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ABSTRACT: The design, synthesis, SAR, and biologpgrafile of a substituted 4-morpholine
sulfonamide series gfsecretase inhibitors (GSIs) were described. Ies#\cases, the resulting
series of GSls reduced CYP liabilities and improyes#cretase inhibition activity compared to
our previous research series. Selected compoumdsrd#rated significant reduction of amyloid-

B (Ap) after acute oral dosing in a transgenic animad@hof Alzheimer’s disease (AD).
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1. Introduction

Alzheimer’s disease (AD) is the most common forndementia that causes problems with
memory, thinking and behavior in the elderly. Thpseblems can become so severe over time
that the patients will not be able to participate donversation and to respond to their
environment. AD is the sixth leading cause of demtloss all ages in the United States. An
estimated 5.3 million Americans have AD and cau§i#g6 billion in cost to the nation in 2015
[1]. As the elderly population continues to growe tprevalence of AD will increasingly be a
major burden to the nation’s health care system.

It is known thaty-secretase is one of the critical enzymes requwedhe generation of B
peptides. Accumulation and deposition ¢f plagues leads to the damage and death of neurons,
which is correlated with severity of AD [2]. Thushibition of y-secretase is considered to be a
disease-modifying approach for this disorder [3jpaB-molecule GSIs have been shown to
lower levels of plasma, cerebrospinal fluid (CS&hd cortical A peptides in the animal
models[4]. A review of recent advances in the idimation of GSIs was published in a Journal
of Medicinal Chemistry perspective [5]. The saméeaw also discussed the application of GSls
beyond AD, such as for the treatment of leukemjaffdl breast cancer [7].

The previously published research from our growgnidied novel series of arylsulfonamides
as y-secretase inhibitors. Josien and Pissarniskial. reported N-arylsulfonamides as orally
active GSlIs (Structurg, Fig. 1) [8,9]. Liet. al. demonstrated that adding a hydroxyl group on
piperidine ring can further reduce the CYP inhtoitiwhile retain the GSI activity (Structurg

Fig. 1) [10].
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Fig. 1. Design of morpholine sulfonamide series of GSIE) (

Two intermediate compound#\ (andB in Fig. 1) were tested for bothpA0 and CYP3A4
inhibition activity. Potential hydrolysis of strusesl andll in vivo may produceA which is a
strong CYP3A4 inhibitor. Cyclopropanol group is asgected liability, because compouBd
without it has a clean CYP3A4 profile. However, loypropyl is important fory-secretase
activity. Based on these known results, herein wscdbe the design, synthesis, SAR, and

biological profile of a novel substituted morph@isulfonamide series of GSId [11].

Borrowing SAR elements of known sulfonamide GSts @arbon on the piperidine ring was
replaced by oxygen; carbamate right hand side vmasged to amide to avoid the potential
generation of cyclopropanol group framvivo hydrolysis. An optional hydroxyl group was also
added at Rposition ofl11 to expand SAR by analogy to structute Selected compounds of
type I11 demonstrated a significant reduction of amylpidAp) after acute oral dosing in a

transgenic animal model of AD.

2. Resultsand discussion
2.1. Chemistry

2.1.1. Synthesis of compountis



Our synthesis started with an inexpensive commigrciavailable chemicall, diethyl
cyclopropane-1,1-dicarboxylate [12] purchased fi8igma-Aldrich (Scheme 1). Compounid
was reduced by lithium aluminum hydride (LAH) toctypropane-1,1-diyldimethanol [13],
which was mono protected with p-methoxybenzyl (PMBjyoup to give (1-((4-
methoxybenzyloxy)methyl)-cyclopropyl)methan@. The mono-protection was moderately
selective, but the bis-protected by-product cowddsblectively converted to the desired mono
protected product2 by treatment with one equivalent of 2,3-dichlor6-8icyano-1,4-
benzoquinone (DDQ). Compourlwas then oxidized to an aldehy@8eby Swern oxidation.
Through the Bucherer-Bergs reaction, compo8mas converted to a hydantodn Hydrolysis
of 4, followed by protection of the resulting amin@gp with tert-butoxycarbonyl (Boc) gave
the carboxylic acid5. Alkylation of 5 with 2-bromo-1-cyclopropylethanone under basic
condition gave compoun@ PMB protecting group was removed by treatmend afith DDQ,
and the hydroxyl group was re-protected with tedyldiphenylsilyl (TBDPS) group to give
compound?. Treatment of compound with trifluoroacetic acid (TFA) to deprotect Bomm
amine was followed by an intramolecular reactionfdom a cyclic imine which was then
reduced to a cyclic amin® by sodium triacetoxyborohydride. Sulfonylation the amine8
furnished sulfonamid®. The lactone group in compouBdvas reduced by sodium borohydride
to a diol and followed by Mitsunobu reaction to githe morpholine core compoudd. The
TBDPS protecting group was removed by using tetbastylammonium fluoride (TBAF) to give
alcohol 11. The hydroxyl group was then transformed to iedik® which was further
transformed to a nitrile groupl3. Compound 13 was reduced to an aldehyde by
diisobutylaluminum hydride (DIBAL-H), followed byxidation by sodium chlorite to give the

carboxylic acid 14. The carboxylic acidl4 was then converted to a carbonyl chloride



intermediate which was used to prepare a seriealfamide compound$5a-i by reacting with

a variety of amines.
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Scheme 1.2 Synthesis of compound$

#Reagents and conditions. (a) LAH, THF, 0°C, 870);RMBCI, NaH, DMF, 0 °C, 72%; (c)
oxalyl chloride, DMSO, EN, CHCl,, -78 °C — RT, 92%; (d) KCN, (NhLCOs, EgN,
water/EtOH, 60C, 89%; (e) Ba(OH) water, reflux, 98%,; (f) (BogD, EtN/dioxane, RT, 85%;
(g) 2-bromo-1-cyclopropylethanone, KOH, KI, MeOH/&H,, RT, 91%; (h) DDQ, CkLCly; (i)
TBDPSCI, EfN, imidazole, THF, 71% (two steps); (j) TFA, gEl; (k) NaBH(OAc), CH.Cl,,
88% (two steps); (I) 4-chlorobenzene-1-sulfonylocide, pyridine, 51%; (m) NaBkl CaCy,
THF/EtOH, 69%; (n) PPH DEAD, toluene, 60%; (0) TBAF, THF, 95%; (p) PhP, imidazole,
CH3CN/Toluene, 89%; (q) n-BMNCN, CHCN, 91%; (r) DIBAL, CHCI,, -78 °C, 82%; (S)
NaClG,, CH;CHC(CH),, t-BuOH/water, 0C, 97%; (t) oxalyl chloride, BN, HNR'R?.

2.1.2. Synthesis of compouid
Following the same chemical route as describectire®e 1, we used 2-chlorocyclopentanone
for reaction withS. The intermediate compourtdreacts with 2-chlorocyclopentanone to give a

mixture of two diastereomers of compouil (Scheme 2). The two diastereomersléfwere



separated by flash chromatography purification itinasgel, followed by crystallization from
diethyl either. One single diastereomi®a (white crystal form) was carried over to compound
17. In the cyclization step of7 to 18, we obtained the fused ring compoui®i which was
sulfonylated to provide diastereomerically pure poomd 19a which was used to assign
stereochemistry for the whole series. In ordegdm additional confidence in the assignment,
the alternative diastereom&®b was also secured by carrying a diastereomericumaxt6a/b
through the same steps, followed by separatiorwof diastereomerd9a and 19b by flash

chromatography purification on silica gel.
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Scheme 2.2 Synthesis of fused ring morpholine compouB8s
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#Reagents and conditions. (a) 2-Chlorocyclopentang®H, Kl, MeOH, RT, 70%;
chromatography, crystallization; (b) DDQ, &H,; (c) TBDPSCI, EN, imidazole, THF, 92%
(two steps); (d) TFA, CbCl, 87%; (e) NaBH(OAg), CH.Cl,, 73% (two steps); (f) 4-
chlorobenzene-1-sulfonyl chloride, pyridine, 71%); NaBH,, CaCh, THF/EtOH, 62%; (h)
PPh, DEAD, THF, 80%; (i) TBAF, THF, 76%; (j).) PhP, imidazole, CHCN/Toluene, 90%;
(k) n-BwuNCN, CH,CN, 89%; (I) DIBAL, CHCl,, -78 °C, 94%; (m) NaCl§) CH;CHC(CH),,
t-BuOH/water, 0C, 55%; (n) oxalyl chloride, BN, HNR'R?

For the determination of relative stereochemistrgampoundsl9a and19b, the NMR signals
for protons 2, 5,6,7, 11, and 13 (Fig. 2) were grs=il on the basis of gCOSY, gHSQC, and
NOESY (Supporting info). Compouritba reveals a strong NOE H5-H6, consistent with the
cis- configuration of these protons. Furthermore, prstbi7a and H7b are differentiated based
on the magnitude of their NOE signal with H6 (2.4%@ 1.2% respectively). Consistent with the
overall shape of the molecul®a, H7b has a significant NOE with H13b, and H2 hasgeak,
but measurable NOE with H5. On the other hand, stnecture of diastereomdb is
consistent withtrans- configuration of protons H5 and H6, as evidenttiiy NOE signals H5-
H7b and H6-H7a respectively (Fig. 2). The assigmnme re-enforced by observation of NOEs

between the protons of cyclopropyl group (H11a, &1&ith proton H7jh14].

0.4%

2.8%

~ TBDPS

11% H13b v 2 H12b
. o

©~ r80ps
Compound 19a Compound 19b
Figure 2. Assignment of structure for compoundSa and 19b. 4-Clorophenylsulfonamide

moiety is not shown for clarity.



Compound 19a was transformed to the compou@tl following the same procedures in
Scheme 1. Compoun2ll was resolved by chiral OJ column to give the singhantiomefl
which was carried to a series of final compoubsise (Scheme 2).

2.1.3. Synthesis of compougéd

The intermediate compountil was oxidized to a corresponding aldehyde througissb
Martin reaction (Scheme 3). Reaction of the aldehwith KCN and TBSCI in the presence of a
catalytic amount of Znlproduced TBS-protected cyanohydrid@ The CN group ir26 was
reduced by DIBAL-H to aldehyde to give compout¥d The aldehyde group v was oxidized
to an acid by NaCl@and the TBS protecting group was removed by TBAive compound
28. The alpha-hydroxy acid intermedi#® was converted to the final compou2@through the

amide coupling reaction with an amine.
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Scheme 3.2 Synthesis of alpha-hydroxy amide sulfonyl morpheli

® Reagents and conditions. (a) DMP, £H, 59%; (b) TBSCI, KCN, Znl (cat.), CHCN, 55
°C; (c) separation of diastereomers (d) DIBAL-H, LLH, -78 °C, 35%; (e) NaClQNaHPO,,
CH3CHC(CHg),, t-BuOH/water, 87%; (f) TBAF/THF, 71%; (g) BOP, N\W) HNR'R? CH,Cls,
68-76%.



2.2.Biological Evaluation
2.2.1. Rational and design

Herein, we disclose the design of a series of gubsd 4-morpholine sulfonamidesecretase
inhibitors, 111 (Fig. 3), utilizing the cyclohexane framewdtkas a reference compound (Fig. 3).
Although moleculeC itself is a potenty-secretase inhibitoin vitro [15], it experienced

extensive

Fig. 3. Conformational comparisons for the design of GSls.
metabolism at the methylene carbons of the cyclgha@xg in in vitro metabolic stability assays
[16]. In addition, its poor aqueous solubility miagve negatively impacted oral absorption. As
discussed in our recent paper [17] the arylsulignoeip must maintain the equatorial position for
the potency of GSls. Our newly substituted morptelarylsulfonamide series maintained the
active chair conformation with arylsulfonamide guatorial position. The added substituents at
C3 and C5 may help to stabilize the active chanfaeonation. The morpholine ring will not only
increase the polarity of the molecule but may dleek thein vitro metabolite of the methylene
carbons of the cyclohexyl ring (Fig. 3).
2.2.2. Biological test results
The biological test results are summarized in Table

Table 1. Biological Data for compouda andIlIb
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Entry Structure X R Compound Cell CYP3A4IG, AUC

NRR, Hla/lllo - AB40  Co-inc; Pre- (heng/mL)
ICso” inc
(nM) (M)
N
1| N fAOH Cl H 15a(llla) 59  >30,1.9 464
2 %N% Cl H 15b(lla) 12 >30, 2.0 1292
N
N
3 N% Moy CI H 15c(llla) 6.0  >30,<0.4 2728
4 N\\/—g Cl H 15d(lla) 3.5 9.9, <0.3 1160
NH
/~—N
5 N Cl H 15e(llla 18 30, 4.3
I (1a)
NH
6 N% Cl OH 20a(llay 10 >30, 9.0 254
7 N— Cl OH 29(llla)y 24 >30, >30 267

8 7 EFE H 15f(lla 30 >30, 1.5 575
7N (&)

/\/N
9 N~ ;ﬂ/ F H 15g(lla) 67 30, 17 3158
N/_\N
10 N\, F H 15h(lla) 32 >30, 6.9 1973
11 N N F H 15i(llla) 14 >30, 2.2
12 N—~"\on CI H 25a(lllb) 1.8 30, 30 36

~~7
13 | [<7N Cl H 25b(llb) 1.7 21, 8.0
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N
14 N%g;/ Cl H 25c(llb) 48 30, 15

15 [ =on Cl H 25d(llb) 16  >30,>30
16 Q«OH Cl H 25e(llb) 18 30, 30

2Values are means of two experimefitBre-incubation values were determined 30 min afterbining the
compound with the enzym&Measured in rat (n = 2) over 0-6 h period aft80ang/kg oral dosing.

The test results show that substituted 4-morphdirionamide compounds were very actiwve
secretase inhibitors. Thedgfor the inhibition of A40 are in the range of 1.7 to 67 nM (Table
1). A direct comparison of compouriba (entry 1, Table 1) with our previously published
compoundIa [8] shows thatl5a is six times more potent thda in they-secretase assay and
also has a lessened CYP3A4 liability by more thaur ffolds Fig. 4). Compoundl5a was
evaluated in a transgenic CRND8 mouse model of A® demonstrated 89% inhibition of total
AP in the plasma after a single oral dose of 30 m¢#kg. 5).

Carbon Oxygen

l Oxygen l Carbon

O l (\N&OH [Oj l (\N&OH

o ﬁo\g/N\) . Vo W QN\/I

Ab40 IC50 = 5.9 nM
Ab40 IC50 = 39 nM CYP3A4 = 1.9 uM(Pre)
CYP3A4 = MM(Pre) CRNDB8 mouse: 89% inhib@30 mpk(po)
la 15a

Fig. 4. Direct comparisons df5a andla
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Plasma Ap40 of 6wk CRNDS dosed with 15a
30mpk, PO or SC, at 3hr time point

15 -
e ‘eh

m 15aF0)
=

Veh 15a(PO)

pg of plasma Ap40 per pl of plasma

Fig. 5. Reduction of plasma (0 of transgenic CRND8 mice dosed witha, 30 mg/kg, PO,
measured 3 h after the dosing, compared to thepgreated with vehicle only (Veh).

As expected in our design, adding a hydroxy grompnioleculellla at R position
significantly reduced CYP3A4 activity. Comparisoh entries 4 and 6 shows that whel R
changed from hydrogen to hydroxyl group, CYP3A4vitgt changed from 9.9 uM to greater
than 30 puM for co-incubation, and from less thaB QM to 9.0 uM for pre-incubation
respectively. Comparison of entry 2 and 7 demotestrthat when Rchanged from hydrogen to
hydroxyl group, CYP3A4 activity changed from 2 uMdreater than 30 uM for pre-incubation.
As evident from entries 5 and 9, 4-chlorophenyfadmide compound5e is 3 fold more
potent than 4-fluorophenyl sulfonamide compoudfd; butl5eis also more active thdlbg for
CYP3A4 inhibition. The fused ring morpholine serigslb) not only reduced the CYP3A4
activity, but also improved thesecretase activity. Comparison of entries 5 andeimonstrates
that, when left side of the molecule is changednfroyclopropyl to fused cyclopentyl ring,
CYP3A4 activity was ameliorated from 4.3 uM to dezahan 15 pM for pre-incubation; the
secretase 65 values improved from 18 nM to 4.8 nM. Likewisengarison of entry 8 and 13
shows that CYP3A4 activity changed from 1.5 pM t6 M for pre-incubation, and the
secretase l§g improved from 30 nM to 1.7 nM.
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3. Conclusion

In conclusion, based on the SAR elements of knoulforsamide GSlIs from our previous
research results, we have designed a novel sdrimsrpholine sulfonamide core series of GSls.
The new substituted morpholine series did not amigroved thein vitro activity significantly,
but also reduced the CYP3A4 liability. Selected pommd 15a demonstrated significant
reduction of total  after acute oral dosing in a transgenic animalehof AD.
4. EXPERIMENTAL
4.1. General for chemistry

Purity of all final compounds was determined by KPand exceeded 95% [18]. LC/MS data
analyses were performed using an Applied Biosysték$-100 mass spectrometer and
Shimadzu SCL-10A, LC column: Alltech platinum CIB8micron, 33mm x 7mm ID; gradient
flow: 0 min — 10% CHCN, 5 min — 95% CELCN, 7 min — 95% CBCN, 7.5 min — 10% CkCN,
9 min — stop. The observed parent ions are giRegparative chromatography was carried out on
Analogix flash chromatography instrument, chirapa@ations were conducted on chiral OJ
columns (Daicel Corp) using isopropyl alcohol amkdnes as the mobile phadd. NMR and
13C NMR spectra were obtained on either a Varian @800 (300 MHz) or XL-400 (400
MHz) and are reported as ppm down field from,Slewith number of protons, multiplicities,
and coupling constants in Hertz indicated parergakdy. Chemical names were generated from
ChembDraw. Unless noted otherwise, compounds welatésl as amorphous solids.
4.2. General for biological tests
4.2.1.In vitro cell based-secretase assay

In vitro y-secretase assays was conducted in whole cells2BiEKells stably transfected with

a human APP cDNA with both the Swedish and Londonilial AD mutations in the pcDNA3.1
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vector (Invitrogen, HEK293Swé.on cells) were treated witjrsecretase inhibitors for 5 hfA

in conditioned medium was measured using MesoSb@eovery (MSD) technology-based
sandwich immunoassaysp40 was measured using the antibody pair of TAG-G241d biotin-
4G8. IG values for the compounds were determined as destrearlier for the membrane-
based assay [19]. igvalues were calculated from a non-linear fit afiah reaction velocities
versus compound concentration using inhibition eesponse equation (four-parameter;
variable slope) using PRISM® software (GraphPadie @ata presented in this study were the
means of the duplicate or triplicate measuremenéach experiment.

4.2.2.In vivo studies

All animal procedures were performed within an Asation for Assessment and Accreditation

of Laboratory Animal Care (AAALAC) International-a@dited facility and approved by the
Merck Institutional Animal Care and Use Committe&GUC).

Transgenic 5-7 weeks old CRND8 mice carrying thedsh and Indiana familial Alzheimer’'s
disease APP mutations under the control of theaBymiamster prion protein [20] used in these
studies were bred at Merck Research LaboratoriesKeémilworth, NJ, or Taconic in
Germantown, NY, as described previously [21]. Mahel female mice, counterbalanced across
groups, were singly housed in a plastic igloo wieisting material before the dosing began and
for the duration of the studyy-Secretase inhibitat5a was formulated in 20% hydroxypropyl-
B-cyclodextrin and dosed via oral gavage at a do2® ong/kg. After a period of 3 hours, mice
were sacrificed by CQasphyxiation, total blood was collected from tlwsterior vena cava in
EDTA Microtainer® tubes (BD Biosciences), and plasmas isolated. PlasmafAQ was
guantified using biotin-4G8 and S-tag G2-10 usingsbScale Discovery (MSD) technology-

based sandwich immunoassay.

14



4.2.3. Determination of rat plasma AUCs after al dosing

Two male Sprague-Dawley rats (Charles River, C@)ewused per each compound. The rats
were pre-cannulated (femoral artery) in order toilifate precise blood sampling times, to
increase throughput, and to reduce the stress emrnimals caused by serial bleedings. Rats
were fasted overnight prior to oral dosing at aedos10 mg/kg in a 5-mL/kg dose (compounds
were formulated in 0.5% methylcellulose). Blood wandlected into heparin-containing tubes
serially from each animal at 0.5, 1, 2, 3, 4 ant post-dosing (10QL per time point) and
centrifuged to generate plasma. The plasma samnn@es stored at -20 °C until analysis. The
concentrations of compounds in plasma was detedniryea selective, but non-validated LC-
MS/MS assay using selected reaction monitoring (pRiéthods developed for each compound
prior to analysis of the plasma samples. The iddiai SRM transitions were based on a
fragmentation from the protonated molecule ([MHp a characteristic product ion [22].
4.2.4. CYP inhibition assay

Assays for CYP inhibition were conducted using carsial recombinant 3A4, 2D6, and 2C9
enzymes (Thermo Fisher) by measuring appearanib@ooéscent products from non-fluorescent
substrates: 3-cyano-7-ethoxy-coumarin, dibenzyl  oréigcein, 7-methoxy-4-
trifluoromethylcoumarin,  7-methoxy-4-(aminomethgumarine, and  7-benzyloxy-4-
trifluoromethylcoumarin. Data for the pre-incubatiexperiment was collected 30 min after
addition of the compound to the assay system. Kn@¥P inhibitors, sulfaphenazole and
ketoconazole were used as the positive controls.compounds were inactive in 2D6 and 2C9
assays up to the maximal measured concentratioBi3 dvl.
4.3. Procedures for synthesis of 3,5-cis disuldstitunorpholine compound$a-i

4.3.1. Synthesis of (1-((4-methoxybenzyloxy)metbytjopropyl)methano2
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To solid LAH (16.6 g, 0.44 mol) in a 2 L flask arO was added dry THF (350 mL) slowly,
and then starting material compoufd(32 g, 0.202 mol) in dry THF (50 mL) was added
dropwise through addition funnel at 0 °C. Additmirthe compound was interrupted when too
much bubbling occurred. After addition was compleébte mixture was stirred at 0 °C for 30
minutes. The reaction was then quenched by addiagerwdropwise at 0 °C with reflux
condenser. The precipitate was aged for 3-4 heréitt through celite. The precipitate was
washed with 1 L of THF. The filtrate was dried (M4} and concentrated in vacuo to obtain a
diol product (17.9 g, 87%).

To NaH (7.71 g, 193 mmol, 60% in mineral oil) in BM300 mL) under nitrogen at 0 °C, was
added the diol compound (17.9 g, 175 mmol) obtaifrech the above in DMF (200 mL)
dropwise. After 30 minutes, para-methoxybenzyl g (PMBCI) (30.2 g, 193 mmol) in DMF
(100 mL) was added dropwise over 30 minutes. Tlhetien was stirred at 0 °C for 2 h. The
mixture was allowed to warm up to room temperatané stirred for another 4 h. TLC analysis
(30% EtOAc/Hexane) showed that the reaction waspbtete and had two sports. The reaction
mixture was quenched with ice, extracted with diedther (3x150 mL). The combined organic
phases were washed with water and brine, dried Mg&nd concentrated in vacuo. The residue
was purified by flash chromatography on silica, gdliting with 0 — 30% EtOAc/Hexane in 1h
to obtain the desired mono PMB protected produ2t8@), 58.6%)H NMR: 7.23 (2H, d, J =
8.60), 6.86 (2H, d, J = 8.62), 4.44 (2H, s), 3.3B,(s), 3.55 (2H, s), 3.42 (2H, s), 0.45 — 0.55
(4H, m). Mass Calcd: 222.13. m/z found: 223.3. Tiéwction also produce a bis PMB protected
by-product (9.9 g, 16.5%). However, the bis-PMBtpcted by-product can be converted to the
desired mono PMB protected product by the followpngcedure. To the by-product (9.9 g, 28.9

mmol) dissolved in a mixture of GBI,/ water (200 mL/4 mL), was added DDQ (6.56 g, 28.9
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mmol) in CHCl, (25 mL) dropwise over a period of 30 minutes. Thaction was stirred
overnight. TLC analysis (100% G8l,) showed that the reaction was complete. The sodid
filtered off and was washed with GEll, (3 times). The organic phases from filtrate weesked
with water and brine, dried (MgSPand concentrated in vacuo. The residue was pdrifiy
flash chromatography on silica gel, eluting witk- 0% EtOAc/Hexane to obtain the desired
product (5.3 g, 82.5%).
4.3.2. Synthesis of compound 1-((4-methoxybenzyongthyl)cyclopropanecarbaldehyde

To oxalyl chloride (4.36 mL, 50 mmol) in GBI, (140 mL) at -78 °C, was added DMSO (4.43
mL, 62.5 mmol) in CHCI, (20 mL) dropwise. The mixture was stirred for 1hates, and then
compound? (5.56 g, 25 mmol) in CCl, (70 mL) was added slowly and stirred for another 1
minutes, followed by addition of B (34.9 mL, 250 mmol, neat). Cooling bath was reatbv
and the reaction mixture was stirred for 30 minufEse reaction was quenched with water,
extracted with CHCI, (3 times). The combined organic phases were washtdwater and
brine, dried (MgSG@ and concentrated in vacuo. The crude product masfied by flash
chromatography on silica gel, eluting with 0 - 28¥®Ac/Hexane in 1 h to afford compouBd
(5.06g, 92%)H NMR: 9.0 (1H, s), 7.25 (2H, d, J = 8.59), 6.8H(2l, J = 8.43), 4.48 (2H, s),
3.80 (3H, s), 3.66 (2H, s), 1.22 (2H, m), 1.10 (&4, Mass Calcd: 220.11. m/z found: 221.2.
4.3.3. Synthesis of 5-(1-((4-methoxybenzyloxy)méityclopropyl)imidazolidine-2,4-dioné

To compound (18.2 g, 0.083 mol) in 50% aqueous alcohol (10Q mla pressure flask, was
added KCN (8.1 g, 0.124 mol) and ammonium carbo(28e g, 0.25 mol) and triethylamine
(50 mL, 0.35 mol). The flask was placed on theasibnicator for 2 minutes, and then stirred at
60 °C overnight. TLC analysis (25%) EtOAc/Hexanevedd that the reaction was complete.

The reaction mixture was extracted with £l (3 times). The combined organic phases were
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washed with water and brine, dried (Mg®Cand concentrated. The crude product was
crystallized from MeOH/ChCl,/Hexane to yield compoundl (21.42g, 89%).'H NMR: 7.21
(2H, d, J = 8.53), 6.87 (2H, d, J = 8.66), 4.42 (2HJ = 2.1), 3.92 (1H, s), 3.80 (3H, s), 3.77
(1H, d, J = 9.07), 2.96 (1H, d, J = 10.3), 0.44.840(4H, m). Mass Calcd: 290.13. m/z found:
291.3.

4.3.4. Synthesis of 2-(tert-butoxycarbonylaminojt2{(4-
methoxybenzyloxy)methyl)cyclopropyl) acetic aéid

To a solution of hydantoin compoudd(15.56 g, 53.67 mmol) in water (200 mL) was added
Ba(OH) (18.4 g, 107.3 mmol). The flask was fitted witheflux condenser and the mixture was
refluxed overnight. TLC analysis (0.5% MeOH/ &H,) showed that the reaction was complete.
The hot reaction mixture was filtered, then thé&dte was boiled with (NE,CO; (12.8 g) to
remove barium as insoluble Bag@oiling was continued to decompose excess 4jpC0s.
The resulting filtrate was concentrated to giveamino acid intermediate (14.0g, 98%H
NMR: 7.29 (2H, d, J = 8.75), 6.89 (2H, d, J = 8,750 (1H, d, J = 11.37), 4.36 (1H, d, J =
11.36), 3.80 (1H, d, J = 9.83), 3.77 (3H, s), 318, s), 2.97 (1H, d, J = 9.83), 0.55 - 0.95 (4H,
m). Mass Calcd: 265.13. m/z found:266.2.

To a mixture of amino acid intermediate (18.0 §6J9 mol) in dioxane (50 mL) and water
(50 mL) was added BgO (26.68g, 0.122mol) and TEA (19 mL, 0.136 mol)eTeaction was
stirred at RT for overnight. TLC analysis (5% MeOEBH,Cl,;) showed that the reaction was
complete. Dioxane was removed in vacuo. The mixiwae extracted with EtOAc (3 times), and
organic phase was washed with citric acid (20%) &bueous phase was back extracted with
EtOAc. The combined organic phases were dried (My&ad concentrated. The crude product

was purified by flash chromatography on silica, g@hliting with 0-15% MeOH/CKCI, to yield

18



the compound (21.0g, 85%)H NMR: 7.25 (2H, d, J = 8.68), 6.87 (2H, d, J =4,65.06 (1H,
bs), 4.55 (1H, d, J = 11.16), 4.43 (1H, d, J = 2)1.3.95 (1H, m), 3.80 (3H, s), 2.89 (1H, d, J =
9.94), 0.805 (1H, m), 0.64 (2H, t, J = 6.64), O(bH, m). Mass Calcd: 365.18. m/z found: 366.4.

4.3.5. Synthesis of 2-cyclopropyl-2-oxoethyl  24teutoxycarbonylamino)-2-(1-((4-
methoxybenzyloxy) methyl)cyclopropyl)acet&te

To a solution of compoun8 (21.38g, 0.0737mol) in MeOH (150 mL) and §&Hb (50 mL)
was added slowly a solution of KOH (4.14g, 0.07331)nm MeOH (150 mL). The reaction is
concentrated after 2 minutes. The mixture was eoimated for several times with QEl; to
remove any trace amount of MeOH as much as possille resulting solid and KI (1.22g,
7.37mmol) are taken up in DMF (50 mL) and a solutaf 2-bromo-1-cyclopropylethanone
(12.0 g, 0.0737 mol) in DMF (25 mL) was slowly add@ark brown color to yellow with
precipitate). The reaction mixture was stirred &tfBr 4 h. TLC analysis (30% EtOAc/Hexane)
showed that the reaction was complete. The reaatiature was extracted with ether (3 times).
The combined organic phases were washed with water brine, dried (MgS£) and
concentrated in vacuo. The crude product was pdrifiy flash chromatography on silica gel,
eluting with 0 to 30% EtOAc/Hexane to give compoén@9.9g, 91%)'H NMR: 7.27 (2H, d, J
= 8.66), 6.86 (2H, d, J = 8.66), 6.37 (1H, d, J.82], 4.95 (1H, d, J = 16.6), 4.72 (1H, d, J =
16.6), 4.49 (1H, d, J = 11.2), 4.35 (1H, d, J 2),13.95 (1H, d, J = 11.4), 3.80 (3H, s), 3.67 (1H,
d, J =7.84), 2.88 (1H, d, J = 10.34), 1.98 (1H, 158 (1H, s), 1.43 (9H, s), 1.09 (1H, m), 0.96
(2H, m), 0.89 (1H, m), 0.79 (1H, m), 0.64 (1H, M)57 (1H, m). Mass Calcd: 447.23. m/z
found: 448.3.

4.3.6. Synthesis of 2-cyclopropyl-2-oxoethyl  24#eutoxycarbonylamino)-2-(1-((tert-
butyldiphenylsilyloxy) methyl) cyclopropyl)acetale
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To compounds (30.2 g, 0.0675 mol) in Ci€l> (400 mL) and water (8 mL), was added DDQ
(16.85 g, 0.0742 mol) as solid in portions overeaigul of 30 minutes. The reaction was stirred
overnight. TLC analysis (100% GHlI,, use stain) showed that the reaction was compléte.
solid was filtered off and washed with @B, (3 times). The combined organic phases were
washed with water and brine, dried (Mg3@nd concentrated. The residue was purified by
flash chromatography on silica gel to collect &dictions, eluting with 0 to 35% EtOAc/Hexane
to obtain product (22.1 g, 100%, not pure, takeis)as

To a solution of the above product (22.1 g, 67.5athim THF (160 mL), was added imidazole
(9.19 g, 135 mmol), followed by TBDPSCI (21 mL, 8nrhol). The reaction was stirred
overnight. TLC analysis (25% EtOAc/Hexane) showkdt tthe reaction was complete (less
polar, UV active product). The mixture was extrdcigith ether (3 times). The combined
organic phases were washed with water, saturatddCRa and brine, dried MgS{QOand
concentrated. The crude product was purified bshflehromatography on silica gel, eluting with
(30%-35% EtOAc/Hexane) to afford compound27.0g, 71%)*H NMR: 7.67 (4H, m), 7.39
(6H, m), 6.81 (1H, d, J = 7.78), 4.98 (1H, d, J6s5T), 4.70 (1H, d, J = 16.56), 4.28 (1H, d, J =
11.18), 3.69 (1H, d, J = 7.72), 2.83 (1H, d, J 559 1.99 (1H, m), 1.44 (9H, s), 1.08 (9H, s),
0.94 (3H, m), 0.81 (3H, m), 0.53 (1H, m), 0.41 (1h), Mass Calcd: 565.29. m/z found: 566.5.

4.3.7. Synthesis of (3S,5R)-3-(1-((tert-butyldipksityloxy)methyl)cyclopropyl)-5-
cyclopropylmorpholin-2-on8&

To a solution of7 (27.0 g, 47.76 mmol) in Ci&l, (270 mL) was added TFA (90 mL) and
stirred for 2 h. TLC analysis (10% EtOAc/Hexanepwhd that the reaction was complete.
Solvent was removed. The residue was redissolv&HiCl, and toluene, solvent was removed

in vacuo. This step was repeated two more timeerntmve TFA. The residue was dissolved in
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CH.CI, (250 mL), washed with aqueous NaHf{ Qvater and brine, dried (Mg and
concentrated to yield the cyclized imine produ@&.{2g, 100%, crude).

To a solution of the cyclized imine product (12.628.17 mmol) in CECl, (280 mL) was
added NaBH(OAg) (11.94 g, 56.34 mmol). The reaction was stirredRat overnight. The
reaction mixture was diluted with saturated NaHGC&tracted with CHCIl, (3 times). The
combined organic phases were washed with wateiband, dried (MgSG) and concentrated.
The crude product was purified by flash chromatplgyaon silica gel, eluting with 0 to 35%
EtOAc/Hexane to afford compourgd(11.2 g, 88%)'H NMR: 7.70 (4H, m), 7.40 (6H, m), 4.31
(1H, dd, J = 3.38, 10.52), 4.21 (1H, t, J = 10.3088 (1H, d, J = 10.55), 3.48 (1H, d, J = 10.56),
3.07 (1H, s), 2.27 (1H, m), 1.05 (9H, s), 0.87 (IH), 0.27 — 0.69 (8H, m)**C NMR
(Chloroformd) & (ppm): 169.30, 135.69, 135.64, 133.44, 133.28,.629129.64, 127.65,
127.64, 77.25, 76.75, 73.42, 67.52, 63.57, 57.85[& 24.85, 19.19, 12.25, 10.54, 7.99, 2.75,
1.99. Mass Calcd: 449.24. m/z found: 450.4.

4.3.8. Synthesis of (3S,5R)-3-(1-((tert-butyldiptieilyloxy)methyl)cyclopropyl)-4-(4-
chlorophenylsulfonyl)-5-cyclopropylmorpholin-2-o8e

To a solution of starting compoui®d(4.20 g, 9.35 mmol) in pyridine (80.0 mL) was adde
chlorobenzene-1-sulfonyl chloride as solid. Thacten was stirred at 85 °C overnight. The
reaction was diluted with agueous NaH{@xtracted with ChCl, (3 times), the combined
organic phases were washed with water and brimeg MgSQ) and concentrated. The residue
was purified by flash chromatography on silica gdliting with 0 to 30% EtOAc/Hexane in 1 h
to afford compound (7.39g, 51.0%)'H NMR: 7.63 (6H, m), 7.41 (8H, m), 4.68 (1H, s)54.
(1H, dd, J = 10.11, 12.48), 4.11 (1H, dd, J = 57507), 3.74 (1H, d, J = 10.99), 3.55 (1H, d, J
= 10.95), 2.91 (1H, m), 1.03 (9H, s), 0.90 (1H,,MmB2 (1H, m), 0.5 — 0.65 (6H, m), 0.21 (1H,

m). Mass Calcd: 623.19. m/z found: 624.1.
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4.3.9. Synthesis of (3S,5R)-3-(1-((tert-butyldiptieilyloxy)methyl)cyclopropyl)-4-(4-
chlorophenylsulfonyl)-5-cyclopropylmorpholiri®

To starting compoun@ (10.35 g, 16.58 mmol) and CaGlL1.0 g, 99.0 mmol) in THF (85.0
mL) and EtOH (127 mL) was added NaBKB.14 g, 83.0 mmol) as solid. The reaction was
stirred at RT for 2 h. TLC analysis (25% EtOAc/Hegn showed that the reaction was
incomplete. Stirring was continued until the lestap product was converted completely to the
more polar product. At 0 °C, the reaction was ghedc(exothermic) with citric acid (20%),
extracted with CHCIl, (3 times). The combined organic phases were wasligdwater and
brine, dried (MgS@) and concentrated. The crude product was purifietlash chromatography
on silica gel, eluting with 0 to 30% EtOAc/Hexame1 h to afford the desired diol product
(7.14g, 69.1%)H NMR: 7.77 (2H, d, J = 8.84), 7.62 — 7.55 (4H, f¥6 — 7.36 (8H, m), 4.10
(1H, d, J = 10.26, 3.86 (1H, t, J = 10.11), 3.84,(d, J = 6.01), 3.60 (1H, s), 3.40 (1H, t, 7.08),
2.86 (1H, d, J = 11.70), 2.75 (1H, g, J = 9.8501H, m), 0.87 (1H, m), 0.67 (3H, m), 0.13 —
0.29 (3H, m), 0.04 (1H, m). Mass Calcd:627.22. foimd:628.3.

To the diol starting material (7.14 g, 11.38 mmaljtained from above and PP{6.57 g,
25.04 mmol) in toluene (75.0 mL) was added DEADOG3mL, 25.04 mmol) at RT. The
reaction was stirred at RT overnight. TLC analy&5% EtOAc/Hexane) showed that the
reaction was complete with formation of a less ppladuct. The reaction mixture was diluted
with water, extracted with Ci€l, (3 times). The combined organic phases were waslitbd
water and brine, dried (MgSPand concentrated. The crude product was purifigdlash
chromatography on silica gel, eluting with 0 to 38%Ac/Hexane to afford the produlfd (4.2
g, 59.7%)*H NMR: 7.63 (2H, d, J = 8.81), 7.61 — 7.66 (4H, M¥0 (6H, m), 7.32 (2H, d, J =

8.87), 4.19 (1H, d, J = 4.29), 4.01 (1H, d, J =16). 3.88 (1H, d, J = 10.16), 3.70 (1H, d, J =
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11.38), 3.55 (1H, d, J = 12.41), 3.11 (2H, m), B4, m), 1.05 (9H, s), 0.83 (3H, m), 0.45 (3H,
m), 0.11 (3H, m). Mass Calcd: 609.21. m/z found.B81

4.3.10. Synthesis of (1-((3S,5R)-4-(4-chlorophenltsyl)-5-cyclopropylmorpholin-3-
yhcyclopropyl)methanolll

To a starting compountD (4.2 g, 6.88 mmol) in THF (50 mL) was added TBARV in THF,
13.76 mmol) at RT. The reaction was stirred at BT2fh. TLC analysis (80% CEl,/Hexane)
showed that the reaction was complete. The reaatigture was quenched with water, extracted
with EtOAc (3 times). The combined organic phasesewwashed with water and brine, dried
(MgSQy) and concentrated. The crude product was purlfiedlash chromatography on silica
gel, eluting with 0 to 30% EtOAc/Hexane to obtaiesded productll (2.43 g, 95%).
Compoundll was further resolved by HPLC Chiral OJ column bdatn a single enantiomer.
[0]p? = -125.84 (EtOH)'H NMR: 7.75 (2H, d, J = 8.52), 7.52 (2H, d, J =8,5.68 (1H, dq, J
=12.44, 2.2), 4.17 (1H, d, J = 4.28), 3.74 (1H] &, 11.50), 3.67 (1H, dd, J = 4.59, 10.43), 3.32
(1H, d, J = 12.61), 3.01 (1H, dd, J = 3.75, 11.2695 (1H, dd, J = 3.75, 10.54), 2.78 (1H, dd, J
= 4.44, 12.64), 2.64 (1H, dd, J = 10.49, 12.34511H, m), 1.25 (1H, m), 0.51 — 0.81 (6H, m),
0.28 (1H, m). Mass Calcd: 371.10. m/z found: 372.3.

4.3.11. Synthesis of (8R,5S)-4-(4-chlorophenylswfp 3-cyclopropyl-5-(1-
(iodomethyl)cyclopropyl)morpholin&2

The starting hydroxyl compountlL (0.478 g, 1.29 mmol) in G&€N (4 mL) and toluene (8
mL) was treated with BR (406 mg, 1.55 mmol); (393 mg, 1.55 mmol) and imidazole (263.5
mg, 3.87 mmol) at RT. The reaction was stirredRat for 1 h. TLC analysis (30%
EtOAc/Hexane) showed that the reaction was compléte reaction mixture was quenched with
NH4CI, extracted with EtOEt (3 times). The combinedjamic phases were washed with

saturated NaHCg&and brine, dried (MgS£p and concentrated. The residue was purified shfla
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chromatography on silica gel, eluting with 0 to 8@,Cl,/Hexane in 1h to afford the desired
product (0.55g, 89%)H NMR: 7.82 (2H, d, J = 8.83), 7.51 (2H, d, J =3,84.33 (1H, d, J =
3.95), 4.12 (1H, d, J = 10.25), 3.74 (1H, d, J #%), 3.46 (1H, d, J = 12.79), 3.17 (1H, dd, J =
3.88, 11.45), 3.13 (1H, d, J = 10.10), 3.09 (1H,4i80, 12.73), 2.73 (1H, dd, J = 3.67, 10.27),
1.97 (1H, m), 1.61 (1H, m), 0.99 (1H, m), 0.84 (Ih), 0.72 (1H, m), 0.62 (1H, m), 0.52 (1H,
m), 0.38 (1H, m), 0.22 (1H, m). Mass Calcd: 481a(x found: 482.1.

4.3.12. Synthesis of 2-(1-((3S,5R)-4-(4-chlorophsualjonyl)-5-cyclopropylmorpholin-3-
yhcyclopropyl)acetonitrilel3

To a suspension of iodide (0.55 g, 1.14 mmol) in C4N (10 mL, not soluble) was added

n-Buy,NCN (371 mg, 1.38 mmol) at RT. The reaction migtwras stirred at RT for 1.5 h. TLC
analysis (70% CEClo/Hexane) showed that the reaction was completerddeion mixture was
diluted with water, and extracted with EtOAc (3 ¢is). The combined organic phases were
washed with water and brine, dried (Mg$@nd concentrated. The crude product was purified
by flash chromatography, eluting with 0 to 30% EtllAexane in 40 minutes to give the
compoundi3 (0.393g, 91%)'H NMR: 7.71 (1H, d, J = 8.77), 7.51 (1H, d, J =8, 7.06 (1H,
d, J = 4.17), 3.72 (1H, d, J = 11.47), 3.34 (1H) & 12.81), 3.14 (2H, q, J = 17.46), 2.95 (1H,
dd, J = 3.74, 11.49), 2.86 (1H, dd, J = 4.35, 12.878 (1H, dd, J = 3.43, 10.39), 1.63 (1H, m),
1.36 (1H, m), 0.91 (2H, m), 0.62 — 0.75 (4H, mBMO(1H, m). Mass Calcd: 380.1. m/z found:
381.4.

4.3.13. Synthesis of 2-(1-((3S,5R)-4-(4-chloropHsualjyonyl)-5-cyclopropylmorpholin-3-
yhcyclopropyl)acetic acid4

To the nitrile starting materid (0.393 g, 1.03 mmol) in Ci&l, (7 mL) was added DIBAL-H
(2.55 mL, 1.55 mmol) at -78 °C dropwise. The rigactvas stirred at -78 °C for 4 h. TLC

analysis (10% EtOAc/Hexane) showed that the reaetias complete. The reaction mixture was
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guenched by slow addition of MeOH (2 mL) and stirfor 10 minutes. $$O; (1N, 2 mL) was
added and stirring continued for 45 minutes. Reacthixture was extracted with GEl, (3
times), the combined organic phases were washeld witer, brine, dried (MgS{ and
concentrated. The crude product was purified bshflehromatography on silica gel, eluting with
0 to 20% EtOAc/Hexane to afford the aldehyde inttiate product (0.325g, 82%H NMR:
9.83 (1H, s), 7.69 (2H, d, J = 8.81), 7.48 (2H] & 8.81), 4.12 (1H, d, J = 4.40), 3.75 (1H, dq, J
= 18.43, 0.80), 3.73 (1H, d, J = 11.30), 3.36 (diH) = 12.72), 3.01 (1H, dd, J = 3.78, 11.45),
2.84 (1H, dd, J = 3.60, 10.39), 2.78 (1H, dd, 143412.72), 1.83 (1H, d, J = 17.77), 1.72 (1H,
m), 1.29 (1H, m), 0.72 — 0.83 (2H, m), 0.65 (3H, Y7 (1H, m), 0.28 (1H, m). Mass Calcd:
383.10. m/z found: 384.2.

To the aldehyde intermediate (0.325g, 0.85mmolpioktd above in t-BuOH (12 mL) and
water (3 mL) at 0 °C, was added 2-methyl-2-butetl¢l, 3.4 mmol), followed by sodium
chlorite (246 mg, 2.72 mmol). The reaction wasreti at RT for 2 h. TLC analysis (30%
EtOAc/Hexane) showed that the reaction was compléte reaction was quenched by saturated
NH4Cl (10 mL) and extracted with EtOAc (3%x25 mL). Thembined organic phases were
washed with water, brine, dried (Mg@®Gnd concentrated. The crude product was purlied
flash chromatography on silica gel, eluting witho030% EtOAc/Hexane to affort4 (330 mg,
97%).'H NMR: 7.72 (2H, d, J = 8.63), 7.46 (2H, d, J =9,31.24 (1H, d, J = 4.29), 3.73 (1H, d,
J=11.74), 3.56 (1H, dd, J = 1.52, 17.72), 3.36,(, J = 12.74), 3.04 (1H, dd, J = 3.67, 11.32),
2.82 (2H, td, J = 12.55, 4.34), 1.92 (1H, d, J =7&Y, 1.72 (1H, m), 1.25 (1H, m), 0.63 — 0.79
(5H, m), 0.55 (1H, m), 0.27 (1H, m). Mass Calcd9.839. m/z found: 400.2.

4.3.14. General procedure for synthesis of finahgoundsl5a-i
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To the carboxylic acid4 (60 mg, 0.15 mmol) in C¥Cl, (2 mL) was added oxalyl chloride
(105 pl, 1.2 mmol), stirred for 20 min. Solvent wasoved and the residue was placed on the
high vacuum for 1h. The crude product was dissoivetl mL of CHCI, and added to a vial
contains amine (0.30 mmol) ands;&t(126 pl, 0.9 mmol) in CkCl, (1 mL). The reaction was
stirred overnight. The reaction was diluted wittuegus NaHCgQ extracted with CECl, (3
times). The combined organic phases were washdd water and brine, dried (MgQand
concentrated. The crude was purified by prepardliv€ (7 % MeOH/ CHCI,) to obtain the
final product.

Compoundi5a. Yield: 96%.'H NMR: 7.70 (2H, d, J = 8.74), 7.45 (2H, d, J =69, 7.31 (1H,

s), 3.68 (1H, d, J = 11.38), 3.35 — 3.65 (6H, MY1A1H, dd, J = 3.80, 11.41), 3.34 (2H, s), 2.74
(4H, m), 2.63 (1H, m), 2.50 (2H, m), 1.77 (1H, m)70 (1H, d, J = 16.45), 1.27 (1H, m), 1.02
(6H, s), 0.63 — 0.83 (5H, m), 0.48 (1H, m), 0.281(in). *C NMR (Chloroformd) & (ppm):
169.07, 139.60, 139.31, 129.88, 128.09, 68.51,1668.12, 63.67, 58.46, 52.97, 46.12, 42.69,
38.85, 38.59, 20.32, 18.14, 15.04, 12.56, 11.186,64.80. Mass Calcd: 539.22. m/z found:
540.3.

Compoundi5b. Yield: 71 %.*H NMR: 7.71 (2H, m), 7.45 (2H, m), 4.70 (0.5 HJt= 6.60),
4.63 (0.5 H, t, J = 5.88), 4.46 (0.5H, d, J = 43129 (0.5 H, d, J = 4.23), 418 (05 H, t, J =
6.98), 4.05 (0.5 H, t, J = 5.37), 3.67 (1H, dd, 3.38, 11.42), 3.43 (2H, m), 2.80 (4H, m), 2.48
(4H, m), 1.51 — 2.15 (13H, m), 1.39 (2H, m), 1.25(m), 0.71 (6H, m), 0.52 (1H, m), 0.26
(1H, m). Mass Calcd: 575.26. m/z found: 576.1.

Compoundi5c. Yield: 40%.'H NMR: 7.72 (1H, d, J = 8.66), 7.69 (1H, d, J =%,67.45 (1H,

d, J = 8.71), 7.44 (1H, d, J = 8.67), 4.44 (0.5H) & 4.21), 4.23 (1H, m), 4.08 (0.5 H, d, J =

12.92), 3.66 (2H, m), 3.58 (2H m), 3.49 (1H, MBB(1H, m), 3.23 (3H, m), 2.72 — 2.96 (4H,
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m), 2.53 (3H, m), 1.46 — 1.96 (5H, m), 1.27 (1H, BB2 — 0.85 (6H, m), 0.45 (1H, m,), 0.28
(1H, m). Mass Calcd: 537.21. m/z found: 538.1.

Compoundi5d. Yield: 64 %.*H NMR: 7.71 (2H, m), 7.46 (2H, m), 4.44 (0.5H, d= &.30),
4.14 — 4.29 (1.5 H, m), 3.35 — 3.70 (5H, m), 2.72.94 (3H, m), 1.61 — 2.06 (9H, m), 1.28 (1H,
m), 0.62 — 0.86 (6H, m), 0.47 (1H, m), 0.28 (1H, Mass Calcd: 493.18. m/z found: 494.3.

Compoundi5e. Yield: 55 %."H NMR: 7.68 (2H, m), 7.46 (2H, m), 4.75 (1H, d, 4%), 4.45
(1H, t, J = 4.6), 4.17 (2H, m), 3.68 (2H, m), 3.3.59 (3H, m), 2.72 — 2.96 (5H, m), 2.11 (3H,
s), 2.13 (2H, d, J = 1.4), 2.04 (1H, d, J = 6.80§6 (1H, m), 1.30 (1H, m), 0.60 — 0.90 (6H, m),
0.45 (1H, m), 0.29 (1H, m). Mass Calcd: 535.19. falmd: 536.3.

Compoundl5 f. Yield: 72%.*H NMR: 7.78 (2H, m), 7.16 (2H, m), 4.74 (0.5 H,Jd 13.67),
4.67 (0.5 H, d, J = 13.63), 4.37 (0.5 H, d, J =83.9.27 (0.5 H, d, J = 4.22), 3.89 (1H, t, J =
14.31), 3.56 — 3.71 (2H, m), 3.37 (1H, d, J = 12.8307 (0.5H, t, J = 12.80), 2.91 (1.5 H, m),
2.77 (2H, m), 2.49 (5H, m), 1.78 (6H, m), 1.56 (4h), 1.41 (2H, m), 1.26 (1H, m), 0.64 — 0.81
(6H, m), 0.47 (1H, m), 0.27 (1H, m). Mass Calcd323. m/z found: 534.1.

Compoundl5g. Yield: 74%."H NMR: 7.76 (2H, m), 7.16 (2H, m), 4.30 (1H, m)93.(1H,
m), 3.34 — 3.80 (11H, m), 2.90 (1H, m), 2.76 (28, 2109 (3H, s), 1.78 (2H, s), 1.60 (1H, dd, J
= 6.90, 16.73), 1.29 (1H, m), 0.85 (1H, m), 0.78,(2n), 0.65 (2H, d, J = 7.85). Mass Calcd:
493.20. m/z found: 494.1.

Compound15h. Yield: 87%.*H NMR: 7.78 (2H, dd, J = 5.05, 8.82), 7.16 (2HJ t= 8.50),
4.31 (1H, d, J=4.19), 3.54 — 3.76 (7H, m), 344, m), 3.38 (1H, d, J = 12.69), 2.90 (1H, dd, J
= 3.81, 11.44), 2.75 — 2.79 (2H, m), 2.67 (1H, M%7 (4H, t, J = 5.25), 2.47 (2H, m), 1.77 (1H,
m), 1.71 (1H, d, J = 16.45), 1.28 (1H, m), 0.64.830(5H, m), 0.47 (1H, m). Mass Calcd:

495.22. m/z found: 496.3.
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Compoundi5i. Yield: 63%."H NMR: 7.77 (2H, m), 7.15 (2H, t, J = 8.48), 4.0&-84 (2H,
m), 3.30 — 3.71 (6H, m), 2.60 — 2.97 (6H, m), 2-18.51 (2H, m), 1.74 (3H, m), 1.22 — 1.48
(4H, m), 1.03 (3H, s), 0.97 (3H, s), 0.77 (2H, ;B4 (3H, m), 0.47 (1H, m), 0.27 (1H, m). Mass
Calcd: 537.27. m/z found: 538.3.

4.4. Procedures for synthesis of fused ring moipeatompound&5a-e

4.4.1. Synthesis of 2-oxocyclopentyl 2-(tert-butocaspbonylamino)-2-(1-((4-methoxybenzyloxy)
methyl)cyclopropyl) acetat#s

The same procedure as in the synthesis of compeurad used for compourib. The
product was purified by flash chromatography, elgtivith 0 — 30% EtOAc/Hexane to give a
mixture of two diastereomers (Total yield 71.0%)eTmixture was separated by crystallization
from hot diethyl ether to give a white crystal angellow oil compound with a 1:1 ratio of two
diastereomers. Diastereomer dife.(35%, white solid, mp. 63-6&). 'H NMR: 7.27 (2H, d, J
= 8.66), 6.86 (2H, d, J = 8.66), 6.25 (1H, d, J697, 5.02 (1H, t, J = 8.80), 4.79 (1H, s), 4.47
(1H, d, J = 11.27), 4.35 (1H, d, J = 11.25), 3319,(s), 3.64 (1H, d, J = 7.84), 2.93 (1H, d, J =
10.38), 2.29 (2H, m), 2.08 (1H, m), 1.84 (2H, m}#3L(9H, s), 0.87 (1H, m), 0.78 (1H, m), 0.60
(1H, m), 0.54 (1H, m). Mass Calcd: 477.23. m/z 1ufi78.3. Diastereomer twibb (36%,
yellow oil). *H NMR: 7.29 (2H, d, J = 8.56), 6.87 (2H, d, J =8,%.35 (1H, d, J = 8.06), 5.21
(1H, t, J = 10.03), 4.53 (1H, d, J = 11.22), 4.88,(d, J = 11.24), 4.01 (1H, d, J = 10.28), 3.80
(3H, s), 3.64 (1H, d, J = 8.13), 3.47 (1H, q, 155714.03), 2.84 (1H, d, J = 10.39), 2.21 — 2.41
(3H, m), 2.09 (1H, m), 1.87 (2H, m), 1.44 (9H,ER1 (1H, t, J = 7.02), 0.79 (2H, m), 0.63 (1H,
m), 0.53 (1H, m). Mass Calcd: 477.23. m/z foun.87

4.4.2 Synthesis of 2-oxocyclopentyl 2-(tert-butcajapnylamino)-2-(1-((tert-
butyldiphenylsilyloxy) methyl)cyclopropyl) acetat&
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To compoundl6a (18.0 g, 40.2 mmol) in DCM (214 mL) and water (fbk) was added DDQ
(10 g, 44.2 mmol) as solid slowly by portion. Tte reaction was stirred at RT overnight. TLC
analysis (100% CkCl,, use stain) showed that the reaction was donerpobn UV active
product). The solid was filtered off and filtrateasvpartitioned between water and LCH. The
organic phase was washed with water and brined {NMgSQ,) and concentrated. The residue
was purified by flash chromatography on silica gguyting with 0 - 35% EtOAc/Hexane to
afford the product (13.2 g, 100%).

To the resulting hydroxyl product (13.2 g, 40.2 nimio THF (100 mL) was added imidazole
(5.49 g, 68.1 mmol), followed by TBDPSCI (13.3 §.4tmmol). The reaction was stirred at RT
overnight. TLC (25% EtOAc/Hexane) analysis showkdt tthe reaction was complete. The
reaction mixture was diluted with water, extractith diethyl ether (3 times). The combined
organic phases were washed with water, saturatddCRa and brine, dried (MgS£) and
concentrated. The crude product was purified bshflehromatography on silica gel, eluting with
0-30% EtOAc/Hexane to afforti7 (20.9 g, 92%)*H NMR (400 MHz, Chlorofornd) & 7.76 —
7.57 (m, 4H), 7.50 — 7.31 (m, 6H), 5.04J& 9.5 Hz, 1H), 4.19 (dd] = 11.1, 1.6 Hz, 1H), 3.69
(dd,J = 7.8, 0.9 Hz, 1H), 2.83 (dd,= 11.2, 1.1 Hz, 1H), 2.46 — 2.14 (m, 3H), 2.14.971(m,
1H), 1.93 — 1.74 (m, 3H), 1.45 (s, 9H), 1.08 (s), 980 (ddtJ = 24.2, 11.4, 5.9 Hz, 2H), 0.57 —
0.42 (m, 1H), 0.36 (df] = 8.8, 5.2 Hz, 1H). Mass Calcd: 565.29. m/z fousB.3.

4.4.3. Synthesis of (3S,4aR)-3-(1-((tert-butyldipyisilyloxy)methyl)  cyclopropyl)
hexahydrocyclopenta[b][1,4]oxazin-2(3H)-oh&

To compoundl?7 (18.46 g, 32.6 mmol) in Ci€l, (210 mL) was added TFA (60 mL). The
reaction was stirred for 2 h. TLC analysis (20% At{Hexane) showed that the reaction was
complete. The reaction was diluted with saturatetH@Q; at 0 °C slowly and extracted with

CH.ClI, (3 times). The combined organic phases were wasftbdwater, brine, dried (MgS4p
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and concentrated. The crude product was purifietlasyh chromatography on silica gel, eluting
with 0 to 40% EtOAc/Hexane to afford cyclized iminéermediate (12.7 g, 87.0% total yield).
To a resulting cyclized imine product (12.7 g, 2&#hol) in CHCI, (120 mL), was added
NaBH(OAc) (18.0 g, 85 mmol) and HOAc (0.5 mL) at RT. Thea tkaction was stirred at 45
°C overnight. TLC analysis (4% MeOH/DCM) showedttkize reaction was complete. The
reaction cooled down to 0 °C, quenched with satdrdiaHCQ, extracted with CKCl, (3
times). The combined organic phases were washdd water and brine, dried (MgQand
concentrated. The crude product was purified bgshflchromatography, eluting with 0 — 45%
EtOAc/Hexane to afford compour@® (9.15g, 75%)'H NMR (400 MHz, Chlorofornd) & 7.74
— 7.56 (m, 4H), 7.48 — 7.29 (m, 6H), 4.57 Jgs 6.2 Hz, 1H), 4.22 — 4.09 (m, 1H), 3.42 &
6.1 Hz, 1H), 3.23 (d) = 10.8 Hz, 1H), 2.74 (dl = 8.8 Hz, 1H), 2.49 — 2.32 (m, 1H), 2.14 — 1.89
(m, 3H), 1.89 — 1.70 (m, 1H), 1.61 — 1.41 (m, 261¥0 — 0.45 (m, 4H):3C NMR (Chloroform-
d) & (ppm): 171.50, 135.63, 135.59, 133.19, 133.14,.7489129.72, 127.69, 127.68, 81.00,
77.26, 76.45, 68.35, 62.57, 55.71, 31.98, 31.88722622.96, 20.92, 19.18, 10.40, 9.50. Mass
Calcd: 449.24. m/z found: 450.1.
4.4.4. Synthesis of (3S,4aR,7aS)-3-(1-((tert-bupyldnylsilyloxy)methyl)cyclopropyl)-4-(4-
chlorophenylsulfonyl) hexahydrocyclopenta[b][1,43an-2(3H)-onel% and (3S,4aR,7aR)-3-
(2-(((tert-butyldiphenylsilyl)oxy)methyl)cyclopropy4-((4-
chlorophenyl)sulfonyl)hexahydrocyclopenta[b][1,4é@n-2(3H)-on€el9b
To a solution ofi8 (4.95 g, 11.0 mmol) in pyridine (100.0 mL) in aaks tube, was added 4-
chlorobenzene-1-sulfonyl chloride (7.89 g, 37.4 rhor®.29 g, 44.0 mmol) as solid. Then the
reaction was stirred at RT overnight. TLC analybisth pure CHCI, and 25% EtOAc/Hexane)
showed that the reaction was complete. The reactias diluted with water, extracted with

CHClI, (3 times). The combined organic phases were wasitedsaturated NaHC§ ) water and

brine, dried (MgSG@) and concentrated. The residue was purificatiorfldsh chromatography,
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eluting with 0 to 30% EtOAc/Hexane to affotPa (5.0 g, 73%).'H NMR (400 MHz,
Chloroformd) 6 7.79 — 7.55 (m, 6H), 7.55 — 7.30 (m, 8H), 4.421(8), 4.26 (tdJ = 4.6, 2.2 Hz,
1H), 4.11 (ddd) = 11.3, 7.9, 4.8 Hz, 1H), 3.79 (@= 10.7 Hz, 1H), 3.29 (d] = 10.7 Hz, 1H),
2.11 — 1.94 (m, 1H), 1.88 (dd,= 9.0, 3.9, 2.0 Hz, 2H), 1.81 — 1.63 (m, 1H), 1-63.41 (m,
1H), 1.26 (tdJ = 7.1, 0.7 Hz, 1H), 0.98 — 0.85 (m, 1H), 0.82 (dt, 9.7, 5.8 Hz, 1H), 0.69 (di,

= 9.7, 5.8 Hz, 1H), 0.46 (ddd, = 9.6, 6.1, 4.7 Hz, 1H)*C NMR (Chloroforme) & (ppm):
165.50, 139.80, 138.02, 135.86, 135.67, 133.35,123329.78, 129.69, 129.67, 128.46, 127.64,
127.62, 80.52, 77.26, 76.75, 65.59, 56.92, 54.81843 26.79, 26.74, 24.68, 19.78, 19.20, 10.88,
9.42. Mass Calcd: 623.19. m/z found: 624.3. Rajeartalysis by 2D NMR in the supporting
information.

Compoundl9b was prepared analogously to compoufd, but starting from a diastereomeric
mixture of starting material, and separating conmgbiOa by column chromatography (silica
gel, 25% EtOAc/Hexane)H NMR (400 MHz, Chlorofornd) § 7.81 — 7.66 (m, 2H), 7.66 —
7.56 (M, 4H), 7.56 — 7.46 (m, 2H), 7.46 — 7.31 @id), 4.97 (tdJ = 10.4, 7.5 Hz, 1H), 4.46 (s,
1H), 3.82 — 3.61 (m, 1H), 3.41 (@= 11.4 Hz, 1H), 2.87 (td] = 10.5, 7.1 Hz, 1H), 2.44 — 2.20
(m, 1H), 2.06 — 1.61 (m, 5H), 1.19 — 0.84 (m, 116150 (m, 2H)**C NMR (Chloroforme) 5
(ppm): 168.36, 140.43, 135.83, 135.61, 134.40,21B3132.59, 129.86, 129.81, 129.25, 127.73,
127.69, 77.55, 77.25, 77.00, 67.29, 62.15, 60.38B3 26.66, 25.80, 25.26, 19.21, 18.09, 11.14,
8.31. Mass Calcd: 623.19. m/z found: 624.3. Rajeartalysis by 2D NMR in the supporting
information.

4.45. Synthesis of (3S,4aR,7aS)-3-(1-((tert-bupyidnylsilyloxy)methyl)cyclopropyl)-4-(4-
chlorophenylsulfonyl) octahydrocyclopenta[b][1,4éxzne20

To compoundl9a (5.0 g, 8.01 mmol) and Ca{(5.33 g, 48.1 mmol) in THF (75.0 mL) and

EtOH (75.0ml) was added NaBKi1.51 g, 40.0 mmol) as solid. Then the reactias stirred at
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RT overnight. TLC analysis (30% EtOAc/Hexane) showleat the reaction was complete. The
reaction was quenched with citric acid (20%) atQ) éxtracted with CKCl, (3 times). The
combined organic phases were washed with wateibeand, dried (MgSG) and concentrated.
The residue was purified by flash chromatography siita gel, eluting with 0 to 30%
EtOAc/Hexane to afford the diol product (3.1g, 62%)

To the diol starting material (3.12 g, 4.97 mmddjaned above and PP{2.60 g, 9.93 mmol)
in THF (45.0 mL) was added DEAD (1.57 mL, 9.93 myratl RT. The reaction was stirred at
RT overnight. TLC analysis (25% EtOAc/Hexane) showleat the reaction was complete with
formation of a less polar product. The reactioxtaore was diluted with water, extracted with
CH)CI, (3 times). The combined organic phases were wasVigd water and brine, dried
(MgSQOy) and concentrated. The crude product was purliedlash chromatography on silica
gel, eluting with 0 to 35% EtOAc/Hexane to affohe fproduc®0 (2.43 g, 80%)'H NMR (400
MHz, Chloroformel) & 7.75 — 7.55 (m, 6H), 7.48 — 7.28 (m, 8H), 4.00)(d, 4.3 Hz, 1H), 3.86
(d, J = 10.3 Hz, 1H), 3.78 — 3.54 (m, 3H), 3.32J& 5.0 Hz, 1H), 3.12 (dd] = 12.4, 4.3 Hz,
1H), 1.89 — 1.47 (m, 5H), 1.45 — 1.21 (m, 1H), 1(§59H), 0.99 — 0.79 (m, 1H), 0.78 — 0.64 (m,
2H), 0.63 — 0.48 (m, 1H). Mass Calcd: 609.21. rolmf: 610.3.

4.4.6. Synthesis of (1-((3S,4aR,7aS)-4-((4-chlosyptysulfonyl)
octahydrocyclopenta[b][1,4]oxazin-3-yl)cyclopropylgthanol1

To a starting compoun20 (970 mg, 1.59 mmol) in THF (15 mL) was added TB@ARM in
THF, 3.2 mmol) at RT. The reaction was stirred & Br 2 h. TLC analysis (80%
CH.Cl,/Hexane) showed that the reaction was complete. r€haetion mixture was quenched
with water, extracted with EtOAc (3 times). The doned organic phases were washed with
water and brine, dried (MgSP and concentrated. The crude was purified by flash

chromatography on silica gel, eluting with 0 to 3@#Ac/Hexane to obtain desired prodait
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(450 mg, 76.0%). Compouril was further resolved by Chiral OJ column to obiisingle
enantiomer. d]p?° = -123.71 (EtOH)*H NMR (400 MHz, Chlorofornd) & 7.84 — 7.62 (m, 2H),
7.61 —7.38 (m, 2H), 4.35 (ddd= 12.5, 4.9, 2.3 Hz, 1H), 4.04 @ = 4.1 Hz, 1H), 3.87 (ddd),

= 10.5, 8.6, 4.3 Hz, 1H), 3.62 (ddl= 10.0, 4.8 Hz, 1H), 3.36 (d,= 12.8 Hz, 1H), 3.23 (] =
4.6 Hz, 1H), 2.83 (dd) = 12.8, 4.2 Hz, 1H), 2.71 (dd,= 12.5, 9.9 Hz, 1H), 2.19 — 1.89 (m,
2H), 1.78 (tddJ = 11.5, 7.7, 5.6 Hz, 2H), 1.70 — 1.55 (m, 1H)51-51.37 (m, 1H), 1.21 (df,=
9.3, 5.6 Hz, 1H), 0.74 (d8,= 9.5, 5.8 Hz, 1H), 0.61 (dtd,= 7.8, 5.4, 2.2 Hz, 1H), 0.50 (dk=
10.0, 5.3 Hz, 1H). Mass Calcd: 371.1. m/z foun®.37

4.4.7. Synthesis of (3S,4aR,7aS)-4-((4-chlorophenifonyl)-3-(1-(iodomethyl)cyclopropyl)
octahydrocyclopenta[b][1,4]oxazir&2

The starting hydroxyl compourill (860 mg, 2.31 mmol) in C}N (4 mL) and toluene (8
mL) was treated with BR (728 mg, 2.78 mmol); (704 mg, 2.78 mmol) and imidazole (472
mg, 6.94 mmol) at RT. The reaction was stirredRat for 3 h. TLC analysis (30%
EtOAc/Hexane) showed that the reaction was compléte reaction mixture was quenched with
NH4Cl, extracted with EtOEt (3 times). The combinedjamic phases were washed with
saturated NaHCg&and brine, dried (MgS£) and concentrated. The residue was purified Ishfla
chromatography on silica gel, eluting with 0 to 8@,Cl,/Hexane in 1h to afford the desired
product22 (1.0 g, 90%)*H NMR (400 MHz, Chloroformd) & 7.91 — 7.72 (m, 2H), 7.59 — 7.40
(m, 2H), 4.10 (dJ = 4.1 Hz, 1H), 3.91 (dd] = 10.3, 1.4 Hz, 1H), 3.81 (td,= 9.6, 4.7 Hz, 1H),
3.58 (d,J = 12.8 Hz, 1H), 3.29 (td] = 4.9, 1.3 Hz, 1H), 3.12 (d,= 10.3 Hz, 1H), 3.01 (dd}, =
12.8, 4.2 Hz, 1H), 1.99 (td,= 8.9, 6.3 Hz, 2H), 1.89 — 1.69 (m, 3H), 1.69 371(m, 2H), 1.03 —
0.82 (m, 2H), 0.69 (ddd,= 8.9, 6.9, 4.8 Hz, 1H). Mass Calcd: 481.00. mtmfl: 482.1.

4.4.8. Synthesis of 2-(1-((3S,4aR,7aS)-4-((4-chpbemyl)sulfonyl)
octahydrocyclopenta[b][1,4]oxazin-3-yl)cyclopromtetonitrile23
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To a suspension of the iodine compo®(600 mg, 1.24 mmol) in CHN (12 mL) was
added n-BkNCN (736 mg, 2.74 mmol, not soluble) at RT. Thacten mixture was stirred at
RT for 2 h. TLC analysis (70% GBl,/Hexane) showed that the reaction was complete. The
reaction diluted with water and the mixture wasa&sted with EtOAc (3 times). The combined
organic phases were washed with water and brined §MgSQ) and concentrated. The crude
product was purified by flash chromatography, elgtiwith 0 to 30% EtOAc/Hexane in 40
minutes to give compour2B (420 mg, 89%)'H NMR (400 MHz, Chlorofornd) & 7.83 — 7.65
(m, 2H), 7.59 — 7.44 (m, 2H), 3.94 @z 4.1 Hz, 1H), 3.81 (td] = 9.6, 4.3 Hz, 1H), 3.37 (d,=
12.9 Hz, 1H), 3.22 — 3.11 (m, 1H), 3.06 {d= 17.4 Hz, 1H), 2.92 — 2.72 (m, 2H), 2.12 — 1.93
(m, 2H), 1.89 — 1.68 (m, 2H), 1.68 — 1.41 (m, 2HX0 — 1.17 (m, 1H), 0.93 — 0.75 (m, 2H),
0.75 - 0.58 (m, 1H). Mass Calcd: 380.10. m/z fold&1:.3.

4.4.9. Synthesis of 2-(1-((3S,4aR,7aS)-4-((4-clpbemyl)sulfonyl)octahydrocyclopenta[b][1,4]
oxazin-3-yl)cyclopropyl)acetic acié4

To the nitrile starting materia23 (420 mg, 1.103 mmol) in Gi&l, (10 mL) was added
DIBAL-H (1.3 mL, 1.3 mmol) at -78 °C dropwise. Theaction was stirred at -78 °C for 4 h.
TLC analysis (10% EtOAc/Hexane) showed that thectrea was complete. The reaction
mixture was quenched with MeOH (3 mL) slowly anidrstl for 10 minutes, 80, (1N, 3 mL)
was added and stirred for 45 minutes and extragigdCH,CI, (3 times). The combined organic
phases were washed with water, brine, dried (My®@d concentrated. The crude product was
purified by flash chromatography on silica gel,telg with 0 to 20% EtOAc/Hexane to afford
the aldehyde intermediate product (0.40g, 94%).

To the starting aldehyde intermediate (400 mg, /@6l) obtained above in t-BuOH (14 mL)
and water (3 mL) at 0 °C, was added 2-methyl-24mit€l.7 ml, 2M in THF, 3.4 mmol),

followed by sodium chlorite (472 mg, 5.22 mmol)heTreaction was stirred at RT for 2 h. TLC
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analysis (30% EtOAc/Hexane) showed that the reacti@as complete. The reaction was
guenched by saturated NEl (10 mL) and extracted with EtOAc (3x25 mL). Thembined
organic phases were washed with water, brine, difgSQ,) and concentrated. The crude
product was purified by flash chromatography onicail gel, eluting with 0 to 30%
EtOAc/Hexane to affor@4 (230 mg, 55 %): *H NMR (400 MHz, Chloroformd) & 7.83 — 7.61
(m, 2H), 7.53 — 7.36 (m, 2H), 4.19 — 3.98 (m, 18iP2 — 3.73 (m, 1H), 3.48 — 3.07 (m, 3H),
2.78 (dd,J = 12.9, 4.2 Hz, 1H), 2.16 — 1.84 (m, 3H), 1.75(th= 13.4, 10.6, 6.5 Hz, 2H), 1.65
—1.52 (m, 1H), 1.52 — 1.34 (m, 1H), 1.24 (m, 18186 — 0.71 (m, 1H), 0.63 (di,= 9.2, 6.2 Hz,
1H), 0.48 (dtJ = 10.1, 5.4 Hz, 1H). Mass Calcd: 399.09. m/z fout@0. 3.

4.4.10. General procedure for synthesis of finahgound25a-e

Compounds25a-e were prepared by using the general procedure fathegis of final
compoundd5a-i.

Compound25a. Yield: 84%.'H NMR: 7.74 (2H, d, J = 8.67), 7.46 (2H, d, J =(,64.70
(0.5H, d, J = 13.33), 4.63 (0.5H, d, J = 12.943140.5H, d, J = 3.88), 4.21 (0.5H, d, J = 3.72),
3.76 — 3.88 (2H, m), 3.36 — 3.50 (4H, m), 3.12 (i, 3.06 (0.5H, t, J = 13.07), 2.95 (0.5H, t, J
= 12.20), 2.79 (1H, dd, J = 12.82, 4.20), 2.61H0.6 J = 13.53), 2.52 (0.5H, t, J = 12.65), 2.17
(1H, m), 2.03 (1H, m), 1.30 — 1.84 (10H, m), 1.244(m), 1.13 (1H, m), 0.86 (1H, m), 0.63
(1H, m), 0.42 (1H, m). Mass Calcd: 496.18. m/z fud97.3.

Compound25b. Yield: 74%.*H NMR: 7.74 (2H, dd, J = 6.36, 8.39), 7.46 (2H, dd 5.74,
8.49), 4.73 (0.5H, d, J = 13.46), 4.65 (0.5H, d,1B.10), 4.30 (0.5H, d, J = 3.95), 4.19 (0.5H, d,
J =3.78), 3.77 — 3.90 (2H, m), 3.44 (1H, d, J 83p, 3.38 (1H, dd, J = 4.78, 16.49), 3.13 (1H,

m), 3.04 (0.5H, t, J = 12.76), 2.91 (0.5 H, m),8(TIH, dd, J = 4.11, 12.92), 2.48 (6H, s), 2.16
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(1H, m), 2.03 (1H, m), 1.53 — 1.83 (13H, m), 1.264( m), 1.24 (1H, m), 0.85 (1H, m), 0.62
(1H, m), 0.42 (1H, m). Mass Calcd: 549.24. m/z fusb0.3.

Compound25c. Yield: 69 %.*H NMR: 7.73 (2H, d, J = 8.49), 7.47 (2H d, J = §,5123 (1H,
dd, J = 3.92, 10.65), 3.95 (1H, m), 3.79 (2H, M§132H, m), 3.46 (4H, m), 3.33 (2H, m), 3.13
(1H, g, J = 5.10), 2.78 (1H, dt, J = 12.87, 3.24)1 — 2.19 (2H, m), 2.09 (3H, s), 1.49 — 1.82
(5H, m), 1.28 (1H, m), 0.90 (1H, m), 0.65 (1H, M)42 (1H, m). Mass Calcd: 509.18. m/z
found: 510.3.

Compound?5d. Yield: 82%.2H NMR: 7.73 (2H, m), 7.47 (2H, dd, J = 1.54, 8.3882 — 4.56
(1H, m), 4.18 (1H, m), 3.20 — 3.93 (7H, m), 3.18(I), 2.61 — 2.80 (2H, m), 1.48 — 2.20 (9H,
m), 1.24 (1H, m), 0.70 — 0.91 (2H, m), 0.42 (1H, Mass Calcd: 468.15. m/z found: 469.3.

Compound25e. Yield: 83 %.H NMR: 7.73 (2H, d, J = 8.62), 7.47 (2H, d, J =3,21.56 (0.5
H, s), 4.34 (0.5 H, s), 4.22 (0.5 H, d, J = 3.88)4 (0.5 H, d, J = 4.25), 4.12 (0.5 H, J not
measuable), 4.00 (0.5 H, d, J = 11.55), 3.81 — 8184 m), 3.64 (1H, m), 3.53 (1H, m), 3.39
(3H, m), 3.17 (1H, dt, J = 22.15, 4.57), 2.72 (IH,J = 13.77, 4.13), 2.17 (1H, m), 2.02 (3H, m),
1.51 — 1.93 (8H, m), 1.26 (1H, m), 0.89 (1H, my710(1H, m), 0.42 (1H, m). Mass Calcd:
482.16. m/z found: 483.3.

4.5. Procedures for Synthesis of alpha-hydroxy amdrpholine compound®9a-b
4.5.1. Synthesis of 2-((tert-butyldimethylsilyl)oxg-(1-((3S,5R)-4-((4-chlorophenyl)sulfonyl)-
5-cyclopropylmorpholin-3-yl)cyclopropyl)acetoni&i26

To compoundLl (1.36 g, 3.66 mmol) in C4€l, (50 mL) was added Dess-Martin periodinane
(3.1 g, 7.31 mmol) as solid. The reaction wasedtifior 2 h. TLC analysis (30% EtOAc/hexane)
showed that the reaction was completed with foromadif a less polar product. The reaction was

guenched with saturated NaHE@L5 mL) and Ng50; (600 mg) and stirred for 1h. The
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mixture was extracted with GBI, (3 times). The combined organic phases were waslitid
brine, dried (MgS@) and concentrated to obtain crude product. Thdecproduct was purified
by flash chromatography on silica gel, eluting with 30% EtOAc/Hexane to obtain aldehyde
product (800 mg, 59%).

To the aldehyde (800 mg, 2.16 mmol) in LM (15 mL), was added KCN (843 mg, 12.98
mmol), TBSCI (488 mg, 3.24 mmol) and Zr(B4.45 mg, 0.108 mmol). The reaction mixture
was stirred at 55 °C overnight. The reaction wanghed with water, extracted with g, (3
times), dried and concentrated. The crude prodast purified by flash chromatography, eluting
with 0 - 30% EtOAc/Hexane to give diastereomer A 8%y (35%, not pure), and B (compound
26, 563 mg, 51%)'H NMR: 7.78 (2H, d, J = 8.82), 7.51 (2H, d, J =19,8.02 (1H, s), 4.14
(1H, d, J = 4.38), 3.75 (1H, d, J = 11.52), 3.54,(d, J = 12.73), 3.08 (1H, d, J = 4.04, 11.52),
2.90 (1H, dd, J = 4.59, 12.75), 2.84 (1H, dd, J$1310.26), 1.55 (1H, m), 1.37 (1H, m), 1.17
(1H, m), 0.89 (9H, s), 0.89 (1H, m), 0.71 (1H, ®B2 (2H, m), 0.53 (1H, m), 0.26 (3H, s), 0.26
(1H, m), 0.16 (3H, s). Mass Calcd: 510.18. m/z thus11.4.

4.5.2. Synthesis of 2-(tert-butyldimethylsilylox2}¢1-((3S,5R)-4-(4-chlorophenylsulfonyl)-5-
cyclopropylmorpholin-3-yl)cyclopropyl)acetaldehydé

To compound6 (560 mg, 0.76 mmol) in Cil, (10 mL) at -78 °C was added DIBAL-H (1
M in hexane, 1.38 mL, 1.38 mmol). The mixture wésed for 4 h and quenched with 20%
sodium tartrate buffer (pH 4) and extracted with,CH (3 times). The combined organic phases
were washed with brine, dried (Mg®Qand concentrated. The crude product was prified b
flash chromatography, eluting with 0-30% EtOAc/He&do obtain produd@7 (198 mg, 35%).
'H NMR: 9.81 (1H, s), 7.68 (2H, d, J = 8.77), 7.28i(d, J = 8.77), 4.26 (1H, s), 4.00 (1H, d, J
= 4.66), 3.73 (1H, d, J = 11.42), 3.66 (1H, d,1247), 3.04 (1H, dd, J = 4.24, 11.38), 2.97 (1H,

dd, J = 5.03, 12.46), 2.76 (1H, dd, J = 3.93, 10.2615 (1H, m), 1.32 (1H, m), 0.95 (1H, m),

37



0.89 (9H, s), 0.56 — 0.73 (5H, m), 0.22 (1H, mL40(3H, s), 0.05 (3H, s). Mass Calcd: 513.18.
m/z found: 514.3.

45.3. Synthesis of 2-(1-((3S,5R)-4-(4-chlorophsuaifbnyl)-5-cyclopropylmorpholin-3-
yhcyclopropyl)-2-hydroxyacetic acig8

To the aldehyde compour¥ (140 mg, 0.27 mmol) in a mixture of t-BuOH/wat@rrGL/0.5
mL) and 2-methyl-2butene (2M in THF, 0.87 mL, 1riifol) was added NaiRO,- H,O (75 mg,
0.544 mmol) and NaClO(78.71 mg, 0.87 mmol). The mixture was stirred roight. The
mixture was partitioned between &, and 20% citric acid, re-extracted the aqueous phase
with CH,CI, (3 times). The combined organic phases were wasligdbrine, dried (MgSQ)
and concentrated (125 mg, 87.0%).

To the carboxylic acid obtained above (110 mg, @r2dol), Diastereomeric series B, in THF
(3 mL) was added TBAF (1M in THF, 0.72 mmol, 0.72)mat RT. The mixture was stirred for 3
h. LCMS analysis indicated that the reaction wasgete. The reaction was quenched with
water, extracted with Ci€I, (3 times). The combined organic layers were washigd water
and brine, dried (MgS£) and concentrated. The residue was purified bgdailreverse phase
HPLC to obtain compoun®&8 (61 mg, 71%)*H NMR: 7.74 (2H, d, J = 8.82), 7.53 (2H, d, J =
8.56), 4.79 (1H, s), 4.08 (1H, d, J = 3.94), 3.7A,(d, J = 11.51), 3.50 (1H, d, J = 12.99), 3.02
(1H, dd, J = 3.96, 11.54), 2.92 (1H, dd, J = 418674), 2.83 (1H, dd, J = 3.85, 10.30), 1.65 (1H,
m), 1.25 — 1.37 (2H, m), 0.61 — 0.77 (5H, m), O(2Bl, m). Mass Calcd: 415.09. m/z found:
416.3.

4.5.4. Synthesis of 1-(3,8-diazabicyclo[3.2.1]oetanl)-2-(1-((3S,5R)-4-(4-
chlorophenylsulfonyl)-5-cyclopropylmorpholin-3-ylclopropyl)-2-hydroxyethanorn29a

To the carboxylic acid28 (60 mg, 0.144 mmol) and tert-butyl (1R,5S)-3,8-

diazabicyclo[3.2.1]octane-8-carboxylate (61mg, hg®l) in CHCl, (1.0 mL) was added BOP
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(65 mg, 0.144 mmol), followed by NMM (47 ul, 0.43mual). The mixture was stirred at RT for
5 h. LCMS analysis showed that the reaction wasdodrhe reaction was quenched with brine,
extracted with EtOAc (3 times) and @El, (2 times). The organic layers were washed with
water and brine, dried (MgSPand concentrated. The residue was purified bpgreeTLC (4%
MeOH/ CHCI,) to obtain one major fraction after purificatid®@0(mg, 68 %).

To the Boc-protected amine product in £ (5 mL) was added TFA (1 mL). The mixture
was stirred for 50 minutes. TLC analysis (10% MeQ@HH.Cl,) showed that the reaction was
done. Solvent was removed. The residue was dissalv€H,Cl,, washed with NaOH (2 M),
water and brine, dried (MgSPand concentrated. The crude product was purifegrepare
TLC (10% MeOH/CHCL,) to afford29a (37.9 mg, 76%)'H NMR: 7.72 (2H, m), 7.47 (2H, d, J
= 8.42), 5.289 (0.4H, d, J = 6.62), 5.14 (0.6 H) & 6.62), 4.17 (1H, d, J = 12.93), 3.89 — 4.06
(2H, m), 3.46 — 3.76 (5H, m), 3.35 (3H,, m), 3.15(m), 2.72 — 3.0 (2H, m), 1.53 — 1.85 (5H,
m), 1.08 (1H, m), 0.66 — 0.83 (5H, m), 0.47 (1H, @26 (1H, m). Mass Calcd: 509.18. m/z
found: 510.4.

455. Synthesis of 2-(1-((3S,5R)-4-(4-chlorophsualfbnyl)-5-cyclopropylmorpholin-3-
yl)cyclopropyl)-2-hydroxy-1-(3-(piperidin-1-yl)-8zabicyclo[3.2.1]octan-8-yl)ethanoi28b

To the 3-(piperidin-1-yl)-8-azabicyclo[3.2.1]octammgdrochloride (104 mg, 0.45 mmol) in
CH.Cl, (2.0 mL) was added B (64 pl, 0.453 mmol). Followed by the startingda28 (62.5
mg, 0.15 mmol) in CkCl, (1 mL), BOP (67 mg, 0.15 mmol) and NMM (50 ul, ®34mmol).
The reaction was stirred at RT overnight. The ieacmixture was quenched with brine,
extracted with CHKCI, (3 times). The combined organic layers were washigd water and
brine, dried (MgS@ and concentrated. The crude product was purlieghrepare TLC (10%
MeOH/CH,CI,) to obtain a major produ@b after purification (34 mg, 38.2%)H NMR: 7.72

(2H, d, J = 8.51), 7.47 (2H, d, J = 8.48), 5.05 (i = 8.24), 4.69 (1H, d, J = 7.46), 4.55 (1H,
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d, J = 7.91), 4.08 (1H, dd, J = 7.42, 12.28), 3IM, d, J = 10.71), 3.30 — 3.50 (4H, m), 2.86
(1H, t, J = 9.03), 2.76 (1H, m), 2.44 (4H, bs),31-52.00 (14H, m), 1.42 (2H, m), 1.01 (1H, m),
0.56 — 0.81 (5H, m), 0.26 (1H, m). Mass Calcd: 391m/z found: 592.3.
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Highlight

» y-Secretase inhibitors arrest formation of amylpidvhich plays a role in Alzheimer’s
disease

» Scissile carbamate bond of a known inhibitor wadaged with the non-scissile carbon-
carbon bond

» The effect of introduction of polarity (oxygen atehin various parts of molecule has
been studied

» Stability and potency of the series was improvelilexCYP3A4 inhibition was
mitigated



