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General Information

All reactions were performed in scintillation vials, round bottom flasks (RBFs), or pressure
tubes under an inert atmosphere of dry argon unless otherwise noted. Moisture-sensitive
reactions were carried out using standard syringe septum techniques. Reaction solvent
tetrahydrofuran (Fisher, HPLC grade) was dried by distillation from sodium-benzophenone
radical ketyl. 1,4-Dioxane (Fisher, HPLC grade) was dried by distillation over calcium hydride.
DMA (Sigma-Aldrich, > 99.5% GC) was stored over 4A molecular sieves. Solvents for
filtration, transfers, and chromatography were certified ACS grade. Evaporation of solvents
was carried out under reduced pressure on the rotary evaporator below 42 °C. Palladium
catalysts and phosphine ligands were purchased from Sigma-Aldrich, Strem, and Apollo
Scientific. Other reagents were purchased from Sigma-Aldrich, Alfa Aesar, and Acros

Organics.

Purification of the reaction mixture was performed by Bruker flash chromatography, column
chromatography, or preparative TLC. The stationary phase for chromatography was silica gel
40-63 UM 60A, or 230-400 mesh. Preparative TLC was performed on MERCK precoated silica
gel 60-F254 (0.5-mm) aluminium plates. Solvents for purification were purchased from
LabServe. TLC visualisation was carried out using ultraviolet light (254 nm) and different
staining reagents such as potassium permanganate, 2,4-dinitropyridine, ethanolic

phosphomolybdic acid, or ninhydrin when applicable.

Analytical Instruments
Optical rotation was recorded on a Perkin Elmer 241 polarimeter with the sodium lamp
emitting at 589 nm (D = 589 nm). All samples were measured in chloroform unless otherwise

noted in a 10 cm cell and an average of 3 readings was taken.

Circular Dichroism spectrum was recorded using a Chirascan CD spectrophotometer (150 W
Xe arc) from Applied Photophysics. CD spectra (average of at least 2 scans) were recorded
between 220 and 350 nm with 1 nm intervals, 120 nm/min scan rate, and 10 mm path length

followed by subtraction of a background spectrum (solvent).
Infrared spectroscopy was carried out on ThermoScientific Nicolet iS5 iD7 ATR.

NMR spectroscopy was performed on Bruker 400 MHz, Bruker 500 MHz, or Bruker 700 MHz.
Chemical shifts are reported in parts per million (ppm). All spectra were run in CDCl; unless

otherwise stated. Spin multiplicities are described as s (singlet), bs (broad singlet), d (doublet),
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dd (doublet of doublets), ddd (doublet of doublet of doublets), dddd (doublet of doublet of
doublet of doublets), t (triplet), td (triplet of doublets), q (quartet), quint (quintet), m (multiplet),
dt (doublet of triplet), ddt (doublet of doublet of triplets), dtd (doublet of triplet of doublets),
dq (doublet of quartets). Coupling constants are reported in Hertz (Hz).

HRMS data were recorded on ThermoScientific Q Exactive Focus Hybrid Quadrupole-orbitrap
Mass Spectrometer. MS data were recorded on ThermoScientific MSQ plus. Samples were

injected via Dionex Ultimate 3000 HPLC system running at 0.1 mL/min, in MeOH.
General procedures for the synthesis of oxazolines

Method I

A solution of amino alcohol (1.0 eq.), triethyl orthoformate (1.5 eq.), and catalytic glacial
AcOH (10 mol%) in dry DCE (10 mL) (dried over P,Os) was heated to reflux overnight. The
solution was cooled down and the volatiles were removed under reduced pressure. The
oxazoline was purified by either Kugelrohr distillation or flash chromatography as specified in

the respective compound procedure.

Method 11

An amino alcohol (1.0 eq.) and DMF-DMA (1.2 eq.) was heated to reflux at 85 °C for 24 hrs.
Then p-toluenesulfonic acid monohydrate (0.1 eq.) and hexane (10 mL) were added. An
addition funnel containing approximately 4 mL of activated 4 A molecular sieves was placed
on top of the flask, along with a condenser. The solution was heated to 90 °C for 24 hrs,
allowing the distillate to condense over the sieves. The reaction mixture was washed with
saturated aqueous NaHCOj; solution and brine (10 mL). The aqueous layers were combined
and back-extracted with Et,0 (3 x 20 mL). The combined organic layers were dried over

Na,SO, and filtered. The concentration of the filtrate gave the desired oxazoline.

(45)-4-Benzyl-2-oxazoline 6a

<,

6a

Bn

General method I was followed with L-phenylalaninol (3.0 g, 29.1 mmol, 1.0 eq.), triethyl
orthoformate (6.4 g, 43.6 mmol, 1.5 eq.), and glacial AcOH (0.2 ml, 2.9 mmol, 0.1 eq.).
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Purification: Kugelrohr distillation at 55 °C, 5 mTorr to obtain 6a as a colorless liquid (1.8 g,

11.2 mmol, 56%).

The title compound can also be synthesised by general method II: L-phenylalaninol (1.0 g, 6.6
mmol, 1.0 eq.), DMF-DMA (1.0 mL, 7.9 mmol, 1.2 eq.), p-toluenesulfonic acid monohydrate
(2 mg, 0.01 mmol, 0.001 eq.), to obtain 6a as a colorless liquid (0.72 g, 4.47 mmol, 68%).

'H NMR (CDCls, 400 MHz): 6 7.33-7.30 (2H, m), 7.25-7.21 (3H, m), 6.83 (1H, d, J= 1.8 Hz),
4.43 (1H, ddd, J = 15.5, 7.8, 1.8 Hz), 4.19 (1H, t, J = 9.2 Hz), 3.95 (1H, dd, J = 8.3, 7.5 Hz),
3.12 (1H, dd, J = 13.8, 5.8 Hz), 2.71 (1H, dd, J = 13.9, 8.3 Hz).

Data are comparable to that reported in literature.!

(R)-4-Phenyl-2-oxazoline 6b
)
&
N
6b

General method I was followed with (R)-(—)-2-phenylglycinol (2.5 g, 18.2 mmol, 1.0 eq.),
triethyl orthoformate (4.5 ml, 27.3 mmol, 1.0 eq.), and glacial AcOH (0.10 ml, 1.8 mmol, 0.1

eq.).

Purification: Kugelrohr distillation at 45 °C, 50 mTorr to obtain 6b as a colorless liquid (1.4 g,
9.5 mmol, 52%).

IR: Vimax 3020, 2973, 2399, 2166, 2009, 1917, 1684, 1517, 1215 cm'.

'H NMR (CDCls, 400 MHz): 6 7.38-7.24 (5H, m), 7.05 (1H, d, /= 2.0 Hz), 5.23 (1H, ddd, J =
10.3, 8.5, 1.9 Hz), 4.62 (1H, dd, J = 10.3, 8.6 Hz), 4.09 (1H, dd, J = 8.4 Hz).

13C NMR (CDClLy, 126 MHz): 6 161.68, 138.34, 128.92, 128.02, 126.66, 66.02, 54.75.

HRMS (ESI-TOF) m/z: [M+H]* Caled. for CoH;oNO 148.0757; found 148.0755.

Data are comparable to that reported in the literature.?
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(4S)-tert-Butyl-2-oxazoline 6¢

0
<\N j"

6¢C

t-Bu

General method III was followed by taking DMF-DMA (1.2 mL, 10.2 mmol, 1.2 eq.), L-tert-
leucinol (1.0 g, 8.5 mmol, 1.0 eq.), p-toluenesulfonic acid monohydrate (1.6 mg, 0.1 mmol,

0.01 eq.). The product 6¢ was obtained as a clear colorless oil (0.73 g, 5.74 mmol, 67%).

'H NMR (CDCls, 400 MHz): 6.83 (1H, s), 4.15 (1H, t, J = 9.5 Hz), 4.02 (1H, t, J = 8.6 Hz),
4.02 (1H, t,J=9.3 Hz), 0.93 (9H, s).

Data are comparable to that reported in the literature. !

Preparation of (£)-4-bromo-8-amino|[2.2|paracyclophane (10 h):

Boc protected-(+)-4-amino[2.2]paracyclophane
H
>
A0

(¥)-4-Amino[2.2]paracyclophane (1.0 g, 4.5 mmol, 1.0 eq.), (Boc),0 (1.1 g,4.9 mmol, 1.1 eq.)
and NaHCOs; (1.1 g, 13.45 mmol, 3.0 eq.) were dissolved in H,O: dioxane (1:1; 10 mL). The
reaction mixture was stirred at room temperature overnight and the completion was confirmed
by TLC. The crude mixture was purified using isocratic column chromatography [SiO,,
EtOAc:Hexanes (05:95)] to obtain the title compound as an off-white solid (0.34 g, 1.1 mmol,
23%).

'H NMR (CDCls, 400 MHz): § 6.80 (1H, dd, J= 7.9, 1.8 Hz), 6.73 (1H, s), 6.57-6.48 (2H, m),
6.43 (1H, d, J= 7.9 Hz), 637 (1H, dd, J = 7.4, 1.7 Hz) 6.25 (1H, s), 3.24 (1H, ddd, J = 14.2,
9.6, 1.8 Hz), 3.19-3.10 (1H, m), 3.10-2.97 (5H, m), 2.83-2.73 (1H, ddd, J = 14.1, 8.9, 6.8 Hz),
1.57 (9H, s).
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(¥)-4-Bromo|2.2]paracyclophane-8-amino fert-butyl carbamate
H
>|/o\"/N \ Br
0

Boc protected-(+)-4-amino[2.2]paracyclophane (200 mg, 0.62 mmol, 1.0 eq.) was dissolved in
DMF (1.0 mL) and N-bromosuccinimide (122 mg, 0.78 mmol, 1.1 eq.) was added. The reaction
was stirred at room temperature for 15 hrs. Complete consumption of the starting material was
confirmed by TLC. Two bromo derivatives were separated using isocratic column
chromatography [Si0,, EtOAc: Hexane (05:95)] to obtain the title compound as an off-white
solid (114 mg, 0.28 mmol, 45%).

'H NMR (CDCls, 700 MHz): 6 7.16 (1H, dd, J = 7.9, 1.8 Hz), 6.83 (1H, dd, J= 7.7, 1.8 Hz),
6.57-6.54 (1H, m), 6.83 (1H, dd, J = 7.7, 1.8 Hz), 6.57-6.54 (1H, m), 6.49 (1H, s), 6.47 (1H,
dd, J=17.8, 1.8 Hz), 6.45-6.43 (1H, m), 6.27 (1H, bs, -NH), 3.42 (1H, ddd, J= 12.4, 10.3, 1.8
Hz), 3.22-3.16 (3H, m), 3.10-3.05 (2H, m), 2.82-2.76 (1H, m), 2.71 (1H, ddd, J = 14.3, 10.3,
7.2 Hz), 1.59 (9H, s).

13C NMR (CDCls, 176 MHz): 6 152.53, 140.28, 139.22, 138.57, 138.36, 136.59, 135.01,
133.17, 132.48, 132.15, 129.72, 129.04, 128.18, 80.78, 35.47, 33.48, 33.21, 32.43, 28.39.
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Figure 1. Isomer elucidation by NOESY, COSY, & HMBC (the indicated values are the ppm
values obtained in 'H & 3C NMR spectrum).
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(¥)-4-Bromo-8-amino|2.2]paracyclophane

10h

(¥)-4-Bromo[2.2]paracyclophane-8-amino fert-butyl carbamate (100 mg) was dissolved in
DCM (0.5 mL) and was cooled to 0 °C. TFA (0.1 mL) was added slowly to the reaction mixture.
The reaction mixture was stirred at room temperature for 3 hrs and completion of the starting

material was confirmed by TLC. The crude product was used without further purification.

General conditions A: mono-coupling of oxazoline with 4-bromo|2.2]paracyclophane

Pd(OAc), (5 mol%)
(t-Bu),P(O)H (10 mol%)
LiOBu (2.5 eq.)
DMA [0.25 M]

100 C, Ar, t hrs

A 4 ml scintillation vial was charged with bromo[2.2]paracyclophane (1.0 eq.), oxazoline (1.1
eq.), LiOBu (2.5 eq.), (z-Bu),P(O)H (0.1 eq.), and Pd(OAc), (0.05 eq.). The vial was purged
and degassed with argon three times. Degassed DMA (0.25 M) was introduced by syringe and
the reaction was heated to 100 °C for the time specified. The reaction mixture was cooled and
diluted with CH,Cl,/MeOH (1:1) before passing through Celite®. The filtrate was concentrated

under reduced pressure and the crude material was purified by chromatography as described.
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General conditions B: bis-coupling of oxazoline with dibromo|[2.2]paracyclophane

O

Br N j/ O\/>"'R
ol “\ S N""R (2.2eq) [O/>_: “\ <N
7~ Pd(OAc), (10 mol%) _~N 4
(t-Bu),P(O)H (20 mol%)
LiOBu (5 eq.)
DMA [0.25 M]
100 °C, Ar, thrs

A 4 ml scintillation vial was charged with dibromo[2.2]paracyclophane (1.0 eq.), oxazoline
(2.2 eq.), LiOBu (5 eq.), (¢-Bu),P(O)H (0.2 eq.), and Pd(OAc), (0.1 eq.). The vial was purged
and degassed with argon three times. Degassed DMA (0.25 M) was introduced by syringe and
the reaction heated to 100 °C for the time specified. The reaction mixture was cooled and
diluted with CH,Cl,/MeOH (1:1) before filtering through Celite®. The filtrate was concentrated

under reduced pressure and the crude material was purified by chromatography as described.

General conditions C: tetra-coupling of oxazoline with tetrabromo|[2.2]paracyclophane

N R= _ < )R
N "R (44 eq.) N N

Pd(OAc), (40 mol%) o
R R
(t-Bu),P(O)H (80 mol%) '&o OJ‘
LiO'Bu (10 eq.)
DMA [0.25 M]
100 °C, Ar, t hrs

A 4 ml scintillation vial was charged with tetrabromo[2.2]paracyclophane (1.0 eq.), oxazoline
(4.4 eq.), LiOBu (10.0 eq.), (+-Bu),P(O)H (0.8 eq.), and Pd(OAc), (0.4 eq.). The vial was
purged and degassed with argon three times. Degassed DMA (0.25 M) was introduced by
syringe and heated to 100 °C for the specified time. The reaction mixture was cooled and
diluted with CH,Cl,/MeOH (1:1) before passing through a pad of Celite®. The filtrate was
concentrated under reduced pressure and the crude material was purified by chromatography

as described.
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General conditions D: mono-coupling of oxazoline with bromo[2.2]paracyclophane

<] )
I \\ \BI’ N ,," ~ IllllR

<A [ R (1.1 eq.L
NG~  Pd(OAc), (5 mol%)
(Ad),P(O)H (10 mol%)
LiO'Bu (2.5 eq.)
DMA [0.25 M]
100 °C, Ar, t hrs

A 4 ml scintillation vial was charged with bromo[2.2]paracyclophane (1.0 eq.), oxazoline (1.1
eq.), LiOBu (2.5 eq.), (Ad),P(O)H (0.1 eq.), and Pd(OAc), (0.05 eq.). The vial was purged and
degassed with argon three times. Degassed DMA (0.25 M) was introduced by syringe and the
reaction heated to 100 °C. The reaction mixture was cooled and diluted with CH,Cl,/MeOH
(1:1) filtering through Celite®. The filtrate was concentrated under reduced pressure and the

crude material was purified by chromatography as described.

General conditions E: tetra-coupling of oxazoline with tetrabromo[2.2]paracyclophane

<] {3 2
N R~ _ < )R
N" "R 4.4 eq.) N N
Pd(OAc), (40 mol%) 2
(Ad),P(O)H (80 mol%) R"'&O OJ‘R
LiO'Bu (10 eq.)
DMA [0.25 M]
100 °C, Ar, t hrs

A 4 ml scintillation vial was charged with tetrabromo[2.2]paracyclophane (1.0 eq.), oxazoline
(4.4 eq.), LiOBu (10.0 eq.), (Ad),P(O)H (0.8 eq.), and Pd(OAc), (0.4 eq.). The vial was purged
and degassed with argon three times. Degassed DMA (0.25 M) was introduced by syringe and
heated to 100 °C for the specified time. The reaction mixture was cooled and diluted with
CH,Cl,/MeOH (1:1) before passing through a pad of Celite®. The filtrate was concentrated

under reduced pressure and the crude material was purified by chromatography as described.
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General conditions F: bis-coupling of oxazoline with dibromo|[2.2]paracyclophane

S

Br N~

o X “\ S ‘R(22eq)_ [0/
7~ Pd(OAc), (10 mol%) RN
(Ad),P(O)H (20 mol%)
LiOBu (5 eq.)
DMA [0.25 M]
100 °C, Ar, t hrs

A 4 ml scintillation vial was charged with dibromo[2.2]paracyclophane (1.0 eq.), oxazoline
(2.2 eq.), LiOBu (5.0 eq.), (Ad),P(O)H (0.2 eq.), and Pd(OAc), (0.1 eq.). The vial was purged
and degassed with argon three times. Degassed DMA (0.25 M) was introduced by syringe and
the reaction heated to 100 °C. The reaction mixture was cooled and diluted with CH,Cl,/MeOH
(1:1) filtering through Celite®. The filtrate was concentrated under reduced pressure and the

crude material was purified by chromatography as described.

(Ry,5)-4-(4'-Benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,,5)-4-(4'-benzyloxazolin-2'-
yD[2.2]paracyclophane 8a

o} o}
~ 1m Bn ~ 1m Bn
N @ N

(Ry,S)-8a (Sp,S)-8a

General conditions A were followed using (+)-4-bromo[2.2]paracyclophane 7 (70 mg, 0.24
mmol, 1.0 eq.), (45)-4-benzyl-2-oxazoline 6a (43 mg, 0.3 mmol, 1.1 eq.), LiO'Bu (49 mg, 0.6
mmol, 2.5 eq.), (-Bu),P(O)H (4 mg, 0.03 mmol, 0.1 eq.), Pd(OAc), (4 mg, 0.02 mmol, 0.05
eq.), DMA (0.98 ml) for 28 hrs.

Purification: Isocratic column chromatography [Si0,, EtOAc:Hexanes (05:95)] to obtain the
title compound 8a (72 mg, 0.2 mmol, 82%) as diastereomer 1, 8al, off-white solid (16 mg,
0.04 mmol, 18%), mixture of diastereomers (46 mg, 0.13 mmol, 52%), and diasterecomer 2,

8a2, off-white solid (10 mg, 0.03 mmol, 12%).
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4-(4'-Benzyloxazolin-2'-yl)[2.2]paracyclophane 8al
Relative stereochemistry no determined
Ry: 0.3 (EtOAc:Hexanes 05:95)

20
[@]D . 550 (c = 1.00, CH,Cl,)

IR: viax 2925, 2852, 2121, 1896, 1712, 1634, 1497 cm.

'"H NMR (CDCl;, 500 MHz): 6 7.41-7.33 (4H, m), 7.31-7.25 (1H, m), 7.17 (1H, s), 6.64 (1H,
d,J=7.7 Hz), 6.60-6.52 (SH, m), 4.68 (1H, q, J = 5.9 Hz), 4.38 (1H, t, J = 8.5 Hz), 4.30-4.15
(2H, m), 3.35 (1H, dd, J = 13.7, 5.0 Hz), 3.24-3.12 (3H, m), 3.11-3.00 (3H, m), 2.92-2.82 (2H,
m).

BC NMR (CDCl;, 126 MHz): ¢ 141.08, 139.85, 139.73, 139.44, 137.99, 136.31, 136.01,
135.36, 134.59, 133.02, 132.78, 132.42, 131.27, 129.37, 128.83, 128.66, 126.61, 71.91, 41.83,
35.92, 35.31, 35.09, 34.87, 29.71.

HRMS (ESI-TOF) m/z: [M + H]" Calcd. for CycH,6NO 368.2009; found 368.2005.

4-(4'-Benzyloxazolin-2'-yl)[2.2|paracyclophane 8a2
Relative stereochemistry not determined
Ry: 0.2 (EtOAc:Hexanes 05:95)

(]2 ~
D :+12.0 (¢ = 1.00, CH,Cl,)

IR: Vimax 2925, 1631, 1475, 1328, 1273, 1045 cm-'.

'H NMR (CDCls, 500 MHz): 6 7.41-7.33 (4H, m), 7.31-7.25 (1H, m), 7.13 (1H, s), 6.63 (1H,
d, J=7.7 Hz), 6.59-6.49 (5H, m), 4.73-4.66 (1H, m), 4.41 (1H, t, J= 8.7 Hz), 4.18 (1H, t, J =
7.9 Hz), 4.12 (1H, t, J = 11.5 Hz,), 3.33 (1H, dd, J = 13.7, 5.0 Hz), 3.19-3.11 (3H, m), 3.09-
2.98 (3H m), 2.92-2.83 (2H, m).

13C NMR (CDCls, 126 MHz): § 141.08, 139.80, 139.71, 139.42, 135.91, 135.21, 134.47,
132.93, 132.79, 132.73, 132.40, 131.32, 129.45, 129.36, 128.85, 128.62, 126.60, 71.32, 41.72,
35.93, 35.33, 35.09, 34.98, 29.72.

HRMS (ESI-TOF) m/z: [M + HJ* Calcd. for C26HagNO 368.2009; found 368.2005.
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(Rp,S)-4-(4'-tert-Butyloxazolin-2'-yl)[2.2]paracyclophane and (SpsS)-4-(4'-tert-
butyloxazolin-2'-yl)[2.2]paracyclophane 8c

(e (0]
~ """t—BU ~ """t—BU
N @ N

(Rp,S)-8¢c (Sp,S)-8¢

General conditions D were followed using (£)-4-bromo[2.2]paracyclophane 7 (100 mg, 0.35
mmol, 1.0 eq.), (4S5)-4-tert-butyl-2-oxazoline 6¢ (49 mg, 0.4 mmol, 1.1 eq.), LiO'Bu (70 mg,
0.9 mmol, 2.5 eq.), (Ad),P(O)H (11 mg, 0.04 mmol, 0.1 eq.), Pd(OAc), (4 mg, 0.02 mmol,
0.05 eq.), DMA (1.3 ml) for 15 hrs.

Purification: Isocratic column chromatography [SiO,, EtOAc:Hexanes (05:95)] to obtain the
title compound 8¢ (70 mg, 0.2 mmol, 60%) as separable diastereomers, 1% diastereomer (R),S)-
8¢, off-white solid (35 mg, 0.1 mmol, 30%), and 2" diastereomer (S,,$)-8¢, off-white solid (35
mg, 0.1 mmol, 30%).

(R,,S)-4-(4'-tert-Butyloxazolin-2'-yl)[2.2]paracyclophane 8¢
Ry: 0.4 (EtOAc:Hexanes 05:95)

[ @D, 141,16 (¢ = 1.00, CH,Cly) [lit., (4D : 128 (¢ = 1.00, CH,Cly)].

IR: vy 3355, 2933, 1666, 1608, 1506, 1399, 1249, 1032 cm!.

'"HNMR (CDCls, 500 MHz): 6 7.05 (1H, s), 6.65 (1H, d, /= 16.4, 7.7 Hz), 6.57-6.52 (3H, m),
6.48 (1H, d, J=7.7 Hz), 437 (1H, t, /= 8.9 Hz), 421 (1H, t, J = 8.2 Hz), 4.17-4.09 (2H, m),
3.22-3.09 (4H, m), 3.08-2.99 (2H, m), 2.90-2.83 (1H, m), 1.04 (9H, s).

13 NMR (CDCls, 126 MHz): & 163.48, 140.86, 140.05, 139.53, 139.35, 135.73, 134.74,
134.33, 132.91, 132.78, 132.38, 131.24, 128.49, 76.64, 68.00, 35.89, 35.32, 35.07, 34.81,
34.00, 26.09.

MS (ESI-TOF) m/z: [M + H]" Caled. for Co;HagNO 334.22; found 334.21.

Data comparable to that reported in literature.’

(Sp»8)-4-(4'-tert-Butyloxazolin-2'-yl)[2.2]paracyclophane 8¢
Ry: 0.45 (EtOAc:Hexanes 05:95)

20 20
(21D . +40.03 (¢ = 1.00, CH,CL,) [lit., (9D : +56.5 (¢ = 1.00, CH,CL)].
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IR: Vg 2956, 1641, 1499, 1361, 1332, 1173, 1068 cnr'l.

'H NMR (CDCls, 500 MHz): § 7.04 (1H, s), 6.60-6.52 (5H, m), 6.47 (1H, d, J = 7.8 Hz),
441(1H, ddd, J = 12.5, 8.5, 3.7 Hz), 4.33-4.29 (1H, m), 4.25 (1H, t, J = 8.3 Hz), 4.12 (1H, t, J
= 8.7 Hz), 3.19-3.11 (4H, m), 3.07-3.00 (2H, m), 2.94-2.87 (1H, m), 1.09 (9H, s).

13C NMR (CDCls, 126 MHz): § 163.01, 141.03, 140.00, 139.45, 139.37, 135.94, 134.88,
134.00, 132.87, 132.74, 132.52, 131.60, 128.38, 76.83, 67.63, 35.46, 35.37, 35.14, 34.79,
34.34,26.31.

MS (ESI-TOF) m/z: [M + H]* Caled. for Co3HagNO 334.22; found 334.21.

Data comparable to that reported in literature.’

(¥)-4-(4'-Phenyloxazole)[2.2]paracyclophane 9

0]
N pn
v N

General conditions A were followed using (+)-4-bromo[2.2]paracyclophane 7 (40 mg, 0.14
mmol, 1.0 eq.), (R)-4-phenyl-2-oxazoline 6b (23 mg, 0.15 mmol, 1.1 eq.), LiO’Bu (28 mg, 0.35
mmol, 2.5 eq.), (+~Bu),P(O)H (2 mg, 0.014 mmol, 0.1 eq.), Pd(OAc), (2 mg, 0.007 mmol, 0.05
eq.), DMA (1.09 ml) for 24 hrs.

Purification: Flash chromatography [Si0,, EtOAc:Hexanes 05:95] gave 9, as a white solid (27
mg, 0.076 mmol, 55%).

R;: 0.7 (EtOAc:Hexanes 05:95)

IR: vinax 3019, 2972, 2401, 2254, 2008, 1968, 1394, 1215 cm™'.

"HNMR (CDCl;, 500 MHz): 0 7.73-7.62 (2H, m), 7.53-7.42 (1H, m), 7.34-7.29 (1H, m), 7.26-
7.18 (1H, m), 6.94 (1H, d, J= 7.9 Hz), 6.79 (1H, d, J= 1.3 Hz), 6.76 (1H, d, /= 7.9 Hz), 6.62
(1H, d, J= 7.9 Hz), 6.55 (2H, s), 6.53 (1H, d, /= 7.9 Hz), 3.57 (1H, ddd, J = 13.4, 10.5, 2.3
Hz), 3.35 (1H, ddd, J = 13.2, 10.8, 4.6 Hz), 3.20-3.04 (6H, m).

13C NMR (CDCls, 126 MHz): ¢ 144.26, 140.94, 139.54, 139.14, 137.13, 136.80, 134.53,
133.52, 132.90, 132.71, 130.98, 129.93, 129.58, 129.03, 128.96, 128.29, 128.09, 127.30,
118.94, 114.92, 35.33, 35.09, 34.47, 34.24.
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(S,Rp,S),8)-4,16-Bis(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11a

@)
~ lll..Bn
N

(S,R,,Sp,S)-11a

General conditions A were followed using 4,16-dibromo[2.2]paracyclophane 10a (50 mg, 0.14
mmol, 1.0 eq.), (45)-4-benzyloxazoline 6a (24 mg, 0.15 mmol, 1.1 eq.), LiO'Bu (27 mg, 0.15
mmol, 2.5 eq.), (+~Bu),P(O)H (2 mg, 0.014 mmol, 0.1 eq.), Pd(OAc), (2 mg, 0.006 mmol, 0.05
eq.), DMA (0.55 ml) for 24 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (30:70)] to obtain the title
compound 11a as a single stereoisomer, pale yellow solid (22 mg, 0.042 mmol, 31%) and by-

product 8a as a mixture of diastereomers, an off-white solid (25 mg, 0.068 mmol, 52%).

General conditions B were followed using 4,16-dibromo[2.2]paracyclophane 10a (50 mg, 0.14
mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (49 mg, 0.30 mmol, 2.2 eq.), LiO'Bu (55 mg,
0.68 mmol, 5 eq.), (¢-Bu),P(O)H (4 mg, 0.027 mmol, 0.2 eq.), PA(OAc), (4 mg, 0.013 mmol,
0.1 eq.), DMA (0.55 ml) for 48 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (30:70)] to obtain the title
compound 11a as a single diastereomer, pale yellowish solid (58 mg, 0.11 mmol, 81% yield)

and by-product 8a as a mixture of diastereomers (9 mg, 0.024 mmol, 18% yield).

Ry: 0.6 (EtOAc:Hexanes 30:70)

IR: Vinax 3018, 2988, 2900, 1393 cm™!.

'"H NMR (CDCls, 500 MHz): ¢ 7.40-7.27 (8H, m), 7.30-7.27 (2H, m), 7.11 (2H, dd, J = 7.8,
2.0 Hz), 6.66 (2H, dt, J= 7.6, 2.1 Hz), 6.56 (2H, t, /= 7.6 Hz), 4.72-4.63 (2H, m), 4.44 (2H,
dt, J=22.7,8.7 Hz), 4.26-4.09 (4H, m), 3.35 (2H, quint, J= 5.5 Hz), 3.13-3.03 (4H, m), 2.96-
2.90 (2H, m), 2.87 (2H, m).
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13C NMR (CDCl;, 126 MHz): 6 164.40, 164.12, 140.92, 140.66, 139.81, 139.68, 138.18,
138.14, 135.14, 135.06, 134.21, 134.14, 133.37, 133.25, 129.40, 129.36, 128.63, 128.58,
128.50, 128.31, 126.55, 71.85, 70.92, 68.20, 68.16, 42.05, 41.92, 34.94, 34.42, 34.32.

HRMS (ESI-TOF) m/z: [M + H]" Calcd. for C3sH35N,0, 527.2693; found 527.2689.

(R,,8)-4,12-Bis-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and  (S,,5)-4,12-bis-(4'-
benzyloxazolin-2'-yl)[2.2]paracyclophane 11b

(R,,S)-11b (S,,S)-11b

General conditions A were followed using (£)-4,12-dibromo[2.2]paracyclophane 10¢ (50 mg,
0.13 mmol, 1.0 eq.), (4S)-4-benzyloxazoline 6a (24 mg, 0.15 mmol, 1.1 eq.), LiO'Bu (27 mg,
0.34 mmol, 2.5 eq.), (¢-Bu),P(O)H (2 mg, 0.013 mmol, 0.1 eq.), Pd(OAc), (2 mg, 0.006 mmol,
0.05 eq.), DMA (0.55 ml) for 12 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (0-20%, gradient elution)] to
obtain the title compound as diastereomer 1, (S,,S)-11b, pale yellow solid (10 mg, 0.018 mmol,
15%), and the 2" diastereomer (R,,S)-11b, pale yellow solid (15 mg, 0.028 mmol, 22%), as
well as monooxazoline 8a as a mixture of diastereomers, (12 mg, 0.032 mmol, 25% yield), and
monobromo-monooxazoline 11d as a mixture of diastercomers, (R,,S)-11d and (S,,$)-11d,

white solid (19 mg, 0.042 mmol, 31%).

General conditions B were followed using (+)-4,12-dibromo[2.2]paracyclophane 10¢ (60 mg,
0.16 mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (58 mg, 0.36 mmol, 2.2 eq.), LiO'Bu (66
mg, 0.82 mmol, 5 eq.), (+~Bu),P(O)H (5 mg, 0.032 mmol, 0.2 eq.), Pd(OAc), (4 mg, 0.016
mmol, 0.1 eq.), DMA (0.66 ml) for 12 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (0-20%, gradient elution)] to
obtain the title compound 11b as separable diastereomers, (S,,5)-11b, pale yellow solid (30 mg,
0.057 mmol, 34%), and diastereomer (R,,S)-11b, pale yellow solid (31 mg, 0.068 mmol, 36%),
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and monobromo-monooxazoline 11d as a mixture of diastereomers, (R,,$)-11d and (S,,5)-11d,

white solid (5%).

Large Scale: General Conditions B were followed using (£)-4,12-dibromo[2.2]paracyclophane
10c¢ (6.3 g, 17.2 mmol, 1.0 eq.), (45)-4-benzyl-2-oxazoline 6a (6.1 g, 37.9 mmol, 2.2 eq.),
LiO"Bu (6.89 g, 86.1 mmol, 5 eq.), (¢-Bu),P(O)H (0.56 g, 3.4 mmol, 0.2 eq.), Pd(OAc), (0.39
g, 1.72 mmol, 0.1 eq.), DMA (0.66 ml) for 12 hrs.

Purification: Flash chromatography [SiO,, 8% EtOAc:Hexanes] to obtain the title compound
11b as separable diastereomers, (S,,S)-11b, pale yellow solid (2.1 g, 3.96 mmol, 23%), and
diastereomer (R,,S)-11b, pale yellow solid (1.7 g, 3.27 mmol, 19%), monobromo-
monooxazoline 11d as a mixture of diastereomers, (R,,$)-11d and (S,S$)-11d (it is possible to
enrich the diastereomeric mixture to favour one diastereomer by recrystallisation), white solid
(0.9 g, 2.07 mmol, 12%) and monooxazoline 8a as a mixture of diastereomers (0.16 g, 0.52

mmol, 3%).

(S5p,9)-4,12-Bis-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11b
Ry: 0.6 (EtOAc:Hexanes 20:80)

[a]%y . _ . [al% . _
D :—61.70 (c = 0.47, CHCI;) [lit.: ™1 D : —68.5 (c = 0.47, CHCl)]

IR: vinax 3627, 2955, 2919, 1639, 1601, 1590, 1452 cm!.

'"H NMR (CDCls, 500 MHz): 6 7.42-7.36 (8H, m), 7.31-7.28 (2H, m), 7.21 (2H, d, J= 1.4 Hz),
6.68 (2H, d, J = 8.3 Hz), 6.60 (2H, d, J = 7.8 Hz), 4.68 (2H, quint, J = 8.5 Hz), 4.36-4.30 (4H,
m), 4.12 (2H, t,J=7.6 Hz), 3.42 (2H, dd, J=13.6, 6.2 Hz), 3.27-3.21 (2H, m), 3.16-3.12 (2H,
m), 2.94-2.90 (2H, dd, J = 13.6, 8.6 Hz), 2.89 (2H, ddd, /= 12.5, 10.3, 7.1 Hz).

13C NMR (CDCls, 126 MHz): ¢ 163.49, 141.08, 140.12, 138.62, 135.79, 134.97, 132.08,
129.25, 128.63, 127.98, 126.48, 70.69, 68.73, 42.61, 35.65, 33.69.

HRMS (ESI-TOF) m/z: [M + H]* Caled. for C3H35N,0, 527.2693; found 527.2690.

Data comparable to that reported in literature.*

(Rp,S)-4,12-Bis-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11b
Rs: 0.5 (EtOAc:Hexanes 20:80)

(o] . +23.61 (c = Ly _
£ 423.61 (¢ = 0.72, CHCL3) [Lit:!%! D : +13.9 (¢ = 0.72, CHCL)]
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IR: Vinax 3674, 2925, 1634, 1590, 1495, 1352 cm'.

'H NMR (CDCls, 400 MHz): § 7.39-7.29 (8H, m), 7.27 (2H, d, J = 8.1 Hz), 7.15 2H, d, J =
1.8 Hz), 6.68 (2H, d, J= 7.8 Hz), 6.59 (2H, d, J = 7.8 Hz), 4.67-4.61 (2H, m), 4.35-4.30 (4H,
m), 4.07 2H, t, J = 7.2 Hz), 3.29 (2H, dd, J = 13.7, 5.1 Hz), 3.17 (2H, dd, J = 8.3, 6.4 Hz),
2.93 (2H, m), 2.72 (2H, dd, J= 13.7, 9.1 Hz).

13C NMR (CDCls, 126 MHz): § 163.69, 141.02, 140.10, 138.44, 135.76, 134.87, 132.58,
129.25, 128.55, 127.99, 126.43, 70.74, 68.43, 41.97, 36.04, 34.02.

HRMS (ESI-TOF) m/z: [M + HJ* Calcd. for C3sH3sN,0, 527.2693; found 527.2690.

Data comparable to that reported in literature.*

(Ry,8)-4-Bromo-12-(4'-benzyloxazoline-2'-yl)[2.2]paracyclophane and (S},$)-4-bromo-
12-(4’-benzyloxazoline-2'-yl)[2.2]paracyclophane 11d

(Rp,S)-11d (SpS)-11d

Ry: 0.5 (EtOAc:Hexanes 30:70)

IR: Vimax 3675, 2989, 2900, 1405, 1393 cm’!.

'"H NMR (CDCls, 500 MHz): 6 7.70 (2H, d, J = 8.5 Hz), 7.40-7.35 (8H, m), 7.31-7.24 (2H, m),
6.66-6.58 (8H, m), 6.52 (2H, d, J = 7.7 Hz), 4.70-4.60 (2H, m), 4.40 (1H, t, J = 8.6 Hz), 4.34
(1H,t,J=8.6 Hz), 4.28 (1H, ddd, J=12.1, 9.4, 2.3 Hz) 4.22-4.17 (2H, m), 4.15 (1H, t, J= 7.7
Hz), 3.51 (2H, dd, J=11.7, 3.2 Hz), 3.37 (1H, dd, J = 13.8, 5.6 Hz), 3.30 (1H, dd, J = 13.7,
5.4 Hz), 3.24-3.19 (2H, m), 3.12-2.78 (12H, m).

13C NMR (CDCl;, 126 MHz): ¢ 163.92, 163.63, 142.16, 142.03, 140.73, 140.57, 139.25,
139.20, 138.86, 138.82, 138.39, 138.32, 135.67, 135.16, 135.11, 134.97, 134.94, 134.90,
131.36, 131.25, 130.44, 130.19, 129.40, 129.30, 128.61, 128.54, 128.06, 127.97, 126.68,
126.63, 126.49, 126.45, 71.05, 70.90, 68.51, 68.29, 42.22, 42.03, 36.06, 35.85, 35.79, 35.69,
33.95, 33.68, 32.66, 32.60.

HRMS (ESI-TOF) m/z: [M + H]" Caled. for C,sH,sBr’>NO 446.1114; found 446.1111;
Cy6HysBr8INO 448.1114; found 448.1089.
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(Rp,S)-4,12-Bis-(4'-tert-butyloxazolin-2'-yl)[2.2]paracyclophane and (S,5)-4,12-bis-(4'-
tert-butyl-oxazolin-2'-yl)[2.2]paracyclophane 11¢

O O
~ lll-..t_Bu ~ lln..t_Bu
. 7,

(Rp,S)-11c (Sp,S)-11c

General conditions F were followed using (+)-4,12-dibromo[2.2]paracyclophane 10¢ (100 mg,
0.27 mmol, 1.0 eq.), (4S5)-4-tert-butyl-2-oxazoline 6¢ (77 mg, 0.60 mmol, 2.2 eq.), LIO'Bu (110
mg, 1.37 mmol, 5.0 eq.), (Ad),P(O)H (18 mg, 0.027 mmol, 20 mol%), Pd(OAc), (6 mg, 0.055
mmol, 10 mol%), DMA (1.1 ml) for 12 hrs.

Purification: Isocratic column chromatography [SiO,, EtOAc: Hexanes (05:95)] to obtain a
mixture of title compound 11¢1 (1% diastereomer) and monooxazoline diastereomer (S, S)-8¢c,
(refer to '"H NMR data of (S, $)-8¢ for data) (1:1 mixture) as an off-white solid (20 mg), a
mixture of diastercomers 11¢l & 11¢2 (8 mg, 0.016 mmol, 6%), and then 2" diastereomer

11¢c2, as an off-white solid (24 mg, 0.052 mmol, 20%).

4,12-Bis-(4'-tert-butyloxazolin-2'-yl)[2.2]paracyclophane 11¢1 (mixed with (S,,5)-8¢c)
Diastereomer 1, relative stereochemistry not determined

Rs: 0.4 (EtOAc: Hexanes 04:96)

Peaks belonging to 11cc1 'H NMR (CDCl;, 500 MHz): 6 7.10 (2H, d, J= 1.6 Hz), 7.02 (1H,
d, J=1.7 Hz), 6.63 (2H, dd, J = 5.96, 1.7 Hz), 6.59-6.50 (7H, m), 6.46 (1H, d, J = 7.9 Hz),
4.49-4.19 (7H, m), 4.02-4.14 (5H, m), 3.27-3.07 (8H, m), 3.07-2.97 (2H, m), 2.95-2.80 (3H,
m), 1.11 (18H, s), 1.09 (9H, s).

HRMS (ESI-TOF) m/z: [M + H]" Calcd C30H39N,O; for 459.6428; Found 459.6434.

4,12-Bis-(4'-tert-butyloxazolin-2'-yl)[2.2|paracyclophane 11c2
Diastereomer 2, relative stereochemistry not determined
R;: 0.3 (EtOAc:Hexanes 04:96)

24
[@1D"; _50.1 (¢ = 0.9, CHCIy)

IR: Vinax 2954, 1640, 1477, 1259, 1048 cm’!.
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'H NMR (CDCls, 500 MHz): 6 7.14 (2H, ), 6.66 (2H, d, J = 7.6 Hz), 6.58 (2H, d, J= 7.8 Hz),
4.32 (2H, quint, J = 9.4 Hz), 4.25 (2H, t, J = 10.6 Hz), 4.17 (4H, m), 3.22-3.07 (4H, m), 2.84-
2.78 (2H, m), 1.02 (18H, s).

13C NMR (CDCls, 126 MHz): 5 162.70, 140.87, 140.14, 135.49, 134.53, 132.08, 127.99, 76.90,
67.58, 36.10, 33.96, 33.91, 26.03.

MS (ESI-TOF) m/z: [M + HJ* Caled. for C3oH3oN,0, 459.6428; found 459.6437.

(Ry,5)-4-Amino-13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,,5)-4-amino-13-
(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11e

O
~ in Bn
H N

H
|
N

(SpS)-11e (RpsS)-11e

General conditions A was followed using (£)-4-bromo-13-amino[2.2]paracyclophane 10e (58
mg, 0.19 mmol, 1.0 eq.), (4S)-4-benzyloxazoline 6a (34 mg, 0.21 mmol, 1.1 eq.), LiO’Bu (39
mg, 0.48 mmol, 2.5 eq.), (¢-Bu),P(O)H (3 mg, 0.019 mmol, 0.1 eq.), Pd(OAc), (2 mg, 0.009
mmol, 0.05 eq.), DMA (0.77 ml) for 24 hrs.

Purification: Flash chromatography [SiO,, Et;N:EtOAc:Hexanes (2:12:86)] to give one
diastereomer of the title compound 11el (13 mg, 0.033 mmol, 18%), a mixture of
diastereomers (28 mg, 0.073 mmol, 38%), and the second diastereomer 11e2, as a brown solid
(13 mg, 0.033 mmol, 18%), and in addition, 4-amino[2.2]paracyclophane 12e was obtained as
a solid (10 mg, 0.044 mmol, 24%).

4-Amino-13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11el
Diastereomer 1, relative stereochemistry has not been determined.

Ry: 0.4 (Et;N:EtOAc:Hexanes 2:12:86)

[a]p : No consistent value could be obtained between samples.

"H NMR (CDCl;, 500 MHz): ¢ 7.35-7.32 (2H, m), 7.29-7.22 (3H, m), 7.13 (1H, s), 6.61 (1H,
d,/J=7.8Hz),6.42 (1H, d,J=8.1 Hz), 6.35 (1H, d,J= 7.6 Hz), 6.17 (1H, d, J= 7.7 Hz), 5.49
(1H, s), 4.60-4.54 (1H, m), 4.31-4.24 (2H m), 4.10 (1H, t, /= 8.2 Hz), 3.31 (1H, dd, J=13.7,
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4.5 Hz), 3.19 (1H, ddd, J = 12.0, 9.8, 1.9 Hz), 3.11 (1H, td, J = 12.3, 2.5 Hz), 3.04-2.97 (2H,
m), 2.93-2.87 (2H, m), 2.76-2.70 (2H, m).

13C NMR (CDCLs, 126 MHz): d 165.57, 146.48, 140.60, 140.13, 138.49, 138.14, 136.01,
134.87, 134.53, 132.35, 129.34, 128.62, 125.12, 124.17, 126.57, 122.44, 121.32, 71.12, 67.91,
41.56, 34.82, 34.66, 32.14, 31.08.

HRMS (ESI-TOF) m/z: [M + H]* Caled. for CagH,7N,O 383.2118; found 383.2114.

4-Amino-13-(4’-benzyloxazolin-2'-yl)[2.2]paracyclophane 11e2
Diastereomer 2, relative stereochemistry not determined
Ry: 0.3 (Et;N:EtOAc:Hexanes 2:12:86)

[a]?) . _
b :-77.78 (¢ = 0.90, CHCls)

IR: vimax 3745, 3020, 2938, 2400, 1312 cm’!.

'"H NMR (CDCl3, 400 MHz): 6 7.41-7.34 (4H, m), 7.13 (1H, dt, J = 8.5, 3.2 Hz), 7.09 (1H, s),
6.62 (1H,dd, /=8.1,2.2 Hz), 6.41 (1H, d, J= 7.8 Hz), 6.34 (1H, d, J= 7.7 Hz), 6.17 (1H, dd,
J=17.6,1.6 Hz), 5.41 (1H, s), 4.66 (1H, dtd, J = 12.3, 7.7, 4.6 Hz), 4.39 (1H, t, J = 8.6 Hz),
4.34-4.29 (1H, m), 4.18 (1H, t, J=7.8 Hz), 3.18 (2H, dd, J=13.7,4.6 Hz), 3.11-2.87 (8H, m),
2.75 (1H, ddd, J=13.6, 10.2, 5.5 Hz).

BC NMR (CDCl;, 126 MHz): J 165.22, 146.36, 140.55, 140.13, 138.33, 137.90, 136.00,
134.84, 134.28, 132.17, 129.95, 128.55, 126.66, 125.09, 123.99, 122.16, 121.16, 70.26, 67.65,
40.84, 34.81, 34.64, 32.34, 30.72.

HRMS (ESI-TOF) m/z: [M + H]* Calcd. for Cy¢H,7N,0 383.2118; found 383.2114.
(R,,8)-4-(Piperidin-1'-yl)-13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,$)-4-
(piperidin-1'-yl)-13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11f

(SpS)-11f (Rp,S)-11f

General conditions A  were followed using (%)-4-bromo-13-(piperidin-1'-yl)-
[2.2]paracyclophane 10f (36 mg, 0.097 mmol, 1.0 eq.), (4S)-4-benzyloxazoline 6a (17 mg,
0.017 mmol, 1.1 eq.), LiO'Bu (20 mg, 0.24 mmol, 2.5 eq.), (¢-Bu),P(O)H (2 mg, 0.009 mmol,
0.1 eq.), Pd(OAc); (1 mg, 0.004 mmol, 0.05 eq.), DMA (0.39 ml) for 24 hrs.
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Purification: Preparative TLC [SiO,, Et;N:EtOAc:Hexanes (2:09:89)] to obtain 11f1, as a
brown solid (17 mg, 0.037 mmol, 39%), followed by a mixture of diastereomers (14 mg, 0.031
mmol, 31%), and a diastereomer 11f2, as a brown solid (11 mg, 0.024 mmol, 24%).

4-(Piperidin-1'-yl)-13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11f1
Diastereomer 1, relative stereochemistry not determined
R;: 0.5 (Et;N:EtOAc:Hexanes 2:09:89)

20
(@] . 15091 (c = 1.1, CHCIy)

IR: viax 3681, 3019, 2931, 2400, 2183, 1517 cm.

'"H NMR (CDCl;, 500 MHz): ¢ 7.36-7.31 (2H, m), 7.29-7.25 (3H, m), 7.04 (1H, s), 6.66 (1H,
d,/J=7.7Hz),6.61 (1H,d,J=7.7Hz), 6.56 (1H, d,J=7.5 Hz), 6.33 (1H, d, /= 7.4 Hz), 5.75
(1H, s), 4.71 (1H, ddd, J = 13.9, 9.2, 4.7 Hz), 4.51 (1H, tt, J=13.6, 5.3 Hz), 4.32 (1H, t, J =
8.8 Hz), 3.97 (1H, t,J=8.5 Hz), 3.58 (1H, tt, /= 13.3, 4.9 Hz), 3.42 (1H, dd, J=13.8, 4.5 Hz),
3.13-3.08 (1H, m), 3.07-3.02 (1H, m), 3.01-2.92 (3H, m), 2.85-2.74 (5H, m), 2.66 (1H, dd, J =
13.6, 9.8 Hz), 1.80-1.71 (2H, m), 1.65-1.56 (2H, m), 1.56-1.48 (2H, m).

3C NMR (CDCl;, 126 MHz): ¢ 163.31, 152.60, 142.03, 140.05, 138.81, 137.99, 135.81,
135.74, 134.75, 132.29, 131.58, 129.14, 128.59, 126.43, 126.30, 119.01, 70.91, 68.67, 53.40,
42.15, 35.04, 34.80, 34.21, 34.19, 26.60, 24.53.

HRMS (ESI-TOF) m/z: [M + H]* Caled C3;H35N,0 451.2744 for; Found 451.2741.

4-(Piperidin-1'-yl)-13-(4’-benzyloxazolin-2'-yl)[2.2]paracyclophane 112
Diastereomer 2, relative stereochemistry not determined

R;: 0.4 (EN:EtOAc:Hexanes 2:09:89)

[a]ZDO: Too wide range of values between successive measurements.

IR: Vinax 3680, 3019, 2929, 2165, 2087 cm’!.

"H NMR (CDCl;, 500 MHz): ¢ 7.38-7.32 (2H, m), 7.31-7.24 (3H, m), 7.19 (1H, s), 6.69 (1H,
d,/J=7.6 Hz), 6.59 (1H, d, J="7.7 Hz), 6.54 (1H, d, J=7.5 Hz), 6.31 (1H, d, J=7.5 Hz,), 5.86
(1H, s), 4.57 (1H, tt, J = 14.8, 5.6 Hz), 4.36 (1H, t, /= 8.7 Hz), 4.25-4.17 (2H, m), 3.53 (1H,
tt, J=12.6, 4.7 Hz), 3.30 (1H, dd, J = 13.6, 4.9 Hz), 3.19-3.10 (1H, m), 3.10-3.01 (1H, m),
2.99-2.80 (8H, m), 2.74 (1H, dd, J = 13.6, 9.4 Hz), 1.78-1.72 (2H, m), 1.63-1.57 (2H, m),
1.54-1.51 (2H, m).
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13C NMR (CDCly, 126 MHz): & 164.67, 152.76, 141.47, 140.06, 138.45, 138.38, 135.85,
135.38, 134.65, 132.49, 131.87, 129.22, 128.61, 126.63, 126.45, 125.14 118.84, 71.24, 67.74,
53.31,41.91, 35.28, 35.07, 34.76, 33.40, 26.46, 24.46.

HRMS (ESI-TOF) m/z: [M + H]* Caled. for C3;H3sN,O 451.2744; found 454.2741.

(Ry,8)-4-Amino-5-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,,5)-4-amino-5-(4'-
benzyloxazolin-2'-yl)[2.2]paracyclophane 11g

NH,

(Sp:S)-11g (Rp:S)-11g

General conditions A were followed using (£)-4-bromo-5-amino[2.2]paracyclophane 10g (48
mg, 0.16 mmol, 1.0 eq.), (45)-4-benzyloxazoline 6a (28 mg, 0.17 mmol, 1.1 eq.), LiO’Bu (32
mg, 0.39 mmol, 2.5 eq.), (+~-Bu),P(O)H (3 mg, 0.015 mmol, 10 mol%), Pd(OAc), (2 mg, 0.0079
mmol, 5 mol%), DMA (0.64 ml) for 24 hrs.

Purification: Preparative TLC [SiO,, EtOAc:Hexanes 15:85] to obtain the separate
diastereomer 11g1, yellow solid (10 mg, 0.026 mmol, 16%) and 11g2, yellow solid (11 mg,
0.028 mmol, 18%).

The samples decomposed during data collection.

4-Amino-5-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11g1

Diastereomer 1, relative stereochemistry not determined

Ry: 0.6 (EtOAc:Hexanes 15:85)

'"H NMR (CDCls, 500 MHz): ¢ 7.37-7.31 (4H, m), 7.25-7.24 (1H, m), 7.08 (1H, dd, J = 7.7,
1.5 Hz), 6.63 (1H, d, J=7.8 Hz), 6.43 (1H, d, /= 7.8 Hz), 6.38 (2H, dd, /= 6.7, 1.7 Hz), 6.14
(1H,d,J=7.6 Hz,), 4.65-4.58 (1H, m), 4.27-4.18 (2H, m), 4.04 (1H, dd, /= 8.2, 6.3 Hz), 3.85-
3.76 (1H, m), 3.11-3.03 (4H, m), 2.75-2.63 (4H, m).
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4-Amino-5-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11g2

Diastereomer 2, relative stereochemistry not determined

R;: 0.5 (EtOAc:Hexanes 15:85)

'H NMR (CDCls, 500 MHz): 6 7.40-7.34 (4H, m), 7.32-7.28 (1H, m), 7.10 (1H, dd, J = 7.7,
1.6 Hz), 6.63 (1H, dd, J=7.8, 1.4 Hz), 6.43 (1H, dd, J="7.7, 1.7 Hz), 6.38 (2H, d, /= 7.6 Hz),
6.12 (1H, d, J= 7.6 Hz), 4.62-4.54 (1H, m), 4.27 (1H, t, /= 8.4 Hz), 4.05 (1H, t, /= 8.2 Hz),
3.82-3.75 (1H, m), 3.25 (1H, dd, J = 13.7, 6.0 Hz), 3.13-3.05 (4H, m), 2.94 (1H, dd, J = 13.7,
7.6 Hz), 2.75-2.64 (3H, m).

(Ry,8)-4-Amino-8-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane and (S},5)-4-amino-8-
(4’-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11h

0/> o/>
i i
H,oN <y Bn N N "Bn

(Sp,S)-11h (Rp,S)-11h

General conditions D were followed using (+)-4-bromo-8-amino[2.2]paracyclophane 10h (50
mg, 0.17 mmol, 1.0 eq.), (4S)-4-benzyloxazoline 6a (30 mg, 0.18 mmol, 1.1 eq.), LiO‘Bu (33
mg, 0.41 mmol, 2.5 eq.), (Ad),P(O)H (6 mg, 0.02 mmol, 0.1 eq.), PA(OAc), (2 mg, 0.08 mmol,
0.05 eq.), DMA (1.0 mL) for 15 hrs.

Purification: Isocratic column chromatography [SiO,, EtOAc: Hexanes (20:80)] to obtain the
first diastereomer, 11hl, as an off-white solid (10 mg, 0.026 mmol, 15%), a mixture of
diastereomers (4 mg, 0.010 mmol, 6%), and the second diastereomer 11h2, as an off-white

solid (12 mg, 0.031 mmol, 18%).

4-Amino-8-(4'-benzyl-oxazolin-2'-yl)[2.2]|paracyclophane 11h1
Diastereomer 1, relative stereochemistry not determined

Ry: 0.3 (EtOAc:Hexanes 20:80)

IR: Vinax 2920, 2357, 1651, 1495, 1289, 1255, 1017 cm!.

20
(21D, _63.3 (¢ = 0.6, CHCL,).

'HNMR (CDCls, 500 MHz): 6 7.41-7.32 (4H, m), 7.28-7.23 (1H, m), 7.15 (1H, d, J= 7.6 Hz),
6.93 (1H, s), 6.63 (1H, d, J = 7.6 Hz), 6.52-6.45 (2H, m), 5.45 (1H, s), 4.64-4.53 (1H, m), 4.29
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(1H, t, J = 8.7 Hz), 4.23-4.13 (2H, m), 3.77 (2H, bs), 3.33 (1H, dd, J = 13.6 Hz, 4.8 Hz), 3.17-
3.00 (SH, m), 2.81 (1H, dd, J= 13.5, 8.9 Hz), 2.75-2.63 (1H, m), 2.62-2.52 (1H, m).

13C NMR (CDCLs, 176 MHz): ¢ 139.61, 138.84, 132.78, 131.34, 131.22, 129.38, 129.25,
128.99, 128.61, 127.42, 126.51, 124.04, 123.08, 70.87, 35.64, 34.90, 32.55, 31.93, 31.86,
29.71.

HRMS (ESI-TOF) m/z: [M + H]* Caled. for Ca6H,7N,O 383.2118; found 383.2113.

4-Amino-8-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11h2
Diastereomer 2, relative stereochemistry not determined

Ry: 0.2 (EtOAc:Hexanes 20:80)

IR: viax 2921, 1615, 1584, 1347, 1262 cm’!.

20
[@]D’, +45 (¢ = 0.2, CHCL).

'"H NMR (CDCl;, 500 MHz): 6 7.41-7.34 (4H, m), 7.28-7.22 (1H, m), 7.13 (1H, d, /= 7.6 Hz),
6.91 (1H, s), 6.60 (1H, d, J= 7.5 Hz), 6.52-6.41 (2H, m), 5.44 (1H, s), 4.68-4.57 (1H, m), 4.34
(1H, t, J= 8.6 Hz), 4.13-4.04 (2H, m), 3.76 (2H, bs), 3.33 (1H, dd, J = 13.6 Hz, 4.4 Hz), 3.17-
3.04 (4H, m), 3.02-2.93 (1H, m), 2.81 (1H, d, J=13.4, 9.2 Hz), 2.74-2.64 (1H, m), 2.63-2.54
(1H, m).

BC NMR (CDCl;, 126 MHz): ¢ 139.16, 138.84, 137.87, 132.77, 131.41, 131.14, 129.51,
129.37, 128.58, 127.41, 126.56, 123.91, 123.24, 71.24, 35.68, 35.01, 32.55, 31.93, 31.86,
29.70.

HRMS (ESI-TOF) m/z: [M + H]* Calcd. for Cy¢H,7N,0 383.2118; found 383.2114.

(Rp,S)-4-Amino-16-(4'-tert-butyl-oxazolin-2'-yl)[2.2]paracyclophane and (S,,5)-4-amino-
16-(4'-tert-butyl-oxazolin-2'-yl)[2.2]paracyclophane 11i

O O
~ um t-Bu ~ um t-Bu
oy

H,N HoN

(Rp,S)-11i (Sp,S)-11i

General conditions D were followed using (+)-4-bromo-16-amino[2.2]paracyclophane 10i

(200 mg, 0.66 mmol, 1.0 eq.), (4S)-4-tert-butyloxazoline 6¢ (93 mg, 0.73 mmol, 1.1 eq.),
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LiOBu (133 mg, 1.66 mmol, 2.5 eq.), (Ad),P(O)H (21 mg, 0.066 mmol, 0.1 eq.), PA(OAc), (7
mg, 0.033 mmol, 0.05 eq.), DMA (2.65 ml) for 15 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (20:80)] to obtain first
diastereomer, 11il, pale yellow solid (30 mg, 0.057 mmol, 13%), a mixture of diastereomers
(78 mg, 0.21 mmol, 31%) and separate diastereomer 11i2, pale yellow solid (31 mg, 0.068
mmol, 14%).

4-Amino-16-(4'-tert-butyl-oxazolin-2'-yl)[2.2]paracyclophane 11il
Diastereomer 1, relative stereochemistry not determined
Ry: 0.3 (EtOAc:Hexanes 10:90)

20
(21D, 32,11 (¢ = 0.9, CHCL).

IR: Vinax 3433, 2946, 1637, 1475, 1346, 1283, 1021, 800 cm-'.

'H NMR (CDCls, 500 MHz): 6 7.28 (1H, d, J = 10.6 Hz), 6.98 (1H, s), 6.43 (1H, d, J = 7.7
Hz), 6.26 (1H, d, J = 7.6 Hz), 6.18 (1H, d, J = 7.6 Hz), 5.43 (1H, s), 4.37 (1H, t, J = 8.8 Hz),
4.22-4.09 (3H, m), 3.49 (2H, bs), 3.17-2.96 (SH, m), 2.94 (1H, t, J = 11.3 Hz), 2.83-2.68 (2H,
m), 1.04 (9H, s).

13C NMR (CDCls, 126 MHz): 6 163.76, 144.85, 141.27, 140.43, 138.60, 134.96, 134.37,
134.15, 129.19, 128.04, 124.37, 122.24, 121.47, 76.50, 67.97, 35.52, 34.13, 33.97, 32.59,
31.40, 26.08.

HRMS (ESI-TOF) m/z: [M + HJ* Calcd. for Co3HaoN,0 349.2280; found 349.2274.

4-Amino-16-(4'-tert-butyl-oxazolin-2'-yl)[2.2]paracyclophane 11i2
Diastereomer 2, relative stereochemistry not determined
Rs: 0.2 (EtOAc:Hexanes 10:90)

20
(21D, 7625 (¢ = 0.8, CHCly).

IR: Vinax 3338, 2947, 1640, 1500, 1361, 1302, 1066, 986 cm''.

'HNMR (CDCls, 500 MHz): 6 7.27 (1H, dd, J= 7.7, 1.7 Hz), 6.95 (1H, s), 6.45 (1H, d, J= 7.7
Hz), 6.28 (1H, d, J=7.6 Hz), 6.13 (1H, dd, J=7.6, 1.4 Hz), 5.44 (1H, d, J= 1.1 Hz), 4.43 (1H,
ddd, J=12.4,10.1, 1.8 Hz), 4.33 (1H, dd, J= 10.1, 8.5 Hz), 4.24 (1H, t, J= 8.4 Hz), 4.11 (1H,
dd,J=9.9, 1.8 Hz), 3.52 (2H, bs), 3.16-3.08 (2H, m), 3.08-2.97 (2H, m), 2.94 (1H, td, J= 12.8,
2.3 Hz),2.87 (1H, dd, J = 12.2, 5.3 Hz), 2.77-2.68 (1H, m), 1.10 (9H, s).
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13C NMR (CDCl;, 126 MHz): 6 163.36, 144.88, 141.28, 140.50, 138.59, 134.56, 134.52,
134.39, 129.07, 128.15, 124.38, 122.18, 121.53, 76.50, 67.58, 34.94, 34.33, 34.11, 32.65,
31.49, 26.38.

HRMS (ESI-TOF) m/z: [M + H]" Calcd. for C,3H,9N,0 349.2280; found 349.2274.

(Ry,8)-4-Amino-15-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane and (S,,5)-4-amino-15-
(4’-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11j

O/> O/>
HN \N nnBn H,N P mBn
ﬂ /

(Rp,S)-11] (SpS)-11i

General conditions D were followed using (+)-4-amino-15-bromo[2.2]paracyclophane (150
mg, 0.50 mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (88 mg, 0.54 mmol, 1.1 eq.), LiO‘Bu
(99 mg, 1.24 mmol, 2.5 eq.), (Ad),P(O)H (16 mg, 0.049 mmol, 10 mol%), Pd(OAc), (6 mg,
0.025 mmol, 5 mol%), DMA (2.0 ml) for 13 hrs .

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (20:80)] to obtain the title
compound 11j as an inseparable mixture of diastereomers, (R,,S)-11j1 and (S,,5)-11j2,
yellow-white solid (78 mg, 0.20 mmol, 41%).

Rs: 0.4 (EtOAc:Hexanes 20:80)

IR: v 3414, 3380, 2922, 2854, 2601, 2461, 1633, 1599, 1494, 1452, 1428, 1362, 1179,
1034, 990, 702 cm’!.

'"H NMR (MeOD-d,, 500 MHz): ¢ 7.34-7.32 (8H, m), 7.25-7.22 (4H, m), 7.10 (1H, d, J=1.6
Hz), 7.07 (1H, d, J= 1.6 Hz), 6.53 (1H, s), 6.52 (1H, s), 6.24 (1H, d, J= 7.6 Hz), 6.15 (1H, d,
J=17.6 Hz), 6.00 (1H, dd, J="7.7, 1.4 Hz), 5.95 (1H, dd, J = 7.5, 1.4 Hz), 5.50 (2H, s), 4.62-
4.54 (2H, m), 4.40 (2H, q, J = 8.8 Hz), 4.25-4.19 (2H, m), 3.91-3.85 (1H, m), 3.82-3.76 (1H,
m), 3.18-2.77 (17 H, m), 2.65-2.51 (2H, m).

13C NMR (MeOD-d,, 176 MHz): 6 166.01, 165.59, 146.65, 146.59, 140.86, 140.75, 140.47,
140.44, 139.00, 138.97, 137.90, 137.67, 134.36, 133.29, 132.93, 129.40, 129.33, 129.27,
129.11, 128.18, 128.17, 128.01, 127.89, 126.19, 126.16, 123.84, 121.52, 121.49, 121.42,
121.40, 71.07, 70.99, 67.15, 66.83, 41.38, 40.93, 38.39, 38.27, 38.15, 38.03, 37.91, 34.29,
32.57,32.38,31.19, 31.17.
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HRMS (ESI-TOF) m/z: [M + H]" Calcd. for C,4H,7N,0 383.2118; found 383.2110.

(Ry,8)-4-Carbomethoxy-13-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane and (S,$)-4-
carbomethoxy-13-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11k

(OINO)
| /k\ “"'Bn

N O N
|
v~ CHs

(SpsS)-11k (RpsS)-11k

General conditions A were followed using (+)-4-bromo[2.2]paracyclophane-13-methyl ester
10k (75 mg, 0.22 mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (39 mg, 0.24 mmol, 1.1 eq.),
LiO’Bu (44 mg, 0.54 mmol, 2.5 eq.), (+-Bu),P(O)H (4 mg, 0.022 mmol, 0.1 eq.), Pd(OAc), (2
mg, 0.010 mmol, 0.05 eq.), DMA (0.87 ml) for 24 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes (0-10 to 30:70, gradient elution)]
to obtain first diastereomer, 11k1, white solid (6 mg, 0.037 mmol, 6%), a mixture of
diastereomers (11 mg, 0.031 mmol, 12%), and the second diastereomer 11k2, brown solid (5
mg, 0.011 mmol, 5%). Debromo ester (+)-12k, was obtained as a white solid (9 mg, 0.033
mmol, 16%).

4-Carbomethoxy-13-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11k1
Diastereomer 1, relative stereochemistry not determined
Ry: 0.7 (EtOAc:Hexanes 30:70)

20
a . . .
[a]'p : No consistent reading between successive measurements.

'H NMR (CDCls, 400 MHz): § 7.35-7.31 (2H, m), 7.29-7.28 (1H, m), 7.26-7.22 (2H, m), 7.18
(1H, d, J= 1.8 Hz), 7.02 (1H, d, J= 1.5 Hz), 6.71-6.61 (4H, m), 4.63 (1H, ddd, J = 14.2, 9.2,
4.9 Hz), 4.42 (1H, td, J= 12.6, 3.7 Hz), 4.31 (1H, t, J= 8.4 Hz), 4.20 (1H, td, J= 12.8, 7.2 Hz),
4.02 (1H, t, J = 8.1 Hz), 3.80 3H s), 3.31 (1H, dd, J = 13.6, 4.9 Hz), 3.18-3.00 (6H, m), 2.70
(1H, dd, J = 13.8, 9.6 Hz).

13C NMR (CDCLs, 126 MHz): § 167.28, 163.30, 142.76, 141.31, 139.35, 139.08, 138.48,
136.41, 135.99, 135.63, 134.89, 134.01, 132.84, 129.78, 129.18, 128.56, 128.03, 126.43, 70.98,
68.66, 51.47, 41.86, 34.70, 34.57, 34.48.

HRMS (ESI-TOF) m/z: [M + HJ* Calcd CasHysNO; 426.2064 for; Found 426.2060.
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4-Carbomethoxy-13-(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 11k2
Diastereomer 2, relative stereochemistry not determined
Ry: 0.6 (EtOAc:Hexanes 30:70)

20
a . .
[ ] D: Inconsistent values between successive measurements.

IR: Vimax 3680, 2971, 2325, 2167, 1707, 1522 1410 cm”'.

'H NMR (CDCls, 400 MHz): § 7.36-7.28 (4H, m), 7.25-7.21 (1H, m), 7.11 (1H, s), 6.72 (1H,
dd, J = 8.2, 2.3 Hz), 6.66-6.56 (4H, m), 4.56-4.47 (1H, m), 4.34 (1H, t, J = 8.5 Hz), 4.25 (2H,
td, J=10.9, 3.5 Hz), 4.13 (1H, t, /= 6.8 Hz), 3.85 (3H, 5), 3.33 (1H, dd, J= 13.6, 5.3 Hz), 3.15-
3.07 (5H, m), 3.01-2.96 (1H, m) 2.83 (1H, dd, J= 13.6, 9.1 Hz).

13C NMR (CDCls, 126 MHz): § 166.94, 164.26, 143.19, 141.14, 139.54, 139.06, 138.45,
136.37,135.99, 135.68, 135.21, 134.14, 132.91, 129.34, 129.24, 128.59, 128.09, 126.42, 71.47,
67.95, 51.53, 41.39, 34.85, 34.70, 34.16.

HRMS (ESI-TOF) m/z: [M + H]* Calcd. for Co5H»sNO; 426.2064; found 426.2060.

(Rp,S)-4-Carboxy-13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,5)-4-carboxy-
13-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 111

(Sp,S)-111 (Ry,S)-111

General conditions A were followed using (£)-4-bromo[2.2]paracyclophane-13-carboxylic
acid 101 (50 mg, 0.15 mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (27 mg, 0.16 mmol, 1.1
eq.), LiO'Bu (30 mg, 0.38 mmol, 2.5 eq.), (+~Bu),P(O)H (2 mg, 0.015 mmol, 0.1 eq.), Pd(OAc),
(2 mg, 0.0075 mmol, 0.05 eq.), DMA (0.6 ml) for 24 hrs.

Purification: Flash chromatography [Si0O,, EtOAc:Hexanes 40:60] to obtain the title compound
as an inseparable mixture of diastereomers, (R,,$)-111 and (S,,S)-111, as a white semisolid (27
mg, 0.065 mmol, 44%), and 4-carboxylic acid (£)-12l, as a white solid (7 mg, 0.027 mmol,
18%).

Ry: 0.3 (EtOAc:Hexanes 40:60)
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IR: Vimax 3650, 2973, 2196, 2007, 1683, 1419 cm-'.

'H NMR (CDCLs, 500 MHz): & 12.38 (1H, bs), 7.52 (1H, s), 7.31 (1H, s), 7.23 (2H, d, J= 7.2
Hz), 7.20-7.12 (4H, m), 7.10-7.02 (6H, m), 6.80 (2H, dd, J = 17.1, 7.7 Hz), 6.73-6.66 (6H, m),
4.75-4.66 (1H, m), 4.63 (1H, ddd, J = 13.8, 9.1, 4.6 Hz), 4.49-4.42 (1H, m), 4.41 (2H, t, J =
9.4 Hz), 4.29-4.19 (3H, m), 4.17 (1H, t, J = 7.3 Hz), 3.89 (1H, t, J = 8.2 Hz), 3.35 (2H, ddd, J
= 18.4, 13.6, 3.9 Hz), 3.20-3.14 (5H, m), 3.14-3.08 (5H, m), 3.01-2.95 (2H, m), 2.65 (2H, tt, J
—14.2,9.7 Hz).

13C NMR (CDCL;, 126 MHz): & 172.58, 171.02, 165.89, 163.47, 143.92, 143.13, 141.58,
141.34, 139.78, 139.61, 139.35, 139.21, 138.15, 137.26, 136.36, 136.26, 135.93, 135.83,
135.64, 135.01, 134.92, 134.77, 133.12, 133.00, 129.27, 128.88, 128.44, 128.34, 126.31,
126.11, 71.90, 71.12, 68.03, 66.32, 41.49, 41.16, 34.91, 34.91, 34.75, 34.70, 34.48, 34.49,
34.12.

HRMS (ESI-TOF) m/z: [M — H]* Calcd. for C2,H,sNO; 410.1751; found 410.1761.

(R,,8)-4-Carboxy-12-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,5)-4-carboxy-
12-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11n

(Sp,S)-11n (Rp,S)-11n

General conditions A were followed using (+)-4-bromo[2.2]paracyclophane-12-carboxylic
acid 10n (50 mg, 0.15 mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (27 mg, 0.16 mmol, 1.1
eq.), LiO'Bu (30 mg, 0.38 mmol, 2.5 eq.), (+-Bu),P(O)H (2 mg, 0.015 mmol, 10 mol%),
Pd(OAc); (2 mg, 0.0075 mmol, 5 mol%), DMA (0.6 ml) for 22 hrs.

Purification: Flash chromatography [SiO,, EtOAc:Hexanes 40:60] to obtain the title compound
as an inseparable mixture of diastereomers, (R,,S)-11n and (S,,$)-11n, as a white semisolid

(41 mg, 0.093 mmol, 61%).

Ry: 0.3 (EtOAc:Hexanes 40:60)
IR: vinax 3647, 2980, 2906, 2240, 2043, 1713, 1523 cm.
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'H NMR (CDCls, 500 MHz): 6 7.42-7.23 (10H, m), 7.16 (2H, d, J=4.1 Hz), 6.94 2H, d, J =
9.1 Hz), 6.81 (2H, d, J = 7.9 Hz), 6.66-6.59 (6H, m), 4.83-4.79 (1H, m), 4.76 (1H, ddd, J =
13.6, 8.9, 4.4 Hz), 4.54 (2H, dd, /= 8.8, 6.6 Hz) , 4.37 (2H, t, J = 8.5 Hz), 4.02-3.95 (2H, m),
3.74-3.66 (2H, m), 3.59 (1H, dd, J = 13.9, 4.3 Hz), 3.31 (1H, dd, J = 13.8, 4.5 Hz), 3.22-3.12
(5H, m), 3.11-3.08 (1H, m), 3.04-2.96 (3H, m,), 2.93-2.86 (3H, m,), 2.84-2.73 (2H, m).

3C NMR (CDCl;, 126 MHz): ¢ 169.48, 169.30, 168.81, 168.58, 140.93, 140.83, 140.02,
139.73, 139.02, 138.93, 136.84, 136.57, 135.97, 135.92, 135.56, 135.51, 134.99, 134.97,
133.04, 132.97, 129.49, 129.26, 129.06, 129.03, 128.94, 128.71, 127.87, 127.85, 127.04,
126.90, 73.91, 72.64, 66.48, 65.67, 41.06, 34.76, 34.74, 34.48, 34.44, 34.29, 33.95, 33.93.
HRMS (ESI-TOF) m/z: [M + H]* Calcd. for Cy7H,sNO; 412.1907; found 412.1901.

@S, S,R,,S,5)-4,7,12,15-Tetra(4’-benzyl-oxazolin-2'-yl)[ 2.2 paracyclophane and
(S,S,8,,5,9)-4,7,12,15-tetra(4'-benzyl-oxazolin-2'-yl)[2.2| paracyclophane 110

O 0]
Bn ~ i Bn
N

(S,S,R,,S,S)-110 (S.S.S,,S,S)-110

General conditions C was followed using (+)-4,7,12,15-tetrabromo[2.2]paracyclophane 100
(100 mg, 0.19 mmol, 1.0 eq.), (4S5)-4-benzyl-2-oxazoline 6a (136 mg, 0.85 mmol, 4.4 eq.),
LiO'Bu (154 mg, 1.92 mmol, 10.0 eq.), (+~Bu),P(O)H (12.4 mg, 0.077 mmol, 40 mol%),
Pd(OAc); (9 mg, 0.038 mmol, 20 mol%), DMA (1.1 ml) for 15 hrs.

Purification: Isocratic column chromatography [SiO,, EtOAc:Hexanes (20:80)] to obtain the
title compound 110 as two diastereomers, 1101, as an off-white solid (9 mg, 0.010 mmol, 5%
yield), and the second diastereomer 1102, as an off-white solid (9 mg, 0.010 mmol, 5% yield),
along with two separable diastereomers of para-dibromo-para-bis(oxazoline) 11p1 (10 mg,
0.015 mmol, 8%) and 2"d diastereomer 11p2 (9 mg, 0.013 mmol, 7%), as well as an inseparable

mixture of diastereomers of debromo-tris(oxazoline) 11q (4 mg, 0.006 mmol, 3%).

General conditions E was followed using (£)-4,7,12,15-tetrabromo[2.2 paracyclophane 100
(100 mg, 0.19 mmol, 1.0 eq.), (4S)-4-benzyl-2-oxazoline 6a (136 mg, 0.85 mmol, 4.4 eq.),
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LiO'Bu (154 mg, 1.92 mmol, 10.0 eq.), (Ad),P(O)H (24 mg, 0.077 mmol, 40 mol%), Pd(OAc),
(9 mg, 0.038 mmol, 20 mol%), DMA (1.1 ml) for 15 hrs.

Purification: Isocratic column chromatography [SiO,, EtOAc:Hexanes (20:80)] to obtain the
title compound 110 (20 mg, 0.22 mmol, 12% yield) as a separate diastereomer, 1101, an off-
white solid (10 mg, 0.012 mmol, 6% yield), and a separate diastereomer 1102, an off-white
solid (10 mg, 0.012 mmol, 6% yield) along with an inseparable mixture of 11q (13 mg, 0.019
mmol, 10%).

4,7,12,15-Tetra(4'-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 1101

Diastereomer 1, relative stereochemistry not determined

Ry: 0.3 (EtOAc:Hexanes 20:80)

IR: vinax 2928, 1628, 1470, 1354, 1275, 1068 cm!.

'"H NMR (CDCls, 500 MHz): ¢ 7.42-7.34 (16H, m), 7.33-7.28 (4H, m), 7.25 (4H, s), 4.69 (4H,
quint, J=7.6 Hz), 4.37 (4H, t, /= 9.5 Hz), 4.22-4.08 (8H, m), 3.41 (4H, dd, J=13.7, 5.8 Hz),
3.11 (4H, quint, J =7.9 Hz), 2.93 (4H, dd, J = 13.6, 8.5 Hz).

3BC NMR (CDCl;, 126 MHz): J 162.91, 141.45, 138.44, 134.32, 130.23, 129.25, 128.66,
126.54, 70.87, 68.82, 42.18, 33.87.

HRMS (ESI-TOF) m/z: [M + H]" Calcd. for Cs¢Hs3N4,O4 845.4061; found 845.4056.

CD-2 mg/ml sample is prepared in CDCls.

4,7,12,15-Tetra(4’-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 1102

Diastereomer 2, relative stereochemistry not determined

Rs: 0.2 (EtOAc:Hexanes 40:60)

IR: Vinax 2923, 1631, 1497, 1349, 1273, 1056 cm’!.

'"H NMR (CDCl;, 500 MHz): 6 7.37-7.29 (16H, m), 7.28-7.24 (4H, m) 7.21 (4H, s), 4.69 (4H,
quint, J = 8.5 Hz), 4.28 (4H, t, J = 8.4 Hz), 4.18 (4H, quint, J = 7.5 Hz), 4.10 (4H, t, J=7.3
Hz), 3.30 (4H, dd, J = 13.6 Hz, 4.3 Hz), 3.08 (4H, quint, /= 7.1 Hz), 2.73 (4H, dd, J = 12.4,
9.1 Hz).

3C NMR (CDCl;, 126 MHz): 6 163.10, 141.34, 138.27, 134.68, 130.22, 130.22, 128.57,
126.49, 70.89 68.53, 41.87, 34.52.

HRMS (ESI-TOF) m/z: [M + H]* Caled. for CssHs3N4O4 845.4061; found 845.4052.

CD- 2 mg/ml sample is prepared in CDCl;.
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(S,R,,S)-4,7-dibromo-12,15-bis(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S,S,,5)-
4,7-dibromo-12,15-bis(4’-benzyloxazolin-2'-yl)[2.2]paracyclophane 11p

Figure 2. Structure elucidation of 11p (The indicated values are the ppm values
obtained in '"H & 13C NMR spectrum and blue dotted lines denote the HMBC

correlation).

4,7-Dibromo-12,15-bis(4’-benzyloxazolin-2'-yl)[2.2]paracyclophane 11p1

The small quantity of this by product made it impossible to get full data.

Diastereomer 1, relative stereochemistry not determined

Ry: 0.5 (EtOAc:Hexanes 20:80)

'H NMR (CDCl;, 700 MHz): 6 7.70 (2H, s), 7.38-7.34 (8H, m), 7.29-7.26 (2H, m), 6.61 (2H,
s), 4.66 (2H, quint, J= 8.6 Hz), 4.35 (2H, t,/=8.5 Hz), 4.19 (2H, t, J= 7.7 Hz), 4.06 (2H, dd,
J=124,10.2 Hz), 3.32 (2H, dd, J=13.9, 5.5 Hz), 3.26 (2H, dd, /= 13.3, 9.7 Hz), 3.12 (2H,
dt,J=12.7,7.7Hz), 2.97 (2H, ddd, J = 12.9, 9.6, 7.6 Hz), 2.88 (2H, dd, J = 13.9, 8.4 Hz).
13C NMR (CDCl3, 176 MHz): ¢ 162.93, 141.28, 140.16, 138.10, 135.81, 132.80, 130.22,
129.25, 128.88, 128.64, 126.57, 125.31, 71.04, 68.56, 42.08, 33.94, 32.58.
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HRMS (ESI-TOF) m/z: [M + H]* Calcd. for C3¢H33Br,N,0O, 685.0883; found 685.0879.

4,7-Dibromo-12,15-bis(4’-benzyloxazolin-2'-yl)[2.2]paracyclophane 11p2
The small quantity of this by product made it impossible to get full data.

Diastereomer 2, relative stereochemistry not determined

Ry: 0.4 (EtOAc:Hexanes 20:80)

"H NMR (CDCl;, 400 MHz): 6 7.75 (2H, s), 7.40-7.31 (8H, m), 7.30-7.24 (2H, m), 6.60 (2H,
s),4.70 (2H, q, J= 7.5 Hz), 4.41 (2H, t,J=9.0 Hz), 4.17 (2H, t, J = 8.0 Hz), 4.01 (2H, dd, J =
9.8 Hz, 2.4 Hz), 3.31-3.22 (4H, m), 3.20-3.09 (2H, m), 2.89-2.77 (4H, m).

(S,R,,S,5)-4,7,12-tris(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane and (S.,S,,S,5)-4,7,12-
tris(4’-benzyloxazolin-2'-yl)[2.2]paracyclophane 11q

(S:Rp,S,5)-11q (S,Sp,S,S)-11q

R;: 0.2 (EtOAc:Hexanes 20:80)

IR: viax 3059, 2925, 1716, 1634, 1495, 1453, 1261, 1082, 976, 700 cm’!.

'"H NMR (CDCls, 500 MHz): 6 7.40-7.22 (15H, m), 7.17 (3H, d, J = 10.2 Hz), 6.69-6.55 (2H,
m), 4.75-4.62 (3H, m), 4.42 (1H, t, J = 8.8 Hz), 4.30 (3H, dd, /= 17.5, 8.8 Hz), 4.19 (2H, dd,
J=16.2,7.9 Hz), 4.09 (2H, dd, J = 13.8, 7.0 Hz), 4.03 (1H, dd, J = 12.3, 9.6 Hz), 3.35 (1H,
dd, J=13.7,5.0 Hz), 3.28 (2H, dd, /= 13.7, 4.0 Hz), 3.20 (2H, m), 3.06 (1H, dt, /= 12.3, 8.9
Hz), 2.92-2.79 (3H, m), 2.73 (2H, dt, /= 13.7, 8.5 Hz).

13C NMR (CDCls, 126 MHz): ¢ 163.84, 163.62, 163.07, 141.29, 141.25, 140.86, 139.99,
138.39, 138.28, 138.01, 136.63, 134.89, 134.56, 133.72, 132.25, 130.59, 129.97, 129.41,
129.24, 128.61, 128.55, 128.13, 126.60, 126.60, 126.47, 126.44, 71.36, 70.85, 70.77, 68.54,
68.40, 68.15,41.94, 41.88, 41.82, 35.62, 35.44, 34.50, 33.81.

HRMS (ESI-TOF) m/z: [M + H]* Calcd. for C4sH44N30; 686.3377; found 686.3357.

Hydrolysis of oxazolines
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Conditions G: Aqueous HCl (6M) was added dropwise to a flask containing
[2.2]paracyclophane-oxazoline. The resulting mixture was heated to reflux before cooling to
room temperature. A solution of aqueous NaOH (40%) was added till the pH of the reaction
mixture dropped to 5. The aqueous layer was extracted with CH,Cl, (3 x 10 mL), combined
organic layers dried over anhydrous MgSQO, and concentrated under vacuum to afford pure

compound.

Conditions H: A pressure tube was charged with [2.2]paracyclophane-oxazoline, H,SO, (3.6
M) and heated at 100 °C for the specified time to control the mono- or bis-hydrolysis. After the
completion of the reaction, 10 mL of distilled water was added to the reaction mixture. The
diacid by-product was filtered as an off-white product using a Buchner funnel. The filtrate was
extracted with CH,Cl, (3 x 30 mL), the combined organic layers were dried over anhydrous

MgSO,, and concentrated under vacuum to afford pure compound.

(R,)-(-)-4-Carboxy|[2.2]paracyclophane 13a

(Rp)-13a

General condition H was followed wusing (R,,S)-4-(4'-tert-butyloxazolin-2'-
yl)[2.2]paracyclophane 8a (100 mg, 0.30 mmol, 1.0 eq.), H,SO,4 (3.6 M, 5 mL) and heated at
100 °C for 12 hrs. After the completion of the reaction, 10 mL of distilled water was added to
the reaction mixture. The aqueous layer was extracted with CH,Cl, (3 x 30 mL), combined
organic layers dried over anhydrous MgSO, and concentrated under vacuum before keeping
under high vacuum to afford the pure title compound (R,)-(-)-13a, white solid (48 mg, 0.19
mmol, 64%).

Ry: 0.3 (EtOAc:Hexanes 20:80)
IR: Vinax 2923, 2852, 1674, 1422, 1300 cm!.

20 23
[2]'D. _146 (¢ = 0.5, cHCL,) (it (9D ~151.1 (¢ = 0.5, CHCLy)]
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'H NMR (CDCls, 500 MHz): 6 7.32 (1H, s), 6.75 (1H, d, J = 7.7 Hz), 6.66-6.59 (3H, m), 6.55
(2H, d,J=7.8 Hz), 4.24 (1H, t,J=10.9 Hz), 3.28-3.17 (4H, m), 3.13-3.03 (2H, m), 2.97-2.89
(1H, m).

3C NMR (CDCl;, 126 MHz): ¢ 171.99, 143.74, 140.08, 140.04, 139.46, 137.38, 136.39,
136.17, 133.15, 132.79, 132.33, 131.78, 129.61, 36.29, 35.27, 35.11, 34.95.

HRMS (ESI-TOF) m/z: [M — H] Calcd C,7H;50, for 251.1067; Found 251.1075.

Data are comparable to that reported in the literature.>

(Sp)-(+)-4-Carboxy[2.2]paracyclophane 13a
o]

@ o

(Sp)-13a

Prepared analogously to (R,)-(—)-4-carboxy[2.2]paracyclophane 13a (100 mg, 0.27 mmol, 1.0

eq.) but employing (S,,5)-4-(4"-benzyl-oxazolin-2'-yl)[2.2]paracyclophane 8a, H,SO4 (3.6 M,

5 mL), and heated at 100 °C for 12 hrs to afford the pure title compound (Sp)-(+)-13a, white

solid (48 mg, 0.19 mmol, 70 %).

[ a]zo | a]23
D : +155.1 (¢ = 0.5, CHCI) (lit "4 D +161 (c = 0.943, CHCI;). The rest of the data were

same as the other enantiomer.

Data comparable to that reported in literature.’

(Sp»8)-(-)-4-Carboxy-12-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11n

(SpsS)-(-)-11n

An ace pressure tube was charged with (R,,5)-(-)-4,12-bis(4'-benzyl-oxazolin-2'-
yD)[2.2]paracyclophane 11b (100 mg, 0.189 mmol, 1.0 eq.), H,SO4 (3.6 M, 5 mL) and heated
at 100 °C. The reaction was purposely stopped at 12 hrs. After cooling, 10 mL of distilled water
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was added to the reaction mixture. The diacid by-product was filtered as an off-white product
using Buchner funnel. The filtrate was extracted with CH,Cl, (3 x 30 mL), combined organic

layers dried over anhydrous MgSQO,, and concentrated under vacuum.

Purification: Isocratic column chromatography [SiO,, EtOAc:Hexanes (20:80)] to obtain the
title compound (S,,,8)-(—)-11n as an off-white solid (40 mg, 0.09 mmol, 51%).

R;: 0.3 (EtOAc:Hexanes 20:80)

20
(2] . 2183 (¢ = 1.2, CHCL,)

IR: Vinax 2920, 2357, 1651, 1495, 1289, 1255, 1017 cm'.

'"H NMR (CDCl;, 500 MHz): ¢ 7.37-7.32 (2H, m), 7.31-7.24 (3H, m), 7.12 (1H, s), 6.92 (1H,
s), 6.82 (1H, d, J="7.5 Hz), 6.67-6.56 (3H, m), 4.85 (1H, dtd, /= 14.8, 8.9, 4.5 Hz), 4.55 (1H,
t,J=9.0 Hz), 4.38 (1H, t, J = 8.0 Hz), 4.02 (1H, dd, /= 13.0, 2.5 Hz), 3.70 (1H, t,J=11.4
Hz), 3.30 (1H, dd, J=13.7, 4.2 Hz), 3.22-3.06 (3H, m), 3.05-2.97 (1H, m), 2.93-2.83 (2H, m),
2.83-2.75 (1H, m).

BC NMR (CDCl;, 126 MHz): 6 169.29, 168.86, 140.92, 140.69, 139.95, 138.91, 136.46,
135.94,135.85,135.59, 135.49, 135.25, 133.04, 129.50, 128.78, 128.72, 127.82, 126.93, 72.75,
65.51,41.02, 34.71, 34.48, 34.33, 33.82.

HRMS (ESI-TOF) m/z: [M — H] Calcd. for C,;H4NO5 410.1751; found 410.1761.

(R,,S)-(+)-4-Carboxy-12-(4'-benzyloxazolin-2'-yl)[2.2]paracyclophane 11n

(Rp»S)-(+)-11n

Prepared analogously to (Sp,S)-(—)-4-carboxy-12-(4'-benzyloxazolin-2'-yl)-
[2.2]paracyclophane  11n  but employing  (S,,5)-(+)-4,12-bis(4'-benzyloxazolin-2'-
yl)[2.2]paracyclophane 11b (100 mg, 0.189 mmol, 1.0 eq.) and H,SO,4 (3.6 M, 5 mL).

Purification: Isocratic column chromatography [SiO,, EtOAc: Hexanes (20:80)] to obtain the
title compound as an off-white solid (43 mg, 0.10 mmol, 56%).

Ry: 0.3 (EtOAc:Hexanes 20:80)
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20
[2]'D . 422 (¢ = 1, cHCIY).

IR: Vinax 2927, 1696, 1628, 1452, 1260, 1238, 1189 cm'.

'H NMR (CDCls, 500 MHz): ¢ 7.42-7.30 (5H, m), 7.15 (1H, s), 6.91 (1H, 5), 6.81 (1H, d, J=
7.5 Hz), 6.66-6.59 (3H, m), 4.64 (1H, dtd, J= 13.3,9.3, 4.2 Hz), 4.53 (1H, t, J = 9.0 Hz), 4.36
(1H, t, J = 8.6 Hz), 3.99 (1H, t, /= 10.9 Hz), 3.68 (1H, t, J = 12.2 Hz), 3.59 (1H, dd, J = 13.8,
3.9 Hz), 3.22-3.11 (2H, m), 3.10-3.05 (1H, m), 3.04-2.95 (2H, m), 2.93-2.86 (1H, m), 2.79-
2.69 (1H, m).

13C NMR (CDCls, 126 MHz): 6 169.16, 168.98, 140.97, 140.76, 139.70, 138.88, 136.79,
135.97, 135.87, 135.59, 135.54, 135.17, 132.97, 129.26, 128.96, 128.88, 127.85, 127.06, 73.26,
66.42, 41.03, 34.71, 34.45, 34.30, 33.90.

HRMS (ESI-TOF) m/z: [M — H]* Caled. for C»;H,sNO; 410.1751; found 410.1762.

(R,)-(-)-[2.2]Paracyclophane-4,12-dicarboxylic acid 13¢

(Rp)-(-)-13c

General procedure H was followed wusing (R,,S)-(—)-4,12-bis(4’-benzyloxazolin-2'-
yl)[2.2]paracyclophane 11ca (100 mg, 0.189 mmol, 1.0 eq.), H,SO4 (3.6 M, 5 mL) for 24 hours
to obtain the title compound (R,)-(-)-13c as an off-white product (30 mg, 0.101 mmol, 55%).

Ry: 0.2 (EtOAc:Hexanes 50:50)

20 20
[2]'D. _152 (¢ = 0.25, EtoH) [Lit. [ D : 156 (¢ = 0.25, EtOH)]

IR: Vinax 2954, 2658, 1674, 1652, 1422, 1276 cm-!.
'H NMR (MeOD-d,, 500 MHz): 6 7.22 (2H, s), 6.80 (2H, d, J = 7.4 Hz), 6.63 (2H, d, J= 7.8
Hz), 4.14 (2H, t, J = 11.9 Hz), 3.23-3.17 (2H, m), 3.17-3.10 (2H, m), 2.88 (2H, d, J = 7.5 Hz).

13C NMR (MeOD-d,, 126 MHz): ¢ 168.94, 142.45, 140.18, 136.20, 135.90, 133.56, 130.52,
35.41, 33.69.
HRMS (ESI-TOF) m/z: [M — H] Calcd C;sH;504 for 295.0965; Found 295.0971.

Data comparable to that reported in literature.®
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(Sp)-(+)-[2.2]Paracyclophane-4,12-dicarboxylic acid 13¢

(Sp)-(+)-13c

General procedure H was followed wusing (S,,5)-(+)-4,12-bis(4'-benzyloxazolin-2'-
yl)[2.2]paracyclophane 11ca (100 mg, 0.189 mmol, 1.0 eq.), H,SO4 (3.6 M, 5 mL) for 24 hours
to obtain the title compound (S,)-(+)-13¢ as an off-white product (30 mg, 0.101 mmol, 55 %).

Ry: 0.2 (EtOAc:Hexanes 50:50)

20 20
[2]'D. +155.1 (¢ = 0.098, EtOH) [Lit. (%D - +150 (¢ = 0.09, EtOH)]. The rest of the data were

same as the other enantiomer.

Data comparable to that reported in literature.®

(R,)-(-)-Diphenyl(]2.2]paracyclophane-4-yl)phosphine oxide 14

o)
1
>2R-Ph
Ph
/

(Rp)-14

A pressure tube was charged with (R,)-(—)-4-carboxy[2.2]paracyclophane 13a (40 mg, 0.16
mmol, 1.0 eq.), diphenylphosphine oxide (22 mg, 0.13 mmol, 0.8 eq.), triethylamine (44 uL,
0.32 mmol, 2.0 eq.), (Boc),O (48 mg, 0.22 mmol, 1.4 eq.) under argon. In a separate 4 ml
scintillation vial, Dppp (13 mg, 0.032 mmol, 0.2 eq.), Pd(OAc), (4 mg, 0.016 mmol, 0.1 eq.)
were dissolved in 1,4-dioxane (1.0 mL) and transferred to the pressure tube under argon. The
reaction mixture was heated at 130 °C for 48 hrs. After cooling, the reaction mixture was
diluted with CH,Cl,: MeOH (1:1) and filtered. The filtrate was concentrated under reduced

pressure.

Purification: Isocratic column chromatography [SiO,, EtOAc:Hexanes (20:80)] to obtain the
title compound (R,)-(—)-14 as an off-white solid (4-10 mg, 8-20% in 5 experiments).
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Ry: 0.3 (EtOAc:Hexanes 20:80)

20 32
(2] . 45 (¢ = 0.2, cHCL) [Lit. [1D . —68.3 (¢ =1.88, CHCI,)]

IR: Vinax 2954, 2658, 1674, 1652, 1422, 1276 cm”'.

'H NMR (CDCls, 500 MHz): 6 7.73 (2H, d, J = 7.1 Hz), 7.62-7.53 (3H, m), 7.53-7.44 (3H, m),
7.43-7.35 (2H, m), 7.20 (1H, d, J= 7.9 Hz), 6.65 (1H, d, J = 7.6 Hz), 6.62-6.50 (3H, m), 6.32-
6.24 (2H, m), 3.60-3.48 (2H, m), 3.17-3.07 (2H, m), 3.05 (1H, d, J= 9.7 Hz), 2.99 (1H, ddd, J
=14.2,11.3,5.7 Hz), 2.90 (1H, td, J = 12.8, 3.7 Hz), 2.80 (1H, ddd, J = 13.5, 10.9, 7.1Hz).
31P NMR (CDCls, 200 MHz) p 27.08.

HRMS (ESI-TOF) m/z: [M + H]* Caled CasHcOP for 409.1716; Found 409.1709.

Data are comparable to that reported in the literature.’

(Sp)-(+)-Diphenyl([2.2]paracyclophane-4-yl)phosphine oxide 14

(Sp)-14

Prepared analogously to (R,)-(-)-diphenyl([2.2]paracyclophane-4-yl)phosphine oxide 14 but
employing (S,)-(+)-4-carboxy[2.2]paracyclophane 13a (40 mg, 0.16 mmol, 1.0 eq.),
diphenylphosphineoxide (32 mg, 0.13 mmol, 0.8 eq.), triethylamine (44 pL, 0.32 mmol, 2.0
eq.), (Boc),0 (48 mg, 0.22 mmol, 1.4 eq.) Dppp (13 mg, 0.032 mmol, 0.2 eq.), Pd(OAc), (4
mg, 0.016 mmol, 0.1 eq.), 1,4-dioxane (1.0 mL) for 48 hrs.

20
1D : +18.75 (¢ = 0.16, CHCI;). The rest of the data were same as the other enantiomer.
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RG 3276
oW 16.650 wu 3
DE 6.50 usec
TI 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
. i
NUC1 13¢c
Pl 12.00 usec
PL1 -4.00 dB
PLIW 172.88230896 W
SFO1 125.7703643 Mz
CHANNEL £2
waltzl6
1H
80.00 usec
4.00 dB
22.51 dB
25.00 dB
12.10000038 W
0.17052384 W
0.0 W
I 0
J | A " l |
bl e s
T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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7.399

4.121

542

Current Data Parameters
NAME TI-ST-261mp-II-dia
EXENO 1
PROCNO 1
F2 - Acquisition Parameters
pate_ 20200711
14.09
spe
5 mm PAQKI 1H/
¥ 2430
(R,,5)-8a or (S5.5)-8a .
cocl3
128
z
10330.578 iz
0.157632
o 3.1718425 sec
RG 181
oW 48.400 usec
6.50 usec
298.2 K
D1 1.00000000 sec
00 1
CHANNEL 1
1H
.50 usec
4.00 dB
12.10000038 W
500.1330885 Mz
F2 - Processing parameters
51 32768
500.1300000 Mz
EM
]
0.30 Hz
[
1.00
. T T = T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
Iy JL 1| |
r—unv} ) o) «\ © )QWN\I—
b fl] Qe Q|9 (@ QN =
R = = lal = o3l o3 i
Current Data Parameters
N TI-ST-26imp-1I-dia
EXENO z
PROCNO 1
F2 - Acquisition Parameters
Date, 20200
Time a.32
INSTRUM spect
(Rp,S)-8a orF (Sp,S)-8a PROBHD 5 mm PAQXI 1H/
PULPROG zapg3l
sFo1
CHANNEL £2
cPDPRG[2 waltz16
Nuc2 1m
PCED2 usec
PL2 a8
PL1Z a8
PL13 a8
PL2W W
W
W
MHz
sing pa
125,75
150 140 130 120 110 100 90 80 70 60 50 40 30 20 140



.
BRUKER

Current Data Parameters
NAME ca
EXPNO 1
PROCNG 1

F2 - Acquisition Parameters
te_ 2020091

Dat
Time 7.29
INSTRUM

PROBHD 5 mm PAQXI 1H/
FULFROG 2930

™ 65536
SOLVENT €DCl13

NS 32

BS 2

SWH 10330,578 Hz
FIDRES 0.157632 Hz
AQ 719425 sec
RG 114

oW 48.400 usec
DE 6.50 usec
TE 298.2 K

b1 1.00000000 sec
DO 1

======== CHANNEL f1 =
NUCl 18
P1

PL1

4.00
BL1W 12.10000038 W
sFol 500.1330885 MHz
F2 - Processing parameters
sI 32768
SF 5001300000 MHz
WOW EM
sSB 0
LB 0.30 Hz
GB ]
29 1.00

LL Il

e e o M L

75 70 65 6.0 55 50 45

§

e B B S R

—
35 30 25 20 15 1.0 05 ppm

W b g

NV

EXPNO
PROCNO 1
F2 - Boquisition Parameters

20200917
0.42

30030.029 Hz
0.458222 Hz

2.00000000 see
0.03000000 see
1

CHANNEL £1

13c
12.00 usec

172.88230836 W
7703643 Mz

CHANNEL £
waltzl6
18

80.00 usec
dB

4.00
PL12 22.51 4B
PL13 25.00 4B
PL2W 12.10000038 W
PL1ZW 0717052398 W
PL13W 0.09611372 W
sFo2 500.1320005 MHz
F2 - Processing parameters
s1 32768
L SF 1257577850 MHz
\ e " . m " WoW Y
b s5B 0
T T T T T T T T T T T T T T T T T T 18 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm ¢ b Tian
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FNTORODTONOONNNENODEOOOMNOAMNONIVOINDRMN ATONDNTDDWD - O
MTOR O OIMOE AONR~OMAONTANODADONTNLCODTONAMNAONC®O T
NOVVNVVITTTAMMNMANANNNNAAONAAAA OO0 CONNN A DO N O
FE PO LY PP TTTIILITTTIITITITITONMNMNMMOAMMME MO NN NN A A BRUKER

e

|
|

e & a)

0’> current Data Parameters
NAME 8cb
S e t-Bu ExpNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200917
Time 17.20
5TRUM spect
PROBHD 5 mm PAQXT 1H/
(Sp.S)-8¢c PULPROG 2930
65536

SOLVENT cpel3
3z
2
10330.578 Hz
0.157632 Hz
3.1719425 sec

128
48.400 usec
6.50 usec

298.2 K
1.00000000 sec
1
==== CHANNEL fl ===
NUC1 18
Pl 9.50 usec
PL1 4.00 dB
PLIW 12.10000038 W
sFol 500.1330885 MHz

F2 - Processing parameters
s1 32768

sF 500.1300000 MHz
Won EM
ssB o
0.30 Hz
o
1.00

T T T N
7 6 5 4 3 2 1 0 ppm
\

Current Data Parameters
E 8ch

NAME
EXENO 2
PROCH 1
F2 - Acquisition Parameters
- 20200918
INSTRUM spect
PROBHD 5 mm PAQXI 1H/
PULEROG 2qpg30
(Sp:S)-8c ™ 65536
SOLVENT cocl3
X 8192

3
30030.029 Hz
0.458222 Hz
1.0911744 sec
32768
16.650
s0

2.00000000 sec
0.03000000 sec

===msm== CHANNEL £l =s=====es

13¢
12.00 usee
PLL ~4.00 dB
PLIW 172.88230896 W
SFO1 125.7703643 MHz
CHANNEL £2

CPDPRG[2 waltzl6
NUC2 18
PCPD2
PLZ
PL12
PL13
PL2W
PLIZW 0.17052394 W
PL13W 0.09611372 W
sFO2 500.1320005 MHz

- Processing parameters
327

125.7577890 MHz
EM

T T T T 1.00 Hz
160 150 140 130 120 110 100 90 80 70 60 50 40

1.40
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-~
]
m

9..7937

<)
BRUKER
(>

Current Data Parameters
AME v-Mn-211 1
EXPNO 5
PROCNG 1

F2 - Acquisition Parameters
Date_ 2020112

Time 17.47
INSTRUM spect
BROBED 5 mm BAQXT 1H/
PULPROG 2930
fu) 65536
SOLVENT €pe13
NS 16
bs 2
X Hz
FIDRES Hz
AQ sec
RG
o usec
DE usec
TE 2982
b1 1.00000000 sec
D0 1
CHANNEL £1

H
B1 9.50 usec
BL1 4.00 dB
PLIW 12.10000038 W
sFol 500.1330885 MHz

ssing parameter
32768

500.1300000 MHz

EM

L 0.30 Hz
GB [
PC 1.00

6 5 4 3 2 1 0 ppm

i x

13C : 4-Br PC & Phoxazoline

)
BROKER

LurreRt Wata rarameters
NAME V-Mn-211 i
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date_ 20201128

0,458222
1.0911744 sec

16650 usec
6.50 usec
2.00000000 sec
0.03000000 sec
1

HANNEL £1

13
Pl 12.00
PLL -4.00 dB
PLIW 172.88230896 W
sFol 125.7703643 MHz

CHANNEL £2
waltzl6
1

25.00 dB

12.10000038 W

0.17052394 W
9

500.1320005 MHz

F2 - Processing parameters
1 2768

s1
SF 125.7577890 MHz
i WOW B
558 0
T T T T T T T T T T T T T T = 150 Hx
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm <& 0 .
BC 1.40
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Pseudoparadirbromc PC & Bn Oxa (2.2eq.) Pd:L (10:20)

O AR CETTOITOOCNATXMIONCE A ODAMONO M
PR ONTOCHDAHIONNTTITMOIMOOTNADOW
MMM NNAAO0VVYCWNNMMM M N NN
[ S S e S T R T A s B s

147
131
225
3.309

2 <)
:BRUKER
2 (O

current Data Parameters
NAME VI-Mn-55 ii
EXPNG

PROCNO 1

F2 - Acquisition Parameters
Date_ 20200208

me
INSTRUM o
PROBHD 5 mm PAQXI 1H/
PULPROG 2930

T 65536
SOLVENT cpcl3

NS 16

DS 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
a0 3.1719425 sec
RG 71.8

DW 48.400 usec
DE 6.50 usec
TE 298.2 K
DL 1.00000000 sec
™0 1

PL1 4.00 dB
PLIW 12.10000038 W
sFol 500.1330885 MHz

F2 - Processing parameters
EH 32768

SF 500.1300000 MHZ
WOW M
558 o
1B 0.30 Hz
o8 o
BC 1.00
L '. A
T e T I T S N
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 ppm
V)
e LlkEH
e al (859
~loil— = | eileilei
13C : Pseudoparadirbromo PC & Bn Oxa (2.2eq.) Pd:L (10:20) LiOtBu : 5 eq. m
¥ ¥
Current Data Parameters
NAME VI-Mn-§5 ii
EXPNO 2
PROCNO 1
N F2 - Acquisition Parameters
Date_ 20200209
i
S
(8.:RpSpS)-11a
E 98.2
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
=== CHANNEL fl
NUC1 136
1 12.00 usec
PL1 _00 dB
PLIW 172.88230896 W
sFol 125.7703643 MHz
CHANNEL £2
CPDPRG[2 valtz16
NUC 1H
80.00 usec
4.00 dB
22051 a8
25.00 dB
12.10000038 W
0.17052394 W
0.08611372 W
500.1320005 MHz
F2 - Processing parameters
st 327
125.7577890 MHz
Y
- 0
T T T T T T T T T T T T T T 1.00 Hez
170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 o o
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(Sp:S)k-11b

_J

o)
BRUKER

Current Data Parameters
NAME

EXENO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200615
Time 16.51
INSTRUM spect
PROBHD S mm PAQKI 1H/
PULPROG 2930

65536
SOLVENT cpc13
NS
DS
SWH 10330.578 Hz
FIDRES 0.157632 Hz
A0 3.1719425 sec
RG 71.8
DW 48.400 usec
DE 6.50 usec
TE 298.2
Dl 1.00000000 sec
DO 1

CHANNEL £1
18
9.50 usec
.00 dB

12.10000038 W
500.1330885 MHz

F2 - Processing parameters
768

SF 500.1300000 MHz

T T T
75 7.0 65

% ¢

13C : PseudoorthodiBr & Bn oxazoline :

dial

(S5:5)-11b

|

ppm

<)
BROKER

Current Data Parameters
V-Mn-254 Dial

EXPNO

PROCNO i

FZ - Acguisition Parameters
Date_ 202006

T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1

S47

ppm

Time 7.15
INSTRUM spect
PROBHD 5 mm PAQKI 1H/
PULEROG zgpg30

™ 65536
SOLVENT cocl3

NS 16384

DS

swn 30030.029 Hz
FIDRES 0.458222 Hz
aQ 1.0911744 sec
RG 32768

oW 16.650 usec
DE 6.50 usec
TE 3

D1 2.00000000 see
D11 0.03000000 sec
™0 1

CHANNEL £1

CHANNEL £2

13¢
12.00 usec

-4
172.88230896 W
125.7703643 MHz

waltzl6

18
80.00 usac
4.00 dB
22.51 dB
.00 dB
12.10000038 W
0.17052394 ®
0.09611372 W
500.1320005 MHz

F2 - Processing paramsters
s1

sF 125.7577890 MHz
WO EM
558 [

LB 1.00 B2
B [

EC 1.40



Pseudoortho dibrome & Bn oxazoline : dia
TOAMAMITOTRICMRMOO MO W N0
DOTNORE-VINNINDBOLWYD= OB !N

~ O WWON WYY M

Current Data Parameters
NAME V-Mn-254 dia 2
¥

EXPNO
PROCNO 1

F2 - Acquisition Parameters
Date_ 20191020
Time 21.33
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG g 3

™ 65536
SOLVENT cpcl3

NS 16

DS 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
aQ 3.9583745 sec
RG 287.4

DW 60.400 usec
DE 6.00 usec
TE 300.0 K

D1 1.00000000 sec
D0 1

CHANNEL f1

18
10.00 usec
3.10 dB

400.1324710 MHz

SFO1
F2 - Processing parameters
ST 32768

SF 400.1300000 MHz
WOW EM
558 ]

LB 0.30 Hz
GB [

PC 1.00

60 55 50 45 35 30 25 20 15 1.0 05 ppm
\
’-n1 | )mw rwl-\ ’mbnl
g |88 =5 88
al el = ail<l el
13C : PseudoorthodiBr & Bn oxazoline : dia2 m
Current Data Parameters
NAME V-Mn-254 DiaZ
EXPNO 2
BROCNO 1
F2 - Acquisition Parameters
Date_ 20191107
ime 32
INSTRUM spact
BROBHD 5 mm PAQXI 1K/
PULPROG 29pg30
™ 63536
SOLVENT coel3
NS 16384
DS 4
SWH 30030.029 He
FIDRES 0.458222 ne
g 1.6011744 sec
BC 32768
DR 16.650 usec
oE 6.50 usec
1E 296.5 K
b1 2.00000000 sec
b11 0103000000 sec
00 1
CHANNEL £1
13¢
12.00 usee
1,00 dB
17288230896 W
sFoL 125.7703643 Mz
CHANNEL £2
CPDPRGI2 waltzl6
Nuc2 18
PCPD2 0.00 usec
PL2 4200 dB
PL12 22.51 4B
PL13 5.00 dB
BL2 12.10000038 W
PLIZW 0017052394 W
PLIIN 0109611372 ¥
sFo2 500.1320005 MHz
F2 - Processing parameters
s1 7
sF 125.7577890 Mz
1 | WDW EM
ssB o
T T T T T T T T T T T T T T 18 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 Ppm gg Lt T
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7.402

4.177
4.161
4.144

(SpS)-11c

4.115
3.208
3.191
3.182
3.1865
3.150
3333

. BROKER
(>3O

Current Data Parameters

NAME licc

EXPNO 1

PROCNO 1

F2 - Requisition Parameters

Date_ 20200919

Time 15.49

INSTRUM spect

PROBHD 5 mm PAQXT 1H/

FULPROG 2930
65536

SOLVENT cocl3

NS 8

DS

SKH 10330,578 Hz

FIDRES 0.157632 Hz

A0 3.1719425 sec

RG 128

oW 48.400 usec

oE 6.50 usec

TE 298.2 K

D1 1.00000000 sec

00 1

T
1.0

CHANNEL £1

18
9.50
4.00
12.10000038
500.1330885

Processing parameters

500.1300000 MHz
EM

0.30 Hz

1.00

75 70 65 60 55 50 45 40 35 30 25 20 15 0.5 ppm
|
e 2 @l o (g A
8 58 - a (8 =
o ool ol olf o < | o
b
= Co<)
Current Data Parameters
NAME llce
EXPNO 2
FROCNO 1
N
£2 - Acquisition Parameters
N Date_ 20200319
= e
-Bu INSTRUM spe
PROBHD 5 mm PROXI LH/
PULPROG
(R.SF11c  or (S,.5)-11¢
16.650 usec
6.50 usec
2.00000000 sec
©.03000000 sec
1
CHANNEL £1
NuC1 13¢
P1 12.00 usec
PL1 -4.00 d8
PLIW 172.88230896 W
sFo1 125.7703643 Mz
CHANNEL £2
CPOPRG(2 waltzl6
! 1
FCED2 80.00 usec
L2 4.00 dB
22.51 db
25.00 dB
12.10000038 W
0.17052394 W
0.09611372 ¥
500.1320005 Mz
F2 - Processing parameters
st 7
sp 125.7577690 Miiz
" WO B
T T : T T T T ) T T T T T T T T T SEE) 9
4 ; X L8 1.00 Kz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm c& 0
rc 1.40

549



Pseudoorthodibrome PC & Bn oxazoline (1.1 eqg.) Pd:L (5:10
DN D LDA LA~ MNAT TNV ANTOFFOAWNONO N~ D FOO P~ el 1)~ D F O
O RPN TMNONADNCIMACANRNMAREMAINODDOOCDVTTNAO DO D
COMMOMMOANY VOO NNMAIANAAAATTTITANAAOOOO DD O DD DD N O
CE R F YOV PR T TTTTTITTMMOMMMMOMOOANNNNNNN O

(>

Current Data Parameters
PROCNO 1
Dat 20200201
Time .09
(RpS)-11d  and (SpS)-11d PULPROG 2930
SOLVENT €DCl3
NS 16
Ds 2
FIDRES 0.157632 Hz
AQ 3.1719425 sec
DW 48.400 usec
DE 6.50 usec
TE 298.2 K
D0 1
- HANNEL f1 =
NUC 11
Pl 9.50 usec
PL1W 12.10000038 W
sFol 500.1330885 MHzZ
F2 - Processing parameters
SI 32768
SF 500.1300000 MHZ
WDW EM
S5B o
GB o
75 70 65 60 55 50 45 40 35 30 25 20 15 10 0S5 ppm
[y I ] LY = (5
CIEEEREE EEE R EEE
al vl @l ol =l el el =l el =g
Pseudoorthodibromo PC & Bn oxazoline (1.1 eq.) Pd:L (5:10)
k. / LX)
I-Mn-53 i
3
:
F2 - Acquisition Parameters
D _ 20200
PULPROG
(RpS)-11d  and {Sp8)-11d o
Ds
SWH 30030.029 Hz
FIDRES 0.458222 Hz
TE .2 K
D1 2.00000000 s
D1l 0.03000000 s
0 1
Pl
PL1
PL1W
SFO1
CPDPRG([2 waltzlé
Nucz 1H
SI 32768
F 125.7577890 MHz
WOW EM
Vv e eprrerTr e ey ey o wrerrrrprererreey - SSB 0
T T 1 18 1.00 Az
160 150 140 130 120 110 100 90 80 70 60 50 3 20 10 ppm c: 0 B

S50



Pseudo gem NH2 Br & Bn oxazoline

CNOHYOFOoONAEAMEON AN METNONOMN I N OO TR NN TN M
DONAINODDOETANTNDOVORNNMNOOMN AATAIOATONAOD TO NN DTN DO
MNOMANANHS Y I IMNMAHTNMNMNMNHAOMNMIMHOO0CORANAAEERRMNO
L e e -2 NN T I TITTTONMNMMANNNNNNNNNNNN A= O

o H o
. |
1NE) O ) .
@ N ° N"HEKN
' 7
(SpSM110  or (R, S)-11e
—J |
T T T T T T T
7 6 5 4 3 2 1 0 ppm
L ) \J
T
oov:w. @ 3 |8 &
2353 g 3 82
T 3 Pse\ldﬂqem NHZ2 Br PC & bn oxazoline
(SpS)-110  or (R,5)11a
{1 s e i T S T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S51

L oc)
BRUKER

Current Data Parameters
NAMS

V-Mn-163 Dia 1
EXPNO 1
PROCNO 1
F2 - Acquis
Date_
INSTRUM spec
5 mm PAQXI 1H/
2930
65536
cpcl3
64

2
10330.578 Hz
157632 Hz
3.1719425 sec
512
48.400 usec
6.50 usec

295.6
1.00000000 sec

CHANNEL f1

10
9.50 usec
.00 dE

12.10000038
500.1330885 M\:z

F2 - Processing parameters
sI 131072
SF 500.1300135 M#;
WDW
sSB 0
18 0.30 Hz
GB 0
PC 1.00

nt Data Parameters

Cuzz

VI-Mn—64 Dial

Acquisition Parameters
20201125

see
sec

0.03000000
1

CHANNEL £1

12.00 usec

-a.00 dB
172.88230896 W
125.7703643 Milz

25.00
1270000058

c.oesu.ﬂ
500.1320005

ing parameters

125

32768
577890 Mz
EM




Pseudogem NH2 Br & Bn oxazoline : 2nd fraction
W ONY IO NSO AN M OMNAONHOY R NN TNOOO AN MO AN NO YN m
e R e e N e R R Tkt R R R R RN R ¥
MMMMNNC P RNNTIMAM AT TMMAAA A 1100000 NNANA NI ®® BRUKER
F N e O BB O NI TITTITMOMOMME MO ©6N NN NN SN

g il
SR P e e

o H O Surrent Data Parameters
4 @J = «&?"“““ =3

F2 - Acquisition Parameters
20191014
8.3

spect
PROBHD 5 mm Multinucl
PULPROG 230
(SpS)-11e or (R 5)-11e ™ 65536

SOLVENT €1
N 16

2
8278.146 Hz
0.126314 Hz
3.9583745 sec

60.400 usec
6.00 usec

1.00000000 sec

CHANNEL f1

i
400,1324710 MHz

F2 - Processing parameters
32768

sF 400.1300000 MHz

WOW

ssB 0

LB 0.30 Hz

GB 0

¥C 1.00

T
6 5 4 3 2 1 0 ppm

8
| \N I ) s 7 |°\
8= 88 8 g |37 = |=
=== - = e[ = |=
13 C : Pseudo gem NH2 Br & Bn oxazoline (_.><7
W N7 Lo
Cu[rent Da.a Parameters
'-Mn-163 Dia ?
No
B PROCN :
F2 - Acquisition Parameters
Date_ 20190708
Time 8.36
INSTRUI
OB 5 mm
PULPROG
T
(5:5)-11e or (Rp,S)-11e SOLVENT
NS
DS
SWH
FIDRES
AQ
RG
oW
DE
TE
D1 2.00000000 see
D11 0.03000000 sec
00 1

CHANNEL £1

g parameters

32768
125.7577890 MHz
M

T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

1.00 Hz

S52



1.724
1.587
1.505

1.483

Gt BRUKER
SSEsss e (D)

Current Data Parameters
I V-Mn-164 1
EXPNO 1
PROCNO 1

Acquisition Parameters
te_ 20190627
18.08

spect
5 mm PAQXI 1H/
2930
65536
cpc13
NS 16

(S.SH1f  or (R SH111

2
10330.578 Hz
0.157632 H
3.1719425 sec

48.400 usec
6.50 usec
298.2
1.00000000 sec
1

CHANNEL f1

18
9.50 usec
00 a
12.10000038 W
500.1330885 MHz

F2 - Processing parameters

sI 32768

SF 500.1300000 MHz
EM

L 0.30 Hz

rC 1.00

T
6 5 4 3 2 1 0 ppm

- v A
AL JL Nt
araquq S rq:c:rcq (cq qg‘T.—“q-—‘@a“"

Sl = e B B B B e R B i

1.00- o
i
1

204
.22,

13C : V-Mn-164 i 1st diasteroisomer

Current Data Parameters
NAME V-Mn-164 1
3
1
{S,,8)-11f or (RpS)-11F
1 12.00 usec
PL1 00 dB
PLIW 172.88230896 W
sFol 125.7703643 Mz
s1 32768
| | | | SF 125.7577890 MHz
h WD EM
T T T T T T T T T T T T T ?gﬁ 0 .
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 pPM cs [ :
BC 1.40

S53



V-Mn-164 1 2nd diasteroisomer m
H0-164 1 200, HASErOLABNEE, oo o i o . 470 0060160 50 8 AR
LN MAXOHANIN VAN TNHOWTNMNHOTTOCON I ITUNITANCOODMNONMNMNHO
8490287880850 R38305R0085843000307R0R0RRCRENRY Qo RER
RO ODVVVVOUNTITTTIFONNONNNNNANNNNNN Al ded O
[} > Current pata Parameters
N JL\ Bn EXPNO
N PROCNO
F2 - Acquisition Farameters
Dat 2019062
INSTRUM pect
S, ST (R sj11l PROBHD 5 mm PRQXI 1H/
or = PULPROG 2930
( Ll e kil 65536
SOLVENT €DCl3
NS 16
Ds 2
SWH 10330.578 Hz
AQ 3.1719425 sec
RG 90.5
DW 48.400 usec
DE 6.50 usec
1B 298.2 K
D0 1
NUC1 1H
Pl 9.50 usec
PL1 4.00 4B
PL1W 12.10000038 W
SFO1 500.1330885 MHz
F2 - Processing parameters
51 32768
8F 500.1300000 MHZ
WDW EM
SSB ]
LB 0.30 Hz
GB ]
PC 1.00
T T T T T T T T T T T
75 70 65 60 55 50 25 20 15 1.0 05 ppm
A S b
(238 E24 [g . olgle
Nlo =] - - oo o
13C : V-Mn-164 i 2nd diasteroisomer
20190628
(S, 8)-11F or R, 11f
( Fs’ ( ’S) 16077
4
30030.029
0.458222
.0911744
32768
TE 298.0 K
Dl 2.00000000 sec
D11 0.03000000 sec
™0 1
CHANNEL £1
13c
172.88230896 W
125.7703643 MHz
= CHANNEL £2
CEDPRG[2 waltzl6
NUC2 1H
PCPD2 80.00 usee
PL2 4.00 dB
PL12 22.51 dB
PLZW 12.10000038 W
PL12W 0.17052394 W
PL13W 0.09611372 W
sFo2 500.1320005 MHz
L WOW EM
S5B ]
T T T T T T T T T T T T T T T T T LB 1.00 Hz
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm % o s 06

S54



Oortho Br NHZ PC & Bn oxazoline DIal
NOHTMUNYE~D O
0@ o~0nTo0Mm—mn
MMM NNNNOCYOT
L o NS R

current Data Paramerers
' °’> NAME V-Mn-290 1
i EXPNO
Bn PROCNO 1
F2 - Acquisition Parameters
Date_ 20191130
' NH, Time 21.52
INSTRU spect
PROBHD 5 mm Multinucl
PULPROG zg30
S)-11g or {Rp:S)-11g ™ 65536
SOLVENT coc13
NS 2048
DS 2
sw 8278.146 Hz
FIDRES 0.126314 Hz
3.9583745 sec
RG 2580.3
oW 60.400 usec
DE 6.00 usec
E 300.0 K
b1 1.00000000 sec
™00 1
= CHANNEL f1
18
10.00 usec
3 dB
400.1324710 Maz
F2 - Processing parameters
SI 32768
SF 400.1300000 MHz
WDW EM
ssB [}
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05 ppm
) L) )\ |
wy Hshs BBy el
hor] ] ] ] b b [l e 2 br]
Lkl Sl olvw o i=lle - 4
T & )
S888338RaRRRRE8538 BRUKER
MOMOMNNNNNNNNNNAAO LM

Current Data Parameters
NAME V-Mn-290 ii
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191130
Time 18.20
INSTRUM ect
PROBHD & mm Multinucl
R 1 PULPROG zg30
- 65536
(5pS)-11g o (RaxS)H-119 SOLVENT cocl3
NS 1024
Ds 2
swi 8278.146 Hz
FIDRES 0.126314 Hz
a0 3.9583745 sec
RG 5160
oW 60.400
E 6.00
TE 300.0
D1 00000000
100 1
CHANNEL f1
nucl
Pl 10.00 usec
PL1 3.1
SFOl 400.1324710 MHz
FZ - Processing parameters
s1 2768
SF 400.1300000 MHZ
WOw EM
SSB o
15 0.30 Hz
GB o
pc 1.00
T T T T T T T
7 6 5 4 3 2 0 ppm

S55



H
e o it e
S S T O o O e O T G . O o D RSl S Bl S
FELOIEREEBARICCESI00S33A00ERIIRNS385885833358° BRUKER
FEEEFOOYRY O VYW O L EOOOWMMMMEMMMMEMMMMETIE MMM M-S LX)
‘\.‘\\VV%‘%WN JJJJJAJJAJAJJ/J
e
NAME Lik_II_pMN-8.
H 3
o. N L _Br :
T F2 - Acquisition Parameters
Dace:. Zoi70s2e
o =z Time 12.40
Sncee
F2 - Processing parameters
356
SF 700.1300000 MHz
ou ]
S5B [
i B
o
1.00
1
St s - : ; : it
7 6 5 3 3 2 1 0 ppm
L YL gL
AT AR AVARTAN =
@ vm e QS Q- aling =
3 ZE222 b= bl bt
13c
R Ve N\
l LW \
T T T T T T T T T T T T T T T T L
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S56



I
é.

g

100
120
= t e
— °’ 140
:

L

T T T T T T T T T T T
75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm

HMBC XOIIH 8
/ BRUKER

A . JA_M ppm

100

v . - r120

EreL ' 140

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm =
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NOESY

il
/"
.
. ¥
T T T T T T T T T T T T ) . a5
75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm * 5 L

COSEY- Brominatio:

o e

1l
H

T R ¥ T T T T =y i T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
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4.589
4.578
4.147

(55.8)-11h

(RpS)H1h

BRUKER

Current Data Parameters
NRME 11ha

EXENO 1
PROCNO 1
F2 - Rcquisition Parameters
20201207
10.10
spect
5 mm PAQXT 1H/
2930
65536
cpcl3
NS 32
DS 2
SHH 10330.578 Hz
FIDRES 0.157€32 Nz
ag 3.1719425 sec
RG 161.3
DW 48.400 usec
DE 6.50 usec
TE 300.0 K
D1 1.00000000 sec
DO 1

CHANNEL f1

F2 - Processing parameters
sI 32768

sF 500.1300000 MHz
WDW

ssB 0

L8 0.30 Hz
= 0

PC 1.00

75 7.0 50 45 40 35 3
)4 WA i\ | | 4
328 23 3 B33 B EEEEE
S22 =8 E SER 1A REIEEE

O

H,N@Qmm HaN e By

(S-8)11h  or {Rp,S)-11h

el J

T T T
0 25 2.0

1.5

|

T T T T T T T
160 150 140 130 120 110 100 90

S59

current Data Parameters
NAME ]

EXPNG 4
PROCKO 1
F2 - Acquisition Parameters
Date_ 20210817
87
Avance
2168386_0003 (
29pg30
65536
cpCl3
NS le432
DS 4
SWH 41666.668 Hz
FIDRES 1.271566 Hz
AQ 0.7864320 sec
RG 101
DW 12.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
11 0003000000 sec
DO 18
sFol 176.0654333 Miiz
NuUCl 13C
PO 4.00 usec
»1 200 usec
PLW1 132.53999329 W
SFO. 700.1328005 MHz
nucz 1H
CPDPRG([2 waltz6s
PCPD2 0.00 usec
PLu2 7.66239977 W
PLW12 0.07662400 W
PLW12 0.03000000 W
2 - Processing parameters
1
SF 176.0478285 Mpz
woW M
S5B 0
LB 2.00 Hz
GB 0
PC 1.40



CACEMT AN TNOANNNYWAMEONCTDO AN N AN O AN T IO 0@
YN EOENMEHO O I TN LA TN A DI NAOMOO T AR A DO —HO @D
MO NNAHOAPN I TOO MMM HOORMMMMAACCORNRE MO0V
FECEEFEFYYYYNTTTTTSTTIMOMMMMMMO MO NN NN NN NN NN NN

SNV

?""Bn HaN 0;}“"&1

1.285
0.910

VTSN emmmss——————

o
ik

@
o

0.099

<)
BRUKER
(>

Current Data Parameters
11nb

AME
EXENO 1
PROCNO 1
F2 - Requisition Parameters
Date_ 20201207

(SpSH11h or (RpS)-11h Time 10.21
INSTRUM sp
PROBHD 5 mm PAQXI 1/
PULEROG 2630

65536
coc13
296
1.00000€00 sec
1
CHANNEL £1
NUC1 18
p1 5.50 usec
L1 .00 dB
PL1W 12.10000038 W
srol 500.1330€85 Miiz
F2 - Processing parameters

st 32168
sp 500.1300€00 Mz
WDk EM
ssB 0
L8 0.30 Hz
s 0

c 1.00

6 5 4 3 2 1 ppm

o fo)e] |8 (eeaes

&

13C

e

(SuSH11h  or

(RpSHI1h

Current Data
NAME
EXBNO
PROCNO 1
Acguisition Parameters
e_ 20210813
INSTRUM spect
PROBHD 5 mm PAQXI 1H/
PULPROG
™
SOLVENT
NS
4
30030,029
0.458222
1.0911744
RC 32768
oW 16.650 usec
E 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1

usec
dB
dB

W
4w

0.09611372 W
500.1320005 MHz

ing parameters
327

125.7577890 MHz
EM

T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S60

1.00 Hz

1.40



HoN

(RpS)-11

Do

HaN

(Rp 811 or (Sp 8111
SR L RO SRR B B IR R R S
7 6 5
A A PN
S a|o|g S

(SpSH111

Current Data Parameters

lia
EXPNO 1
ROCNO 1

F2 - Acquisition Parameters
Date. 20210922

NS
s 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz

Q 19425 sec
RG 8

oW 48.400 usec
DE 6.50 usec
TE 298.2 K

D1 1.00000000 sec
00 1

CHANNEL £1

18

9.50

.00
12.10000038
500.1330885

F2 - Processing parameters
s1 32768

SF 500.1300000 MHz
WDW EM
ssB 0

LE 0.30 Hz
GB Q

PC 1.00

Current Data Parame!
NAME

Acquisition Parameters
20210923
]

spect
5 mm PAQXI lH/

30030.029
0.458222
1.0911744
32768

2.00000000
0.03000000
1

CHANNEL £1

13¢
12.00

172.88230896 W

125.7703643
L £2

waltzlé

1

B
80.00
4.00
22.51
25.00 dB
12.10000038 W
0.17052394 &
0.09611372 W
500.1320005 MHz

Processing parameters

32768
125.7577890

EM

MHz

1.00 Hz

160

150 140 130

120

T T T
110 100 90 80 70

60

S61

50

40

30

20

1.40

10 0 ppmw'



FNO BV N CONOVMNOINNVNVAIDATNVNOIANN-ONOAOOTMA- DO~ MO
PEEF YNNI CMNMANTT AN IANTMN AN TTMNANACNTNARANETMMN DO
NNNNNITTNN A AATTTNNANNNNHAOCOAAAAHOOOCONRDD®® M o
FEECE YV O VYV YPONNTTTTITITITITTTTTONMNMMMMNM MO NN OO NN NN

o)
" BRUKER
(e )

/
é

Current Data Parameters
» i

o NAME 11ib
i t-Bu . /" tBu EXPNO 1
N PROCNO 1
F2 - Acquisition Parameters
HoN Date_ 20210923
2 Time 17.38
INSTRUM ©

spec
PROBHD 5 mm PAQXI 1H/

z

L

(RpS)-11i or (SpSH111 PULPROG 2930
™ 65536
SOLVENT coel3
NS 32
b5 3
s 10330.578 uz

0.157632 Hz
3.1719425 sec
0.5

9
48,400 usec
6.50 usec

294.7
1.00000000 sec
1

CHANNEL £1
18
9.50 usec
.00 dB
2.10000038 W

500.1330885 MHz

F2 - Processing parameters
8

s1
SF 500.1300000 MHZ
WO EM
558 0

LB 0.30 Hz
GB 0

BC 1.00

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 Ppm

[T v
J =
BRE s 8
P e e e R o
Current Data Parameters
= 11ib
EXENO 2
PROCHO 1
FZ - Acquisition Parameters
Date_ 20210924
Time w01
INSTRU spec
PROBHD 5 mm PAQXI 18/
PULPROG 29pg30
™ 65536
SOLVENT cpci3
s 16384
s 1
SHH 30030.029 Hz
FIDRES 0.456222 Hz
a0 1.0911780 sec
G
D 16,650 usec
DE 6.50 usec
£ 294.5 K
L 2.00000000 sec
11 0103000000 sec
00 1
CHANNEL £1
13¢
12.00 usec
~1.00 dB
172.88230856 W
125.7703643 Maz
CHANNEL £2
waltzl6
18
80.00 usec
4200 ds
22051 ds
25.00 a8
12.10000038 W
0017052384 W
0.09611372 W
500.1320005 MAz
F2 - Processing parameters
st 7
SF 125.7577890 maz
| iall_ s ) WoW M
ssB 0
T T T T T T T T L8 1.00 Bz

T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm 5t 10

S62



500-VI-SP-71 Clf17-23(second spot)

Coey
BROKER

iens won

3339823388 833
PO TNAARDE = DWW
fimait s o

T A0 e

500-VI-SP-90

EXPNO 2

PROCNO 1

F2 - Acquisition Parameters
e 20211204
20.23
spec

5 mm PAQKI 1K/

11j two diastereomers

296.4 X
1.00000000 sec
1

= CHANNEL £l ==
1

9.50 usee

4.00 dB
12.100000%
500,1330865 Milz
F2 - Processing parameters
1 st 32768
| SF
[ WD
| i 558
1 I i 18 0.30 uz
] I =) o
BC 1.00

T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 PPmM

A

B CRIERSEEENE ~ofwl (@ 9)
B o | e e i AN (9
|| c| | o|s|s|s|s|a| |« wi| == <]

VISP30 carbon

EXENO
PROCNO

B F2 - Acquisition Parameters
Date_ 20211209
Time 15.3
nce

11j two diastereomers e

b1 2.00000000 sec
i1 0.03000000 sec
24

SFO1 176.0654333 MHz
13c

waltz6s

65.
8.93029976 W
11835570 W

PLWI3 0.05931989 W
| J | -

768
176.0478285 Mz
EM

0
1.50
0

1.40

T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S63



(SpSI11k  or

(RpSH11K

T
7 6 5

Bt LobhLCl G

Pseudogem CO2Me Br & Bn oxazoline : Dia 1 13C

0 ppm

(Sp.8)¢11k or (RpS)>-11k

N ” . al

T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 30 10 0 ppm

S64

current
NAME
EXPNG
PROCNO

F2Z - Ac
Date_
Time
INSTRUM
PROBHD
PULPROG

SOLVENT

e
ROKER
e

Data Parameters
Mn-253 Dia 1
i

quisition Paramet
20191020

21.49

spect

5 mm Multinucl
2g30

65536

cpc13

16

3
8278.146 Hz
0.126314 Hz

3.9583745 sec
1625.5
60.400 usec

6.00 usec
300.0 K
1.00000000 sec
1

= CHANMEL f1

1H
10.00 usec
0 dn

A1
400.1324710 MHz

FZ - Processing parameters

sI
sF
WDW
SSB
18
cB
PC

Curzent
NAME

EXPNO
PROCNO

32768
400.1300000 MHz

Data Parameter
V-Mn-253 Dia

F2 - Acquisition Parameters

NUC1
P1
L1

PLIW
Y

CPDPRG[
NUC2

F2 - P

20191029
8.19

spe
5 mm PAQXI 1H/

296.3 K
2.00000000 sec
0.03000000 sec

CHANNEL £1

172.88230896 W
125.7703643 MHz
CHANNEL £2
2 waltzl6
18

80.00 usec
£.00 dB

22.51
25.00 dB
000036 W

0.09611372 W
500.1320005 MHz

ocessing parametars
32768

125.7577890 MHz
EM

1.00 Hz
1.40



Current Data Parameters
NAME V-Mn-25 az
EXPNG 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 2019102

4 21.56
INSTRUM speet
PROBHD 5 mm Multinucl
(S,.5)-11k or (R, 811k PULPROG
™
SOLVENT
10.00 usec
3.10 dB
400.1324710 Mhz
- Processing parameters
32768
o
0.30
) 1.00
T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 3.0 25 15 10 05 ppm
JPUL I AVAAVAY
e Ees GLERLE L
NS (S N KUK [ ] = | !
<3l [ =ledl = e o B P
Pseudogem CO2Me Br & Bn oxazoline : dia2 (..)()
i
[+13) 00 Cuzrent Daf
-J'. Hingn i§ B NAME v
N0 QN BROCNO
| |
F2 - Acquisition Parametars
CHs CHy . 20191101
U
spect
5 mm PAQXI 1H/
{55811k or (R, 8)-11k rgpa30
coel3
16384
4
30030.029
0.458222
1.0911744
32768
16.650 usec
6.50 usec
296.
2.00000000 sec
0203000000 sec
CHANNEL £
NUCL 13
1 12,00 usee
L1 4.00 dB
PL1W 172.88230896 W
sro1 125.7703643 MHz
B
PL13 5.00 dB
PL2W 12.10000038 W
PL12W 0.170523%4 W
PL13W 0.09611372 W
sro2 500.1320005 Mz
F parameters
s1 68
SF 125.7577890 MHz
WO EM
T T T T T T T igﬂ o 1% oty A
.00 Bz
170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm = 0
PC 1.40

S65



Pseudogem Br COOH & Bn oxazoline
R MNOCEMONOAMNARANOHON TN TNNNNREOACHNINT TAOIN @ TN D™ O
o = MANCOENDFOONRNNHOADNNODOVEUNMNMAONDON—NDD~OMNNO-HN—~ON
N NNNAADO OO R OO TTIMONANNNNADDINANNAAAAAA O OO A0 A BRUKER
FE R R EE R ECF VPPV VYT TTITTITTTTITMOOMMOMMOMO MO MO N NN A
i el i B\ Ea————
o5 00 Current Data Parameters
i NAME 111
_ L /"™Bn ‘ l. )™ Bn EXPNO 1
N0 O°N PROCNO 1
] |
H H F2 - Aequisition Parameters
Date_ 20200815
' ' Time 18.01
INSTRUM spect
PROBHD 5 mm PAQXI 1H/
{S,,S)-111 and (R, S)-111 PULPROG 2930
65535
SOLVENT cpcl13
Ns 16
2
10330.578 Kz
0.157632 Hz
3.1719425 sec
7.8
48.400 usec
6.50 usec
298.2 K
1.00000000 sec
1
CHANNEL f1
P1
PL1
PLIW 12.10000038 W
sFol 500.1330885 MHz
£ Rescais (ng pavansrizs
51 3.
sF 500. 1JDOGGD
WoW
SSB o
1B
B o
FC 1
T T T 1
11 10 9 1 0 ppm
il
13C : Pseudogem Br COOH & Bn oxazoline

(Sw8)H111

(RpS)-111

EXPNO
PROCNO 1
ition Parameters

- Acquis
o 20200816

spect
5 mm PAQXI 18/
2gpg30

36

]
30030.029 Hz
0.458222 Hz
1.091

44 sec

16,650 usec
6.50 usec

298.2 K
2.00000000 sec
0.03000000 sec

13¢
Bl 12.00 usec

1"2 88230896 W
sFOL 25.7703643 Maz

CHANNEL £2
Gl 2

1520008 M

parametars

T T
180 160

140

T
120

100

80

S66

ppm




Pseudoortho Br COOH & Bn

AT NOLOALYM AN N0
OVNTIAHOOEON TN =~ n
T R RS R R RN e B 0 Mo
[l ol ol ol ol o o o el ] - -

F2 - Acquisition Parameters
Date_ 20200206

O\H Time 19.05
INSTRUM spect
PROBHD 5 mm PAQXI 1H/

o PULFROG zg30
65536
ls;.s}'11“ and SOLVENT cpel3
Ns 16
Ds 2
Wi 10330.578 Hz
FIDRES 0.157632 Hz
aQ 3.1719425 sec
RG 71.8
bW 48.400 usec
E 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
DO 1
CHANNEL f1 -
1
5.50 usec
PLL 4.00 dB
PLIW 12.10000038
sFol 500.1330885 Miz
F2 - Processing parameters
51 3. 8
sF 500.1300000 Miz
wow EY
SSB o
1B 0.30 Hz
o8 o
EC 1.00

T T T T T
75 70 65 6.0 55

L

T T T T
40 35 20 15 10 05 ppm
J
E

5.0 4.5 3.0 25
p | L1 WL
Joi s
ol o N e e 3 N

13C : Pseudoortho Br COCH & Bn oxazoline

Current Data Par
NAME VI-M

EXPNO
PROCNO

F2 - Acquisition Parameters
to 20

0207

FIDRES 0.458222 Hz

AQ

RG 32761

oW 16.650 usec
6.

0 usac
2K

CHANNEL f1

12.00 usec

172.88230896 W
1257703643 Mz

CHANNEL £2

125.7577890 MHz
M

e

F2 - Processing parameters
S51 32768
) L
T T T

T 1.00 #z

T T T T T T T T LE
170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm 32 4 1.40

S67



o
=3
@
3

ow
0o
w0
~r~

7.310
7.302
7.288
7.255
132
092
584
697
682
667
652
637
371
354
336
198
183
168
152
139
124
109
416
404
389
377
153
138
123
108
093
958
941
931
914
835
076
733
425
410
290
145
915
902

nt Data Parameters

o
EXPNO 5
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210316
Time 15.12
INSTROM spect
PROBHD 5 mm PAQXI 1E/
PULPROG 2g30

(S.5.R,.5,50110 or {5,5,5,,5,5H110 ™ 65536
SOLVENT €DCl3
NS 3z
5s 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
A 3.1719425 sec
RG 90.5
o 48,400 usec
DE 6.50 usec
TE 298.2 K
Dl 1.00000000 sec
DO 1

== CHANNEL f1
wct Ta
P1 9.50 usec
PL .00 dB
PL1W 12.10000038 W
SFO1 500.1330885 MHz

F2 - Processing parameters
s1 32768

sF 500.1300000 MHz
WDW EM
588 0

LB 0.30 Hz
GB (]

BC 1.00

_

2

tien Parameter
0201001

(5.5,R,.5,5)-110 or (5.8,8,,8.8)-110

spect
5 mm PAQXI 1H/
2gpg30
65536
cpel3
16384

30030.029 Hz
0.458222 Hz
1.0911744 sec

2.00000000 sec
0103000000 sec

CHANNEL £1

2,88230896 W
125.7703643 MHz

sFo2 500.1320005 MHz

parameters

25.7577890 MHz
EM

ri

1

-

3
wEun
agm
BE
o

1B 1.00 Hz

T T T T <
160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm B 1.40

S68



- ® o N
o 0w
© —Ho o

5 S BRUKER
A\ S S N\ g 4 i)

LI D

7.214
4.698
4.688
4.306
4.289
2.207
2.060
1.645
1.491
1.403
1.287
1.050
0.873
0.100

o
=
~
-

4.185
4.155
4.125
4.105
4.090
4.075
3.305
3.296
3.278
3.269
3.089
3.073
3.059
3.029
2.918
2.736
2 TLT
2. Tl

<«
o
=
o

Current Data Parameters
NAME 1ok

s
Bn EXPNO 3

PROCNO 1

N\ N, F2 - Acquisition Parameters
B".,,,(— J‘En pate_ 20210316
Time 15.21
o o INSTRUM spect
PROBHD 5 mm PAQXI 1H/
PULPROG zg30
{8.5.R,.5.5)-110 or (8,8,5,,8,5)-110 b 65036
SOLVENT cpcll
NS 32
DS 2
s 10330,578 Hz
FIDRES 0.157632 Hz
aQ 3.1719425 sec
RG 128
oW 48.400 usec
DE 6.50 usec
1E 298.2 K
D1 1.00000000 sec
TDO 1
1H
9.50 usec
PL1 4.00 dB
PLIW 12.10000038 W
sFol 500.1330885 Miiz

F2 - Processing parameters

sI 32768
SF 500.1300000 MHz
WDW EM
SSB ]
LB 0.30 Hz
GB 0

L BC 1.00

) AL AN AT AR
(S o (=(wla oo [o
35w 8l 8|88 gg| |8
eﬂ‘ﬁ ) || IQIQ“| ‘I“

o
(8,8,RpS,85)-110 or (5.5.5,.5,5)110
2.00000000 sec
0003000000 see
1
CHANNEL £1
13c
12.00 usec
-1.00 dB
172.88230896 W
125.7703643 Mz
18
80.00 usec
25.00 dB
12.10000038 W
394 W
372 W
500.1320005 Muz
F2 - Processing parameters
st 2
l s 125.7577890 Miz
! : i wow =
B 0
pseEsme e st ae Rt e T DT e SR . 18 i 1.00 Bz
160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm . ; 1.40

S69



4.635

352
340
327
195
4.184
173
063
049
046
4.031

3.321

S Gl e e

(o) o
e By
e N N
N, N
sn-wi’ Br Brown Br
Q

(S:R,.S)11p or (5.5,5)-11p
n 1 n ,m__J___‘ l
T T T T T
8 7 6 5 4 3 2 1 ppm
p | \ JUYL
mEs 8 IEEE
k183 & 282
Br.
(5.R,S)11p or
L y‘ 11 LUl L
T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10 0 ppm

S70

<)
BRUKER

Current Data Parameters

pa
1
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG

™
SOLVENT
NS
Ds

SWH
FIDRES

NUCL
Fl
PL1
PLIW
SFO1

20200806

16.39
spect.
5 mm CPTCI 1H-
2930

65536
cpe13
4

2
14492.754 Hz
0.221142 Hz
2.2609921 sec
35.9
34.500 usec
6.50 usec

298.0
1.00000000 se
1
CHANNEL £1

e
10.00 usec

6.90 dB
10.71880245 W
700.1343236 MHz

F2 - Processing parameters

ST
SF
WDW
SsSB
LB
GB
PC

™
SOLVENT
NS

08
SWH

5FO2

32768
700.1300133 MHz
EM

0.30 Hz

1.00

42016.809 Hz
0.641126 Hz
0.7793784 sec

2.00000000
0.03000000
2

CHANNEL £1

13c
13.00 usec

-2.60 4B
164,55174255 W
176.0651333 MHz

CHANNEL £2
walzz16
1H

13,51
10.71880245 W
0.16755076 W

700.1323005 Mz

F2 - Processing parameters
ST

sE
WOW
558

18

8
FC

32768
176.0473348 MHz
EM
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o, }'Bﬂ Br. :}"‘5'
NOESY e g i 4

($:Rp8)-11p L (8,5,8)11p
! ppm
: 20
b
.
' Iy
« ! ] o
] i
L i
i ;
s i
i

€.90 d
71880345 W
L1328003 a2

F5.5 il
ezl

60 3

6.5

7.0

Lrs 2
8.0 e s
B E

Current Data Parameters
NAME 11q

EXPNO 1
PROCNG 1

Acquisition Parameters
202010:

Date_
8,R,,8,8)11 X Time
(8.R,,8.8)11q or (8,8,,5,8)-11q e R
PROBHD
PULPROG
o
SOLVENT
DS 2z
s 10330.578 Hz
FIDRES 0.157632 Hz
a0 3.1719425 sec
RG 128
oW 48.400 usec
oE 6.50 usec
TE 298.2
b1 1.00000000 sec
00 1
CHANNEL f1
18
5.50 usee
0 a8

12.10000038 W
500.1330835 Maz

F2 - Processing parameters
sI

sF 500.1300000 MHz
WDW

ssB 0

L 0.30 Hz
GB 0

pC 1.00

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

p;}s isi Js‘a%ssfs? 4 g‘z_‘sé
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£
BROKER

K 7 ey
o Current Data P
Bn NAME
N EXPNO 2
PROCNO 1
M F2 - Acquisition P
2 - hcquisition Par
Ll Date_ 20201
o
spect
(S.R,8.8)119 or {8.5,8,8)111q Srom BRI AN
gpg 30
5536
epcl3
16384
4
30030.029 Hz
He
sec
Huc
Pl usec
PL1 ~4.00 d
PLIW 172.88230896 W
SFOL 125.7703643 Miiz
CHANNEL £2
waltzl6
18
80.00 usec
4.00 dB
2251 dB
25,00 dB
12.10000038 W
0.17052394 W
500.1320005 MHz
£2 - Processing parameters
s1 32768
| P 125.7577890 Mz
. o B & WDH e
e il 4 558 [
e T i i e e 3 T L8 00 Hz
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm 2 2 i
crude
A T T DO NN NO VN A OO~ YN @OMTOONM N N LA~ B0
NN IN AN TBOOTNTLICDNONDANANVEN TN OTANNONNS NN D OO
MANOR - OO OONNTTNANCENANANNAA A AOOCDCONRCAT O~ MMM SO ® BRUKER
P P P PP PO TTTMNMMMMMEIMNMMAMMONMMANNNNNNNA A0 00 C_.X)

Current Data Parameters
o NAME 13amoncacid
EXPNO 1
PROCNO 1
N OH F2 - Acquisition Parameters
Date_ 20210117
Time 1.56
7 INSTRUM pect
PROBHD 5 mm PAQXI 1K/
BULPROG 930
b 65536
(Rp)-133 SOLVENT cDCl3
s 32
2
10330,578 Hz
0.157632 Hz
3.1719425 sec
128
48.400 usec
6.50 usec
298.
1.00006000 sec
1
CHANNEL f1
"
9.50 usec
4.00 dB
12.10000038 w
500.1330885 MHz
F2 - Processing parameters
s1 32768
sF 500.1300000 MHz
WOW En
s5B 0
LB 0.30 Hz
=3 ]
pC 1.00
T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
J ) VY
3 s il 85e
- ~leilod - < il
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Current Data
NAME

EXBNO
PROCNO 1

F2 - Acquisition Parameters
Date, 20210130

Time .35

spect
S mm PAQXI 1H/
2gpg30
65536
cpcl3
16324

4
30030.029 Hz
0.458222 Hz
1.0911744 sec
32768
16.650 usec
6.50 usec

2.00000000 sec
0.03000000 sec
1

172.85230896 W
125.7703643 Mz

CHANNEL £2
waltzl6

80.00 usec
4.00 dB
22.51 dB
25.00 dB
12.10000038 W
0.17052394 W
0.09611372 W
500.1320005 MHz

F2 - Processing parameters
7

B
SF 125.7577890 MHz
WDW EM
SsB 0
ettt BT 5 80
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm o k -

4.356

Current Data Parameters

NAME 11lna
EXPNG 3
PROCNO 1

F2 - Acquisition Parameters
) Date_ 20210323
'COOH - 7.03
STRUM spect
PROBHD 5 mm PAQXI 1H/
PULPROG 2930
(SxS)H )1n ™ 65536
SOLVENT cpcls
NS 32
Ds 2
SwH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 114
oW 48,400 usec
DE 6.50 usec
TE 298.2 K
1 1.00000000 sec
00 1

CHANNEL f1

4.00 dB
i 12.10000038 W
500.1330885 MHZ
F2 - Processing parameters
sI 32768
SF 500.1300000 MH:
WDW EM
sSB o
L8 0.30 Hz
B o
PC 1.00
|

T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

CREENEIE
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Lo ]
BROKER

Current Data Parameters
AME

EXPN

a
Fl
1

F2 - Acquisition Parameters
Date_ 20210324
Time 7.26
INSTRUM
PROBHD
PULPROG
™

(SpSH F11n

2.00000000 sec
D11 0.03000000 sec
1

CHANNEL £1

13¢
12.00 usec

-4.00 dB
172.88230896 W
125.7703643 Mz

CHANNEL £2
waltz16

1B
80.00 usee
4.00 d

22.5

25.00 dB
12.10000038 W
0.17052394 W

09611372 W
500.1320005 M

Hz
F2 - Processing parameters
ST 32768

125.7577890 Maz
EM

T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

4.385
4.368
4.351
3.664
3.600
3.592
3.572
3.564
3.1%0
3.167
3.152
3.128
3.094
3.073
3.026
3.007
24999
2.980
2.896
2.890
2.070
1.284
L2 L.

>

BRUKER
L . (<0

Current Data Parameters

|

NAME 1lnb

EXPNO 1

PROCNG 1

F2 - Acquisition Parameters

Dpat 20210815
16.59

spect
S5 mm PAQXI 1H/
2930

(RpS)H{ }11n

65536
cpc13
32

2
10330.578 Hz
0.157632 Hz
3.1719425 sec

114
48.400 usec
6.50 usec

298.
1.00000000 sec
1

CHANNEL f1

9.50 usec

.00 dB
12.10000038 W
500.1330885 MHz

F2 - Processing parameters
sI 3z768

SF 500.1300000 MHz
WDW EM
5SB )

LB 0.30 Hz
GB 0

PC 1.00

T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

LEEC EEENCECEEH

08
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160 140 130 120 110 100 90 70

170 150 80 60 50 40 30 20 10 ppm
AONONN DY AN TAND AL OAEMNONTINOW T DO MM~ @
AEMNOE VI AONONTANNORVE MM AR ONMNO DLW NGO DM
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Da

(R} )-13¢

ppm
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cur,
NAME

e
BRUKER
£

Current Data Parameters
NAME 1L
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210816

me 2
INSTRU spect
PROBHD 5 mm PAQXI 1H/
PULPROG zgpg30

65536

SOLVENT €DpCl3
NS 16384
os 4
sw 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0911744 sec
RG 76
o 16.650 usec
oE 6.50 usec
® 98.2 K
o1 2.00000000 sec
D11 0.03000000 sec
D0 1

CHANNEL f£2

CPDPRG (2 waltz16

nuc2 1H
80.00 usec
4.00
22.51 dB

25.00 dB
12.10000038 W
0.17052394 W
0.09611372 W
500.1320005 MHz

F2 g parameter
s1 32768
SF 125.7577890 MHz
WDH M
1.00 Hz
[
1.40

¢ )
BRUKER
()

rent Data Parameters
13c

i
1

NO
CNO

Acquisition Parameters
te_ 202108

11.06

spec
S mm PAQXT 1H/
230

65536

HeOD

32

2
10330.578
0.157632
3.1719425

9.50

.0
12.10000038
500.1330885

- Processing parameters
768

500.1300000 MHz
EM

0.30 Hz

1.00



(Rp)( )-13¢

Current Data Parameters
NAME 13

EXPNO
PROCNO

- Requisition
ate_

PULPROG

™
SOLVENT
NS

DS
SWH

1
30030.029 Hz
0.458222 Hz

AQ 1.0911744 sec
RG 32768

oW 16.650 usec
DE 6.50 usec
T® 298.2 K

D1 2.00000000 sec
b1l 0.03000000 see
D0 1

= CHANNEL £1

13¢
12.00 usec
dB

172.88230896 W
125.7703643 MHz

CHANNEL £2
cPDPRG(2 waltz16
nuc? 18
PCED2 80.00 usec
PL2 4.00 dB
PL12 22.51 dB
PL13 25.00 dB
PL2W 12.10000038 W
PL1ZW 0.17052394 W
PLL3W .09611372 W
sF02 500.1320005 MHz
F2 - Processing parameters
s1 2
SE 125.7577890
" WD £l
ssB o
T T T T T T T T T T T T T T LB 1.00 Bz
170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm % . T
prep
N T e TP S I T LT Y.,
NN RPN T OR L APROOINTORCLONTORIRNIMNAINANMNNIANDTNORADD R =
EENEANNBLATITTIONASd0VOhnnNNNdGnddodnTnaHcaanacexe BB UKER
Ll e el el el e R R R T R Rl e (t_‘.::>'=::___:)
Current Data Param
phesphorylation dia
2
1
ition Parameters
20210719
15.39
spect
5 mm PAQXT 1H/
2q30
65536
cpels
ns 128
DS 2
(Rp)'14 SHH 10330,578 Hz
FIDRES 0.157632 Hz
Q 3.1719425 sec
RG 812.7
oW 48.400 usec
DE 6.50 usec
TE 298.2 K
DL 1.00000000 sec
00 1
CHANNEL £1
12
500.1330885 Mz
2 g parameters
s1
sF 500.1300000 Mz
WOW
558 0
B 0.30 Hz
a8 0
ec 1.00
T T T T T T T T
8 7 6 5 4 3 2 i | L] ppm
L L] Ji L
S\ / &
sae dae d5estn
alledledl el =lalll e alllell =l =l ==
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(8,5,R,,5,5)-118

(5,5,50,5,9)110

Circular Dichroism {mdeg}
z

Wavelength (nm}

CD spectrum of (5, 5.8,.5.5)-4,7,12,15-Tetra-(4"benzyl-ozazolin-2"-y1)[ 2. 2]paracyclophane

Circular Dichroism (mdeg}

Wavelength (nm}

CD spectrum of (5, 5,5,5.5804.7,12,15-Tetra-(4"-benzyl-oxazolin-2'-y1)[ 2 2Z]paracyclophane
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