crude was purified on a C18 column, elut-
ing with MeCN/water containing 0.1% TFA. The desired frac-
tions were neutralized with aqueous NaHCO3, concentrated under
reduced pressure, and extracted with EtOAc to give 11a (0.56 g, 25.3%
yield) and 11b (0.12 g, 5.4% yield). Analytical data for 11a: 1H NMR
(400 MHz, CDCl3) δ 7.94 (1H, s), 7.50−7.46 (2H, m), 7.42 (1H, s),
7.23−7.21 (1H, d), 7.11−7.07 (2H, t), 6.97−6.91 (3H, m), 4.53−4.49
(1H, q), 3.82 (3H, s), 3.42−3.37 (1H, m), 2.99−2.95 (1H, m),
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2.79−2.71 (1H, m), 2.54−2.48 (1H, m), 2.30 (3H, s), 1.95−1.76 (2H, m),
1.15−1.13 (3H, d); LCMS m/z 463 [M + H]+, 97.8% purity. 11b:
1H NMR (400 MHz, CDCl3) δ 8.03 (1H, s), 7.63−7.59 (2H, m), 7.44
(1H, s), 7.24−7.22 (1H, d), 7.10−7.06 (2H, t), 6.98−6.92 (3H, m),
4.58−4.53 (1H, q), 3.83 (3H, s), 3.27−3.22 (1H, m), 2.88−2.84 (1H,
m), 2.75−2.71 (1H, m), 2.55−2.49 (1H, m), 2.31 (3H, s), 1.86−1.79
(2H, m), 1.37−1.35 (3H, d). LCMS m/z 463 [M + H]+, 99.0% purity.
(E ) - (8- (3-Methoxy-4- (4-methyl -1H - imidazol -1-y l ) -

benzylidene)-3-phenyl-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methanol (20) and Its Enan-
tiomer (20a). 20 and 20a were prepared from 30c, similar to the
procedure for 5a in method b. The racemate 20 was resolved on an OJ
column, eluting with 65% isopropanol in hexanes to give 20a. 1H
NMR (400 MHz, CDCl3): δ 7.71 (1H, s), 7.52−7.49 (2H, m), 7.46−
7.39 (4H, m), 7.26−7.23 (1H, d), 7.00−6.97 (1H, d), 6.96 (1H, s),
6.92 (1H, s), 4.25−4.22 (1H, d), 4.10−4.07 (1H, d), 3.84 (3H, s),
3.39−3.33 (1H, m), 3.05−3.00 (1H, m,), 2.73−2.70 (2H, m), 2.29
(3H, s), 2.00−1.84 (2H, m). LCMS m/z 431 [M + 1]+, 100% purity.
(E)-(3-(3-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imida-

zol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]oxadiazolo-
[4,3-a]pyridin-3-yl)methanol (21) and Its Enantiomers
(21a). 21 and 21a were prepared from 30d, similar to the procedure
for 5a in method b. Analytical data for 21a: 1H NMR (400 MHz,
CDCl3) δ 7.73 (1H, s), 7.46 (1H, s), 7.43−7.38 (1H, m), 7.26−7.24
(3H, m), 7.12−7.07 (1H, m), 7.01−6.98 (1H, d), 6.97 (1H, s), 6.93
(1H,s), 4.22−4.19 (1H, d), 4.07−4.03 (1H, d), 3.85 (3H, s), 3.40−
3.34 (1H, m), 3.06−3.01 (1H, m), 2.74−2.71 (2H, m), 2.30 (3H, s),
2.01−1.84 (2H, m). LCMS m/z 449 [M + 1]+, 96.0% purity.
(E)-(3-(2-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imida-

zol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]oxadiazolo-
[4,3-a]pyridin-3-yl)methanol (22) and Its Enantiomers
(22a). 22 and 22a were prepared from 30e, similar to the procedure
for 5a in method b. Analytical data for 22a: 1H NMR (400 MHz,
CDCl3) δ 7.75−7.71 (2H, m), 7.44 (1H, s), 7.41−7.35 (1H, m),
7.25−7.21 (2H, m), 7.12−7.07 (1H, m), 6.99−6.92 (3H, m), 4.44−
4.41 (1H, d), 4.06−4.03 (1H, d), 3.84 (3H, s), 3.52−3.47 (1H, m),
3.15−3.10 (1H, m), 2.83−2.75 (1H, m), 2.63−2.55 (1H, m) 2.29 (3H, s),
1.97−1.88 (2H, m). LCMS m/z 449 [M + 1]+, 97.0% purity.
(E)-4-(3-(Hydroxymethyl)-8-(3-methoxy-4-(4-methyl-1H-imi-

dazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)benzonitrile (23) and Its Enan-
tiomer (23a). 23 and 23a were prepared from 30f, similar to the
procedure for 5a in method b. Analytical data for 23a: 1H NMR (400
MHz, CDCl3) δ 7.74−7.72 (3H, m), 7.65−7.63 (2H, d), 7.45 (1H, s),
7.26−7.24 (1H, d), 7.01−6.98 (1H, d), 6.96 (1H, s), 6.93 (1H, s),
4.24−4.21 (1H, d), 4.07−4.04 (1H, d), 3.85 (3H, s), 3.43−3.37 (1H, m),
3.05−2.99 (1H, m), 2.75−2.71 (2H, m), 2.30 (3H, s), 2.04−1.84
(2H, m). LCMS m/z 456 [M + 1]+, 95.3% purity.
(E)-(3-(3,5-Difluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methanol (24) and Its Enan-
tiomer (24a). 24 and 24a were prepared from 30g, similar to the
procedure for 5a in method b. The racemate 24 was resolved on an
OD-H column by SFC using IPA as a cosolvent to give 24a. 1H NMR
(400 MHz, CDCl3) δ 7.72 (1H, s), 7.45 (1H, s), 7.26−7.25 (1H, d),
7.06−7.04 (2H, m), 7.00−6.98 (1H, d), 6.96 (1H, s), 6.93 (1H, d),
6.87−6.82 (1H, m), 4.18−4.15 (1H, d),), 4.04−4.01 (1H, d), 3.85
(3H, s), 3.43−3.37 (1H, m), 3.10−3.03 (1H, m), 2.74−2.71 (2H, m),
2.30 (3H, s), 2.00−1.85 (2H, m). LCMS m/z 467 [M + 1]+, 100% purity.
(E ) - (8- (3-Methoxy-4- (4-methyl -1H - imidazol -1-y l ) -

benzylidene)-3-(3,4,5-trifluorophenyl)-5,6,7,8-tetrahydro-3H-
[1,2,4]oxadiazolo[4,3-a]pyridin-3-yl)methanol (25) and Its
Enantiomer (25a). 25 and 25a were prepared from 30h, similar to
the procedure for 5a in method b. Analytical data for 25a: 1H NMR (500
MHz, CDCl3) δ 7.76 (1H, s), 7.46 (1H, s), 7.30−7.20 (3H, m), 7.01−6.96
(3H, m), 4.18−4.16 (1H, d), 4.10−4.08 (1H, d), 3.86 (3H, s), 3.46−3.40
(1H, m), 3.10−3.04 (1H, m), 2.80−2.60 (2H, m), 2.31 (3H, s), 2.00−1.95
(1H, m), 1.95−1.88 (1H, m). LCMS m/z 485 [M + 1]+, 96.0% purity.
(E)-(3-(5-Fluoropyridin-2-yl)-8-(3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methanol (26) and Its Enan-
tiomer (26a). 26 and 26a were prepared according to the similar

procedure for 5a in method b from 30i which was made from 45
according to the procedure for 30b. The racemate 26 was resolved on
an OJ column, eluting with 40% isopropanol in hexanes to give 26a.
1H NMR (400 MHz, CDCl3) δ 8.41 (1H, m), 7.84−7.81 (1H, m),
7.72 (1H, s), 7.53−7.48 (1H, m), 7.46 (1H, s), 7.26−7.23 (1H, d),
7.00−6.97 (1H, d), 6.96 (1H, s), 6.92 (1H, s), 4.45−4.42 (1H, d),
4.05−4.02 (1H, d), 3.84 (3H, s), 3.54−3.48 (1H, m), 3.19−3.14 (1H, m),
2.73−2.63 (2H, m), 2.29 (3H, s), 1.97−1.89 (1H, m), 1.83−1.75
(1H, m). LCMS m/z 450 [M + H]+, 91.4% purity.

(E)-(3-(5-Fluoropyridin-3-yl)-8-(3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methanol (27) and Its Enan-
tiomer (27a). 27 and 27a were prepared according to the similar
procedure for 5a in method b from 30j which was made from 46
according to the procedure for 30b. Analytical data for 27a: 1H NMR
(400 MHz, CDCl3) δ 8.55−8.51 (2H, m), 7.72 (1H, s), 7.68−7.65
(1H, m), 7.46 (1H, s), 7.26−7.24 (1H, d), 7.00−6.93 (3H, m), 4.25−
4.22 (1H, d), 4.10−4.07 (1H, d), 3.84 (3H, s), 3.46−3.40 (1H, m),
3.09−3.04 (1H, m), 2.75−2.70 (2H, m), 2.29 (3H, s), 2.05−1.85 (2H, m).
LCMS m/z 450 [M + H]+, 95% purity.

3-Bromo-N-(1-(4-fluorophenyl)ethylidene)propan-1-amine
(30a). Under N2 protection, Et3N (40 mL, 29.0 mmol) was added
slowly to a solution of 4-fluoroacetophenone (5 g, 36.2 mmol) and
3-bromopropan-1-amine hydrobromide (41) (10.3 g, 47.1 mmol) in
anhydrous DMF (35 mL) and DCM (10 mL) while vigorously
stirring. A solution of TiCl4 (6.2 g, 32.6 mmol) in DCM (29 mL)
was added dropwise at 0 °C. The reaction suspension was vigorously
stirred at room temperature overnight. The reaction mixture was
diluted with ether and filtered to remove solid. The filtrate was washed
with ice cold brine 4 times and dried over anhydrous Na2SO4 to give
30a (6.8 g, 73.0% yield). The product was used without further
purification in the preparation of 1.

Ethyl 2-(3-Bromopropylimino)-2-(4-fluorophenyl)acetate
(30b). Under N2 protection, the reaction solution of 42 (306.8 g,
1.1 mol), ethyl 2-(4-fluorophenyl)-2-oxoacetate (209 g, 1.1 mol), and
trimethylsilyl trifluoromethanesulfonate (11.8 g, 0.05 mol) in DCM
(1500 mL) was refluxed for 4 days, cooled to room temperature,
washed with cold aqueous NaHCO3 and brine, and dried over
anhydrous Na2SO4 to give 30b (332 g, 98.6% yield). 1H NMR
(400 MHz, CDCl3): δ 7.71−7.67 (2H, m), 7.24−7.05 (2H, m), 4.45−
4.39 (2H, q), 3.66−3.62 (2H, t), 3.55−3.52 (2H, t), 2.28−2.2.25
(2H, m), 1.41−1.37 (3H, t).

Ethyl 4-(3-Bromopropyl)-3-((diethoxyphosphoryl)methyl)-5-
(4-fluorophenyl)-4,5-dihydro-1,2,4-oxadiazole-5-carboxylate
(31b). Under N2 protection, NBS (101.3 g, 569 mmol) in DMF
(240 mL) was added dropwise to a solution of diethyl 2-(hydroxy-
imino)ethylphosphonate (28) (111 g, 569 mmol) in DMF (470 mL)
at −30 °C. The cooling bath was removed, and the reaction mixture
was stirred for about 1 h to give 29 in DMF solution. This solution
was slowly mixed with 30b (178.8 g, 569 mmol) in DMF (400 mL) at
−10 °C, followed by dropwise addition of Et3N (39.5 mL, 285 mmol)
in DMF (250 mL) in an ice bath. The resulting reaction mixture was
stirred at room temperature overnight. Additional 39.5 mL of Et3N in
DMF (250 mL) was added dropwise in an ice bath, and the reaction
mixture was stirred at room temperature for 4 h. Then an additional
1 equiv of 29 was made as described above and added dropwise to the
reaction mixture in an ice bath, followed by slow addition of Et3N
(79 mL) in two portions using the procedure described above. The reac-
tion mixture was diluted with 70% EtOAc in hexanes and half-saturated
NaCl in water. The aqueous phase was extracted with 70% EtOAc in
hexanes. The combined organic phase was washed with a mixture of
NaHCO3 and NaCl in water, with half-saturated NaCl in water, and dried
over anhydrous Na2SO4. The crude was purified on a silica gel column,
eluting with EtOAc/hexanes in a gradient from 0% to 70% to give 31b
(122.6 g, 42.6% yield). 1H NMR (400 MHz, CDCl3) δ 7.49−7.46 (2H,
m), 7.12−7.07 (2H, m), 4.33−4.27 (2H, m), 4.21−4.16 (4H, m), 3.54−
3.46 (1H, m), 3.42−3.34 (1H, m) 3.22−3.18 (2H, m), 2.99−2.93(2H, m),
1.81−1.70 (1H, m), 1.62−1.51 (1H, m), 1.36−1.26 (9H, m).

Ethyl 8-(Diethoxyphosphoryl)-3-(4-fluorophenyl)-5,6,7,8-
tetrahydro-3H-[1,2,4]oxadiazolo[4,3-a]pyridine-3-carboxylate
(32b). Under N2 protection, t-BuOK (29.7 g, 265.0 mmol) in
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anhydrous THF (265 mL) was added dropwise to a solution of 31b
(122.6 g, 240.9 mmol) in anhydrous THF (2400 mL) at −70 °C. The
reaction mixture was allowed to warm to 12 °C over a period of 2 h,
diluted with brine, and extracted with EtOAc. The combined organic
phase was washed with brine and dried over anhydrous Na2SO4. The
crude was purified on a silica gel column, eluting with EtOAc/hexanes
in a gradient from 0% to 100% to give 32b (82.6 g, 80.1% yield), a
mixture of diastereomers A and B. The analytical diastereomer samples
were obtained by purification on silica gel column again. 1H NMR
(400 MHz, CDCl3), diastereomer A: δ 7.45−7.41 (2H, m), 7.08−7.04
(2H, m), 4.30−4.12 (6H, m), 3.33−3.28 (1H, m), 3.13−3.05 (1H, tt),
2.79−2.74 (1H, m), 2.13−1.75 (4H, m), 1.34−1.26 (9H, m). Diastereo-
mer B: δ 7.45−7.41 (2H, m), 7.10−7.05 (2H, m), 4.33−4.14 (6H, m),
3.42−3.37 (1H, m), 3.15−3.06 (1H, tt), 2.62−2.56 (1H, m), 2.18−2.08
(2H, m), 1.92−1.78 (1H, m), 1.68−1.57 (1H, m), 1.36−1.27 (9H, m).
(S,E)-1-(3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)ethanone (33). A solution of 3 M
MeMgBr in ether (3.4 mL, 10.3 mmol) and Et3N (4.3 mL, 31 mmol)
in THF (6.8 mL) was added dropwise to a stirred solution of 3a (2.5 g,
5.2 mmol) in 15.6 mL of THF at −60 °C under nitrogen atmosphere.
The reaction mixture was allowed to warm to 10 °C over a period of
5 h, stirred for an additional 1 h at room temperature, quenched with a
mixture of brine and ice, diluted with EtOAc, filtered through a Celite
pad, and extracted with EtOAc. The combined organic phase was
washed with brine and dried over anhydrous Na2SO4. The crude was
purified on a silica gel column, eluting with EtOAc/hexanes from 0% to
75% to give a crude of 33 (1.7 g) containing 50% of 3a. This crude was
used without further purification in the preparation of 11a and 11b. The
analytical sample was purified on a C18 column, eluting with MeCN/
water containing 0.1% formic acid. 1H NMR (400 MHz, CDCl3): δ 7.67
(1H, s), 7.47−7.43 (3H, m), 7.21−7.19 (1H, d), 7.12−7.08 (2H, t),
6.96−6.94 (1H, d), 6.92 (1H, s), 6.88 (1H, s), 3.80 (3H, s), 3.58−3.53
(1H, m), 2.83−2.77 (1H, m), 2.70−2.59 (2H, m), 2.25−2.24 (6H,
ss),1.92−1.87 (1H, m), 1.72−1.66 (1H, m).
(S,E)-3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imi-

dazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridine-3-carbaldehyde (34). Under N2 pro-
tection, DMSO (0.16 mL, 2.2 mmol) was added dropwise to a
solution of oxalyl dichloride (0.11 mL, 1.3 mmol) in anhydrous DCM
(11.1 mL) at −78 °C, followed by dropwise addition of 5a (500 mg,
1.1 mmol) in anhydrous DCM (1.5 mL). After the mixture was stirred
at −78 °C for 1 h, Et3N (0.62 mL, 4.5 mmol) was added dropwise.
The reaction mixture was stirred for 30 min, allowed to warm to room
temperature, diluted with cold brine, and extracted with DCM. The
combined organic phase was washed with brine, dried over anhydrous
Na2SO4, and concentrated under reduced pressure to give 34 (507
mg), which was used without further purification in the preparations of
36, 37, and 38. MS m/z 447.
(S,E)-3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-imi-

dazol-1-yl)benzylidene)-3-(methoxymethyl)-5,6,7,8-tetrahy-
dro-3H-[1,2,4]oxadiazolo[4,3-a]pyridine (35). Sodium hydride
(2 mg, 60% in mineral oil) and methyl iodide (16.6 mg, 0.12 mmol))
were added to a stirred solution of 5a (7.5 mg, 0.017 mmol) in an-
hydrous DMF (0.2 mL) at room temperature under nitrogen atmo-
sphere. The reaction mixture was stirred for 15 min, quenched with
iced brine, and extracted with EtOAc. The organic phase was dried
over anhydrous Na2SO4 and concentrated. The crude was purified on
a C18 column with MeCN/water containing 0.1% formic acid. The
desired fraction was neutralized with aqueous NaHCO3, concentrated
under reduced pressure to remove MeCN, and extracted with EtOAc
to give 35. 1H NMR (400 MHz, CDCl3): δ 8.05 (1H, s), 7.55−7.51
(2H, m), 7.46 (1H, s), 7.26−7.24 (1H, d), 7.11−7.06 (2H, t), 7.02−
6.93 (3H, m), 4.04−4.01 (1H, d), 3.96−3.93 (1H, d), 3.84 (3H, s),
3.50 (3H, s), 3.29−3.26 (1H, m), 2.97−2.94 (1H, m), 2.71−2.68 (2H, m),
2.33 (3H, s), 1.95−1.85 (1H, m), 1.85−1.75 (1H, m). LCMS m/z
463 [M + H]+, 98.5% purity.
(S,E)-1-(3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)-N-methylmethanamine
(36). Sodium triacetoxy borohydride (252 mg, 1.2 mmol) was slowly

added to a stirred reaction mixture of 34 (200 mg, 0.45 mmol), 2 M
solution methylamine in THF (0.5 mL, 1 mmol), and acetic acid (0.051 mL,
0.9 mmol) in DCE (12 mL) at 0 °C under nitrogen atmosphere.
The reaction mixture was stirred at room temperature overnight,
quenched with aqueous NaHCO3, and extracted with EtOAc. The
organic phase was dried over Na2SO4 and concentrated under reduced
pressure. The crude was purified on a C18 column with MeCN/water
containing 0.1% formic acid. The desired fraction was neutralized with
aqueous NaHCO3, concentrated under reduced pressure, and extracted
with EtOAc to give 36 (87.9 mg, 42.5% yield). 1H NMR (400 MHz,
CDCl3): δ 9.15 (1H, s), 7.44−7.36 (3H, m), 7.13−7.09 (2H, t), 7.05
(1H, s), 6.94 (1H, s), 6.79 (1H, s), 6.73−6.71 (1H, d), 3.99−3.95 (1H,
d), 3.82 (3H, s), 3.72−3.69 (1H, d), 3.44−3.38 (1H, m), 2.93 (3H, s),
2.76−2.67 (2H, m), 2.44 (3H, s), 2.39−2.32 (1H, m), 1.99−1.87
(1H, m), 1.73−1.61 (1H, m). LCMS m/z 462 [M + H]+, 99.9% purity.

(S,E)-1-(3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)-N,N-dimethylmethanamine
(37). 37 was made from 34 and dimethylamine according to the
procedure for 36. 1H NMR (400 MHz, CDCl3): δ 7.69 (1H, s), 7.54−
7.50 (2H, m), 7.46 (1H, s), 7.22−7.20 (1H, d), 7.09−7.05 (3H, t),
6.97−6.95 (1H, d), 6.94 (1H, s), 6.91 (1H, s), 3.82 (3H, s), 3.23−3.18
(1H, m), 3.09−3.05 (1H, d), 2.95−2.91 (1H, d), 2.85−2.79 (1H, m),
2.76−2.70 (1H, m), 2.60−2.52 (1H, m), 2.50 (6H, s), 2.28 (3H, s),
1.90−1.79 (2H, m). LCMS m/z 476 [M + H]+, 98.1% purity.

(S,E)-2-((3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methylamino)ethanol (38). 38
was made from 34 and 2-aminoethyl benzoate according to the
procedure for 36, followed by hydrolysis of the benzoate with lithium
hydroxide. 1H NMR (400 MHz, CDCl3): δ 9.03 (1H, s), 7.45−7.41
(2H, m), 7.35−7.33 (1H, d), 7.15−7.09 (3H, m), 7.05 (1H, s), 6.88
(1H, s), 6.81−6.79 (1H, d), 4.20−4.17 (1H, d), 4.02−3.97 (2H, m),
3.85 (3H, s), 3.66−3.63 (1H, d), 3.46−3.43 (2H, m), 3.39−3.35 (1H, m),
2.76−2.70 (2H, m), 2.45 (3H, s), 2.37−2.29 (1H, m), 1.94−1.86 (1H, m),
1.75−1.69 (1H, m). LCMS m/z 492 [M + H]+, 99.4% purity.

(S,E)-N-((3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methyl)-N-methylacetamide
(39). Acetic anhydride (5.3 mg, 0.052 mmol) in DCM (0.1 mL)
was added dropwise to a stirred reaction mixture of 36 (20 mg,
0.043 mmol) and Et3N (0.02 mL) in anhydrous DCM (0.4 mL) at
0 °C under nitrogen atmosphere. The reaction mixture was stirred for
30 min, allowed to warm to room temperature, quenched with water,
concentrated to remove DCM, and purified on a C18 column, eluting
with MeCN/water containing 0.1% formic acid. The desired fraction
was neutralized with aqueous NaHCO3, concentrated under reduced
pressure, and extracted with EtOAc to give 39 (9.4 mg, 43.1%). 1H
NMR (400 MHz, CDCl3): δ 7.69 (1H, s), 7.58−7.55 (2H, m), 7.44
(1H, s), 7.23−7.21 (1H, d), 7.11−7.07 (2H, t), 6.98−6.94 (2H, m),
6.90 (1H, s), 4.86−4.82 (1H, d), 3.82 (3H, s), 3.53−3.49 (1H, m),
3.47−3.43 (1H, d), 3.22 (3H, s), 2.79−2.72 (1H, m), 2.63−2.57 (1H, m),
2.45−2.37 (1H, m), 2.28 (3H, s), 2.09 (3H, s), 1.80−1.70 (2H, m).
LCMS m/z 504 [M + H]+, 100% purity.

(S,E)-N-((3-(4-Fluorophenyl)-8-(3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene)-5,6,7,8-tetrahydro-3H-[1,2,4]-
oxadiazolo[4,3-a]pyridin-3-yl)methyl)-N-methylmethanesulfo-
namide (40). 40 was made from methanesulfonyl chloride according
to the procedure for 39 in 46.6% yield. 1H NMR (400 MHz, CDCl3):
δ 7.94 (1H, s), 7.54−7.51 (2H, m), 7.45 (1H, s), 7.24−7.22 (1H, d),
7.13−7.09 (2H, t), 6.99−6.96 (2H, m), 6.93 (1H, s), 4.28−4.24 (1H,
d), 3.84 (3H, s), 3.47−3.43 (1H, d), 3.43−3.39 (1H, m), 3.11 (3H, s),
2.84 (3H, s), 2.82−2.78 (1H, m), 2.73−2.66 (1H, m), 2.45−2.39 (1H, m),
2.32 (3H, s), 1.90−1.80 (2H, m). LCMS m/z 540 [M + H]+, 96.0%
purity.

N-(3-Bromopropyl)-N,N-bis(trimethylsilyl)amine (42). Chloro-
trimethylsilane (273 g, 2.5 mol) was added to a suspension of 41 in
anhydrous DCM (3000 mL) in an ice bath, followed by slow addition
of Et3N (525 mL, 3.8 mol). The reaction mixture was stirred at room
temperature overnight and filtered to remove white solid. The filtrate
was concentrated under reduced pressure, diluted with ether, filtered,
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and concentrated again to give 42 (306.8 g, 95.1% yield). The product
was used without further purification in the preparation of 30b.
Ethyl 2-(5-Fluoropyridin-2-yl)-2-oxoacetate (45). Isopropyl-

magnesium chloride−lithium chloride complex (1.3 M in THF)
(131 mL, 170.5 mmol) was added slowly to a solution of 2-bromo-
5-fluoropyridine (43) (25 g, 142.1 mmol) in 200 mL of THF over
20 min at 0 °C. The resulting mixture was allowed to warm to room
temperature over 1 h and stirred at room temperature for 30 min. The
prepared organometallic solution was added to a solution of diethyl
oxalate (22.7 g, 135 mmol) in 100 mL of THF at −78 °C slowly via
cannulation. The reaction mixture was allowed to warm to room
temperature overnight, quenched with saturated NH4Cl, and extracted
with ether. The combined organic layers were dried over anhydrous
Na2SO4, filtered, and concentrated to dryness. The residue was puri-
fied on a silica gel column, eluting with EtOAc/hexanes in a gradient
from 0% to 100% to give 45 (13 g, 47% yield). 1H NMR (400 MHz,
CDCl3): δ 8.57 (1H, m), 8.19−8.15 (1H, m), 7.62−7.57 (1H, m),
4.50−4.45 (2H, q), 1.42−1.38 (3H, t).
Ethyl 2-(5-Fluoropyridin-3-yl)-2-oxoacetate (46). 46 was pre-

pared from 3-bromo-5-fluoropyridine (44) according to the procedure
for 45. The product was used without further purification in the
preparation of 30j.
(S)-2-Amino-2-(3,4,5-trifluorophenyl)ethanol (48). Sodium

hydroxide (8.2 g, 205 mmol) in water (300 mL) was added to a
solution of CbzNH2 (31.5 g, 208 mmol) in PrOH (300 mL). The
mixture was stirred for 3 min, followed by dropwise addition of tert-
butyl hypochlorite (23.5 mL, 205 mmol). After this mixture was stirred
for another 6 min, a solution of (DHQ)2PHAL (600 mg, 0.75 mmol)
and 1,2,3-trifluoro-5-vinylbenzene 47 (100 mmol) in PrOH (150 mL)
was added, followed by addition of K2OsO2(OH)4 (380 mg, 1.0 mmol).
The resulting mixture turned green immediately. Stirring was continued
for 2 h, upon which the solution turned light yellow. The reaction was
quenched by stirring the mixture with an excess of Na2S2O3 for 2 h. The
PrOH layer was then separated and concentrated in vacuum. The solid
residue was dissolved in EtOAc, which was passed through a silica gel
pad, and concentrated. The residue was treated with 15% EtOAc/
hexanes to remove solid CbzNH2. The filtrate was reconcentrated and
crystallized in EtOAc/hexanes to give an undesired regioisomer (3 g).
The filtrate was concentrated again to provide a solid mixture (18 g)
with the desired Cbz-protected regioisomer as the major component
(>70%). This mixture was directly subjected to hydrogenation catalyzed
with Pd(OH)2/C (9 g, 50% water, 20% Pd on dry basis) in MeOH
(250 mL) for 1 h. The reaction mixture was filtered through Celite and
concentrated to give 48 (8.6 g, 45.0% yield), which was used without
further purification in the preparation of 51.
(S,E)-1-(2-Hydroxy-1-(3,4,5-trifluorophenyl)ethyl)-3-(3-me-

thoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene)piperidin-2-
one (51). 51 was prepared from 48 and (E)-5-chloro-2-(3-methoxy-
4-(4-methyl-1H-imidazol-1-yl)benzylidene)pentanoic acid TFA salt
(49) using a similar method described in the ref 13. 1H NMR
(400 MHz, CDCl3): δ 7.82 (1H, s), 7.70 (1H, s), 7.24−7.22 (1H, d),
7.00−6.91 (4H, m), 6.92 (1H, s), 5.78−5.76 (1H, m), 4.2−4.05 (2H, m),
3.84 (3H, s), 3.42−3.35 (1H, m), 3.20−3.12 (1H, m), 2.88−2.76
(2H, m), 2.28 (3H, s), 1.90−1.70 (2H, m). LCMS m/z 472 [M + H]+,
96.8% purity.
(S,E)-1-(2-(Aminooxy)-1-(3,4,5-trifluorophenyl)ethyl)-3-(3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene)piperidin-
2-one (52). Under N2 protection, DIAD (3.0 g, 15 mmol) was added
dropwise to a mixture of 51 (4.7 g, 10 mmol), PPh3 (3.9 g, 15 mmol),
and N-hydroxylphthalimide (2.4 g, 15 mmol) in anhydrous THF
(100 mL) at −10 °C. The mixture was allowed to warm to room
temperature and stirred for 30 min. After evaporation of THF, the
residue was dissolved in EtOAc, washed with aqueous NaHCO3, dried
over anhydrous Na2SO4, and concentrated. The residue was then
treated with NH2NH2 monohydrate (1.0 g, 20 mmol) in EtOH
(100 mL) overnight. After evaporation of EtOH, the residue was
dissolved in DCM, washed consecutively with water and brine, and
dried over anhydrous Na2SO4. The DCM was then removed and the
residue was purified on a silica gel column, eluting with MeOH/
DCM containing 0.1% Et3N to afford 52 (3.5 g, 72.2%). 1H NMR

(400 MHz, CDCl3): δ 7.86 (1H, br s), 7.71 (1H, s), 7.25−7.23 (1H, m),
7.05−7.02 (2H, m), 6.95−6.92 (3H, m), 6.33−6.28 (1H, br t), 5.70
(2H, br s), 4.13−4.10 (2H, m), 3.84 (3H, s), 3.32−3.25 (1H, m),
3.07−3.02 (1H, m), 2.92−2.75 (2 H, m), 2.28 (3H, s), 1.92−1.85 (1H, m),
1.78−1.70 (1H, m).

(S ,E ) -9-(3-Methoxy-4-(4-methyl-1H- imidazol-1-yl ) -
benzy l idene)-4- (3 ,4 ,5 - t r i f luorophenyl ) -3 ,4 ,6 ,7 ,8 ,9 -
hexahydropyrido[2,1-c][1,2,4]oxadiazine (53). A solution of 52
(2.7 g, 5.5 mmol) in EtOH (30 mL) was added to a mixture of P2O5
(7.5 g, 52.8 mmol) in EtOH (35 mL). The resulting mixture was then
stirred at 80 °C overnight, cooled to room temperature, and diluted
with DCM and water. Aqueous K2CO3 was added to adjust the pH to
∼9−10. The organic layer was then collected and dried over an-
hydrous Na2SO4. After the DCM was evaporated, the residue was
purified on a silica gel column, eluting with MeOH/DCM containing
0.1% Et3N to afford 53 (2.2 g, 84.6% yield). 1H NMR (400 MHz,
CDCl3): δ 7.69 (1H, s), 7.51 (1H, br s), 7.24−7.21 (1H, m), 7.00−
6.95 (4H, m), 6.91 (1H, s), 4.26−4.24 (1H, m), 4.04−4.02 (2H, m),
3.83 (3H, s), 3.18−3.03 (2H, m), 2.86−2.79 (1H, m), 2.75−2.68 (1H,
m), 2.28 (3H, s), 1.93−1.75 (2H, m). LCMS m/z 469 [M + H]+,
96.6% purity, 90% ee.
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■ NOTE ADDED AFTER ASAP PUBLICATION
After this paper was published online December 8, 2011, a
correction was made to the straddle heading structure of Table 5.
The corrected version was published December 14, 2011.
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