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In Vitro Functional Studies
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Figure S1. (A) Sensitivities and efficacies of ligand agonism (filled symbols) and
inactivation (open symbols) at mixed populations of high sensitivity (HS) and low
sensitivity (LS) a4B2-nAChRs (O,®), a3p4*-nAChRs (O,4) and olB1y5-nAChRs
(V,¥) for compounds 24, 26, and 30. Specific *Rb" efflux (ordinate; percentage of
control response to 1 mM carbamylcholine) was determined at the indicated ligand
concentration (abscissa, log molar) for 5 min exposure alone to determine agonist effects
or at a maximally-efficacious concentration of carbamylcholine following a 10 min pre-
exposure to the indicated ligand and its concentration to define receptor inactivation. (B)
Efficacies of compound 24, 26, or 30 agonism at a4p2-nAChRs. Specific *Rb" efflux
(ordinate; percentage of control response to 1 mM carbamylcholine) was determined for
human a4p2-nAChRs expressed by different preparations of SH-EP1-ha432 cells. Results
are plotted against the response to a maximally efficacious concentration of the HS a4[32-
nAChR selective ligand, sazetidine-A (1 pM; abscissa, percent of control response to 1
mM carbamylcholine). The latter parameter defines the portion of the carbamylcholine
control response due to HS a4p2-nAChRs present in a given preparation of cells. Note that
none of the ligands tested appear to have intrinsic activity at LS a4p2-nAChRs (i.e.,
when the regression lines are extrapolated to an abscissa value of 0%, ordinate values are
also ~ 0%), but have apparent efficacies ranging between 29% and 92% at HS a4f32-
nAChRs (i.e., when the regression lines are extrapolated to an abscissa value of 100%).
Data from an agonist more efficacious at LS than HS a432-nAChRs would result in a
regression line with a negative slope. The dotted lines represent the 95% confidence
intervals of the linear regressions.

Rb" efflux assays

Function of nAChR subtypes investigated was established based on a proven,
routine, **Rb" efflux assay protocol.” The assay is specific for nAChR function under the
conditions used, for example, giving identical results in the presence of 100 nM atropine to
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exclude possible contributions of muscarinic acetylcholine receptors cells harvested at
confluence from 100-mm plates under a stream of fresh medium only (SH-SY5Y) or after
mild trypsinization (Irvine Scientific, Santa Ana, CA; for TE671/RD or transfected SH-EP1
cells) were then suspended in complete medium and evenly seeded, typically at a density
allowing growth to confluence in 2 to 4 days at 37 °C. Upon reaching confluence, cells
were either used immediately for assay or incubated at 29 °C. Low temperature incubation
was used to increase the surface expression of high sensitivity (HS) relative to low
sensitivity (LS) a4B2 nAChRs and to enhance surface expression of (a6/3)32B3-nAChRs.

For assay, the cell culture medium was removed and replaced with 250 pl per well
of complete medium supplemented with ~350,000 cpm of *Rb" (NEN; counted at 40%
efficiency using Cerenkov counting and the Packard TriCarb 1900 Liquid Scintillation
Analyzer). After at least 4 h and typically overnight, **Rb" efflux was measured using the
“flip-plate” technique.” Briefly, after aspiration of the bulk of **Rb" loading medium from
each well of the “cell plate,” each well containing cells was rinsed with 2 ml of fresh *Rb”
efflux buffer (130 mM NacCl, 5.4 mM KCl, 2 mM CaCl,, 5 mM glucose, 50 mM HEPES,
pH 7.4) to remove extracellular **Rb". Following removal of residual rinse buffer by
aspiration, the flip-plate technique was used again to simultaneously introduce 1.5 ml of
fresh efflux buffer containing drugs of choice at indicated final concentrations from a 24-
well “efflux/drug plate” into the wells of the cell plate. After a 9.5-min incubation, the
solution was “flipped” back into the efflux/drug plate, and any remaining buffer in the cell
plate was removed by aspiration. A second efflux/drug plate was then used to reintroduce
the same concentrations of drugs of choice with the addition of an ~ECyy concentration of
the full agonist carbamylcholine for 5 min (~ECyy concentrations were 200 uM for SH-
EP1-ha4p2 cells, 100 uM for SH-EP1-h(a6/3)B2B3 cells, 2 mM for SH-SYSY cells, and
464 uM for TE671/RD cells). The second drug treatment was then flipped back into its
drug plate, and the remaining cells in the cell plate were lysed and suspended by addition of
1.5 ml of 0.1 M NaOH, 0.1% sodium dodecyl sulfate to each well. Suspensions in each
well were then subjected to Cerenkov counting (Wallac Micobeta Trilux 1450; 25%
efficiency) after placement of inserts (Wallac 1450-109) into each well to minimize cross-
talk between wells.

For quality control and normalization purposes, the sum of *Rb" in cell plates and
efflux/drug plates was defined to confirm material balance (i.c., that the sum of **Rb"
released into the efflux/drug plates and **Rb" remaining in the cell plate were the same for
each well). Similarly, the sum of **Rb" in cell plates and efflux/drug plates also determined
the efficiency of **Rb" loading (the percentage of applied *Rb" actually loaded into cells).
Furthermore, the sum of *Rb" in cell plates and the second efflux/drug plates defined the
amount of intracellular **Rb" available at the start of the second, 5-min assay and was used
to normalize nAChR function thus assessed.

For each experiment, in one set of control samples, total **Rb" efflux was assessed
in the presence of a fully efficacious concentration of carbamylcholine (1 mM for SH-EP1-
ha4B2, SH-EP1-h(a6/3)B2B3 cells, and TE671/RD cells, or 3 mM for SH-SYSY cells).
Non-specific *Rb" efflux in another set of control samples was measured either in the
presence of the fully efficacious concentration of carbamylcholine plus 100 pM

S3



mecamylamine, which gave full block of agonist-induced and spontaneous nAChR-
mediated ion flux, or in the presence of efflux buffer alone. Both determinations of non-
specific efflux were equivalent. Specific efflux was then taken as the difference in control
samples between total and non-specific **Rb" efflux. The same approaches were used to
define total, non-specific, and specific ion flux responses in samples subjected to the
second, 5-min exposure to test drug when applicable plus either carbamylcholine at its
ECyg concentration or efflux buffer. Intrinsic agonist activity of test drugs was ascertained
during the initial, 9.5-min exposure period using samples containing test drug only at
different concentrations and was normalized, after subtraction of non-specific efflux, to
specific efflux in test drug-free control samples. Specific *Rb" efflux elicited by test drug
as a percentage of specific efflux in the absence of test drug was the same in these samples
whether measured in absolute terms or as a percentage of loaded **Rb". Even in samples
previously giving an efflux response during the initial, 10-min exposure to a partial or full
agonist (9.5-min assay + 30-sec handling), residual intracellular **Rb" was adequate to
allow assessment of nAChR function in the secondary, 5-min assay. However, care was
taken to ensure that data were normalized to the amount of intracellular **Rb" available at
the time of the assay, as absolute levels of total, non-specific, or specific efflux varied in
cells partially depleted of intracellular *Rb" due to action of any agonist present during the
10-min drug exposure period. That is, calculations of specific efflux as a percentage of
loaded *Rb" corrected for any variation in the electrochemical gradient of **Rb" created by
intracellular ion depletion after the first (agonism/pretreatment) drug treatment.

Ton flux assays were fit to the Hill equation, F = Fyax / (1 + (X/ECsp)"), with F as a
percentage of control, Fy,x, for ECso (n>0 for agonists) or ICsy (n<0 for antagonists using
Prism (GraphPad). Most ion flux data were fit allowing maximum and minimum ion flux
values to be determined by curve fitting, but in some cases where antagonists or agonists
had weak functional potency, minimum ion flux was set at 0% of control or maximum
ion flux was set at 100% of control, respectively.

Because SH-EP1-ha4p2 cells express a variable mixture of HS and LS ha4p2-
nAChRs, determining the efficacies of a compound at each subtype requires a control
ligand with differing and defined efficacies at the two subtypes, as well as an agonist such
as carbamylcholine that is fully efficacious at both subtypes. Conveniently, sazetidine-A is
a full agonist at HS ha4p2-nAChRs while having zero or nearly zero efficacy at LS
ho4B2-nAChRs, as measured in the **Rb" ion flux assay. This allows the apparent efficacy
of a maximally efficacious 1mM sazetidine-A treatment to be defined as the fraction of the
control response to ImM carbamylcholine due to HS ha4p2-nAChR stimulation in a given
experiment (Fracys). The fraction of the carbamylcholine response due to LS ho4p2-
nAChRs (Fracis) is simply Fracrs = 1-Fracys. This allows apparent efficacies of an agonist
measured in different experiments to be plotted as a function of the measured efficacies of
sazetidine-A controls (Fracys) and fit to the equation, Eff; = (Effys)*(Fracys) + (EffLs)*(1-
Fracys), where Eff; is the total efficacy of a test compound measured in the experiment.
This is a linear equation with two unknowns, the efficacies of the test compound at LS and
HS a4p2-nAChRs (Effis and Effys, respectively). As shown in the lower panels of Figure
S1, the ordinate values of the linear regressions at abscissa values of 0% and 100% are the
efficacies of test compounds at LS and HS o432 nAChRs, respectively.
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Figure S2. The potencies at a4p2-nAChR of compounds listed in Table 3 correlate
linearly with the affinities listed in Table 2. R? values for ECs (solid line) and ICsy

(dashed line) regression lines are 0.90 and 0.93, respectively. Compounds in rank order
of affinity (Kj) are 30, 4, 26, 24, and nicotine.

Mouse Forced Swim Test
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Figure S3. Effects of sertraline and compound 24 in mice on total time immobile in the
forced swim test. Data were summed over the 6-min test and represent mean = SEM. *p
< 0.05 indicates statistical significance compared to water.
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Chemistry

General. All chemicals were purchased from Sigma-Aldrich or Chem-Impex, and
solvents were used as obtained from Fisher Scientific or Sigma-Aldrich without further
purification. Anhydrous THF and CH,Cl, were obtained by distillation over sodium wire
or CaHy, respectively. All non-aqueous reactions were run under an argon atmosphere
with exclusion of moisture from reagents, and all reaction vessels were oven-dried. The
progress of the reactions was monitored by TLC on SiO,. Spots were visualized by their
quenching of the fluorescence of an indicator admixed to the SiO, layer, or by dipping
into 1/SiO, mixture. Products were purified by column chromatography on 230—400
mesh SiO,. Proton and carbon NMR spectra were recorded at spectrometer frequencies of
400 MHz and 100 MHz, respectively. NMR chemical shifts were reported in & (ppm)
using the § 7.26 signal of CDCl; ("H NMR), & 4.80 signal of HDO ('H NMR), and the 3
77.23 signal of CDCl; (?C NMR) as internal standards. °C NMR spectra in D,0 were
not adjusted. Optical rotation was detected on an Autopol IV automatic polarimeter. Mass
spectra were measured in the ESI mode at an ionization potential of 70 eV with an LC-
MS MSD (Hewlett Packard). The final compounds were purified by preparative HPLC,
which was carried out on an ACE 5 AQ column (150 x 20 mm), with detection at 254
and 280 nm on a Shimadzu SPD-10A VP detector; flow rate = 17.0 mL/min; gradient of
0 to 50% methanol in water (both containing 0.05 vol% of CF;COOH) in 30 min. Purities
of final compounds were established by analytical HPLC, which was carried out on an
Agilent 1100 HPLC system with a Synergi 4 u Hydro-RP 80A column, with detection at
254 or 280 nm on a variable wavelength detector G1314A; flow rate = 1.4 mL/min;
gradient of 0 to 100% methanol in water (both containing 0.05 vol% of CF;COOH) in 18
min.

(1S,2S)-2-[5-(Benzyloxy)-3-pyridyl]cyclopropylmethyl Isobutyrate

isobutyric anhydride, %
BnO B OH DMAP, EtsN, CH,Cly Bno\(j/dﬂo)ﬁ/
N N
In a 100 mL round-bottom flask, the alcohol 5 (255 mg, 1 mmol) and 4-(dimethyl-
amino)pyridine (12 mg, 0.1 mmol) were dissolved in anhydrous CH,Cl, (10 mL).
Anhydrous Et;N (0.55 mL, 4 mmol) was added. The solution was cooled in an ice bath
before isobutyric anhydride (0.33 mL, 2 mmol) was added dropwise in 5 min. The
reaction mixture was then stirred at 0 °C for 2 h. Methanol (0.2 mL) was added, and the
mixture was evaporated directly to dryness. The residue was purified by silica gel column
chromatography (hexane/EtOAc 1:1) to afford the desired ester (306 mg, 94%) as a
colorless oil. "H NMR (CDCls): & 8.19 (s, 1H), 8.06 (s, 1H), 7.43-7.33 (m, 5H), 6.90 (s,
1H), 5.08 (s, 2H), 4.11 (m, 2H), 2.57 (m, 1H), 1.89 (m, 1H), 1.47 (m, 1H), 1.17 (d, J =
7.2 Hz, 6H), 1.03 (m, 2H); °C NMR (CDCl;): & 177.4, 155.2, 141.0, 138.9, 136.3, 135.1,
128.9, 128.5, 127.8, 119.6, 70.6, 67.4,34.2, 21.8, 19.3, 19.2, 13.8.

(1S,25)-2-[5- (Hydroxy) -3-pyridyl]cyclopropylmethyl Isobutyrate

(0]
10% Pd/C, H
\(j/d/\ )H/ EtOAc/MeOHZ Ho\(j/d/\o)H/
N/
Ina 100 mL round-bottom flash, the ester (325 mg, 1 mmol) was dissolved in a mixture

of EtOAc (5 mL) and methanol (5 mL), and 10% Pd/C (50 mg, containing 50% water)
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were added. A H,-filled balloon was connected after the atmosphere was exchanged three
times with Ar. The reaction was allowed to proceed at rt for 2 h, then the catalyst was
filtered off over Celite. The filtrate was evaporated, and the residue was purified by silica
gel column chromatography (CH,Cl,/MeOH 9:1) to furnish the hydroxypyridine (221
mg, 94%) as a colorless oil. "H NMR (CDCls): § 9.08 (br, 1H), 7.96 (s, 1H), 7.80 (s, 1H),
6.85 (s, 1H), 4.05 (m, 1H), 3.95 (m, 1H), 2.48 (m, 1H),1.79 (m, 1H), 1.40, (m, 1H), 1.07
(d, J= 6.4 Hz, 6H), 0.94 (m, 2H); °C NMR (CDCl;): § 177.5, 155.1, 139.8, 137.4, 134.2,
121.5, 67.2,34.0, 21.6, 19.3, 19.0, 13.6.

(1S,2S)-2-[5-[[1-(tert-Butoxycarbonyl)-(2S)-azetidinylJmethoxy]-3-pyridyl]cyclo-
propylmethyl Isobutyrate (6)

)H/ Boc q\/ )H/
P(”Bu)3 ADDP, Bo¢

PhMe

In a 100 mL side-arm flask with stir bar and an Ar balloon, tri-n-butylphosphine (0.2 mL,
0.8 mmol) was added dropwise in 5 min to a solution of N,N'-azodicarbonyldipiperidine
(200 mg, 0.8 mmol) in anhydrous toluene (5 mL). Stirring was continued at rt for 30 min
to complete the formation of the Mitsunobu reagent. A solution of the hydroxypyridine
intermediate (118 mg, 0.5 mmol) and 1-(tert-butoxycarbonyl)-(2S)-azetidinylmethanol
(150 mg, 0.8 mmol) in anhydrous toluene (10 mL) was added to the Mitsunobu reagent at
0 °C for 45 min. The mixture was warmed to rt and stirred overnight. After removal of
the solvent, the residue was purified by silica gel column chromatography
(hexane/EtOAc 2:1 to 1:1) to furnish the desired product 6 (158 mg, 78%) as a colorless
oil. "H NMR (CDCl;): & 8.04 (s, 1H), 7.95 (s, 1H), 6.78 (s, 1H), 4.41 (m, 1H), 4.20 (m,
1H), 4.02 (m, 3H), 3.79 (m, 2H), 2.47 (m, 1H), 2.31-2.14 (m, 2H), 1.80 (m, 1H), 1.40-
1.31 (s, 12H), 1.07 (d, J = 7.2 Hz, 6H); °C NMR (CDCl;): & 177.0, 156.0, 155.0, 141.0,
138.4,135.2, 118.5,79.5, 68.6, 67.0, 60.2, 46.7, 33.9, 28.2, 21.5, 20.9, 19.0, 18.9, 13.6.

(1S,2S)-2-[5-[[1-(tert-Butoxycarbonyl)-(2S)-azetidinylJmethoxy]-3-pyridyl]cyclo-
propylmethanol

6 NaOMe, MeOH /quo N OH
Boc | _
N

To a solution of compound 6 (203 mg, 0.5 mmol) in anhydrous methanol (10 mL), was
added a solution of sodium methoxide in methanol (0.4 mL, 25 wt.%). The reaction
mixture was stirred at 40 °C for 6 h and then evaporated to dryness. The residue was
purified by silica gel column chromatography (CH,Cl,/MeOH 10:1) to afford the desired
product (152 mg, 91%) as a colorless oil. 'H NMR (CDCls): & 8.0 (s, 1H), 7.90 (s, 1H),
6.83 (s, 1H), 4.43 (m, 1H), 4.21 (m, 1H), 4.02 (m, 1H), 3.81 (t, /= 7.6 Hz, 2H), 3.61 (m,
1H), 3.49 (m, 1H), 2.22 (m, 2H), 1.73 (m, 1H), 1.37-1.33 (m, 10H), 0.93-0.86 (m, 2H);
BC NMR (CDCly): § 156.3, 155.2, 140.6, 139.7, 134.6, 118.9, 79.8, 68.7, 65.3, 60.2, 47.9,
28.4,25.4,19.1, 18.6, 13.7.

3-[(2(S)-Azetidinyl)methoxy]-5-[(1S,2S)-2-(hydroxymethyl)cyclopropyl]pyridine
Trifluoroacetate (7)
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) OH 1FA, CH,Cl, HN © \ \/ . OH
N

Trifluoroacetic acid (1 mL) was added to a solution of the compound obtained from the
previous step (100 mg, 0.3 mmol) in CH,Cl, (10 mL) under Ar. The resulting mixture
was stirred at rt overnight, concentrated, and purified by preparative HPLC to give
compound 7 (105 mg, 71%) as a colorless oil. '"H NMR (D,0): & 8.36 (s, 1H), 8.28 (s,
1H), 7.91 (s, 1H), 4.98 (m, 1H), 4.53 (d, J = 3.6 Hz, 2H), 4.12 (m, 2H), 3.69 (m, 1H),
3.54 (m, 1H), 2.70 (q, J = 8.4 Hz, 2H), 2.12 (m, 1H), 1.64 (m, 1H), 1.22 (t, J = 7.2 Hz,
2H); C NMR (D,0):  162.3 (TFA), 155.9, 145.2, 132.2, 128.3, 125.7, 115.8 (TFA),
67.2, 64.1,58.2,43.3,25.4, 19.8, 18.1, 14.1; [a]p™ = +27.7 (¢ 0.48, MeOH); Anal. Calcd
for C;3H;sN,0222.15CF;COOH0.85H,0: C, 42.0; H, 4.45; F, 24.77; N, 5.66. Found: C,
41.89; H, 4.18; F, 24.51; N, 5.55. HPLC purity = 99.1%; tg = 6.1 min.

Methyl (E)-3-[(1R,2S)-2-[5-(Benzyloxy)pyridin-3-yl]cyclopropyl]acrylate (8)
(@]

i. (COCI),, DMSO,

EtsN, CH,Cl,, -78 °C. B"© S N7
ii. PhP=CHCOOCH;, J 8

THF N

A 100 mL three-necked flask with magnetic stirrer, two septa, and an Ar balloon was
charged with anhydrous CH,Cl, (10 mL) and oxalyl chloride (0.38 mL, 4.3 mmol). The
flask was immersed in an acetone/CO; bath, and the solution was stirred. A solution of
anhydrous DMSO (0.38 mL, 5.0 mmol) in anhydrous CH,Cl, (5 mL) was added
dropwise in 5 min. The Swern reagent solution was stirred at approx. -70 °C for another
15 min. A solution of compound 5 (650 mg, 2.55 mmol) in anhydrous CH,Cl, (15 mL)
was added in 25 min. Stirring at approx. -70 °C was continued for another 30 min.
Anhydrous triethylamine (2.1 mL, 15 mmol) was added dropwise in 10 min. The reaction
mixture was stirred for another 10 min at approx. -70 °C and then allowed to warm to rt.
The mixture was subsequently stirred at rt for 25 min, then washed with two 10 mL
portions of water. The aqueous phases were back-extracted with CH,Cl,. The combined
organic phases were dried over Na,SO4 and evaporated to furnish the intermediate
aldehyde as a yellowish syrup which was directly used for the next step without further
purification.

To a mixture of methyl(triphenylphosphoranylidene)acetate (1.7 g, 5.1 mmol) in
anhydrous CH,Cl, (20 mL) was added a solution of the aldehyde in anhydrous CH,Cl,
(10 mL) at 0 °C in 5 min. The reaction mixture was then warmed to rt and stirred for 3 h.
The reaction was quenched by addition of a saturated aqueous NH4Cl solution (10 mL),
the phases were separated, and the aqueous phase was extracted with EtOAc (20 mL x 2).
The combined organic phases were washed with brine, dried over anhydrous Na,SOj, and
evaporated. The residue was purified by silica gel column chromatography
(hexane/acetone 3:1) to afford the desired product 8 (640 mg, 81%, two steps) as a
yellowish oil. "H NMR (CDCl;): & 8.17 (s, 1H), 8.0 (s, 1H), 7.38-7.27 (m, 5H), 6.85 (t, J
= 2.2 Hz, 1H), 6.53 (dd, J = 15.4 Hz, J= 9.8 Hz, 1H), 5.88 (d, /= 15.2 Hz, 1H), 5.02 (s,
2H), 3.67 (s, 3H), 2.08 (m, 1H), 1.77 (m, 1H), 1.36 (m, 1H), 1.27 (m, 1H); °C NMR
(CDCls): 8 166.7, 154.8, 150.8, 140.8, 137.1, 136.0, 135.6, 128.6, 128.2, 127.4, 119.0,
118.7,70.2, 51.3, 26.3, 24.0, 17 4.
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Methyl 3-[(1S,2S)-2-(5-Hydroxypyridin-3-yl)cyclopropyl]propanoate
(0]

10% Pd/C, Hy, _
EtOAc/MeOH ‘ N (]

~

N
In a 100 mL round-bottom flash, the ester 8 (400 mg, 1.29 mmol) was dissolved in a

mixture of EtOAc (5 mL) and methanol (5 mL), and 10% Pd/C (50 mg, containing 50%
water) was added. A H,-filled balloon was connected after the atmosphere was exchanged
three times with Ar. The reaction was allowed to proceed at rt for 2 h, then the catalyst
was filtered off over Celite. The filtrate was evaporated, and the residue was purified by
silica gel column chromatography (CH,Cl,/MeOH 9:1) to furnish the hydroxypyridine
(272 mg, 95%) as a colorless oil. "H NMR (CDCls): & 8.54 (br, 1H), 7.95 (s, 1H), 7.78 (s,
1H), 6.82 (s, 1H), 3.58 (s, 3H), 2.39 (m, 2H), 1.65 (m, 2H), 1.57 (m, 1H), 1.01 (m, 1H),
0.86-0.78 (m, 2H); >C NMR (CDCly): § 174.0, 155.2, 141.1, 138.1, 133.8, 121.1, 51.6,
33.8,29.5,23.1,20.5, 15.9. MS (ESI) m/z 222.1 (M+H").

8

tert-Butyl (S)-2-[[[5-[(1S,2S)-2-(3-Methoxy-3-oxopropyl)cyclopropyl]pyridin-3-
ylJoxy]methyl]azetidine-1-carboxylate (9)
(0]
HO A o  Boc = Bocq\/ qy W
‘ _ (”Bu)3 ADDP, Boc
N PhMe

In a 100 mL side-arm flask with stir bar and an Ar balloon, tri-n-butylphosphine (0.45
mL, 1.8 mmol) was added dropwise over 5 min to a solution of N,N'-
azodicarbonyldipiperidine (450 mg, 1.8 mmol) in anhydrous toluene (5 mL). Stirring was
continued at rt for 30 min to complete the formation of the Mitsunobu reagent. A solution
of the hydroxypyridine intermediate (266 mg, 1.2 mmol) and 1-(fert-butoxycarbonyl)-
(28)-azetidinylmethanol (356 mg, 1.9 mmol) in anhydrous toluene (10 mL) was added to
the Mitsunobu reagent at 0 °C over 45 min. The mixture was warmed to rt and stirred
overnight. After removal of the solvent, the residue was purified by silica gel column
chromatography (hexane/EtOAc 2:1 to 1:1) to furnish the desired product 9 (375 mg,
80%) as a colorless oil. '"H NMR (CDCl;): & 8.0 (s, 1H), 7.90 (s, 1H), 6.72 (s, 1H), 4.39
(m, 1H), 4.19 (m, 1H), 4.01 (m, 1H), 3.78 (m, 2H), 3.55 (s, 3H), 2.35 (t, J = 7.2 Hz, 2H),
2.20 (m, 2H), 1.65-1.55 (m, 3H), 1.33 (s, 9H), 0.98 (m, 1H), 0.83 (m, 1H), 0.75 (m, 1H);
BC NMR (CDCLy): & 173.6, 156.1, 155.0, 140.9, 139.6, 134.9, 118.2, 79.5, 68.6, 60.2,
51.5,47.2,33.7,29.4,28.3,22.9,20.5,19.1, 15.7. MS (ESI) m/z 391.3 (M+H").

3-[(2(S)-Azetidinyl)methoxy]-5-[(1S,2S)-2-(3-hydroxypropyl)cyclopropyl]pyridine
Trifluoroacetate (10)
0 ' glﬁ::HA ™ GVOOA/\AOH

ii. TFA, CH20I2 N 10
To a solution of ester 9 (260 mg, 0.67 mmol) in anhydrous THF (10 mL) was added
lithium aluminum hydride solution (1.0 mL, 2 mmol, 2 M in THF) slowly at 0 °C under
Ar atmosphere. The reaction mixture was stirred at the same temperate for 2 h and
quenched by addition of 0.1 mL of H,O, 0.1 mL of 15% NaOH aqueous solution, and 0.3
mL of H,O, respectively. The mixture was filtered and the filtrate was evaporated to
dryness, followed by purification over a short silica gel column (CH,Cl,/MeOH 10:1) to
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remove baseline impurities. The crude product was taken up in CH,Cl, (5 mL),
trifluoroacetic acid (I mL) was added, and the mixture was stirred at rt overnight.
Volatiles were removed, and purification of the residue by preparative HPLC afforded
the desired product 10 as a colorless oil (107 mg, 29%, two steps). 'H NMR (D,0): &
8.32 (s, 1H), 8.22 (s, 1H), 7.84 (s, 1H), 4.98 (m, 1H), 4.53 (d, J = 4.0 Hz, 2H), 4.11 (m,
2H), 3.63 (t, J = 6.6 Hz, 2H), 2.70 (q, J = 8.4 Hz, 2H), 1.93 (m, 1H), 1.69 (m, 2H), 1.56-
1.44 (m, 2H), 1.31 (m, 1H), 1.14 (m, 2H); C NMR (D,0): 6 162.4 (TFA), 155.8, 146.6,
131.9,127.8, 125.2, 115.8 (TFA), 67.1, 60.9, 58.2, 43.3, 30.4, 29.0, 25.0, 19.8, 19.7, 16.9.
[a]p”” = +10.0 (¢ 1.1, MeOH); Anal. Calced for C;sH,N»0,22.55CF;COOH=0.75H,0: C,
42.61; H, 4.63; F, 25.65, N, 4.94. Found: C, 42.70; H, 4.51; F, 25.55; N, 4.97. HPLC
purity = 99.2%; tg = 6.1 min.

3-[(1S,2S)-2-[5-[((S)-Azetidin-2-yl)methoxy]pyridin-3-yl]cyclopropyl]propanoic Acid
Trifluoroacetate (11).

i. 2N NaOH, ﬂ\/
_MeOHTHF
i TFA, CH,0l3

A solution of compound 9 (390 mg, 1.0 mmol) dissolved in THF (5 mL) and methanol (5
mL) was placed in a 50 mL round-bottom flask with stir bar. To this solution was added
2N aqueous NaOH solution (5 mL). The homogeneous solution was stirred at rt for 4 h.
2N aqueous HCI solution was added, and the resulting pH (by indicator paper) was about
5-6. The mixture was extracted with EtOAc (15 mL x 2) and the combined organic
layers were washed with H,O, and brine, dried over anhydrous Na,SO4, and evaporated
to give the crude carboxylic acid (300 mg, 80%) which was used for the next step without
purification. Trifluoroacetic acid (1 mL) was added to a solution of the acid (100 mg,
0.27 mmol) obtained from the previous step dissolved in CH,Cl, (10 mL) under an Ar
atmosphere. The mixture was stirred at rt overnight, concentrated, and purified by
preparative HPLC to give compound 11 (77 mg, 53%) as a colorless oil. 'H NMR (D,0):
0 8.34 (s, 1H), 8.22 (s, 1H), 7.85 (s, 1H), 4.98 (m, 1H), 4.52 (d, /= 4.0 Hz, 2H), 4.12 (m,
2H), 2.70 (q, J = 8.4 Hz, 2H), 2.53 (m, 2H), 1.99 (m, 1H), 1.84 (m, 1H), 1.68 (1H), 1.33
(m, 1H), 1.17 (m, 2H); C NMR (D,0): & 178.1, 162.4 (TFA), 155.8, 146.1, 132.0,
127.9, 125.4, 115.9 (TFA), 67.1, 58.2, 43.3, 33.1, 28.2, 24.2, 19.8, 19.7, 16.3. [a]p™ =
+32.5 (c 0.36, MeOH). Anal. Calcd for C;sHz9N203°2.15CF;COOH+0.9H,0: C, 43.11;
H, 4.49; F, 22.79, N, 5.21. Found: C, 42.96; H, 4.24; F, 22.53; N, 5.16. HPLC purity =
99.8%; tr = 7.0 min.

O-[2-[(1R,2S)-2-[5-(Benzyloxy)pyridin-3-yl]cyclopropyl]ethyl] S-Methyl
Carbonodithioate

N OH i. NaH, CS,, DMF_BnO -~ OTS\
| ii. CHyl ’ \
N 12 Z S

N
To a stirred solution of alcohol 12 (350 mg 1.3 mmol) in anhydrous DMF (5 mL), NaH
(64 mg, 1.6 mmol, 60% dispersion in mineral oil) was slowly added at 0 °C. After the
resulting mixture was stirred for 1 h at rt, carbon disulfide (156 uL, 2.6 mmol) was added
dropwise at 0 °C and the reaction solution was stirred at rt overnight. After Mel (97 uL,
1.6 mmol) was slowly added, the mixture was stirred for another 1 h at rt, then quenched
with saturated NH4Cl aqueous solution (5 mL) and extracted with EtOAc (15 mL x 2).

BnO
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The combined organic layers were washed with H,O, brine, dried over anhydrous
NaySOg4, and evaporated to dryness. The residue was purified by silica gel column
chromatography (hexane/EtOAc 2: 1) to afford the desired product (248 mg, 53%) as a
yellowish oil. "H NMR (CDCLs): & 8.17 (s, 1H), 8.05 (s, 1H), 7.43-7.31 (m, 5H), 6.87 (s,
1H), 5.07 (s, 2H), 4.71 (m, 2H), 2.60 (s, 3H), 1.88 (m, 2H), 1.71 (m, 1H), 1.12 (m, 1H),
0.97 (m, 1H), 0.89 (m, 1H); °C NMR (CDCls): §216.0, 154.9, 141.0, 139.4, 136.3,
135.1, 128.7, 128.3, 127.6, 118.7, 73.4, 70.3, 32.9, 20.4, 20.3, 19.1, 15.3.

5-[(1S,2R)-2-[2-(Trifluoromethoxy)ethyl]cyclopropyl]pyridin-3-ol (13)

BnO~_~ O~ S i. 70% HF/pyridine, DBH HO~ X OCFy

‘ N/ S ii. Pd/C, H, ‘ N/ 13

A polypropylene round bottom flask equipped with a rubber septum, a magnetic stirring
bar, was charged with 1,3-Dibromo-5,5-dimethylhydantoin (428 mg, 1.5 mmol) and dry
CH,Cl; (15 mL). The suspension was cooled to -78 °C for 10 min, then was slowly added
70% HF/Py (1.0 mL, 20 mmol of HF/mL) over 5 min and stirred vigorously under an Ar
atmosphere. To this mixture was added dropwise a solution of the dithiocarbonate (185
mg, 0.51 mmol) in dry CH,Cl, (5 mL) at -78 °C. After the addition was completed, the
acetone/dry ice bath was replaced by an ice/NaCl bath. The resulting reaction mixture
was stirred at the same temperature for 30 min, and quenched by careful addition of an
ice-cold aqueous NaHSO3/NaHCO3;/NaOH (pH 10) solution until a red-brownish color of
the mixture disappeared at 0 °C. The pH value was readjusted to 10 at 0 °C by the
addition of 2N NaOH solution and the mixture was extracted with CH,Cl,. The combined
organic layers were washed with H,O, and brine, dried over anhydrous Na,SO,, and
evaporated to dryness. The residue was rapidly purified by a short silica column
(hexane/EtOAc 2:1) to remove baseline impurities. The crude product was taken up in a
mixture of EtOAc (5 mL) and methanol (5 mL), and 10% Pd/C (50 mg, containing 50%
water) was added. A H,-filled balloon was connected after the atmosphere was exchanged
three times with Ar. The reaction was allowed to proceed at rt for 2 h, then the catalyst
was filtered off over Celite. The filtrate was evaporated, and the residue was purified by
silica gel column chromatography (CH,Cl,/MeOH 10:1) to furnish the hydroxypyridine
13 (70 mg, 56%, two steps) as a colorless oil. '"H NMR (CDCls): & 9.97 (br, 1H), 8.00 (s,
1H), 7.85 (s, 1H), 6.90 (s, 1H), 4.05 (m, 2H), 1.81-1.66 (m, 3H), 1.13 (m, 1H), 0.98 (m,
1H), 0.90 (m, 1H); >C NMR (CDCls): & 155.6, 141.1, 137.5, 133.7, 121.9, 121.8 (q, Jer
=252.6 Hz), 67.1, 33.4, 20.3, 20.0, 15.5.

3-[[1-(tert-Butoxycarbonyl)-2(S)-azetidinylJmethoxy]-5-[(1S,2R)-2-(2-
trifluoromethoxyethyl)cyclopropyl]pyridine

T on
. Bod @Vo N OCF;
» /
P("Bu)s, ADDP, Boc |
N

PhMe
In a 100 mL side-arm flask with stir bar and an Ar-filled balloon, tri-n-butylphosphine
(0.1 mL, 0.4 mmol) was added dropwise over 5 min to a solution of N,N'-
azodicarbonyldipiperidine (100 mg, 0.4 mmol) in anhydrous toluene (5 mL). Stirring was
continued at rt for 30 min to complete the formation of the Mitsunobu reagent. A solution
of the hydroxypyridine intermediate 13 (70 mg, 0.28 mmol) and 1-(fert-butoxycarbonyl)-
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(28)-azetidinylmethanol (100 mg, 0.53 mmol) in anhydrous toluene (5 mL) was added to
the Mitsunobu reagent at 0 °C over 45 min. The mixture was warmed to rt and stirred
overnight. After removal of the solvent, the residue was purified by silica gel column
chromatography (hexane/EtOAc 2:1 to 1:1) to furnish the desired product (87 mg, 75%)
as a colorless oil. "H NMR (CDCl;): & 8.10 (s, 1H), 8.01 (s, 1H), 6.83 (s, 1H), 4.48 (m,
1H), 4.28 (m, 1H), 4.11-4.04 (m, 3H), 3.87 (m, 2H), 2.31 (m, 2H), 1.79-1.68 (m, 3H),
1.39 (s, 9H), 1.12 (m, 1H), 0.99 (m, 1H), 0.87 (m, 1H); *C NMR (CDCL): & 156.4,
155.3, 141.1, 139.4, 135.2, 121.8 (q, Jcr= 252.5 Hz), 118.6, 79.9, 68.9, 67.1, 60.3, 47.3,
33.4,28.5,20.4,19.8,19.3, 15.3.

3-[(2(S)-Azetidinyl)methoxy]-5-[(1S,2R)-2-(2-trifluoromethoxyethyl)cyclopropyl]py-
ridine Trifluoroacetate (14)

q\/ OCF; OCFg
TFA, CHZCIZ
14

Trlﬂuoroacetlc acid (1 mL) was added to a solutlon of compound obtained from the
previous step (87 mg, 0.21 mmol) in CH,Cl, (10 mL) under Ar. The resulting mixture
was stirred at rt overnight, concentrated, and purified by preparative HPLC to give
compound 14 (79 mg, 63%) as a colorless oil. 'H NMR (D,0): & 8.33 (s, 1H), 8.22 (s,
1H), 7.85 (s, 1H), 4.96 (m, 1H), 4.51 (d, J = 3.6 Hz, 2H), 4.18-4.03 (m, 4H), 2.68 (q, /=
8.4 Hz, 2H), 2.02 (m, 1H), 1.92 (m, 1H), 1.73 (m, 1H), 1.37 (m, 1H), 1.19 (m, 2H); °C
NMR (D;0): 6 162.5 (TFA), 156.2, 146.3, 132.4, 128.4, 125.9, 121.5 (q, Jcr=251.1 Hz),
116.2 (TFA), 67.7, 67.6, 58.6, 43.6, 32.1, 21.8,20.2, 19.7, 16.1; "’F NMR (D,0): & -60.2,
756, [alp® = +286 (¢ 0.14, MeOH); Anal. Caled for
Ci5H19F3N20,°2.4CF3;COOH+0.5H,0: C, 39.7; H, 3.77; F, 32.35; N, 4.68. Found: C,
39.47; H, 3.52; F, 32.14; N, 4.49. HPLC purity = 99.8%; tg = 9.7 min.

3-[[1-(tert-Butoxycarbonyl)-2(S)-azetidinyl]methoxy]-5-[(1S,2R)-2-(2-iodoethyl)-
cyclopropyl]pyridine (16)
N O

A oH GV
/ ‘ PPh3 Imidazole, I,
Boc _
N 15 CHZCIZ

The alcohol 15 (348 mg, 1 mmol), trlphenylphosphlne (315 mg, 1.2 mmol) and imidazole
(88 mg, 1.3 mmol) were dissolved in anhydrous CH,Cl;, (5 mL) under an Ar atmosphere.
Iodine (305 mg, 1.2 mmol) was added in one portion to the flask through a temporarily
opened neck with cooling provided by an ice bath. The mixture was stirred at rt for 3 h.
After evaporating the solvent, the residue was purified by silica gel column
chromatography (hexane/acetone 4:1) to afford the iodide 16 (455 mg, quantitative) as a
yellowish oil. "H NMR (CDCls): & 8.03 (s, 1H), 7.95 (s, 1H), 6.77 (s, 1H), 4.41 (m, 1H),
4.21 (m, 1H), 4.03 (m, 1H), 3.78 (m, 2H), 3.16 (m, 2H), 2.23 (m, 2H), 1.86 (m, 2H), 1.63
(m, 1H), 1.32 (s, 9H), 0.90 (m, 1H), 0.82-0.78 (m, 2H); >C NMR (CDCl3): & 155.7,
154.6, 140.6, 138.8, 134.6, 117.9, 79.1, 68.2, 59.7, 46.7, 37.6, 28.0, 23.9, 19.7, 18.7, 14.8,
4.3. MS (ESI, m/e) 459.2 (M+H)".

Compound 17a, 17b, and 17¢ were prepared by the same procedure as described below.

The iodide 16 (230 mg, 0.5 mmol) and various saturated six-membered heterocycle (2.5
mmol) were dissolved in anhydrous CH3;CN (5 mL) under an Ar atmosphere, and the
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resultant mixture was stirred at rt overnight. After evaporating the solvent, the residue
was rapidly filtered over a short silica gel column (CH,Cl,/MeOH 95:5) to remove
baseline impurities. The eluate was evaporated. The residue was taken up in CH,Cl, (5
mL), trifluoroacetic acid (1 mL) was added, and the mixture was stirred at room
temperature overnight. Volatiles were removed, and purification of the residue by
preparative HPLC afforded the desired products as colorless oils.

3-[(2(S)-Azetidinyl)methoxy]-5-[(1S,2R)-2-(2-(piperidin-1-yl)ethyl)cyclopropyl]pyri-
dine Trifluoroacetate (17a)

HNG\/O\(j/q/V'O
N/ 17a

Compound 17a (230 mg, 68%, two steps) was prepared from piperidine as the starting
material. "H NMR (D,0): 6 8.37 (s, 1H), 8.25 (s, 1H), 7.87 (s, 1H), 4.99 (m, 1H), 4.54 (s,
2H), 4.18-4.08 (m, 2H), 3.52 (d, /= 6.0 Hz, 2H), 3.23 (t, J = 8.0 Hz, 2H), 2.93 (t, J= 8.0
Hz, 2H), 2.67 (dd, J = 12.0, 4.0 Hz, 2H), 2.01 (m, 1H), 1.97-1.70 (m, 7H), 1.49-1.46 (m,
1H), 1.35-1.33 (m, 1H), 1.24-1.19 (m, 2H); *C NMR (D,0): § 162.7 (TFA), 156.2, 145.6,
1324, 128.5, 126.0, 116.3 (TFA), 67.5, 58.6, 53.1, 27.5, 22.7, 21.5, 21.0, 20.2, 19.8, 16.3.
[a]p”’ = +43.6 (¢ = 3.4, MeOH). Anal. Calcd for C;oH,0N30+3.1CF;COOH#0.45H,0: C,
44.71; H, 491; F, 26.1; N, 6.21. Found: C, 44.83; H, 4.77; F, 25.97; N, 6.14. HPLC
purity = 99.8%; tr = 4.1 min.

3-[(2(S)-Azetidinyl)methoxy]-5-[(1S,2R)-2-(2-(morpholin-4-yl)ethyl)cyclopropyl]py-
ridine Trifluoroacetate (17b)

(0]
HNG\/O\(j/Q/\/ N\)
| N

Compound 17b (221 mg, 62%, two steps) was prepared from morpholine as the starting
material. '"H NMR (D,0) & 8.33 (s, 1H), 8.21 (s, 1H), 7.82 (s, 1H), 4.96-4.94 (m, 1H),
4.50 (d, J = 4.0 Hz, 2H), 4.14-4.05 (m, 4H), 3.78 (t, /= 12.4 Hz, 2H), 3.50 (d, /= 12.8
Hz, 2H), 3.29 (t, J= 8.0 Hz, 2H), 3.16 (dt, /= 12.4, 3.2 Hz, 2H), 2.67 (q, J = 8.8 Hz, 2H),
2.05-2.03 (m, 1H), 1.91-1.85 (m, 2H), 1.30 (m, 1H), 1.21-1.15 (m, 2H); *C NMR (D,0):
0 162.2 (TFA), 155.8, 145.1, 132.0, 128.1, 125.7, 115.9 (TFA), 67.1, 63.3, 58.2, 55.9,
51.2,43.2,26.7,20.8, 19.8, 19.4, 15.9. [a]p™ = +43.5 (¢ = 0.8, MeOH). Anal. Calcd for
CisH27N30,3.4CF;COOH*0.4H,0: C, 41.82; H, 4.41; F, 27.2; N, 5.9. Found: C, 41.91;
H, 4.31; F, 27.09; N, 5.96. HPLC purity = 99.6%; tg = 3.9 min.

3-[(2(S)-Azetidinyl)methoxy]-5-[(1S,2R)-2-(2-(piperazin-1-yl)ethyl)cyclopropyl]py-
ridine Trifluoroacetate (17c¢)

NH
HNG\/O N N
| N/ 17¢

Compound 17c¢ (283 mg, 72%, two steps) was prepared from 1-Boc-piperazine as the
starting material. '"H NMR (D,0): & 8.37 (s, 1H), 8.25 (s, 1H), 7.85 (s, 1H), 4.98 (m, 1H),
4.53 (d,J=4.0 Hz, 2H), 4.17-4.05 (m, 2H), 3.65 (br s, 8H), 3.44 (t, J = 8.4 Hz, 2H), 2.71
(g, J = 8.4 Hz, 2H), 2.09 (m, 1H), 2.02-1.87 (m, 2H), 1.36 (m, 1H), 1.26-1.18 (m, 2H);
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BC NMR (D,0): 6 162.3 (TFA), 155.9, 145.0, 132.1, 128.2, 125.7, 115.9 (TFA), 67.2,
58.2, 55.9, 48.0, 43.3, 40.2, 26.9, 20.6, 19.8, 19.4, 15.9. [a]D20= +36.4 (c 1.52, MeOH).
Anal. Calcd for CigHpsN4O4.05CF;COOH<0.45H,0: C, 39.86; H, 4.22; F, 29.36; N,
7.12. Found: C, 39.97; H, 4.23; F, 29.26; N, 7.03. HPLC purity = 99.7%; tg = 4.8 min.

3-[[1-(tert-Butoxycarbonyl)-2(S)-azetidinyl]methoxy]-5-[(1S,2R)-2-(2-azidoethyl)-
cyclopropyl]pyridine (18)

NaNg, DMF, A
16 ——2—» o ‘

pZ 18
N

The iodide 16 (230 mg, 0.5 mmol) and sodium azide (325 mg, 5 mmol) were dissolved in
anhydrous DMF (5 mL) under an Ar atmosphere, and the resultant mixture was stirred at
60 °C overnight. H,O (15 mL) were added to the reaction mixture and then the mixture
was extracted with EtOAc (25 mL x 2). The combined organic layers were washed with
H,O and brine, then dried with anhydrous Na,SO4. After evaporating the solvent, the
residue was purified by silica gel column chromatography (hexane/acetone 3:1) to afford
the azide 18 (159 mg, 85%) as a colorless oil. "H NMR (CDCls): & 8.09 (s, 1H), 8.00 (s,
1H), 6.81 (s, 1H), 4.46 (m, 1H), 4.26 (m, 1H), 4.08 (m, 1H), 3.85 (m, 2H), 3.36 (m, 2H),
2.28 (m, 2H), 1.66 (m, 3H), 1.38 (s, 9H), 0.96 (m, 1H), 0.94-0.85 (m, 2H); *C NMR
(CDCls): 6 156.3, 155.2, 141.1, 139.4, 135.2, 118.4, 79.8, 68.8, 60.3, 51.3, 47.2, 33.6,
28.5,20.9,20.5, 19.2, 15.6. MS (ESI, m/e) 374.3 (M+H)".

Compounds 19a and 19b were prepared by the same procedure as described below. In a
50 mL single-necked flask was placed a solution of the azide 18 (187 mg, 0.5 mmol) in
ethanol (10 mL) under an Ar atmosphere, and 10% Pd/C (80 mg, containing 50% water).
A Hy-filled balloon was connected to the flask and the atmosphere was exchanged twice.
The reaction mixture was stirred at room temperature for 3 h, was and then filtered from
the catalyst over a bed of Celite placed in the stem of a funnel. After evaporating the
solvent, the filtrate furnished the amine product as a colorless oil which was directly used
in next step without further purification. To a solution of the crude amine product and
Et;N (61 mg, 0.6 mmol) in anhydrous CH,Cl, (5 mL), various chloroformates (0.6 mmol,
1.2 eqiv) were added at 0 °C under an Ar atmosphere. The reaction mixture was stirred at
rt for 2 h, then the solvent was removed and the residue was rapidly purified by a short
silica column (hexane/acetone 3:1) to remove baseline impurities. The crude product was
taken up in CH,Cl, (5§ mL), trifluoroacetic acid (1 mL) was added, and the mixture was
stirred at rt overnight. Volatiles were removed, and purification of the residue by
preparative HPLC afforded the desired product as a colorless oil.

Ethyl [2-[(1R,2S)-2-[5-[((S)-Azetidin-2-yl)methoxy]pyridin-3-yl]cyclopropyl]ethyl]-
carbamate Trifluoroacetate (19a)

H
HNG\/O A N O~
DR
~
N 19a

Compound 19a (190 mg, 61%) was prepared from ethyl chloroformate as the starting
material. '"H NMR (D,0): & 8.32 (s, 1H), 8.21 (s, 1H), 7.82 (s, 1H), 4.97 (m, 1H), 4.51 (d,
J=4.4 Hz, 2H), 4.12 (m, 2H), 3.94 (m, 2H), 3.23 (m, 2H), 2.68 (q, J = 8.4 Hz, 2H), 1.94
(m, 1H), 1.70 (m, 1H), 1.50 (m, 1H), 1.27 (m, 1H), 1.15-1.10 (m, 5H); ?C NMR (D,O):
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0 162.6 (TFA), 158.7, 156.2, 146.7, 132.2, 128.2, 125.6, 116.3 (TFA), 67.5, 61.5, 58.6,
43.6, 40.0, 33.1, 23.2, 20.2, 20.0, 16.5, 13.7. [oc]D20 =+35.0 (¢ 0.20, MeOH). Anal. Calcd
for C17H»sN303°2.6CF;COOH+0.55H,0: C, 42.61; H, 4.62; F, 23.68, N, 6.71; Found: C,
42.75; H, 4.58; F, 23.55; N, 6.63. HPLC purity = 99.8%; tg = 6.8 min.

Isopropyl [2-[(1R,2S)-2-[5-[((S)-Azetidin-2-yl)methoxy]pyridin-3-yl]cyclopropyl]-
ethyl]carbamate Trifluoroacetate (19b)

H
HNG\/O AN N 0
‘ = 19b TO( Y
N

Compound 19b (176 mg, 58%) was prepared from a solution of isopropyl chloroformate
solution (1.0 M in toluene) as the starting material. "H NMR (D,0): & 8.32 (s, 1H), 8.20
(s, 1H), 7.81 (s, 1H), 4.96 (m, 1H), 4.65 (m, 1H), 4.50 (d, J = 3.2 Hz, 2H), 4.10 (m, 2H),
3.22 (m, 2H), 2.67 (q, J = 8.4 Hz, 2H), 1.93 (m, 1H), 1.69 (m, 1H), 1.50 (m, 1H), 1.26 (m,
1H), 1.12 (m, 8H); °C NMR (D,0): & 162.5 (TFA), 158.3, 156.2, 146.7, 132.2, 128.2,
125.6, 116.2 (TFA), 69.3, 67.5, 58.6, 43.6, 39.9, 33.1, 23.1, 21.1, 20.2, 20.0, 16.6. [a]p"°
= +40.0 (c 0.24, MeOH). Anal. Calcd for C;sH27N303°2.35CF;COOH+0.2H,0: C, 45.07;
H, 4.96; F, 22.14, N, 6.95; Found: C, 44.99; H, 4.87; F, 22.07; N, 6.95. HPLC purity =
99.7%; tr = 7.3 min.

3-[(2(S)-Azetidinyl)methoxy]-5-[(1R,2S)-2-(2-(morpholin-4-yl)ethyl)cyclopropyl]py-
ridine Trifluoroacetate (21)

W

o
HNG\/O\(jM N\)
N/ 21

Compound 21 was synthesized from the intermediate 20 by the same sequence of steps as
described above for compound 17b. 'H NMR (D,0) & 8.37 (s, 1H), 8.26 (s, 1H), 7.87 (s,
1H), 5.00-4.98 (m, 1H), 4.54 (d, 2H,J= 4.0 Hz), 4.17-4.08 (m, 4H), 3.82 (t, 2H, J=
12.4 Hz), 3.54 (d, 2H, J= 12.8 Hz), 3.34 (t, 2H, J= 8.0 Hz), 3.20 (dt, 2H,J=12.4, 3.2
Hz), 2.71 (q, 2H, J = 8.8 Hz), 2.10-2.08 (m, 1H), 1.97-1.88 (m, 2H), 1.35 (m, 1H), 1.25—
1.98 (m, 2H). °C NMR (D,0): & 162.2 (TFA), 155.9, 145.1, 132.1, 128.1, 125.7, 115.9
(TFA), 67.1, 63.3, 58.2, 55.9, 51.2, 43.2, 26.7, 20.8, 19.8, 19.4, 15.9. [a]p™ = -46.4 (c
0.78, MeOH). Anal. Calcd for C;sH»7N30,3.4CF;COOH<0.05H,0: C, 42.19; H, 4.35; F,
27.45; N, 5.95. Found: C, 42.22; H, 4.38; F, 27.38; N, 5.97. HPLC purity = 99.9%; tgr =
3.9 min.

3-[2-(Isopropylamino)ethoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclopropyl]pyridine
Trifluoroacetate (23)
i. P("Bu), ADDP, PhMe

N/\/OH )\
‘ AN O éoc N/\/O X O

- H \
Pz ii. TFA, CH,CI P
N 22 2Ll N 23

In a 100 mL side-arm flask with stir bar and an Ar-filled balloon, tri-n-butylphosphine
(0.23 mL, 0.84 mmol) was added dropwise over 5 min to a solution of N,N'-
azodicarbonyldipiperidine (230 mg, 0.84 mmol) in anhydrous toluene (5 mL). Stirring
was continued at rt for 30 min to complete formation of the Mitsunobu reagent. A
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solution of the hydroxypyridine intermediate 22 (110 mg, 0.57 mmol) and N-Boc-2-
(isopropylamino)ethanol (150 mg, 0.74 mmol) in anhydrous toluene (10 mL) was then
added to the Mitsunobu reagent at 0 °C over 45 min. The mixture was warmed to rt and
stirred overnight. After removal of the solvent, the residue was rapidly filtered over a
short silica gel column (CH,Cl,/MeOH 95:5) to remove baseline impurities and the eluate
was evaporated to dryness. The residue was taken up in CH,Cl, (5 mL), trifluoroacetic
acid (1 mL) was added, and the mixture was stirred at room temperature overnight.
Volatiles were removed, and purification of the residue by preparative HPLC afforded
compound 23 as a colorless oil (268 mg, 87%, two steps). 'H NMR (D,0): & 8.14 (s, 1H),
8.07 (s, IH), 7.66 (s, 1H), 4.35 (t, J=4.0 Hz, 2H), 4.46-4.36 (m, 5H), 3.20 (s, 3H), 1.83
(s, 1H), 1.57 (s, 2H), 1.23 (d, J = 6.4 Hz, 6H), 1.16 (m, 1H), 1.02 (m, 2H); *C NMR
(D,0): & 162.4 (TFA), 156.1, 146.5, 132.2, 128.2, 125.6, 116.2 (TFA), 71.8, 64.9, 57.7,
51.1, 43.3,32.6, 22.3, 19.8, 18.0, 16.6. [a]p" = +33.4 (¢ = 0.9, MeOH). Anal Calcd for
C16H26N202'2.15CF3COOH'O.8H202 C, 45.32; H, 5.57; F, 22.78; N, 5.21. Found: C,
45.06; H, 5.24; F, 22.63; N, 5.09. HPLC purity = 99.8%; tg = 9.3 min.

3-[[1-(tert-Butoxycarbonyl)-2(S)-pyrrolidinylJmethoxy]-5-[(1S,2R)-2-(2-methoxy-
ethyl)cyclopropyl]pyridine

(NjVOH @\/
) BOé 5\] O\(j/d/\/o\
P("Bu)s, ADDP, PhMe Boc N/

In a 100 mL side-arm flask with stir bar and an Ar-filled balloon, tri-n-butylphosphine
(0.2 mL, 0.8 mmol) was added dropwise over 5 min to a solution of N,N'-
azodicarbonyldipiperidine (200 mg, 0.8 mmol) in anhydrous toluene (5 mL). Stirring was
continued at rt for 30 min to complete formation of the Mitsunobu reagent. A solution of
the hydroxypyridine intermediate 22 (97 mg, 0.5 mmol) and N-Boc-L-prolinol (160 mg,
0.8 mmol) in anhydrous toluene (10 mL) was added to the Mitsunobu reagent at 0 °C
over 45 min. The mixture was warmed to rt and stirred overnight. After removal of the
solvent, the residue was purified by silica gel column chromatography (hexanes/EtOAc
2:1 to 1:1) to furnish the desired product (154 mg, 82%) as a colorless oil. 'H NMR
(CDCls): 8 8.0 (s, 1H), 7.94 (s, 1H), 6.76 (m, 1H), 4.04 (m, 2H), 3.86 (m, 1H), 3.41 (t, J
= 0.6 Hz, 2H), 3.32-3.22 (m, 5H), 1.94 (m, 3H), 1.79 (m, 1H), 1.63-1.54 (m, 3H), 1.39 (s,
9H), 1.07 (m, 1H), 0.87 (m, 1H), 0.78 (m, 1H). MS (ESI) m/z 377.3 (M+H").

3-[(2(S)-Pyrrolidinyl)methoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclopropyl]pyridine
Trifluoroacetate (24)

(Nj\/o N O TFA, CH,Cl, (Nj\/o N (ONg
BOC/ | Pz H | Pz 24
N

N
Trifluoroacetic acid (1 mL) was added to a solution of the product (151 mg, 0.4 mmol)

obtained from the previous step dissolved in CH,Cl, (10 mL) under an Ar atmosphere.
The mixture was stirred at rt overnight, concentrated, and purified by preparative HPLC
to give compound 24 (133 mg, 65%) as a colorless oil. "H NMR (D,0): & 8.26 (s, 1H),
8.19 (s, 1H), 7.77 (s, 1H), 4.53 (dd, J = 10.4, 2.4 Hz, 1H), 4.33 (m, 1H), 4.11 (m, 1H),
3.56 (t,J=6.4 Hz, 2H), 3.39 (t, /= 7.2 Hz, 2H), 3.32 (s, 3H), 2.27 (m, 1H), 2.12-2.06 (m,
2H), 1.94 (m, 2H), 1.68 (m, 2H), 1.28 (m, 1H), 1.12 (m, 2H); ?C NMR (D,0): & 162.6
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(TFA), 156.1, 146.5, 132.3, 128.2, 125.6, 116.2 (TFA), 71.8, 67.6, 58.3, 57.7, 45.9, 32.6,
257, 23.4, 223, 19.8, 16.6. [a]p™ = +47.3 (¢ 0.28, MeOH). Anal. Calcd for
C16H24N,0,22.05CF;COOH#0.05H,0: C, 47.24; H, 5.16; F, 22.86; N, 5.48. Found: C,
47.30; H, 5.24; F, 22.75, N, 5.46. HPLC purity = 99.5%; tg = 7.6 min.

3-[(2(S)-Piperidinyl)methoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclopropyl]pyridine
Trifluoroacetate (25)
i. P("Bu)s, ADDP, PhMe

) Boc (j\/ \(j/d/\/
ii. TFA, CH,Cl,

Compound 25 was synthesmed from (S)-N-Boc-2-piperidinemethanol by the same
sequence of steps as described above for compound 23. 'H NMR (D,0): & 8.22 (s, 1H),
8.16 (s, 1H), 7.74 (s, 1H), 4.39 (m, 1H), 4.24 (m, 1H), 3.61 (m, 1H), 3.54 (t, /= 6.4 Hz,
2H), 3.43 (m, 1H), 3.30 (s, 3H), 3.03 (m, 1H), 1.97-1.88 (m, 4H), 1.68-1.58 (m, 5H), 1.25
(m, 1H), 1.10 (m, 2H); >C NMR (D,0): & 162.2 (TFA), 155.7, 146.1, 131.9, 127.8,
125.2, 115.7 (TFA), 71.4, 68.7, 57.3, 54.9, 44.2, 32.2, 23.9, 21.9, 21.2, 20.6, 19.4, 16.2.
[o]p™ = +49.3 (¢ 0.53, MeOH). Anal. Calcd for C17H26N20,92.6CF;COOH+1.05H,0: C,
44.02; H, 5.11; F, 24.46, N, 4.62. Found: C, 44.04; H, 4.89; F, 24.27; N, 4.78. HPLC
purity = 98.7%; tg = 7.9 min.

3-[(1-Methyl-2(S)-pyrrolidinyl)methoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclo-
propyl]pyridine Trifluoroacetate (26)

(Nj\/o N O~ _LiAIH4, THF_ GV
Wl L ke
Lithium aluminum hydride solution (0.75 rnL, 2.0 M in THF) was slowly added to a

solution of the product (113 mg, 0.3 mmol) obtained from the previous step in anhydrous
THF (5 mL) at 0 °C under Ar. The reaction mixture was heated to 70 °C and stirred for 3
h. After cooling to rt, H;O (0.06 mL), 15% NaOH solution (0.06 mL), and H,O (0.18 mL)
were added to the reaction mixture sequentially. The resulting suspension was filtered
and the filtrate was evaporated to dryness. The residue was purified by preparative HPLC
to afford compound 26 as a colorless oil (108 mg, 63%). '"H NMR (D,0): & 8.30 (s, 1H),
8.23 (s, 1H), 7.81 (s, 1H), 4.61 (dd, J = 10.8, 2.8 Hz, 1H), 4.45 (m, 1H), 3.95 (m, 1H),
3.76 (m, 1H), 3.59 (t, /= 6.4 Hz, 2H), 3.34 (s, 3H), 3.25 (m, 1H), 3.04 (s, 3H), 2.40 (m,
1H), 2.18 (m, 1H), 2.09 (m, 2H), 1.98 (m, 1H), 1.71 (m, 2H), 1.31 (m, 1H), 1.15 (m, 2H);
BC NMR (D,0): § 162.0 (TFA), 155.6, 146.2, 132.0, 127.8, 125.2, 115.7 (TFA), 71.4,
66.9, 66.0, 57.3, 56.8, 40.2, 32.2, 25.4, 21.9, 21.7, 19.4, 16.2. [a]p™’ = +37.0 (¢ 0.27,
MeOH). Anal. Calcd for C17H,6N,0,°2.4CF;COOH«0.4H,0: C, 45.83; H, 5.15; F, 23.94;
N, 4.9. Found: C, 45.64; H, 4.91; F, 23.8, N, 4.9. HPLC purity = 98.9%; tg = 7.8 min.

The resulting TFA salt was treated with PL-HCO3; MP-resin to afford the free amine
compound, which then was dissolved in methanol and treated with L-(+)-tartaric acid
under argon protection at room temperature. The mixture was stirred for two hours. After
the solvent was evaporated, final tartrate salt product could be obtained after
lyophilization as a white solid.
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3-[(1-Ethyl-2(S)-pyrrolidinyl)methoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclopropyl]-
pyridine Trifluoroacetate (27)

<Nj\/o X O i. Ac,0, pyridine (Nj\/o X O
H ‘ P i. LIAIH,, THF, HPLC  Et \ P
In a 100 mL side-arm flask with stir bar and an Ar-filled balloon, acetic anhydride (1.0

mL) was added dropwise over 5 min to a solution of compound 24 (150 mg, 0.29 mmol)
in anhydrous pyridine (1.0 mL) at 0 °C. The mixture was warmed to rt and stirred
overnight, and then the reaction was quenched with saturated aqueous NaHCOj; solution.
The mixture was extracted with EtOAc (2 x 15 mL), and the combined organic phases
were washed with water and brine, and dried over Na,SO,4. After removal of the solvent,
the residue was rapidly filtered over a short silica gel column (CH,Cl,/MeOH 95:5) to
remove baseline impurities. The eluate was evaporated. The residue was taken up in
anhydrous THF (5 mL), and a lithium aluminum hydride solution (0.75 mL, 2.0 M in
THF) was slowly added at 0 °C under Ar. The reaction mixture was heated to 70 °C and
stirred for 3 h. After cooling to rt, H,O (0.06 mL), 15% NaOH solution (0.06 mL), and
H,0O (0.18 mL) were added to the reaction mixture sequentially. The resulting suspension
was filtered and the filtrate was evaporated to dryness. The residue was purified by
preparative HPLC to afford compound 27 as a colorless oil (125 mg, 76%). '"H NMR
(D20): & 8.30 (s, 1H), 8.23 (s, 1H), 7.80 (s, 1H), 4.57 (m, 1H), 4.44 (m, 1H), 4.05 (m,
1H), 3.73 (m, 1H), 3.61-3.54 (m, 3H), 3.35 (s, 3H), 3.24 (2H), 2.34 (m, 1H), 2.09-1.97 (m,
4H), 1.71 (m, 2H), 1.38-1.32 (m, 4H), 1.15 (m, 2H); °C NMR (D,0): & 161.9 (TFA),
155.6, 146.2, 132.1, 127.8, 125.2, 115.9 (TFA), 71.5, 66.5, 65.5, 57.3, 53.8, 50.1, 32.2,
25.5, 22.0, 21.9, 19.4, 16.2, 9.6. [a]p™ = +39.8 (¢ 0.61, MeOH). Anal. Calcd for
C13H2sN>0,22.1CF;COOH0.85H,0: C, 47.68; H, 5.73; F, 21.4, N, 5.01. Found: C, 47.4;
H, 5.42; F, 21.32; N, 4.91. HPLC purity = 99.3%; tg = 8.0 min.

3-[((1S,2S,5R)-3-Azabicyclo[3.1.0]hexan-2-yl)methoxy]-5-[(1S,2R)-2-(2-
methoxyethyl)cyclopropyl]pyridine Trifluoroacetate (28)

i. P( "Bu)3 ADDP, PhMe

Bﬁt 24/@
ii. TFA, CH,Cl,

Compound 28 was synthe51zed from (1S,2S,5R)—3—tert—butoxycarbonyl—Z—hydroxymethyl—
3-azabicyclo[3.1.0]hexane by the same sequence of steps as described above for
compound 23 (245 mg, 56%, two steps). 'H NMR (D,0): & 8.25 (s, 1H), 8.17 (s, 1H),
7.76 (s, 1H), 4.67 (d, J = 14.0 Hz, 1H), 4.35-4.27 (m, 2H), 3.55-3.45 (m, 4H), 3.30 (s,
3H), 1.94-1.88 (m, 3H), 1.66 (m, 2H), 1.26 (m, 1H), 1.10 (m, 2H), 0.84 (m, 1H), 0.59 (m,
1H). °C NMR (D,0): & 162.4 (TFA), 156.2, 146.5, 132.2, 128.2, 125.6, 117.6 (TFA),
71.8,67.7,59.3, 57.7, 47.6, 32.6, 22.3, 19.8, 16.6, 15.9, 14.1, 3.9. [a]p™ = +34.3 (c = 2.4,
MeOH). Anal. Calcd for C;7H24N,0,22.15CF;COOH0.85H,0: C, 46.61; H, 5.11; F,
22.33; N, 5.1. Found: C, 46.62; H, 4.92; F, 22.14; N, 5.13. HPLC purity = 99.5%; tg =
12.7 min.

S18



3-[(1-Methyl-2(R)-pyrrolidinyl)methoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclo-
propyl]pyridine Trifluoroacetate (29)

i. P("Bu)s, ADDP, PhMe

(j"'/ OH @
N ., O N
, _ Boc ;“ ’ ‘ A
ii. LiAIH4, THF, HPLC N/ 29

Compound 29 was synthesized from N-Boc-D-prolinol by the same sequence of steps as
described above for compound 26. '"H NMR (D,0): & 8.29 (s, 1H), 8.21 (s, 1H), 7.79 (s,
1H), 4.60 (dd, J = 10.8, 2.8 Hz, 1H), 4.43 (m, 1H), 3.94 (m, 1H), 3.74 (m, 1H), 3.57 (t, J
= 6.4 Hz, 2H), 3.32 (s, 3H), 3.24 (m, 1H), 3.02 (s, 3H), 2.39 (m, 1H), 2.19 (m, 1H), 2.07
(m, 2H), 1.96 (m, 1H), 1.69 (m, 2H), 1.29 (m, 1H), 1.13 (m, 2H); °C NMR (D,0):
0 162.2 (TFA), 155.7, 146.2, 132.1, 127.9, 125.2, 115.8 (TFA), 71.4, 66.9, 66.0, 57.3,
56.8, 40.1, 32.2, 25.4, 22.0, 21.7, 19.4, 16.2. [a]p™ = +39.5 (¢ 0.2, MeOH). Anal. Calcd
for C7H,6N,0,22.1CF3;COOH<«0.75H,0: C, 46.86; H, 5.49; F, 22.03; N, 5.16. Found: C,
46.96; H, 5.14; F, 21.7, N, 5.12. HPLC purity = 99.2%; tg = 7.4 min.

3-[(3(S)-Pyrrolidinyl)methoxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclopropyl]pyridine
Trifluoroacetate (30)

i. P("Bu)s, ADDP, PhMe

OH HN/\jV
Boc’ND\/ 0o | X N

ii. TFA, CH,Cl, N

Compound 30 was synthesized from (R)-N-Boc-3-pyrrolidinemethanol by the same
sequence of steps as described above for compound 23. 'H NMR (D,0): & 8.23 (s, 1H),
8.16 (s, 1H), 7.75 (s, 1H), 4.28 (m, 1H), 4.20 (m, 1H), 3.58 (m, 3H), 3.46 (m, 1H), 3.38-
3.23 (m, 5H), 2.96 (m, 1H), 2.30 (m, 1H), 1.96 (m, 2H), 1.69 (m, 2H), 1.27 (m, 1H), 1.13
(m, 2H); °C NMR (D,0): & 162.2 (TFA), 156.5, 145.9, 131.4, 127.8, 125.1, 115.8 (TFA),
71.5, 69.6, 57.3, 46.9, 45.1, 36.2, 32.2, 26.0, 21.8, 19.4, 16.1. [a]p”’ = +42.0 (c 0.70,
MeOH). Anal. Caled for C;6H24N20,22.0CF;COOH+1.05H,0: C, 45.9; H, 5.41; F, 21.78,
N, 5.35. Found: C, 45.52; H, 5.0; F, 21.5; N, 5.31. HPLC purity = 99.4%; tg = 7.3 min.

3-[(3(R)-Pyrrolidinyl)oxy]-5-[(1S,2R)-2-(2-methoxyethyl)cyclopropyl]pyridine
Trifluoroacetate (31)

i. P("Bu)s, ADDP, PhMe
+10H

Boc” O O
2 ‘
ii. TFA, CH.Cl, (j’ _
HN N 31

Compound 31 was synthesized from (R)-N-Boc-3-pyrrolidinemethanol by the same
sequence of steps as described above for compound 23 (150 mg, 59%, two steps). 'H
NMR (D,0): 6 8.23 (s, 1H), 8.15 (s, 1H), 7.75 (s, 1H), 5.37 (s, 1H), 3.68-3.46 (m, 6H),
3.29 (s, 3H), 2.34 (m, 2H), 1.91 (m, 1H), 1.66 (m, 2H), 1.24 (m, 1H), 1.09 (m, 2H); °C
NMR (D,0): 6 162.1 (TFA), 154.5, 146.2, 131.8, 128.7, 126.0, 115.8 (TFA), 77.2, 71.4,
57.3,50.0, 43.4, 32.2,29.3, 21.9, 19.4, 16.2. [a]p™ = +34.0 (¢ 0.1, MeOH). Anal. Calcd
for Ci5H2N20,2.15CF3;COOH<0.1H,0: C, 45.52; H, 4.82; F, 24.06; N, 5.5. Found: C,
45.38; H, 4.72; F, 24.08, N, 5.69. HPLC purity = 99.8%; tg = 6.4 min.
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3-[(1-Methyl-2(S)-pyrrolidinyl)methoxy]-5-[(1R,2S)-2-(2-methoxyethyl)cyclo-
propyl]pyridine Trifluoroacetate (33)

i. P("Bu)s, ADDP, PhMe

S (NjVOH (j\/ -~
HO A~ 0L 5ol NENGC PN N

‘N/ 32 i. LIAH,, THF, L./ ‘N/ 33

Compound 33 was synthesized from the intermediate 32 by the same sequence of steps as
described above for compound 26. '"H NMR (D,0): & 8.30 (s, 1H), 8.22 (s, 1H), 7.80 (s,
1H), 4.60 (dd, /= 10.8, 2.8 Hz, 1H), 4.44 (m, 1H), 3.95 (m, 1H), 3.74 (m, 1H), 3.57 (t, J
= 6.4 Hz, 2H), 3.33 (s, 3H), 3.25 (m, 1H), 3.03 (s, 3H), 2.40 (m, 1H), 2.20 (m, 1H), 2.08
(m, 2H), 1.97 (m, 1H), 1.70 (m, 2H), 1.30 (m, 1H), 1.14 (m, 2H); °C NMR (D,0):
5 162.2 (TFA), 155.7, 146.2, 132.1, 127.9, 125.2, 115.9 (TFA), 71.5, 66.9, 66.0, 57.3,
56.8,40.2,32.2,25.4,22.0,21.7, 19.4, 16.2. [o]p> = -33.8 (¢ 0.13, MeOH). Anal. Calcd
for C17H6N,0,°2.05CF;COOH+0.45H,0: C, 47.61; H, 5.48; F, 21.95; N, 5.26. Found: C,
47.66; H, 5.24; F, 21.73, N, 5.19. HPLC purity = 99.8%; tg = 5.8 min.
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“VWDI A, Wavelength=280 i (K-33-FN D)
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<280 nm (LF3231.13)
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avelength=280nm (HK310-4.D)
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avelength=280 nm (HK306-2.D)
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