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1.General Information

Unless otherwise noted, all materials were purchased from commercial
suppliers. Column chromatography was performed using silica gal (normal phase,
200 - 300 mesh) from Yantai Xinnuo Chemical Co., Ltd., usually with petroleum
ether (PE, bp 60 - 90 °C) and ethyl acetate (EtOAc) as eluent. Reactions were
monitored by thin-layer chromatography (TLC) on G254 silica gal plates (0.2 mm)
from Yantai Xinnuo Chemical Co., Ltd. The plates were visualized by UV light and
other TLC stains (1% potassium permanganate in water; 10 g of phosphomolybdic
acid in 100 mL ethanol). 'H, 13C, 1°F and 3!P NMR spectra were recorded on JEOL
Delta (400 MHz or 600 MHz) spectrometers with CDCl3 as solvent and deuterated
solvent residual peak or tetramethylsilane (TMS) as internal standard. Coupling
constants (J) are reported in Hertz (Hz), and the chemical shifts ( ¢) were reported
in parts per million (ppm). Multiplicities are indicated as singlet (s), doublet (d),
triplet (t), quartet (q), quintet (quint), doublet of doublets (dd), triplet of doublets
(td), doublet of triplets (dt), triplet of triplets (tt), doublet of doublet of doublets
(ddd) and multiplet (m). HPLC analysis was conducted on SHIMADZU LC-20ADXR
instrument with chiral columns (Chiralpak IE, IB N-5, IC, AD-H, AS-H, and IF,
column 4.6 x 250 mm, (Daicel Chemical Ind., Ltd.). High resolution mass spectra
(HRMS) were recorded on a Waters LCT Premier XE mass spectrometer with TOF.
Crystallographic data were collected using a Rigaku Oxford Diffraction XtalAB
Synergy diffractometer equipped with a HyPix-6000E area detector at 100 K using
CuKa (A =1.54184 A) from a PhotonJet micro-focus X-ray source.
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2.0ptimization Studies

catalyst (10 mol%)
@ N oxidant (3.0 eq) P /4 @
(0] N + ©/\ > N

O
L-pGlu-OH (20 mol%) 0 ©
li o
Me N7 | PrOH, 80 °C, 12 h Sy Me
\ P
1a 2a (Rp)-3aa
(0.1 mmol) (0.2 mmol)

Table S1. Optimization of catalysts and oxidants.?

entry catalyst oxidant yield (%)? ee (%)°
1 PdCl, AgTFA 72 69
2 Pd(PPh3)Cl, AgTFA 99 71
3 Pd(COD)Cl, AgTFA 99 69
4 PdBr; AgTFA 84 69
5 Pd(MeCN)2Cl2 AgTFA 99 70
6 Pd(OAc)2 AgTFA 99 88
7 pdoar a0 0 o
8 Pd(OAc),2 AgOAc 85 72
9 Pd(OAC), Ag2S04 68 72
10 Pd(OAc), AgNO3 99 84
11 Pd(OAc), Ag3POy 75 73

aReaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), catalyst (0.01 mmol,
0.1 equiv.), .-pGlu-OH (0.02 mmol, 0.2 equiv.) and oxidant (0.3 mmol, 3.0 equiv.) were used
at 80 °C for 12 h in '‘PrOH (2 mL) under air. PThe yields were determined by 'H NMR with
1,3,5-trimethoxybenzene (1/3 equiv.) as an internal standard. ‘The ee values were
determined by chiral HPLC.

Pd(OAC); (10 mol%) P
@ AN AgTFA (3.0 eq) m
o N o o+ ©/\ -  ON o

L-pGIU-OH (20 mol%)

Me N7 solvent, temperature, 12 h XN Me
AN | =
1a 2a (Rp)-3aa
(0.1 mmol) (0.2 mmol)

Table S2. Optimization of solvents and temperature. 2
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entry solvent temperature (°C) yield (%)P ee (%)¢

1 t-AmylOH 80 99 82
2 EtOH 80 99 84
3 TFE 80 70 60
4 MeCN 80 64 83
5 toluene 80 64 53
6 1,4-dioxane 80 99 70
7 PhCl 80 99 27
8 DME 80 99 56
""""" o wmon 7 % %0
10 PrOH 60 90(80°) 95

a Reaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), Pd(OAc): (0.01 mmol,
10 mol%), L-pGlu-OH (0.02 mmol, 0.2 equiv.) and AgTFA (0.3 mmol, 3.0 equiv.) were used at
different temperature for 12 h in solvent (2.0 mL) under air. ? The yields were determined by
!H NMR with 1,3,5-trimethoxybenzene (1/3 equiv.) as an internal standard. ¢ The ee values

were determined by chiral HPLC. The ratio of cis/trans rotamer was determined by 'H NMR.
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3.Methods and Procedures for the Synthesis of Substrates
3.1 Procedure for the Synthesis of ansa Chain

The ansa chain S1-S8 were purchased from commercial suppliers and used
without further purification. S9-S101 were prepared according to literature
procedure from commercially available materials. The spectra are in accordance
with literature.

Ts
Br: OH Br. Br
A o, A7 0TBS /\MZN \M,GOTBS
n=_8-12 n=13-14, 18 n=6,9
S$1-S5 S6-S8 S$9-510 S11

S11 was prepared as the following procedure.

TBSCI, Im TsNH,, K,COs3, Nal
Br OH Br: OTBS
\Mﬁ THF e MeCN, reflux
S$12 S13
TsHN . OTBS 7 e % _oTes
6 K,COs, MeCN, reflux AT, M,
S14 S11

S12 were obtained from commercial sources and used without further
purification. To a solution of $12 (3.62 g, 20 mmol, 1.0 equiv.) in dry THF (150 mL)
was added imidazole (1.64 g, 24.0 mmol, 1.2 equiv.) and TBSCI (3.62 g, 24.0 mmol,
1.2 equiv.). The reaction mixture was stirred for 6 h. Then saturated NH4Cl (150 mL)
was added and the organic phase was separated. The aqueous phase was
extracted with EtOAc (150 mLx3), the combined organic phases were washed by
brine and dried over anhydrous Na;S04. After filtration and removing the solvent
in vacuum, the residue was purified by flash column chromatography on silica gel
(PE/EtOAc = 100:1, v/v) to afford the crude product S13.

To a solution of S13 (4.43 g, 15.0 mmol, 1.0 equiv.) in MeCN (60 mL) was added
K2COs3 (8.29 g, 60.0 mmol, 2.0 equiv.), Nal (0.22 g, 1.5 mmol, 0.1 equiv.) and TsNH>
(5.14 g, 30.0 mmol, 2.0 equiv.). The reaction mixture was heated to reflux in a
heating mantle for overnight. The reaction mixture was cooled to room
temperature and filtered, the solid was washed by EtOAc. Then, the solvent was
removed in vacuum, the residue was purified by flash column chromatography
on silica gel (PE/EtOAc = 3:1, v/V) to afford the crude product S14.

To a stirred suspension of S14 (15.0 mmol, 1.0 equiv.) in MeCN (100 mL) was
added K»CO3 (8.29 g, 60.0 mmol, 4.0 equiv.). The reaction mixture was heated to
reflux. And then, the stirring and refluxing suspension was added a solution of 4-
bromo-1-butene (7.34 g, 45.0 mmol, 3.0 equiv.). The reaction mixture was stirred
for overnight. After cooling to room temperature, the mixture was quenched and
diluted by water (150 mL). Then the solution was extracted with EtOAc (150 mLx3)
and the combined organic layers were dried over by anhydrous Na;SO4. Then, the
solvent was removed in vacuum, the residue was purified by flash column
chromatography on silica gel (PE/EtOAc = 20:1, v/v) to afford the crude product
S11.
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3.2 Experimental Procedures for Synthesis of Cyclophanes 1

The Cyclopentanes 1 used in this study were synthesized through the

procedure.

_______________________________________________________________________________________________________

1a 1b 1c 1d
. NQO @ @
= P >
1e 1f 19

1K 1I 1m
OMe OPh ~
(E (07 (@
ACH A O A §
6‘ Me 51 Me 6\] Me
1n 10 g 1p

Figure S1. The structure of cyclophanes 1 used in this article.



4,4'-Bipyridine Boc,O
HO NO, + By(OH), HO NH,
DMF MeOH, reflux

a
s15 @ s16 (®)
$1-S8, K,CO;
HO NHBoc BocHN O OH BocHN O Br
_— I or A
MeCN, reflux
(c)
s17 s18 s19
n=8-12 m=13-14, 18
BocHN (0] OTs
TsCl, Et;N, CH,Cl, Oh
s18 - - s
(d)

S20
n=_8-12

(@) To a solution of S$15 (7.66 g, 50 mmol, 1.0 equiv.) in dry DMF (30 mL) was
added 4,4-Bipyridine (391 mg, 2.5 mmol, 0.05 equiv.). Then the B>(OH)s (17.93 g,
200 mmol, 4.0 equiv.) was added to the reaction at 0 °C. After addition, the
reaction mixture was warmed to room temperature and stirred for 2 h. Then the
reaction mixtures were diluted with water (150 mL) and extracted with EtOAc (50
mL x 3). The combined organic phases were washed by brine and dried over
anhydrous Na;SO4. After filtration and removing the solvent in vacuum, the
residue was purified by flash column chromatography on silica gel (PE/EtOAc =
2:1, v/v) to afford the crude product S16 in 90% yield.

(b) To a 250 mL round-bottom flask equipped with a stirrer bar, Boc,0 (13.1 g,
60 mmol, 1.2 equiv.) was added to a solution of S16 (50 mmol, 1.0 equiv.) in MeOH
(150 mL). The mixture was refluxed (oil bath) until the S16 was consumed
completely (monitored by TLC). Then, after cooling to room temperature and
removing the volatiles in vacuum, the residue was purified by flash column
chromatography on silica gel (PE/EtOAc = 3:1, v/v) to afford the crude product
S17 in 95% yield.

(c) The crude product S17 (10 mmol, 1.0 equiv.), S1-S8 (12 mmol, 1.2 equiv.)
and K»COs3 (5.53 g, 40 mmol, 4.0 equiv.) were charged into a 250 mL round-bottom
flask and dissolved in MeCN (150 mL), and then refluxed (oil bath) until the S14
was consumed completely (monitored by TLC). After cooling to room
temperature, the mixture was diluted by water (300 mL) and extracted with EtOAc
(150 mL x 3). The combined organic layers were dried over by anhydrous Na;SOs.
After filtration and removing the solvent in vacuum, the residue was purified by
column chromatography on silica gel afforded the crude products S18 or S19 in
60% — 75% yields.

(d) To a solution of crude product S18 (7 mmol, 1.0 equiv.) in a mixture of EtzN
and CH2Cl (1:2 v/v, 90 mL) was added TsCl (1.60 g, 8.4 mmol, 1.2 equiv.), and then
stirred at room temperature for overnight. The mixture was diluted by water (100
mL) and extracted with CH2Cl, (100 mL x 3), the combined organic phases were
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washed by brine and dried over anhydrous Na;S0,. After filtration and removing
the solvent in vacuum, the residue was purified by flash column chromatography
on silica gel (PE/EtOAc = 10:1, v/v) to afford the products S20 in 80% yield.

ThHO TfO NHBoc
$17 S ———
pyridine, DCM, N,

() s21

i. 9-BBN dimer, 1,4-dioxane, 90 °C i TBAF- 3H20 THE (()

X"V‘}N
S9.511 (Un OTBS
ii. $21, Pd(dppf)Cly, Cs,CO3 NHBoc ii. TsCl, Et3N, DCM NHBOC

1,4-dioxane/H,0 = 10:1, 90 °C

®
S22
m+n=7,X=CH,
m+n =10, X = CH,
m=6,n=4,X=NTs

(e) S17 (4.47g 20 mmol, 1.0 equiv.) were charged into a 250 mL round-bottom
flask and dissolved in CH2Cl, (150 mL), followed by the addition of pyridine (4.75 g,
60 mmol, 3.0 equiv.) and triflic anhydride (Tf,0, 6.77 g, 24 mmol, 1.2 equiv.) to the
mixture at 0 °C (ice bath) under N> atmosphere. The reaction mixture was warmed
to room temperature and stirred for overnight. The mixture was washed with a
saturated aqueous solution of NaHCO3 (100 mL), and the aqueous phase was
further extracted with CH2Cl; (3 x 50 mL). The combined organic phases were
washed by brine and dried over anhydrous Na;S0,. After filtration and removing
the solvent in vacuum, the residue was purified by flash column chromatography
on silica gel (PE/EtOAc = 5:1, v/v) to afford the product S21.

(f) To a solution of S9-S11 (10.0 mmol, 1.0 equiv.) in dry 1,4-dioxane (20.0 mL)
was added 9-BBN dimer (1.82 g, 15.0 mmol, 1.5 equiv.) under N, atmosphere. The
reaction mixture was stirred at 90 C for 4 h and used directly for next step.

In another flask, S21 (2.66 g, 12.0 mmol, 1.2 equiv.), Pd(dppf)Cl, (0.37 g, 0.5
mmol, 0.05 equiv.), and Cs2CO3 (9.75 g, 30.0 mmol, 3.0 equiv.) were added under N;
atmosphere. The degassed 1,4-dioxane:H20 (30.0 mL, 10:1, v/v) was added to the
reaction. Then, the above solution was added through a syringe. The reaction
mixture was stirred at 90 °C for 8 h. Then saturated NH4Cl (20 mL) was added and
the organic phase was separated. The aqueous phase was extracted with EtOAc
(50 mL * 3), the combined organic phases were washed by brine and dried over
anhydrous Na;SO4. After filtration and removing the solvent in vacuum, the
residue was purified by flash column chromatography on silica gel (PE/EtOAc =
20:1, v/v) to afford the crude products S22.

(g) To a solution of the crude product S22 (8 mmol, 1.0 equiv.) in THF (50 mL)
was added TBAF-3H,0 (2.68 g, 9.6 mmol, 1.2 equiv.). The reaction was stirred at
room temperature for 6 h. Then the aqueous phase was extracted with EtOAc (20
mLx3), the combined organic phases were washed by brine and dried over
anhydrous Na;S04. After filtration and removing the solvent in vacuum, the
residue was purified by flash column chromatography on silica gel (PE/EtOAc =
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3:1, v/v) the crude product is obtained in quantitative yield and the crude product
was used directly for next step.

To a solution of crude products in a mixture of EtzN and CH2Clz (1:2 v/v, 60 mL)
was added TsCl (1.83 g, 9.6 mmol, 1.2 equiv.), and then stirred at room
temperature for overnight. The mixture was diluted by water (30 mL) and
extracted with CH>Cl, (30 mL x 3), the combined organic phases were washed by
brine and dried over anhydrous Na;S04. After filtration and removing the solvent
in vacuum, the residue was purified by flash column chromatography on silica gel
(PE/EtOAc = 10:1, v/v) to afford the products S23.

NBS HO NHBoc s3 BocHN 0. _OTs
S17 —’CH cl 10
2V12
. © @ o

(h) S24 S25

(h) S17 (4.47g 20 mmol, 1.0 equiv.)were charged into a 250 mL round-bottom
flask and dissolved in CH2Cl; (150 mL), N-Bromosuccinimide (NBS, 3.92g, 22 mmol,
1.1 equiv.) was added slowly to the mixture. The mixture was refluxed (oil bath)
until the S14 was consumed completely (monitored by TLC). The mixture was
diluted by water (30 mL) and extracted with CH2Cl, (50 mL x 3), the combined
organic phases were washed by brine and dried over anhydrous Na;SO4. After
filtration and removing the solvent in vacuum, the residue was purified by flash
column chromatography on silica gel (PE/EtOAc = 10:1, v/v) to afford the product
S24.

S24and S3 undergo the similar reaction process of (c¢) and (d) to obtain S25.

R
S19 NaH g
S20 % 5 BocN A
S23 THF, reflux
S25
(i Me
A =0 orCH,
$26,R=H
S27,R=Br

(i) NaH (60% in mineral oil, 0.2 g, 20 mmol, 4.0 equiv.) and dry THF (150 mL)
were successively charged into an oven-dried 250 mL round-bottom flask. The
reaction mixture was heated to reflux. And then, the stirring and refluxing
suspension was added a solution of S19, S20, S23 or S25 (5 mmol, 1.0 equiv.) in
THF (50 mL) dropwise over 18 h. Upon addition, the reaction mixture was stirred
for another 2 h. After cooling to room temperature, the mixture was quenched
and diluted by water (300 mL). Then the solution was extracted with EtOAc (150
mL x 3) and the combined organic layers were dried over by anhydrous Na;SO4.
After filtration and removing the solvent in vacuum, the residue was purified by
column chromatography (PE:EtOAc = 50:1, v/v) to get the crude product S26 or
$27 in 65% - 85% yields.
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Dioxane:H,0 = 10:1, 90°C, N,

Ar-B(OH),, Cs,CO3, Pd(PPh3), (‘ AT Dn
s27 BocN

0} Me

(j) To a 100 mL Schlenk flask, S27 (0.88 g, 2.0 mmol, 1.0 equiv.), arylboronic
acid (6.0 mmol, 3.0 equiv.), Pd(PPh3)4 (57.8 mg, 0.1 mmol, 0.05 equiv.) and Cs>CO3
(0.98 g, 3.0 mmol, 3.0 equiv.) were added successively. The flask was evacuated
and backfilled with N; three times. Then the degassed mixture of 1,4-dioxane and
H20 (25 mL, 1,4-dioxane :H>0 = 10:1, v/v) was added to the flask via a syringe. The
reaction mixture was stirred for 12 h at 90 °C. After cooling to room temperature,
saturated NH4Cl (10 mL) was added and the organic phase was separated. The
aqueous phase was extracted with EtOAc (50 mL x 3), the combined organic
phases were washed by brine and dried over anhydrous Na;SO4. After filtration
and removing the solvent in vacuum, the residue was purified by flash column
chromatography on silica gel (PE/EtOAc = 20:1, v/v) to afford the crude products
S28 in 68% — 85% yields.

O

R h X el R XPn
TFA ‘ DIPEA
S26 —_— HN A _N-HCI

s28 CH,Cly O N A
\ CH,Cly, 0 °C to rt
e
M
(k) () [N
s29 =
A=0orCH; 1a-1p
R=HorAr

(k) To a 50 mL round-bottom flask equipped with a stirrer bar, trifluoroacetic
acid (TFA, 2 mL) was added dropwise into a solution of $S26 or S$28 (1.5 mmol) in
CH2Cl> (10 mL) and stirred at room temperature. When S26 or S28 was consumed
completely (monitored by TLC), the reaction was quenched by saturated NaHCO3
aqueous solution dropwise until no bubbles were released. And then the mixture
was extracted with CH2Cl> (20 mL x 3) and the combined organic layers were
dried over by anhydrous Na,SO4. After filtration and removing the volatiles in
vacuum, the crude product S29 was afforded in quantitative yield.

(1) To a 50 mL round-bottom flask equipped with a stirrer bar, a mixture of
S29 (1.5 mmol, 1.0 equiv.) and DIPEA (1.3 mL, 5,0 equiv., 7.5 mmol) in dry CH2Cl; (20
mL) was added dropwise into a solution of 2-pyridinecarboxylicacidchloride (0.53
g, 3mmol, 2.0 equiv.) in dry CH2Cl, (20 mL) under 0 °C (ice water bath). Then the
reaction was recovered to room temperature and stirred until S29 was consumed
completely (monitored by TLC). The reaction mixture was quenched and diluted
by water (30 mL) and extracted with CH2Cl, (30 mL x 3). The combined organic
layers were dried over by anhydrous NaSOs. After filtration and removing the
solvent in vacuum, the residue was purified by column chromatography on silica
gel (PE/EtOAc = 2:1, v/v) to afforded cyclophanes 1a-1p in 76% — 95% yields.
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ox

o N (0]

NN Me
%

1a, white solid, cis:trans = 8:1.

'H NMR (600 MHz, CDCl3) ¢ 8.35(d, J = 4.8 Hz, 1H), 7.51 (td, J = 7.8, 1.8 Hz, 1H), 7.35
(d, J = 7.9 Hz, 1H), 7.08 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 6.97 (t, J = 8.0 Hz, 1H), 6.75 (d, J
= 8.2 Hz, 1H), 6.62 (d, J = 7.9 Hz, 1H), 4.36 (ddd, J = 12.0, 5.5, 3.4 Hz, 1H), 4.15 (ddd, J
=12.2, 9.3, 3.0 Hz, 1H), 3.96 (dt, J = 13.4, 7.4 Hz, 1H), 3.80 (ddd, J = 13.8, 8.3, 5.8 Hz,
1H), 2.14 (s, 3H), 1.80 — 1.61 (m, 3.3H), 1.48 - 1.39 (m, 2.2H), 1.27 - 1.19 (m, 3.3H), 1.17
- 1.09 (m, 3.5H), 1.04 - 0.97 (m, 3.9H), 0.97 - 0.90 (m, 2.6H), 0.86 — 0.80 (m, 1.2H).

13C NMR (151 MHz, CDCl3) 6 168.6, 157.1, 154.6, 148.7, 142.5, 136.0, 126.5, 126.1,
124.0, 123.2, 122.6, 113.5, 69.5, 47.8, 27.6, 27.5, 27.3, 26.9, 26.4, 25.4, 25.1, 24.8, 12.6.

HRMS (ESI): m/z [M + H]" calculated for C23H31N202" 367.2381, found 367.2388.

o)

o N

SN Me

Z
1b, white solid, cis:trans = 7:1.

'H NMR (600 MHz, CDCl3) ¢ 8.37 (d, J = 4.2 Hz, 1H), 7.56 (td, J = 7.7, 1.9 Hz, 1H), 7.46
(d, J = 7.8 Hz, 1H), 7.14 - 7.08 (m, 1H), 6.94 - 6.84 (m, 2H), 6.69 (d, J = 7.6 Hz, 1H), 4.42
(ddd, J = 14.3, 7.8, 3.7 Hz, 1H), 3.65 - 3.58 (m, 1H), 2.99 (dt, J = 13.3, 5.4 Hz, 1H), 2.48
- 2.46 (m, 1H), 2.45 (s, 3H), 1.88 - 1.70 (m, 1.9H), 1.57 - 1.45 (m, 2.7H), 1.36 - 1.27 (m,
1.2H), 1.24 - 1.16 (m, 1.3H), 1.14 - 0.99 (m, 2.6H), 0.94 - 0.80 (m, 4.0H), 0.38 - 0.31 (m,
1.1H), 0.24 - 0.16 (m, 1.1H).

13C NMR (151 MHz, CDCl3) 6 168.7, 154.9, 148.7, 143.3, 141.4, 136.1, 133.8, 129.6,
128.6, 125.7, 124.0, 123.2, 43.2, 33.8, 25.8, 25.1, 24.9, 24.2, 24.11, 24.07, 16.5.

HRMS (ESI): m/z [M + H]" calculated for C1H27N>0* 323.2118, found 323.2120.
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1c, white solid, cis:trans = 6:1.

'H NMR (400 MHz, CDCl3) ¢ 8.34 (d, J = 4.3 Hz, 1H), 7.54 (td, J = 7.8, 1.8 Hz, 1H), 7.44
(d, J = 7.6 Hz, 1H), 7.10 (ddd, J = 7.7, 4.8, 1.2 Hz, 1H), 7.04 (t, J = 7.9 Hz, 1H), 6.82 (d, J
= 16.3 Hz, 1H), 6.80 (d, J = 16.3 Hz, 1H), 4.33 - 4.24 (m, 1H), 4.22 - 4.16 m, 1H), 3.86
(ddd, J = 14.1, 7.7, 2.3 Hz, 1H), 2.15 (s, 3H), 1.66 — 1.48 (m, 3H), 1.44 — 1.34 (m, 2.4H),
1.13 - 1.00 (m, 3.3H), 0.92 - 0.85 (m, 2.4H), 0.81 - 0.63 (m, 2.3H).

13C NMR (101 MHz, CDCl3) ¢ 168.6, 157.2, 154.7, 148.6, 142.1, 136.1, 129.4, 126.2,
124.0, 123.4, 117.8, 71.5, 47.0, 28.0, 26.8, 26.7, 26.1, 25.3, 22.9, 13.3.

HRMS (ESD: m/z [M + H]* calculated for C21H27N202" 339.2068, found 339.2062.

(9

o N (0]

~N  Me

=

1d, white solid, cis:trans = 7:1.

'H NMR (600 MHz, CDCl3) ¢ 8.36 (d, J = 4.2 Hz, 1H), 7.51 (td, J = 7.7, 1.7 Hz, 1H), 7.37
(d, J = 7.8 Hz, 1H), 7.09 (ddd, J = 7.6, 4.9 1.2 Hz, 5H), 6.95 (t, J = 8.0 Hz, 5H), 6.74 (d, J =
8.2 Hz, 5H), 6.68 - 6.60 (m, 5H), 4.35 (ddd, J = 11.8, 6.0, 3.6 Hz, 5H), 4.17 (ddd, J = 12.1,
8.8, 3.5 Hz, 1H), 4.03 (ddd, J = 13.9, 7.5, 4.4 Hz, 1H), 3.96 (ddd, J = 13.9, 7.0, 4.5 Hz,
1H), 2.19 (s, 3H), 1.66 — 1.53 (m, 3.7H), 1.51 - 1.42 (m, 1.8H), 1.31 - 1.22 (m, 7.6H), 1.17
- 1.06 (m, 3.8H), 0.81 - 0.71 (m, 1.3H), 0.80 - 0.70 (m, 1.3H), 0.66 — 0.58 (m, 1.3H).

13C NMR (151 MHz, CDCl3) ¢ 168.7, 157.4, 154.7, 148.7, 143.1, 136.0, 126.7, 126.1,
124.0, 123.3, 122.8, 114.8, 69.4, 46.0, 27.59, 27.57, 26.5, 26.4, 26.0, 25.9, 22.4, 12.7.

HRMS (ESI): m/z [M + H]" calculated for C22H29N202" 353.2224, found 353.2227.
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1e, white solid, cis:trans = 8:1.

'H NMR (400 MHz, CDCl3) ¢ 8.36 (d, J = 5.0 Hz, 1H), 7.49 (td, J = 7.7, 1.7 Hz, 1H), 7.31
(d, J = 7.8 Hz, 1H), 7.08 (ddd, J = 7.7, 4.8, 1.2 Hz, 1H), 6.95 (t, J = 8.1 Hz, 1H), 6.68 (d, J
= 8.2 Hz, 1H), 6.61 (d, J = 7.9 Hz, 1H), 4.23 (ddd, J = 10.6, 6.6, 3.6 Hz, 1H), 4.13 (ddd, J
=11.2, 7.1, 3.8 Hz, 1H), 4.00 (ddd, J = 13.5, 8.5, 6.7 Hz, 1H), 3.86 (ddd, J = 13.7, 8.7, 5.5
Hz, 1H), 2.11 (s, 3H), 1.68 - 1.53 (m, 3.5H), 1.51 - 1.34 (m, 2.2H), 1.27 - 1.10 (m, 9.5H),
1.08 - 0.94 (m, 4.2H), 0.89 - 0.78 (m, 1.2H).

13C NMR (101 MHz, CDCl3) ¢ 168.8, 157.3, 154.7, 148.7, 142.1, 135.9, 126.1, 125.4,
123.9, 123.1, 121.9, 111.5, 68.0, 47.4, 28.1, 27.7, 27.6, 27.2, 26.9, 26.7, 25.5, 25.1, 24.4,
12.4.

HRMS (ESD: m/z [M + H]* calculated for C24H33N202" 381.2537, found 381.2539.

1f, white solid, cis:trans = 8:1.

'H NMR (600 MHz, CDCl3) 6 8.34 (d, J = 5.0 Hz, 1H), 7.49 (t, J = 7.7 Hz, 1H), 7.32 (d, J
= 7.9 Hz, 1H), 7.09 - 7.05 (m, 1H), 7.01 (t, J = 8.3 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.68
(d, J = 8.3 Hz, 1H), 4.12 - 4.01 (m, 3H), 3.74 - 3.66 (m, 1H), 2.05 (s, 3H), 1.75 - 1.61 (m,
5.1H), 1.59 - 1.47 (m, 2.4H), 1.37 - 1.30 (m, 1.6H), 1.25 - 1.17 (m, 5.5H), 1.16 — 0.93 (m,
12.5H).

13C NMR (151 MHz, CDCl3) ¢ 168.6, 157.2, 154.7, 148.6, 142.7, 135.9, 126.3, 125.5,
123.9, 123.1, 121.4, 111.0, 67.7, 49.6, 28.3, 28.1, 27.9, 27.6, 27.5, 27.4, 27.1, 26.1, 25.7,
25.1,12.3.

HRMS (ESD: m/z [M + H]" calculated for C25sH35N202" 395.2694, found 395.2699.
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o N (0]

\N Me
=

1g, white solid, cis:trans = 8:1.

'H NMR (600 MHz, CDCl3) ¢ 8.33 (d, J = 4.0 Hz, 1H), 7.48 (td, J = 7.7, 1.7 Hz, 1H), 7.29
(d, J = 7.9 Hz, 1H), 7.07 - 7.04 (m, 1H), 6.97 (t, J = 8.1 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H),
6.64 (d, J = 8.3 Hz, 1H), 4.06 (dt, J = 9.9, 4.2 Hz, 1H), 3.99 - 3.93 (m, 2H), 3.82 (ddd, J =
13.2, 9.9, 5.6 Hz, 1H), 2.07 (s, 3H), 1.87 - 1.79 (m, 1.7H), 1.64 - 1.53 (m, 3.3H), 1.51 -
1.43 (m, 1.2H), 1.41 - 1.33 (m, 1.3H), 1.32 - 1.26 (m, 2.4H), 1.25 - 1.17 (m, 7.2H), 1.15
- 1.01 (m, 7.8H), 1.00 — 0.92 (m, 1.3H).

13C NMR (151 MHz, CDCl3) 6 168.8, 157.8, 154.8, 148.7, 141.9, 135.8, 126.2, 125.0,
123.8, 123.0, 121.5, 110.1, 67.1, 48.6, 28.5, 28.32, 28.29, 28.2, 27.6, 27.3, 27.0, 26.8,
25.4,25.1, 24.6, 12.2.

HRMS (ESI): m/z [M + H]" calculated for C3sH41N202" 409.2850, found 409.2855.

(16

o N (0]

\N Me
=

1h, yellow oil, cis:trans = 15:1.

'H NMR (400 MHz, CDCl3) 6 8.33 - 8.31 (m, 1H), 7.47 (td, J = 7.7, 2.0 Hz, 2H), 7.29 (d,
J = 7.8 Hz, 1H), 7.09 - 6.96 (m, 2H), 6.75 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.2 Hz, 1H),
4.19 - 4.09 (m, 1H), 4.04 - 3.98 (m, 1H), 3.90 - 3.83 (m, 1H), 3.63 - 3.54 (m, 1H), 2.01 (s,
3H), 1.86 - 1.70 (m, 3.9H), 1.62 - 1.52 (m, 3.5H), 1.37 — 1.19 (m, 13.1H), 1.18 — 1.12 (m,
7.0H).

13C NMR (101 MHz, CDCl3) ¢ 168.7, 157.7, 154.7, 150.0, 148.6, 142.3, 137.1, 135.8,
127.0, 126.3, 125.3, 125.2, 123.8, 123.0, 121.2, 110.0, 67.5, 50.2, 29.7, 29.0, 28.8, 28.5,
28.3, 28.1, 28.0, 27.5, 27.3, 26.2, 26.1, 25.9, 12.2.

HRMS (ESD: m/z [M + H]* calculated for C26H37N202" 423.3007, found 423.3011.

S15



o._N (@]

=
1i, light yellow oil, cis:trans = 16:1.

'H NMR (400 MHz, CDCl3) 6 8.37 - 8.31 (m, 1H), 7.55 - 7.46 (m, 2H), 7.12 - 6.97 (m,
2H), 6.77 (d, J = 7.9 Hz, 1H), 6.65 (d, J = 8.3 Hz, 1H), 4.14 - 4.06 (m, 1H), 3.99 - 3.93 (m,
1H), 3.89 - 3.83 (m, 1H), 3.65 — 3.55 (m, 1H), 2.02 (s, 3H), 1.59 (m, 16.0H), 1.37 - 1.16
(m, 20.5H).

13C NMR (101 MHz, CDCl3) 6 168.7, 157.9, 154.8, 148.6, 142.5, 135.8, 126.3, 125.3,
123.8, 122.9, 121.2, 109.8, 68.0, 50.7, 29.8, 29.1, 29.00, 28.97, 28.9, 28.7, 28.64, 28.61,
28.4, 28.3, 28.2, 26.9, 25.9, 12.0.

HRMS (ESI): m/z [M + H]" calculated for C31H47N202" 479.3633, found 479.3637.

[12)

o N

AN

\N Me

Z

1j, colorless oil, cis:trans = 5:1.

'H NMR (400 MHz, CDCl3) ¢ 8.34 (d, J = 4.8 Hz, 1H), 7.50 (td, J = 7.7, 1.8 Hz, 1H), 7.29
(d, J = 7.9 Hz, 1H), 7.06 (ddd, J = 7.6, 4.9, 1.1 Hz, 1H), 6.96 - 6.87 (m, 2H), 6.77 (d, J =
7.6 Hz, 1H), 4.08 (ddd, J = 13.4, 9.6, 6.1 Hz, 1H), 3.65 (ddd, J = 13.4, 9.7, 5.5 Hz, 1H),
2.82 (ddd, J = 13.0, 8.9, 3.5 Hz, 1H), 2.49 (ddd, J = 13.0, 8.2, 3.7 Hz, 1H), 2.28 (s, 3H),
1.80 - 1.68 (m, 3.0H), 1.60 — 1.37 (m, 4.1H), 1.28 - 1.16 (m, 4.0H), 1.17 - 1.06 (m, 8.2H),
1.05 - 0.87 (m, 6.7H).

13C NMR (101 MHz, CDCl3) 6 168.7, 154.9, 148.8, 142.7, 141.3, 135.9, 133.9, 129.3,
127.9, 125.6, 123.8, 122.9, 47.9, 33.0, 29.0, 27.6, 27.0, 26.6, 26.5, 26.1, 26.0, 25.2, 24.9.

HRMS (ESI): m/z [M + H]" calculated for C24H33N20" 365.2588, found 365.2589.
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\N Me

=

1K, colorless oil, cis:trans = 9:1.

'H NMR (400 MHz, CDCl3) & 8.38 - 8.33 (m, 1H), 7.62 (d, J = 8.0 Hz, 3H), 7.54 - 7.51
(m, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.29 - 7.27 (m, 2H), 7.12 - 7.06 (m, 1H), 6.90 — 6.87 (m,
2H), 6.74 - 6.70 (m, 1H), 4.15 (ddd, J = 14.6, 9.2, 6.1 Hz, 1H), 3.57 (ddd, J = 14.2, 9.3,
5.9 Hz, 1H), 3.25 (dt, J = 14.6, 7.9 Hz, 1H), 3.06 (dt, J = 14.7, 7.9 Hz, 1H), 2.88 (ddd, J =
12.9, 8.5, 3.7 Hz, 1H), 2.59 - 2.43 (m, 3H), 2.40 (s, 3H), 2.32 (s, 3H), 1.97 - 1.79 (m,
1.3H), 1.71 - 1.55 (m, 5.7H), 1.45 - 1.35 (m, 2.2H), 1.33 - 1.13 (m, 7.2H), 1.09 - 1.01 (m,
1.4H).

13C NMR (101 MHz, CDCl3) 6 168.6, 148.7, 143.2, 136.2, 133.8, 129.7, 129.0, 128.3,
127.2, 125.9, 124.0, 123.1, 50.8, 50.6, 47.1, 32.2, 28.8, 27.9, 27.4, 25.3, 25.2, 25.0, 21.6,
15.6.

HRMS (ESI): m/z [M + H]" calculated for C3oH3gN303S* 520.2629, found 520.2625.

\N Me
=

11, white solid, cis:trans =10:1.

'H NMR (600 MHz, CDCl3) 6 8.40 - 8.31 (m, 1H), 7.54 - 7.50 (m, 1H), 7.50 — 7.47 (m,
2H), 7.38 (t, J = 7.6 Hz, 2H), 7.33 (dt, J = 7.9, 1.1 Hz, 1H), 7.30 (t, J = 7.4 Hz, 1H), 7.11 -
7.06 (m, 1H), 6.90 (d, J = 8.1 Hz, 1H), 6.65 (d, J = 8.1 Hz, 1H), 4.24 (ddd, J = 13.2, 10.4,
6.0 Hz, 1H), 3.81 (ddd, J = 10.9, 6.3, 4.1 Hz, 1H), 3.48 (ddd, J = 14.6, 10.8, 4.6 Hz, 1H),
3.42 (ddd, J = 11.9, 8.0, 3.6 Hz, 1H), 2.37 (s, 3H), 1.80 - 1.74 (m, 1.1H), 1.56 — 1.50 (m,
1.3H), 1.44 - 1.36 (m, 3.5H), 1.32 - 1.22 (m, 3.3H), 1.20 - 1.08 (m, 5.9H), 1.05 - 1.00 (m,
1.8H), 0.98 - 0.94 (m, 1.6H), 0.92 - 0.86 (m, 2.6H), 0.81 — 0.75 (m, 1.2H).

13C NMR (151 MHz, CDCl3) 6 168.7, 155.8, 154.5, 148.8, 141.4, 139.2, 136.1, 132.8,
129.8, 128.9, 128.6, 128.3, 127.3, 125.3, 124.0, 122.9, 72.5, 47.1, 30.6, 27.1, 27.0, 25.5,
25.4,24.9, 24.8, 23.8, 13.4.

HRMS (ESI): m/z [M + H]" calculated for C29H3s5N202" 443.2694, found 443.2696.
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\N Me

=

1m, white solid, cis:trans = 14:1.

'H NMR (400 MHz, CDCl3) ¢ 8.35(d, J = 6.0 Hz, 1H), 7.69 - 7.55 (m, 7H), 7.48 - 7.40
(m, 2H), 7.38 - 7.30 (m, 3H), 7.10 — 7.06 (m, 1H), 6.96 - 6.90 (m, 1H), 6.70 - 6.64 (m,
1H), 4.29 - 4.18 (m, 1H), 3.90 - 3.80 (m, 1H), 3.57 - 3.39 (m, 2H), 2.38 (s, 3H),1.84 -
1.70 (m, 2.1H), 1.57 - 1.21 (m, 6.7H), 1.19 - 0.79 (m, 11.4H).

13C NMR (101 MHz, CDCl3) ¢ 168.7, 155.9, 154.5, 148.8, 141.4, 140.7, 140.0, 138.1,
136.1, 132.3, 129.9, 129.2, 128.9, 128.2, 127.5, 127.2, 127.1, 125.4, 124.0, 122.9, 72.6,
47.0, 30.6, 27.1, 27.0, 25.43, 25.41, 24.9, 24.7, 23.8, 13.4.

HRMS (ESD: m/z [M + H]* calculated for C3sH39N202" 519.3007, found 519.3013.

\N Me

=

1n, white solid, cis:trans =10:1.

'H NMR (600 MHz, CDCl3) ¢ 8.36 (d, J = 4.8 Hz, 1H), 7.53 — 7.30 (m, 4H), 7.34 - 7.29
(m, 1H),7.13 - 7.05 (m, 1H), 6.98 - 6.85 (m, 4H), 6.65 — 6.60 (m, 1H), 4.27 - 4.18 (m,
1H), 3.88 - 3.80 (m, 5H), 3.55 - 3.37 (m, 2H), 2.36 (d, J = 5.1 Hz, 3H), 1.82 - 1.67 (m,
1.8H), 1.57 - 1.48 (m, 2.2H), 1.45 - 1.32 (m, 4.0H), 1.30 - 1.22 (m, 4.1H), 1.18 - 1.06 (m,
5.3H), 0.98 - 0.84 (m, 3.2H), 0.81 — 0.76 (m, 1.5H).

13C NMR (151 MHz, CDCl3) ¢ 168.8, 159.0, 155.7, 154.6, 148.8, 140.9, 136.1, 132.5,
131.5, 130.0, 129.8, 128.1, 125.3, 123.9, 122.9, 114.0, 72.2, 55.4, 47.1, 30.5, 27.1, 27.0,
25.5,25.4, 24.9, 24.7, 23.8, 13.4.

HRMS (ESD: m/z [M + H]* calculated for C30H37N203" 473.2799, found 473.2790.
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\N Me

=

10, light yellow solid, cis:trans = 11:1.

'H NMR (600 MHz, CDCl3) ¢ 8.35 (d, J = 4.8 Hz, 1H), 7.55 - 7.50 (m, 1H), 7.47 - 7.44
(m, 2H), 7.37 - 7.31 (m, 3H), 7.13 - 7.10 (m, 1H), 7.09 - 7.05 (m, 1H), 7.04 - 6.99 (m,
4H), 6.90 - 6.86 (d, J = 5.8 Hz, 1H), 6.64 (d, J = 5.7 Hz, 1H), 4.27 - 4.20 (m, 1H), 3.88 -
3.82 (m, 1H), 3.52 - 3.43 (m, 2H), 2.37 (s, 3H), 1.80 - 1.48 (m, 4.3H), 1.46 — 1.22 (m,
7.2H), 1.20 - 1.01 (m, 4.2H), 0.98 - 0.75 (m, 5.1H).

13C NMR (151 MHz, CDCl3) 6 168.7, 157.2, 156.7, 155.7, 154.6, 148.8, 141.3, 136.1,
134.1, 132.2, 130.5, 130.3, 129.93, 129.88, 128.1, 125.4, 124.0, 123.6, 122.9, 119.1,
118.8, 72.4, 47.1, 30.5, 27.1, 27.0, 25.5, 25.4, 24.9, 24.7, 23.9, 13.4.

HRMS (ESI): m/z [M + H]" calculated for C3sH3oN203" 535.2956, found 535.2957.

\N Me

%
1p, white solid, cis:trans = 7:1.

'H NMR (600 MHz, CDCl3) ¢ 8.36 (d, J = 4.8 Hz, 1H), 7.71 - 7.68 (m, 1H), 7.64 - 7.62
(m, 1H), 7.53 - 7.48 (m, 2H), 7.42 (dd, J = 8.6, 1.9 Hz, 1H), 7.35 - 7.33 (m, 1H), 7.09 -
7.02 (m, 1H), 6.94 - 6.91 (m, 1H), 6.77 - 6.75 (m, 1H), 6.66 (d, J = 8.0 Hz, 1H), 4.24 (ddd,
J = 13.1, 10.6, 6.1 Hz, 1H), 3.81 — 3.75 (m, 1H), 3.49 (ddd, J = 13.1, 10.9, 4.5 Hz, 1H),
3.38 (ddd, J = 11.8, 7.9, 3.5 Hz, 1H), 2.38 (s, 3H), 1.82 - 1.51 (m, 5.4H), 1.44 - 1.36 (m,
3.6H), 1.29 - 1.21 (m, 3.0H), 1.18 - 1.07 (m, 5.0H), 1.05 - 0.87 (m, 5.4H), 0.82 - 0.76 (m,
1.1H).

13C NMR (151 MHz, CDCl3) 6 168.8, 155.7, 154.6, 154.4, 148.8, 145.6, 141.2, 136.1,
134.0, 133.1, 129.8, 128.6, 127.7, 125.5, 125.3, 124.0, 122.9, 121.5, 111.4, 106.8, 72.3,
47.1, 30.5, 27.1, 27.0, 25.5, 25.4, 24.9, 24.8, 23.8, 13.5.

HRMS (ESI): m/z [M + H]" calculated for C31H3sN203" 483.2643, found 483.2646.
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3.2 Procedure for the Synthesis of Alkenes 2a-2t

: 2a 2b 2c 2d 2e '
W eayealinc ol NS
; 2f 2g 2h 2i 2j ;
| 0 |

OEt

i 0 o o ?
: -P :
1 A Ot \)]\O"Bu \)J\O/\/\OH @ EtO, '

2k 2| 2m 2n 20

Figure S2. The structure of alkenes 2 used in this article.

Alkenes 2a—2r and 2t were purchased from commercial suppliers and used
without further purification. Known olefins 2s!l were prepared according to
literature procedure from commercially available materials. The spectra are in
accordance with the literature.
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4.Procedures for the Reaction of Cyclophanes 1 and Alkenes 2
4.1 General Procedure

H Ry Pd(OAc), (10 mol%) R, Ry O\n

AgTFA (3.0 eq) £

0. N A + R, o\ A

L-pGlu-OH (20 mol%) A
iPrOH, 60 °C, 12 h
| ~N N Me 2a-2t | N N Me

_— =

1a, 1e-1p (Rp)-3aa-3at

A=0orCH, (Rp)-3ea-3pa

A 10 mL-reaction tube equipped with a magnetic stirring bar was charged
with cyclophanes 1a, 1e-1p (0.1 mmol, 1.0 equiv.), alkene 2a-2t (0.2 mmol, 2.0
equiv.), Pd(OAc); (2.2 mg, 0.01 mmol, 0.1 equiv.), .-pGlu-OH (2.6 mg, 0.02 mmol, 0.2
equiv.) and AgTFA (66.3 mg, 0.3 mmol, 3.0 equiv.). The tube was sealed and ‘PrOH
(2.0 mL) was injected to the tube via a syringe. The reaction mixture was allowed
to stir at 60 °C (pre-heated metal module) under air for 12 h. And then the
reaction mixture was immediately cooled to room temperature. The solvent was
evaporated and the residue was purified by alkaline alumina column
chromatography (PE/EtOAc = 2:1, v/v) affording the cyclophanes 3aa-3at, 3ea-3pa.

m Pd(OAc); (10 mol%)
AgTFA (3.0 eq)
X
o N A N 0
L-pGIUu-OH (20 mol%) (‘5

SN Me iPrOH, 60 °C, 8 h

N ’
= 2a o |
1b-1d (Rp)-3ba-3da (Rp)-1b=1d
A=0orCH,

A 10 mL-reaction tube equipped with a magnetic stirring bar was charged
with cyclophanes 1b-1d (0.1 mmol, 1.0 equiv.), alkene 2a (0.05 mmol, 0.5 equiv.),
Pd(OAc): (2.2 mg, 0.01 mmol, 0.1 equiv.), .-pGlu-OH (2.6 mg, 0.02 mmol, 0.2 equiv.)
and AgTFA (66.3 mg, 0.3 mmol, 3.0 equiv.). The tube was sealed and 'PrOH (2.0 mL)
was injected to the tube via a syringe. The reaction mixture was allowed to stir at
60 °C (pre-heated metal module) under air stirred for 8 h. And then the reaction
mixture was immediately cooled to room temperature. The solvent was
evaporated and the residue was purified by alkaline alumina column
chromatography (PE/EtOAc = 2:1, v/v) affording the cyclophanes 3ba-3da.

Note: Racemic samples for the standard of chiral HPLC spectra were prepared
using p.-pGlu-OH as catalyst.
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4.2 Analytic Data of Products for Scope of Alkenes

\N Me

(Rp)-3aa, colorless oil, 37.4 mg, 80% yield, cis:trans = 8:1, 95% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.27 (d, J = 4.8 Hz, 1H), 7.53 — 7.49 (m, 2H), 7.48 - 7.43
(m, 2H), 7.40 (d, J = 16.2 Hz, 1H), 7.35 (d, J = 7.7 Hz, 2H), 7.28 - 7.26 (m, 1H), 7.23 (d, J
= 6.5 Hz, 1H), 7.05 (ddd, J = 7.1, 4.9, 2.3 Hz, 1H), 6.90 (d, J = 16.3 Hz, 1H), 6.83 (d, J =
8.7 Hz, 1H), 4.38 (ddd, J = 11.9, 5.4, 3.5 Hz, 1H), 4.21 — 4.07 (m, 2H), 3.71 — 3.58 (m,
1H), 2.12 (s, 3H), 1.74 — 1.58 (m, 2.2H), 1.53 - 1.41 (m, 2.5H), 1.34 - 1.22 (m, 3.9H), 1.17
- 1.10 (m, 3.2H), 1.08 - 0.99 (m, 4.4H), 0.98 - 0.87 (m, 2.3H).

13C NMR (101 MHz, CDCl3) ¢ 168.9, 156.3, 154.4, 148.3, 140.7, 137.7, 135.8, 129.0,
128.9, 128.5, 127.7, 127.2, 126.6, 125.1, 124.1, 123.5, 123.0, 113.8, 69.3, 48.6, 27.4,
27.3,26.9, 26.4, 25.6, 24.9, 24.8, 13.1.

HRMS (ESI): m/z [M + H]* calculated for C31H37N202" 469.2850, found 469.2859.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.96 min (minor), 12.02 min (major).

[ @1p? =-320.0 (c = 0.22, CH2ClL2).

\N Me

(Rp)-3ab, colorless oil, 33.1 mg, 66% yield, cis:trans = 8:1, 92% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.24 (d, J = 4.8 Hz, 1H), 7.50 - 7.43 (m, 2H), 7.43 - 7.37
(m, 3H), 7.33 - 7.30 (m, 2H), 7.19 (d, J = 16.2 Hz, 1H), 7.07 - 7.03 (m, 1H), 6.85 - 6.79
(m, 2H), 4.38 (ddd, J = 11.6, 5.5, 3.3 Hz, 1H), 4.15 (ddd, J = 12.0, 9.4, 2.9 Hz, 1H), 4.09
(dt, J = 13.9, 7.1 Hz, 1H), 3.62 (dt, J = 14.1, 7.3 Hz, 1H), 2.11 (s, 3H), 1.73 - 1.65 (m,
1.4H), 1.63 - 1.57 (m, 1.2H), 1.50 - 1.41 (m, 2.5H), 1.31 - 1.21 (m, 4.3H), 1.16 - 1.10 (m,
2.4H), 1.08 - 0.99 (m, 4.8H), 0.96 - 0.88,(m, 2.9H)
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13C NMR (151 MHz, CDCl3) ¢ 168.9, 156.5, 154.3, 148.3, 140.8, 136.2, 135.8, 133.2,
129.0, 128.9, 128.2, 127.8, 127.7, 127.6, 127.5, 127.1, 125.8, 124.2, 123.6, 123.0, 113.8,
69.3, 48.6, 27.4, 27.34, 27.32, 26.9, 26.4, 25.6, 24.9, 24.8, 13.1.

HRMS (ESD: m/z [M + H]* calculated for C31H36CIN202" 503.2460, found 503.2454.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.72 min (minor), 15.68 min (major).

a]p® =-298.9 (c = 0.18, CH2CL2).

\N Me

(Rp)-3ac, colorless oil, 36.0 mg, 74% yield, cis:trans = 6:1, 91% ee.

'H NMR (400 MHz, CDCI3) ¢ 8.28 - 8.22 (m, 1H), 7.49 - 7.43 (m, 4H), 7.39 (d, J = 8.6
Hz, 1H), 7.13 (d, J = 16.3 Hz, 1H), 7.04 (dd, J = 9.7, 7.5 Hz, 3H), 6.87 - 6.80 (m, 2H), 4.40
- 4.34 (m, 1H), 4.21 - 4.06 (m, 2H), 3.66 — 3.58 (m, 1H), 2.11 (s, 3H), 1.75 - 1.56 (m,
3.1H), 1.52 - 1.40 (m, 2.6H), 1.34 - 1.22 (m, 4.1H), 1.16 — 1.08 (m, 2.8H), 1.06 — 0.98 (m,
3.5H), 0.97 - 0.88 (m, 2.6H).

13C NMR (101 MHz, CDCI3) &6 168.9, 162.4 (d, J = 247.2 Hz), 156.3, 154.3, 148.4, 140.6,
137.1, 135.8, 133.9 (d, J = 3.1 Hz), 128.4, 128.1 (d, J = 8.0 Hz), 127.8, 127.1, 125.0,
124.9, 124.2, 123.5, 122.9, 115.8 (d, J = 21.6 Hz), 113.8, 69.3, 48.6, 27.33, 27.30, 26.9,
26.4,25.6, 24.9, 24.8, 13.1.

19F NMR (376 MHz, CDCl3) 6 -114.12, -114.65.

HRMS (ESI): m/z [M + H]* calculated for C31H37FN202" 487.2756, found 487.2750.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.52 min (minor), 14.82 min (major).

ap? = -391.7 (¢ = 0.15, CH2CLo).
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\N Me

(Rp)-3ad, colorless oil, 44.4 mg, 90% yield, cis:trans = 6:1, 92% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.21 (d, J = 4.0 Hz, 1H), 7.62 - 7.58 (m, 3H), 7.55 (d, J =
8.1 Hz, 2H), 7.52 - 7.47 (m, 2H), 7.42 (d, J = 8.7 Hz, 1H), 7.35 (d, J = 16.3 Hz, 1H), 7.06
(ddd, J = 6.7, 4.8, 1.7 Hz, 1H), 6.89 — 6.82 (m, 2H), 4.42 - 4.32 (m, 1H), 4.15 (ddd, J =
12.2, 9.5, 2.9 Hz, 1H), 4.12 - 4.06 (m, 1H), 3.59 (dt, J = 13.9, 7.1 Hz, 1H), 2.09 (s, 3H),
1.71 - 1.66 (m, 1.6H), 1.59 (dt, J = 13.9, 7.0 Hz, 1.1H), 1.50 - 1.31 (m, 2.4H), 1.30 - 1.20
(m, 4.0H), 1.14 - 1.08 (m, 2.6H), 1.05 - 0.98 (m, 5.5H), 0.95 - 0.85 (m, 2.3H).

13C NMR (151 MHz, CDCl3) 6 168.8, 157.1, 154.1, 148.7, 148.2, 142.3, 141.3, 135.9,
132.6, 132.5, 129.1, 127.6, 127.1, 127.0, 126.9, 126.7, 124.31, 124.28, 123.9, 123.0,
119.2, 113.6, 110.5, 69.2, 48.7, 27.31, 27.28, 27.2, 26.9, 26.4, 25.6, 24.9, 24.8, 13.0.

HRMS (ESI): m/z [M + H]* calculated for C32H36N302" 494.2803, found 494.2809.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 11.12 min (minor), 20.62 min (major).

aIp? = -299.5 (c = 0.20, CH2Cly).

\N Me

(Rp)-3ae, yellow oil, 27.7mg, 54% yield, cis:trans =5:1, 86% ee.

'H NMR (600 MHz, CDCl3) 6 8.21 - 8.19 (m, 2H), 7.90 (d, J = 8.4 Hz, 1H), 7.61 (d, J =
8.4 Hz, 2H), 7.53 - 7.50 (m, 1H), 7.45 (d, J = 8.7 Hz, 1H), 7.42 (d, J = 16.2 Hz, 1H), 7.12 -
7.05 (m, 1H), 6.95 - 6.90 (m, 2H), 6.85 (d, J = 8.6 Hz, 1H), 4.45 - 4.38 (m, 1H), 4.20 -
4.15 (m, 1H), 4.12 (dt, J = 13.9, 6.7 Hz, 1H), 3.60 (dt, J = 14.0, 7.1 Hz, 1H), 2.09 (s, 3H),
1.73 - 1.66 (m, 2.2H), 1.52 - 1.42 (m, 3.6H), 1.34 - 1.19 (m, 6.7H), 1.16 - 1.09 (m, 2.9H),
1.08 - 0.98 (m, 7.5H), 0.96 — 0.84 (m, 3.7H).

13C NMR (151 MHz, CDCl3) ¢ 168.8, 157.3, 154.1, 148.3, 144.3, 141.5, 136.0, 130.1,
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129.4, 127.0, 126.3, 124.38, 124.36, 124.0, 123.4, 123.1, 113.6, 69.3, 48.9, 27.4, 27.32,
27.26, 26.9, 26.5, 25.6, 25.0, 24.8, 13.1.

HPLC: Chiralpak IB N-5 column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 6.75 min (minor), 7.57 min (major).

HRMS (ESI): m/z [M + H]* calculated for C31H36N304" 514.2701, found 514.2708.

aJp2 = -358.7 (c = 0.24, CHxCl).

(Rp)-3af, colorless oil, 32.9 mg, 66% yield, cis:trans = 7:1, 92% ee.

!H NMR (400 MHz, CDCl3) ¢ 8.27 (d, J = 4.2 Hz, 1H), 7.46 — 7.40 (m, 4H), 7.39 (d, J =
8.6 Hz, 1H), 7.12 - 7.03 (m, 2H), 6.89 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 12.0 Hz, 1H), 6.81
(d, J = 4.4 Hz, 1H), 4.37 (ddd, J = 11.9, 5.4, 3.5 Hz, 1H), 4.16 — 4.03 (m, 2H), 3.82 (s, 3H),
3.63 (ddd, J = 13.9, 8.0, 6.5 Hz, 1H), 2.11 (s, 3H), 1.71 - 1.57 (m, 2.1H), 1.51 - 1.41 (m,
2.6H), 1.33 - 1.21 (m, 3.8H), 1.18 - 1.08 (m, 3.1H), 1.06 - 0.96 m, 4.9H), 0.95 - 0.87 (m,
2.7H).

13C NMR (101 MHz, CDCl3) 6 168.9, 159.4, 156.0, 154.4, 148.4, 140.3, 135.7, 130.5,
128.8, 128.6, 127.8, 127.1, 124.1, 123.3, 122.94, 122.90, 114.3, 114.2, 113.9, 69.3, 55.5,
48.5,27.4, 27.34, 27.31, 26.9, 26.4, 25.6, 24.9, 24.8, 13.1.

HRMS (ESI): m/z [M + H]* calculated for C32H39N203" 499.2956, found 499.2959.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 9.26 min (minor), 16.94 min (major).

ap? = -305.8 (¢ = 0.24, CH2CLo).
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(Rp)-3ag, colorless oil, 37.6 mg, 78% yield, cis:trans = 6:1, 90% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.27 (d, J = 4.8 Hz, 1H), 7.47 — 7.45 (m, 1H), 7.43 (d, J =
8.3 Hz, 1H), 7.41 - 7.39 (m, 3H), 7.21 - 7.13 (m, 3H), 7.06 (ddd, J = 6.8, 4.8, 1.7 Hz, 1H),
6.86 (d, J = 16.5 Hz, 1H), 6.83 (d, J = 8.8 Hz, 1H), 4.38 (ddd, J = 11.9, 5.4, 3.5 Hz, 1H),
4.22 - 4.04 (m, 2H), 3.63 (dt, J = 13.9, 7.1 Hz, 1H), 2.36 (s, 3H), 2.12 (s, 3H), 1.75 - 1.57
(m, 3.4H), 1.53 - 1.42 (m, 2.7H), 1.35 - 1.22 (m, 5.3H), 1.14 - 1.07 (m, 3.1H), 1.06 -
0.99 (m, 4.1H), 0.98 - 0.85 (m, 2.4H).

13C NMR (101 MHz, CDCl3) ¢ 169.0, 156.2, 154.4, 148.4, 140.5, 137.7, 135.8, 134.9,
129.6, 129.0, 128.7, 127.2, 126.5, 124.06, 124.13, 123.4, 122.9, 113.9, 69.3, 48.6, 27.41,
27.37,27.3, 26.9, 26.4, 25.6, 24.9, 24.8, 21.4, 13.1.

HRMS (ESI): m/z [M + H]* calculated for C3,H39N202" 483.3007, found 483.3010.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 7.59 min (minor), 12.14 min (major).

[ @]p? =-314.2 (c = 0.19, CH2Cl,).

i \/N (Lo

\N Me
=

(Rp)-3ah, colorless oil, 39.5 mg, 82% yield, cis:trans = 6:1, >99% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.28 (d, J = 3.9 Hz, 1H), 7.50 - 7.41 (m, 3H), 7.32 (d, J =
6.8 Hz, 2H), 7.27 (d, J = 3.9 Hz, 1H), 7.25 (d, J = 3.8 Hz, 1H), 7.12 - 7.04 (m, 2H), 6.89 (d,
J =16.3 Hz, 1H), 6.84 (d, J = 8.7 Hz, 1H), 4.44 - 4.35 (m, 1H), 4.22 - 4.11 (m, 2H), 3.60
(dt, J = 13.9, 7.1 Hz, 1H), 2.39 (s, 3H), 2.11 (s, 3H), 1.72 - 1.58 (m, 1.9H), 1.54 - 1.42
(m,2.5H), 1.34 - 1.21 (m, 4.1H), 1.18 - 1.10 (m, 2.8H), 1.08 - 0.99 m, 4.9H), 0.98 - 0.91
(m, 2.7H).

13C NMR (101 MHz, CDCl3) ¢ 168.9, 156.2, 154.4, 148.4, 140.6, 138.4, 137.6, 135.8,
129.2, 128.8, 128.6, 127.21, 127.15, 124.9, 124.1, 123.9, 123.6, 123.0, 113.8, 69.2, 48.6,
27.4,27.3,26.9, 26.5, 25.7, 25.0, 24.8, 21.6, 13.1.

HRMS (ESD: m/z [M + H]* calculated for C32H39N202" 483.3007, found 483.3011.

HPLC: Chiralpak AD-H column, 90:10 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 13.89 min (major), 15.58 min (minor).
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alp® = -262.7 (c = 0.38, CH2Cl).

(Rp)-3ai, colorless oil, 33.3 mg, 69% yield, cis:trans = 6:1, 90% ee.

'H NMR (400 MHz, CDCl3) 6 8.35(d, J = 5.0 Hz, 1H), 7.70 (d, J = 7.4 Hz, 1H), 7.59 -
7.54 (m, 2H), 7.51 (d, J = 8.6 Hz, 1H), 7.33 (d, J = 14.0 Hz, 2H), 7.28 - 7.19 (m, 3H), 7.17
- 7.12 (m, 1H), 6.92 (d, J = 8.7 Hz, 1H), 4.56 — 4.43 (m, 1H), 4.31 - 4.15 (m, 3H), 3.73 (dt,
J = 13.8, 7.2 Hz, 1H), 2.49 (s, 3H), 2.21 (s, 3H), 1.86 - 1.68 (m, 1.9H), 1.64 - 1.52 (m,
2.6H), 1.46 - 1.32 (m, 4.3H), 1.30 - 1.18 (m, 3.1H), 1.22 - 1.12 (m, 4.3H), 1.09 - 0.97 (m,
2.6H).

13C NMR (101 MHz, CDCl3) 6 168.8, 156.3, 154.4, 148.3, 140.6, 136.6, 135.8, 135.6,
130.5, 128.9, 127.6, 127.2, 126.8, 126.5, 125.6, 124.1, 123.8, 122.9, 113.8, 69.3, 48.5,
27.3,26.9, 26.4, 25.6, 25.0, 24.8, 20.1, 13.1.

HRMS (ESI): m/z [M + H]* calculated for C32H39N202" 483.3007, found 483.3010.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.02 min (minor), 9.65 min (major).

ap? = -295.6 (¢ = 0.28, CH2CLo).

BuO
O/\/ @
o N

O

\N Me

=
(Rp)-3aj, colorless oil, 33.9 mg, 69% yield, cis:trans = 9:1, 93% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.66 (s, 1H), 7.72 - 7.61 (m, 1H), 7.55 (d, J = 8.1 Hz, 1H),
7.51 = 7.46 (m, 1H), 7.38 - 7.31 (m, 1H), 7.14 - 7.10(m, 1H), 6.91 - 6.87 (m, 1H), 6.29 —
6.20 (m, 1H), 4.44 - 4.36 (m, 1H), 4.30 - 4.22 (m, 1H), 4.22 - 4.14 (m, 1H), 3.56 - 3.45
(m, 1H), 2.04 (s, 3H), 1.54 - 1.47 (m, 9H), 1.34 - 1.17 (m, 8.8H), 1.13 - 1.06 (m, 2.4H),
1.06 - 0.97 (m, 4.1H), 0.93 - 0.86 (m,4.9H).
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13C NMR (151 MHz, CDCl3) ¢ 168.6, 166.3, 158.8, 151.4, 141.3, 138.5, 138.5, 137.6,
127.1, 126.2, 126.1, 124.7, 124.1, 121.2, 121.1, 113.9, 69.3, 50.3, 28.33, 28.30, 27.42,
27.39,27.31, 27.28, 27.0, 26.8, 26.71, 26.68, 25.74, 25.71, 24.9, 13.0.

HRMS (ESD: m/z [M + H]* calculated for C30H41N204" 493.3061, found 493.3067.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.17 min (minor), 8.62 min (major).

alp® =-175.8 (c = 0.27, CH2CL2).

EtO
o N

0]

\N Me

Pz
(Rp)-3ak, colorless oil, 31.7 mg, 68% yield, cis:trans = 7:1, 89% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.18 (d, J = 1.5 Hz, 1H), 7.81 (d, J = 16.0 Hz, 1H), 7.59 -
7.53 (m, 2H), 7.39 (d, J = 8.7 Hz, 1H), 7.06 (ddd, J = 6.8, 4.8, 1.8 Hz, 1H), 6.80 (d, J = 8.7
Hz, 1H), 6.25 (d, J = 15.9 Hz, 1H), 4.39 (ddd, J = 11.9, 5.2, 3.4 Hz, 1H), 4.21 - 4.06 (m,
2H), 3.45 (dt, J = 13.8, 7.0 Hz, 1H), 2.02 (s, 3H), 1.73 - 1.63 (m, 1.2H), 1.60 - 1.51 (m,
1.2H), 1.50 - 1.39 (m, 2.8H), 1.33 - 1.27 (m, 4.7H), 1.28 - 1.23 (m, 3.1H), 1.14 - 1.07 (m,
2.2H), 1.04 - 0.96 (m, 4.9H), 0.93 - 0.78 (m, 3.9H).

13C NMR (151 MHz, CDCl3) 6 168.5, 167.1, 158.3, 154.0, 148.1, 142.6, 141.2, 136.0,
127.5, 125.5, 125.2, 124.3, 123.5, 118.2, 113.2, 69.2, 60.5, 49.2, 27.4, 27.3, 27.0, 26.6,
25.7,25.1, 24.8, 14.5, 13.0.

HRMS (ESI): m/z [M + H]* calculated for C2sH37N204" 465.2748, found 465.2741.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 17.98 min (minor), 28.30 min (major).

ap? = -220.0 (¢ = 0.23, CH2CLo).

o/ / @
o\N

o)

\N Me
=

(Rp)-3al, colorless oil, 29.5 mg, 60% yield, cis:trans = 8:1, 90% ee.
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'H NMR (400 MHz, CDCl3) ¢ 8.22(d, J = 4.9 Hz, 1H), 7.81 (d, J = 16.0 Hz, 1H), 7.56 (d,
J = 4.6 Hz, 2H), 7.40 (d, J = 8.7 Hz, 1H), 7.10 (p, J = 4.5 Hz, 1H), 6.81 (d, J = 8.5 Hz, 1H),
6.26 (d, J = 15.9 Hz, 1H), 4.39 (dt, J = 11.6, 4.2 Hz, 1H), 4.26 - 4.16 (m, 4H), 3.48 (dt, J =
13.5, 6.8 Hz, 1H), 2.05 (s, 3H), 1.72 - 1.66 (m, 4.1H), 1.60 - 1.56 (m, 1.1H), 1.48 - 1.40
(m, 5.5H), 1.34 - 1.20 m, 1.3H), 1.15 - 1.07 (m, 1.1H), 1.06 — 0.99 (m, 5.7H), 0.98 - 0.92
(m, 3.2H), 0.93 - 0.88 (m, 2.8H).

13C NMR (151 MHz, CDCl3) ¢ 168.8, 167.2, 152.0, 151.0, 141.1, 139.2, 137.9, 127.2,
126.6, 126.2, 124.5, 124.2, 119.4, 114.2, 69.5, 65.1, 50.4, 30.8, 27.4, 27.3, 26.94, 26.88,
26.7, 25.6, 24.9, 24.8, 19.3, 13.8, 13.0.

HRMS (ESI): m/z [M + H]* calculated for C3oH41N204" 493.3061, found 493.3066.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 13.64 min (minor), 22.51 min (major).

alp? = -207.9 (¢ = 0.17, CH2CLo).

RPN
HO OO\{\j

o)

\N Me

¥
(Rp)-3am, slight yellow oil, 34.6 mg, 70% yield, cis:trans = 3:1, 94% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.24 (d, J = 4.7 Hz, 1H), 7.84 (d, J = 15.8 Hz, 1H), 7.53 (td,
J=17.7,1.7 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.37 (d, J = 8.7 Hz, 1H), 7.10 (ddd, J = 7.5,
4.7, 1.3 Hz, 1H), 6.83 (d, J = 8.7 Hz, 1H), 6.20 (d, J = 15.9 Hz, 1H), 4.41 (ddd, J = 12.0,
5.9, 3.3 Hz, 2H), 4.31 — 4.23 (m, 1H), 4.20 - 4.11 (m, 1H), 3.99 (ddd, J = 14.2, 8.3, 6.3 Hz,
1H), 3.92 - 3.85 (m, 2H), 3.73 - 3.64 (m, 1H), 2.46 (s, 3H), 2.11 (s, 3H), 1.70 - 1.60 (m,
1.7H), 1.53 - 1.44 (m, 1.4H), 1.42 - 1.34 (m, 1.8H), 1.30 - 1.21 (m, 3.0H), 1.14 - 1.06 (m,
3.1H), 1.04 - 0.98 (m, 4.3H), 0.97 - 0.92 (m, 2.2H), 0.90 - 0.86 (m, 1.9H).

13C NMR (101 MHz, CDCl3) ¢ 168.5, 167.2, 158.7, 153.5, 148.3, 142.5, 141.8, 136.2,
127.3, 125.4, 125.2, 124.5, 123.3, 117.4, 113.5, 69.3, 66.4, 61.4, 48.8, 27.3, 27.2, 26.9,
26.4, 25.5, 24.8, 24.6, 13.0

HRMS (ESI): m/z [M + H]* calculated for C29H39N205" 495.2854, found 495.2850.

HPLC: Chiralpak IF column, 60:40 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 14.65 min (major), 23.76 min (minor).

[ @]p% = -158.6 (c = 0.15, CH2Cl,).
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(Rp)-3an, colorless oil, 41.0 mg, 72% yield, cis:trans = 6:1, 94% ee.

'H NMR (400 MHz, CDCl3) 6 8.20 (d, J = 4.8, 1H), 7.69 (d, J = 15.9 Hz, 1H), 7.56 - 7.52
(m, 2H), 7.36 (d, J = 8.7 Hz, 1H), 7.06 (ddd, J = 6.2, 4.7, 2.7 Hz, 1H), 6.79 (d, J = 8.7 Hz,
1H), 6.14 (d, J = 15.9 Hz, 1H), 4.38 (ddd, J = 12.0, 5.2, 3.5 Hz, 1H), 4.21 - 4.06 (m, 2H),
3.52 (dt, J = 13.9, 7.0 Hz, 1H), 2.17 (d, J = 7.5 Hz, 12H), 2.05 (s, 3H), 1.73 - 1.55 (m,
10.7H), 1.50 - 1.40 (m, 2.7H), 1.31 - 1.19 (m, 3.7H), 1.14 - 1.05 (m, 2.9H), 1.05 - 0.94
(m, 5.9H), 0.93 - 0.82 (m, 3.2H).

13C NMR (101 MHz, CDCl3) &6 168.5, 166.1, 158.1, 154.0, 148.1, 142.4, 140.1, 135.9,
127.4, 125.7, 125.0, 124.2, 123.4, 120.2, 113.3, 80.6, 69.2, 49.0, 41.6, 36.3, 30.9, 27.32,
27.27,27.1, 26.9, 26.5, 25.6, 24.9, 24.8, 13.0.

HRMS (ESI): m/z [M + H]* calculated for C3cH47N204" 571.3531, found 571.3537.

HPLC: Chiralpak IC column, 60:40 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 18.28 min (minor), 23.13 min (major).

[ @]p? =-181.5 (c = 0.20, CH2Cl2).
EtOJI

VEQL

\N Me

(Rp)-3ao0, light yellow oil, 30.6 mg, 58% yield, cis:trans = 7:1, 94% ee.

'H NMR (400 MHz, CDCl3) 6 8.38 - 8.24 (m, 1H), 7.60 - 7.50 (m, 2H), 7.48 — 7.44 (m,
1H), 7.37 (d, J = 8.7 Hz, 1H), 7.16 — 7.12 (m, 1H), 6.83 (d, J = 8.7 Hz, 1H), 6.18 — 6.04 (m
1H), 4.43 - 4.35 (m, 1H), 4.20 - 4.05 (m, 8H), 3.55 - 3.42 (m, 1H), 2.04 (s, 3H), 1.40 -
1.30 (m, 9.1H), 1.29 - 1.19 (m, 6.8H), 1.08 - 0.89 (m,8.1H).

13C NMR (101 MHz, CDCl3) ¢ 168.6, 158.4, 153.3, 148.9, 144.3, 144.2, 141.9, 136.4,
127.2, 125.2, 124.8, 123.5, 115.1, 113.4, 113.2, 69.3, 62.22, 62.16, 49.3, 27.4, 27.3,
27.03, 26.95, 26.5, 25.7, 25.0, 24.9, 16.6, 16.5, 13.0.
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31P NMR (162 MHz, CDCl3) & 20.34, 20.02.

HRMS (ESD: m/z [M + H]" calculated for C290H42N20sP* 529.2826, found 529.2820.

HPLC: Chiralpak IF column, 60:40 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 10.98 min (minor), 11.79 min (major).

a1p25 = -80.0 (c = 0.12, CH2Cly).

(Rp)-3ap, slight yellow oil, 22.7 mg, 43% yield, cis:trans = 6:1, 93% ee.

'H NMR (400 MHz, CDCl3) 6 8.34 (ddd, J = 4.9, 1.7, 1.0 Hz, 1H), 7.69 (d, J = 15.6 Hz,
1H), 7.52 (td, J = 7.7, 1.7 Hz, 1H), 7.39 (dt, J = 7.9, 1.1 Hz, 1H), 7.08 (ddd, J = 7.6, 4.8,
1.2 Hz, 1H), 6.95 (dd, J = 15.5, 1.7 Hz, 1H), 6.88 (s, 1H), 6.73 (s, 1H), 4.40 - 4.21 (m, 2H),
4.16 - 4.11 (m, 1H), 3.31 - 3.26 (m, 1H), 3.15 (s, 3H), 3.08 (s, 3H), 2.06 (s, 3H), 1.74 -
1.59 (m, 4.1H), 1.46 - 0.75 (m, 20.3H).

13C NMR (101 MHz, CDCl3) 6 168.9, 166.9, 155.2, 154.6, 148.6, 138.4, 136.1, 134.1,
133.3, 130.5, 129.6, 123.9, 123.1, 120.1, 111.9, 67.4, 48.3, 37.7, 36.0, 28.4, 28.1, 27.7,
27.6,27.1, 26.7, 26.5, 25.23, 25.19, 23.6, 16.1.

HRMS (ESI): m/z [M + H]* calculated for C33H43N202Si" 527.3089, found 527.3094

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 5.72 min (major), 7.77 min (minor).

a1p2 = -78.8 (c = 0.09, CH2CL).
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(Rp)-3aq, whites solid, 31.9 mg, 60% yield, cis:trans = 6:1, 82% ee.

'H NMR (600 MHz, CDCl3) & 8.04 - 8.00 (m, 1H), 7.96 - 7.91 (m, 2H), 7.76 (d, J = 15.5
Hz, 1H), 7.60 - 7.56 (m, 2H), 7.54 - 7.52 (m, 1H), 7.51 - 7.47 (m, 2H), 7.28 (d, J = 8.7 Hz,
1H), 7.04 - 7.01 (m, 1H), 6.78 (d, J = 8.7 Hz, 1H), 6.68 (d, J = 15.4 Hz, 1H), 4.38 (ddd, J =
12.0, 5.2, 3.4 Hz, 1H), 4.14 (ddd, J = 12.3, 9.6, 3.0 Hz, 1H), 4.04 (ddd, J = 13.9, 7.8, 6.3
Hz, 1H), 3.54 - 3.45 (m, 1H), 2.03 (s, 3H), 1.67 - 1.59 (m, 1.5H), 1.57 - 1.49 (m, 1.2H),
1.47 - 1.41 (m, 1.4H), 1.41 - 1.29 (m, 2.2H), 1.28 - 1.16 (m, 4.4H), 1.13 - 1.02 (m, 3.1H),
1.03 - 0.93 (m, 6.9H), 0.93 - 0.82 (m, 3.5H).

13C NMR (151 MHz, CDCl3) ¢ 168.5, 159.1, 153.7, 147.8, 143.1, 141.2, 140.1, 136.2,
133.3, 129.3, 127.84, 127.80, 127.76, 126.8, 126.0, 124.4, 123.8, 123.5, 113.1, 69.3, 49.0,
27.34,27.28, 27.0, 26.9, 26.5, 25.6, 24.9, 24.8, 12.9.

HRMS (ESI): m/z [M + H]* calculated for C31H37N204S* 533.2469, found 533.2463.

HPLC: Chiralpak AS-H column, 60:40 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 8.45 min (minor), 11.18 min (major).

[ @]p? =-133.7 (c = 0.18, CH2Cl2).

\N Me
=

(Rp)-3ar, yellow oil, 20.7 mg, 40% yield, cis:trans = 8:1, 96% ee.

'H NMR (600 MHz, CDCl;3) ¢ 8.28 (d, J = 5.1 Hz, 1H), 7.84 — 7.80 (m, 4H), 7.76 (dd, J =
8.6, 1.7 Hz, 1H), 7.49 - 7.46 (m, 4H), 7.45 — 7.44 (m, 1H), 7.36 (d, J = 16.2 Hz, 1H), 7.08
- 7.03 (m, 2H), 6.85 (d, J = 8.6 Hz, 1H), 4.39 (ddd, J = 12.0, 5.4, 3.5 Hz, 1H), 4.20 - 4.11
(m, 2H), 3.71 - 3.64 (m, 1H), 2.13 (s, 3H), 1.73 - 1.60 (m, 2.2H), 1.55 - 1.42 (m, 2.4H),
1.36 - 1.27 (m, 2.4H), 1.25 - 1.22 (m, 1.2H) 1.19 - 1.11 (m, 2.4H), 1.10 - 1.06 (m, 1.5H),
1.05 - 1.00 (m, 3.6H), 0.99 - 0.88 (m, 2.8H).

13C NMR (101 MHz, CDCl3) 6 169.0, 154.3, 148.4, 140.7, 135.8, 133.8, 129.1, 128.6,
128.1, 127.9, 127.2, 126.6, 126.5, 126.0, 125.4, 124.2, 123.6, 123.0, 113.9, 69.3, 48.7,
27.4,27.3,26.9,26.4, 25.6, 24.9, 24.8, 13.1.

HRMS (ESI): m/z [M + H]* calculated for C3sH39N202" 519.3007, found 519.3016.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 10.97 min (minor), 17.66 min (major).
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alp® =-326.0 (c = 0.3, CH2Cl>).

SOy

\N Me

=

(Rp)-3as, yellow solid, 26.6 mg, 45% yield, cis:trans = 7:1, 94% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.44 (d,J = 9.3 Hz, 1H), 8.36 (d, J = 8.1 Hz, 1H), 8.31 (d, J
= 3.3 Hz, 1H), 8.24 - 8.16 (m, 4H), 8.11 (d, J = 9.2 Hz, 1H), 8.06 (d, J = 1.7 Hz, 2H), 8.00
- 7.95 (m, 2H), 7.64 (d, J = 8.6 Hz, 1H), 7.53 - 7.46 (m, 2H), 7.10 - 7.05 (m, 1H), 6.92 (d,
J = 8.6 Hz, 1H), 4.50 - 4.38 (m, 1H), 4.24 - 4.11(m,2H), 3.86 - 3.74 (m, 1H), 2.18 (s, 3H),
1.80 - 1.64 (m, 3.1H), 1.61 - 1.46 (m, 2.4H), 1.38 - 1.26 (m, 3.4H), 1.20 - 1.12 (m, 2.7H),
1.10 - 1.04 (m, 4.9H), 1.02 - 0.94 (m, 2.4H).

13C NMR (101 MHz, CDCl3) ¢ 169.0, 156.5, 154.4, 148.4, 140.9, 135.9, 132.2, 131.7,
131.1, 131.0, 129.1, 128.4, 128.2, 127.7, 127.6, 127.34, 127.32, 126.1, 125.9, 125.5,
125.4, 125.2, 125.13, 125.07, 124.2, 123.9, 123.8, 123.1, 113.9, 69.4, 48.6, 27.43, 27.39,
27.36, 27.0, 26.5, 25.7, 25.0, 24.9, 13.2.

HRMS (ESI): m/z [M + H]* calculated for C41H41N202" 593.3163, found 593.3169.

HPLC: Chiralpak IB N-5 column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 15.68 min (minor), 20.52 min (major).

[ @p? =-462.4 (c = 0.21, CH2Cl2).

\N Me

(Rp)-3at, brownish red oil, 41.0 mg, 70% yield, cis:trans = 7:1, 86% ee.

'H NMR (600 MHz, CDCl3) 6 8.31 (d, J = 5.0 Hz, 1H), 7.50 (ddd, J = 7.5, 5.7, 1.6 Hz,
1H), 7.48 - 7.45 (m, 1H), 7.34 (d, J = 8.6 Hz, 1H), 7.07 (ddt, J = 7.3, 4.8, 1.2 Hz, 1H), 6.83
- 6.79 (m, 2H), 6.69 (d, J = 16.1 Hz, 1H), 4.50 (dd, J = 2.5, 1.3 Hz, 1H), 4.46 (dt, J = 2.5,
1.3 Hz, 1H), 4.36 (ddd, J = 11.9, 5.5, 3.5 Hz, 1H), 4.28 (ddt, J = 3.8, 2.5, 1.4 Hz, 2H), 4.17
- 4.13 (m, 2H), 4.12 - 4.10 (m, 6H), 3.63 (ddd, J = 13.9, 7.9, 6.3 Hz, 1H), 2.10 (s, 3H),
1.74 - 1.66 (m, 1.9H), 1.64 — 1.58 (m, 1.4H), 1.54 - 1.43 (m, 3.1H), 1.32 - 1.22 (m, 4.4H),
1.18 - 1.12 (m, 2.0H), 1.08 - 0.98 (m, 4.1H), 0.97 — 0.88 (m, 2.5H).
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13C NMR (151 MHz, CDCl3) ¢ 168.9, 155.7, 154.4, 148.5, 139.6, 135.8, 129.1, 127.4,
127.3, 124.1, 123.0, 122.8, 122.4, 114.1, 83.7, 69.3, 67.3, 66.9, 48.4, 27.4, 27.3, 26.9,
26.4,25.7, 24.9, 24.8, 13.0.

HRMS (ESI): m/z [M + H]* calculated for C3sHsiFeN20," 587.3295, found 587.3299.

HPLC: Chiralpak IB N-5 column, 85:15 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 6.75 min (minor), 7.57 min (major).

alp® =-261.2 (c = 0.17, CH2CL).
4.3. Analytic Data of Products of ansa Chain and Cyclophanes

Ph
Z (9 )
o) N

N

XN Me

=
(Rp)-3ba, colorless oil, 18.3 mg, 43% yield, cis:trans = 6:1, 86% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.27 (d, J = 4.8 Hz, 1H), 7.56 — 7.52 (m, 1H), 7.51 - 7.47
(m, 4H), 7.38 - 7.32 (m, 3H), 7.30 - 7.27 (m, 1H), 7.18 (d, J = 16.3 Hz, 1H), 7.09 - 7.05
(m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.90 (d, J = 16.3 Hz, 1H), 4.17 - 4.07 (m, 1H), 3.97 (ddd,
J=13.6,9.1, 2.9 Hz, 1H), 2.92 (ddd, J = 13.3, 8.3, 4.8 Hz, 1H), 2.63 - 2.45 (m, 1H), 2.37
(s, 3H), 1.88 - 1.69 (m, 2.9H), 1.58 - 1.33 (m, 2.3H), 1.23 - 1.01 (m, 4.5H), 0.97 - 0.81
(m, 4.1H), 0.69 - 0.57 (m, 1.1H), 0.24 - 0.12 (m, 1.1H).

13C NMR (101 MHz, CDCl3) ¢ 169.0, 154.7, 148.2, 142.3, 138.7, 137.4, 135.9, 134.3,
130.2, 130.0, 128.9, 127.9, 126.7, 125.1, 124.1, 123.2, 122.9, 45.3, 33.3, 26.6, 25.8, 25.3,
24.8, 24.5, 24.3, 17.0.

HRMS (ESD: m/z [M + H]* calculated for C2sH31N202" 425.2588, found 425.2582.

HPLC: Chiralpak IC column, 70:30 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 10.37 min (minor), 14.47 min (major).

ap? =-117.1 (c = 0.07, CH2Cl,).
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(Rp)-1b, white solid, 10.6 mg, 32% yield, >99% ee.

HPLC: Chiralpak AS-H column, 90:10 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 19.79 min (major), 34.79 min (minor).

[ @]p? =-220.0 (c = 0.24, CH2ClL2).

th

o. N (0)

N

\N Me

Pz
(Rp)-3ca, colorless oil, 17.8 mg, 40% yield, cis:trans = 7:1, 87% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.28 (d, J = 4.8 Hz, 1H), 7.57 — 7.49 (m, 4H), 7.46 (d, J =
8.7 Hz, OH), 7.39 - 7.32 (m, 2H), 7.29 (d, J = 7.7 Hz, 1H), 7.11 — 7.06 (m, 1H), 6.99 (d, J =
16.3 Hz, 1H), 6.92 (d, J = 8.6 Hz, 1H), 4.41 - 4.29 (m, 2H), 4.19 - 4.09 (m, 1H), 3.70 -
3.60 (m, 1H), 2.11 (s, 3H), 1.68 - 1.50 (m, 2.4H), 1.39 - 1.28 (m, 1.4H), 1.24 - 0.98 (m,
6.1H), 0.96 - 0.84 (m, 2.6H), 0.80 - 0.70 (m, 1.1H), 0.69 - 0.69 (m, 1.3H).

13C NMR (101 MHz, CDCl3) ¢ 168.9, 155.9, 154.5, 148.3, 139.7, 137.5, 135.9, 130.3,
129.8, 129.7, 128.9, 127.8, 126.7, 125.0, 124.2, 123.2, 123.0, 117.9, 70.6, 47.6, 27.2,
26.6, 26.4, 26.1, 25.4, 22.1, 13.5.

HRMS (ESI): m/z [M + H]* calculated for C2oH33N202" 441.2537, found 441.2539.

HPLC: Chiralpak IE column, 60:40 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 12.72min (minor), 15.11 min (major).

aIp® = -312.3 (c = 0.30, CH2Cly).

(Rp)-1c, white solid, 11.2 mg, 33% yield, >99% ee.

HPLC: Chiralpak AD-H column, 90:10 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 15.25 min (minor), 21.44 min (major).

ap® = -166.2 (¢ = 0.07, CH2CLo).
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\N Me

=

(Rp)-3da, colorless oil, 16.8 mg, 37% yield, cis:trans = 6:1, 84% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.26 (s, 1H), 7.52 - 7.46 (m, 4H), 7.42 (d, J = 8.6 Hz, 1H),
7.38 - 7.32 (m, 2H), 7.28 (d, J = 16.5 Hz, 1H), 7.24 - 7.22(m, 1H), 7.08 - 7.03 (m, 1H),
6.90 (d, J = 16.3 Hz, 1H), 6.83 (d, J = 8.6 Hz, 1H), 4.36 - 7.28 (m, 2H), 4.22 - 4.16 (m,
1H), 3.70 - 3.66 (m, 1H), 2.15 (s, 3H), 1.73 - 1.49 (m, 5.6H), 1.43 - 1.25 (m, 1.4H), 1.20
- 1.00 (m, 7.6H), 0.99 - 0.78 (m, 3.9H), 0.70- 0.55 (m, 1.1H).

13C NMR (151 MHz, CDCl3) ¢ 168.9, 156.9, 148.3, 141.1, 137.6, 135.8, 129.1, 128.8,
127.7, 126.6, 125.1, 123.7, 115.3, 69.5, 47.1, 28.0, 27.4, 26.5, 26.4, 26.2, 26.1, 22.5, 13.0.

HRMS (ESI): m/z [M + H]* calculated for C3oH35N202" 455.2694, found 455.2690.

HPLC: Chiralpak IE N-5 column, 60:40 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 11.48 min (major), 14.32 min (minor).

aIp? = -229.3 (c = 0.23, CHaCly).

T

O N _O

Me N/l
NS

(Rp)-1d, white solid, 12.3 mg, 35% yield, >99% ee.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.45 min (minor), 11.17 min (major).

a1p? = -140.0 (¢ = 0.15, CH2CLo).
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(Rp)-3ea, colorless oil, 43.4 mg, 90% yield, cis:trans = 10:1, 95% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.27 (d, J = 4.4 Hz, 1H), 7.51 (d, J = 7.4 Hz, 2H), 7.46 (td,
J=17.7,1.7 Hz, 1H), 7.43 - 7.38 (m, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.33 - 7.27 (m, 1H),
7.24- 7.20(m, 1H), 7.05 (ddd, J = 7.4, 4.8, 1.3 Hz, 1H), 6.87 (d, J = 16.3 Hz, 1H), 6.78 (d,
J = 8.7 Hz, 1H), 4.25 (ddd, J = 10.7, 6.6, 3.8 Hz, 1H), 4.16 (ddd, J = 11.1, 6.6, 4.2 Hz, 1H),
4.09 (ddd, J = 14.1, 9.2, 5.5 Hz, 1H), 3.72 (ddd, J = 13.5, 9.0, 6.5 Hz, 1H), 2.10 (s, 3H),
1.71 - 1.62 (m, 2.3H), 1.57 — 1.52 (m, 1.1H), 1.46 - 1.37 (m, 2.1H), 1.31 - 1.13 (m, 8.9H),
1.13 - 0.98 (m, 5.1H), 0.95 - 0.86 (m, 1.3H).

13C NMR (101 MHz, CDCl3) ¢ 169.1, 156.7, 154.4, 148.4, 140.3, 137.7, 135.7, 128.9,
128.8, 128.7, 128.1, 127.7, 126.64, 126.60, 126.3, 125.1, 124.1, 123.63, 123.60, 122.9,
112.3, 77.4, 68.2, 48.3, 28.12, 28.06, 27.4, 27.2, 26.9, 26.7, 25.7, 24.9, 24.6, 12.8.

HRMS (ESI): m/z [M + H]* calculated for C3,H39N202" 483.3007, found 483.3014.

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 8.91 min (minor), 10.27 min (major).

[ @]p? = -288.3 (c = 0.44, CH2ClL2).

h
v
o N (0)
N
\N Me
| =

(Rp)-3fa, white solid, 46.6 mg, 94% yield, cis:trans = 10:1, 94% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.28 (d, J = 4.8 1H), 7.54 — 7.50 (m, 2H), 7.46 (dd, J = 5.6,
2.0 Hz, 2H), 7.42 (d, J = 9.4 Hz, 1H), 7.40 - 7.33 (m, 3H), 7.29 (d, J = 9.9 Hz, 1H), 7.05
(ddd, J = 7.5, 4.8, 1.4 Hz, 1H), 6.94 (d, J = 16.2 Hz, 1H), 6.77 (d, J = 8.6 Hz, 1H), 4.31
(ddd, J = 13.3, 8.9, 6.1 Hz, 1H), 4.11 — 4.08 (m, 2H), 3.33 (ddd, J = 13.3, 8.9, 6.1 Hz, 1H),
2.05 (s, 3H), 1.74 - 1.51 (m, 6.1H), 1.39 - 1.30 (m, 1.6H), 1.28 - 1.13 (m, 11.2H), 1.10 -
1.02 (m, 4.1H).

13C NMR (101 MHz, CDCl3) 6 168.9, 156.7, 154.3, 148.4, 140.8, 137.7, 135.7, 128.9,
128.7, 127.8, 127.7, 126.6, 126.2, 125.1, 124.1, 123.8, 122.8, 111.7, 67.7, 50.2, 28.4,
28.2,27.7,21.5,27.4, 27.0, 25.8, 25.7, 25.4, 12.8.

HRMS (ESI): m/z [M + H]* calculated for C33H41N202" 497.3163, found 497.3166

HPLC: Chiralpak AD-H column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 7.67 min (minor), 9.27 min (major).
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alp® =-371.6 (c = 0.16, CH2ClL2).

h
Z
o N (0]
\N Me
‘ =

(Rp)-3ga, white solid, 35.7 mg, 70% yield, cis:trans = 9:1, 96% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.27 (d, J = 4.8 Hz, 1H), 7.52 (d, J = 7.6 Hz, 2H), 7.46 (td,
J=17.7,1.7 Hz, 1H), 7.42 (d, J = 8.6 Hz, 1H), 7.38 - 7.36 (m, 1H), 7.36 (d, J = 7.7 Hz, 2H),
7.27(d, J = 6.4 Hz, 1H), 7.05 (dd, J = 7.6, 4.9 Hz, 1H), 6.90 (d, J = 16.2 Hz, 1H), 6.74 (d, J
= 8.6 Hz, 1H), 4.21 (ddd, J = 13.3, 10.8, 5.4 Hz, 1H), 4.10 (dt, J = 9.1, 4.1 Hz, 1H), 3.99
(td, J = 9.9, 2.6 Hz, 1H), 3.48 (ddd, J = 13.3, 10.7, 5.3 Hz, 1H), 2.08 (s, 3H), 1.88 - 1.81
(m, 1.1H), 1.77 - 1.69 (m, 1.4H), 1.66 - 1.46 (m 4.8H), 1.41 - 1.31 (m, 2.4H), 1.28 -
1.18 (m, 9.2H), 1.17 - 1.09 (m, 7.4H), 1.05 - 0.97 (m, 2.6H).

13C NMR (151 MHz, CDCl3) ¢ 169.1, 157.3, 154.4, 148.4, 140.1, 137.7, 135.7, 128.9,
128.8, 127.9, 127.7, 126.6, 125.9, 125.1, 124.0, 123.8, 122.7, 111.0, 67.3, 49.4, 28.48,
28.46, 28.35, 28.25, 27.6, 27.5, 27.2, 26.8, 25.6, 25.1, 24.8, 12.8.

HRMS (ESI): m/z [M + H]* calculated for C34H43N202" 511.3320, found 511.3315.

HPLC: Chiralpak IF column, 90:10 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 12.18 min (minor), 13.43 min (major).

alp® = -277.3 (¢ = 0.26, CH2CLo).

h
4
o. N (0]
N
\N Me
| =

(Rp)-3ha, light yellow oil, 34.1 mg, 65% yield, cis:trans = 10:1, 94% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.29 (d, J = 5.2 Hz, 1H), 7.53 (d, J = 7.5 Hz, 2H), 7.48 -
7.43 (m, 3H), 7.38 - 7.34 (m, 3H), 7.28 (d, J = 10.9 Hz, 1H), 7.25 - 7.24 (m, 1H), 7.06
(ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 6.94 (d, J = 16.3 Hz, 1H), 6.74 (d, J = 8.6 Hz, 1H), 4.36
(ddd, J = 13.3, 10.0, 6.0 Hz, 1H), 4.07 (dt, J = 9.0, 4.2 Hz, 1H), 3.91 (td, J = 9.8, 2.8 Hz,
1H), 3.26 (ddd, J = 13.2, 10.1, 5.1 Hz, 1H), 2.04 (s, 3H), 1.88 - 1.81 (ddt, J = 15.0, 9.7,
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4.8 Hz, 1.1H), 1.72 - 1.65 (m, 4.4H), 1.62 - 1.56 (m, 1.1H), 1.52 - 1.48 (m, 1.1H), 1.38 -
1.31 (m, 2.2H), 1.31 - 1.24 (m, 8.3H), 1.23 - 1.14 (m, 8.4H).

13C NMR (151 MHz, CDCl3) & 169.0, 157.2, 154.4, 148.5, 140.6, 137.7, 135.7, 128.93,
128.89, 127.9, 127.7, 126.6, 125.9, 125.1, 124.0, 123.9, 122.6, 110.9, 67.6, 50.7, 29.2,
28.9, 28.4, 28.3, 28.1, 27.9, 27.4, 27.3, 26.13, 26.10, 26.0, 12.8.

HRMS (ESI): m/z [M + H]" calculated for C3sH45N202" 525.3476, found 525.3470.

HPLC: Chiralpak IE column, 80:20 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 18.90 min (major), 25.99 min (minor).

ap? = -241.7 (¢ = 0.12, CH2CLo).
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(Rp)-3ia, light yellow oil, 33.6 mg, 58% yield, cis:trans = 10:1, 96% ee.

'H NMR (600 MHz, CDCl3) 6 8.30 (d, J = 4.0 Hz, 1H), 7.52 (d, J = 7.5 Hz, 2H), 7.47 (td,
J=17.8,1.8 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.38 - 7.33 (m, 4H), 7.28 (d, J = 7.8 Hz, 1H),
7.07 (dd, J = 7.6, 4.8 Hz, 1H), 6.93 (d, J = 16.2 Hz, 1H), 6.73 (d, J = 8.6 Hz, 1H), 4.30
(ddd, J = 13.1, 10.8, 5.6 Hz, 1H), 3.99 (dt, J = 9.3, 4.7 Hz, 1H), 3.88 (td, J = 9.2, 3.5 Hz,
1H), 3.30 (ddd, J = 13.0, 10.9, 4.8 Hz, 1H), 2.05 (s, 3H), 1.82- 1.74 (m, 2.5H), 1.71 - 1.65
(m, 1.3H), 1.58 - 1.39 (m, 5.5H), 1.37 - 1.33 (m, 3.9H), 1.32 - 1.19 (m, 23.1H).

13C NMR (151 MHz, CDCl3) ¢ 168.8, 157.4, 154.2, 148.3, 140.7, 137.7, 135.9, 129.0,
128.9, 128.7, 127.8, 127.7, 126.6, 125.9, 125.0, 124.1, 123.8, 122.6, 110.6, 68.2, 51.1,
29.2, 29.1, 29.0, 28.9, 28.82, 28.78, 28.7, 28.5, 28.4, 28.3, 28.2, 28.1, 27.1, 26.9, 26.0,
12.6.

HRMS (ESD: m/z [M + H]" calculated for C39Hs53N202" 581.4102, found 581.4107.

HPLC: Chiralpak IC column, 80:20 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 9.54 min (minor), 16.84 min (major).

[ @]p? =-238.2 (c = 0.17, CH2CL2).
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(Rp)-3ja, colorless oil, 40.5 mg, 87% yield, cis:trans = 5:1, 96% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.25(d, J = 3.3 Hz, 1H), 7.51 (d, J = 7.7 Hz, 2H), 7.45 (td,
J=1.7,1.7 Hz, 1H), 7.41 - 7.36 (m, 3H), 7.35 (d, J = 7.3 Hz, 1H), 7.28 (d, J = 7.9 Hz, 2H),
7.23 (d, J = 16.4 Hz, 1H), 7.04 (ddd, J = 7.4, 4.8, 1.3 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H),
6.90 (d, J = 16.2 Hz, 1H), 3.97 (ddd, J = 13.4, 9.6, 6.3 Hz, 1H), 3.80 (ddd, J = 13.4, 9.5,
6.5 Hz, 1H), 2.80 (ddd, J = 13.1, 8.8, 3.6 Hz, 1H), 2.50 (ddd, J = 13.0, 8.2, 3.8 Hz, 1H),
2.26 (s, 3H), 1.78 - 1.74(m, 1.2H), 1.50 - 1.39 (m, 3.3H), 1.31 - 1.24 (m, 1.4H), 1.23 -
1.17 (m, 5.2H), 1.15 - 1.10 (m, 3.4H), 1.08 - 1.04 (m, 2.6H), 1.03 - 0.96 (m, 3H), 0.95 -
0.88 (m, 1.1H).

13C NMR (151 MHz, CDCl3) 6 169.0, 154.6, 148.3, 141.8, 139.3, 137.5, 135.8, 135.2,
133.2, 130.0, 129.7, 128.9, 128.8, 127.9, 126.8, 126.7, 125.2, 124.0, 122.84, 122.81, 48.8,
32.9,29.3, 27.4, 26.9, 26.6, 25.9, 25.6, 25.2, 24.4, 15.8.

HRMS (ESI): m/z [M + H]" calculated for C29H3oN20" 467.3057, found 467.3059.

HPLC: Chiralpak IC column, 80:20 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 13,41 min (minor), 19.44 min (major).

a Ip? = -280.0 (c = 0.19, CH2Cly).
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(Rp)-3Kka, light yellow oil, 21.7 mg, 35% yield, cis:trans = 4:1, 96% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.22 (d, J = 4.8 Hz, 1H), 7.62 (d, J = 8.0 Hz, 3H), 7.50 -
7.44 (t, J = 5.2 Hz, 4H), 7.40 - 7.30 (m, 4H), 7.28 (d, J = 2.8 Hz, 2H), 7.19 (d, J = 16.3 Hz,
1H), 7.07 - 7.02 (m, 1H), 6.96 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 16.2 Hz, 1H), 3.96 — 3.88
(m, 1H), 3.85 - 3.75 (m, 1H), 3.32 - 3.22 (m, 1H), 3.09 - 3.00 (m, 1H), 2.60 - 2.44 (m,
4H), 2.40 (s, 3H), 2.27 (s, 3H), 1.66 - 1.57 (m, 1.6H), 1.56 - 1.36 (m, 4.5H), 1.36 - 1.18
(m, 8.3H), 1.15 - 1.05 (m, 2.6H).
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13C NMR (101 MHz, CDCl3) ¢ 168.9, 154.3, 148.2, 143.2, 141.2, 139.5, 137.4, 136.2,
135.1, 133.5, 130.3, 129.7, 129.4, 128.9, 128.8, 128.0, 127.2, 126.9, 126.7, 125.0, 124.2,
123.1, 50.5, 49.9, 48.1, 32.1, 28.4, 27.8, 25.0, 24.9, 24.5, 21.6, 16.2.

HRMS (ESD: m/z [M + H]* calculated for C3sH44N303S* 622.3098, found 622.3090.

HPLC: Chiralpak IF column, 50:50 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 24.77 min (minor), 28.57 min (major).

a1p® = -83.2 (c = 0.25, CH2ClL).
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(Rp)-3la, white solid, 47.3 mg, 87% yield, cis:trans = 5:1, 95% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.23 (d, J = 4.8 Hz, 1H), 7.57 (d, J = 7.6 Hz, 2H), 7.49 ~
7.42 (m, 6H), 7.35 (d, J = 8.0 Hz, 4H), 7.18 (d, J = 16.2 Hz, 1H), 7.04 (d, J = 4.5 Hz, 1H),
6.80 (d, J = 16.2 Hz, 1H), 4.07 (ddd, J = 13.3, 10.9, 5.7 Hz, 1H), 3.89 - 3.70 (m, 2H), 3.43
(ddd, J = 12.0, 7.5, 4.5 Hz, 1H), 2.37 (s, 3H), 1.75 - 1.65 (m, 1.2H), 1.61 - 1.52 (m, 1.2H),
1.45 - 1.37 (m, 2.1H), 1.35 - 1.23 (m, 5.1H), 1.21 - 1.08 (m, 6.1H), 1.00 (q, J = 7.9, 6.6
Hz, 3.0H), 0.94 - 0.83 (m, J = 6.1, 5.4 Hz, 1.2H).

13C NMR (101 MHz, CDCl3) ¢ 169.0, 155.0, 154.2, 148.2, 139.6, 139.3, 137.5, 135.8,
133.3, 130.9, 130.7, 129.8, 129.2, 129.0, 128.9, 128.7, 128.59, 128.56, 127.8, 127.4,
126.8, 126.6, 125.6, 124.6, 124.2, 123.1, 72.7, 48.1, 30.1, 27.1, 26.8, 25.6, 25.3, 24.9,
24.7,23.7, 14.0.

HRMS (ESI): m/z [M + H]" calculated for C37H41N202" 545.3163, found 545.3169.

HPLC: Chiralpak IE column, 80:20 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 15.81 min (minor), 22.96 min (major).

ap? =-199.2 (c = 0.13, CH2Cl).
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(Rp)-3ma, white solid, 42.2 mg, 68% yield, cis:trans = 6:1, 94% ee.

'H NMR (400 MHz, CDCl3) ¢ 8.25 (d, J = 4.8 Hz, 1H), 7.68 — 7.66 (m, 5H), 7.51 - 7.43
(m, 7H), 7.41 - 7.34 (m, 4H), 7.28 (d, J = 7.4 Hz, 1H), 7.19 (d, J = 16.3 Hz, 1H), 7.07 -
7.02 (m, J = 4.5 Hz, 1H), 6.82 (d, J = 16.2 Hz, 1H), 4.09 (ddd, J = 13.3, 11.0, 5.7 Hz, 1H),
3.93 - 3.85 (m, 1H), 3.80 - 3.70 (m, 1H), 3.52 (ddd, J = 12.0, 7.5, 4.5 Hz, 1H), 2.40 (s,
3H), 1.81 - 1.65 (m, 1.9H), 1.65 - 1.50 (m, 1.5H), 1.50 - 1.40 (m, 2.3H), 1.39 - 1.25 (m,
4.4H), 1.24 - 1.09 (m, 7.8H), 1.07 - 0.83 (m, 5.4H).

13C NMR (101 MHz, CDCl3) ¢ 169.0, 155.2, 154.2, 148.2, 140.7, 140.2, 139.6, 138.2,
137.5, 135.8, 132.8, 131.0, 130.8, 129.8, 129.3, 129.0, 128.9, 127.9, 127.5, 127.23,
127.16, 127.1, 126.6, 125.5, 124.6, 124.2, 123.1, 72.9, 48.1, 30.1, 27.1, 26.8, 25.6, 25.3,
24.9, 24.7, 23.7, 14.0.

HRMS (ESD: m/z [M + H]+ calculated for C43H45N202" 621.3476, found 621.3470.

HPLC: Chiralpak IE column, 80:20 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 22.38 min (minor), 25.21 min (major).

[ @]p? = -141.6 (c = 0.38, CH2Cl2).

\N Me

(Rp)-3na, colorless oil, 40.2 mg, 70% yield, cis:trans = 6:1, 92% ee.

'H NMR (600 MHz, CDCl3) ¢ 8.23(d, J = 4.7 Hz, 1H), 7.50 (d, J = 8.3 Hz, 2H), 7.47 (d, J
= 7.8 Hz, 2H), 7.45 - 7.42 (m, 2H), 7.38 - 7.30 (m, 3H), 7.17 (d, J = 16.2 Hz, 1H), 7.05 -
7.02 (m, 1H), 6.96 (d, J = 8.2 Hz, 2H), 6.79 (d, J = 16.2 Hz, 1H), 4.05 (td, J = 12.2, 5.5 Hz,
1H), 3.86 (s, 3H), 3.84 - 3.81 (m, 1H), 3.75 (td, J = 12.4, 4.7 Hz, 1H), 3.48 - 3.42 (m, 1H),
2.35 (s, 3H), 1.73 - 1.66 m, 1.0H), 1.60 - 1.50 (m, 1.7H), 1.46 - 1.36 (m, 2.1H), 1.35 -
1.25 (m, 3.4H), 1.20 - 1.06 m, 5.5H), 1.06 - 0.93 (m, 3.8H), 0.95 - 0.86 (m, 1.0H).

13C NMR (151 MHz, CDCl3) 6 169.1, 159.1, 155.0, 154.3, 148.2, 139.2, 137.6, 135.8,
133.0, 131.6, 130.9, 130.7, 130.3, 130.1, 129.7, 128.9, 128.7, 127.8, 126.8, 126.6, 125.4,
124.7, 124.1, 123.0, 114.0, 72.5, 55.4, 48.2, 30.0, 27.1, 26.8, 25.6, 25.3, 24.9, 24.8, 23.8,
14.0.

HRMS (ESI): m/z [M + H]" calculated for C3sH43N203" 575.3269, found 575.3272.

HPLC: Chiralpak IE column, 50:50 hexanes/isopropanol, flow rate = 1.0 mL/min,
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A =254 nm, tg = 10.72 min (major), 14.61 min (minor).

[ @1p? = -200.9 (c = 0.12, CHCly).

\N Me

(Rp)-30a, white solid, 59.1 mg, 93% yield, cis:trans = 6:1, 94% ee.

'H NMR (600 MHz, CDCl3) & 8.22 (dt, J = 4.9, 1.4 Hz, 1H), 7.56 — 7.51 (m, 2H), 7.48 -
7.42 (m, 4H), 7.38 - 7.31 (m, 6H), 7.16 (d, J = 16.2 Hz, 1H), 7.12 (dt, J = 6.3, 1.1 Hz, 1H),
7.10 - 7.07 (m, 1H), 7.06 - 7.04 (m, 4H), 6.79 (d, J = 16.2 Hz, 1H), 4.05 (ddd, J = 13.4,
11.0, 5.7 Hz, 1H), 3.86 (ddd, J = 11.6, 6.5, 4.9 Hz, 1H), 3.74 (ddd, J = 13.3, 11.2, 4.8 Hz,
1H), 3.48 (ddd, J = 12.0, 7.4, 4.5 Hz, 1H), 2.35 (s, 3H), 1.71 - 1.65 (m, 1.0H), 1.57 - 1.50
(m, 1.1H), 1.48 - 1.37 (m, 2.1H), 1.35 - 1.24 (m, 3.1H), 1.21 - 1.07 (m, 5.7H), 1.05 -
0.86 (m, 4.7H).

13C NMR (151 MHz, CDCl3) ¢ 169.0, 157.2, 156.8, 155.0, 154.2, 148.2, 139.5, 137.5,
135.8, 134.2, 132.7, 131.0, 130.8, 130.5, 130.4, 130.0, 129.8, 128.9, 128.8, 127.9, 126.8,
126.6, 125.4, 124.6, 124.2, 123.6, 123.1, 119.2, 119.1, 118.8, 72.7, 48.2, 30.1, 27.1, 26.8,
25.6,25.3, 24.9, 24.7, 23.8, 14.0.

HRMS (ESD: m/z [M + H]" calculated for C43H45N203" 637.3425, found 637.3429.

HPLC: Chiralpak IE column, 70:30 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 9.54 min (minor), 16.84 min (major).

[@p? =-171.3 (c = 0.12, CH2Cl2).

(Rp)-3pa, white solid, 28.0 mg, 48% yield, cis:trans = 4:1, 94% ee.
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'H NMR (400 MHz, CDCl3) ¢ 8.24 (dt, J = 4.8, 1.4 Hz, 1H), 7.79 (d, J = 1.7 Hz, 1H), 7.66
(d, J = 2.2 Hz, 1H), 7.58 (d, J = 9.4 Hz,10H), 7.54 — 7.48 (m, 3H), 7.47 - 7.43 (m, 3H),
7.39 - 7.32 (m, 3H), 7.19 (d, J = 16.2 Hz, 1H), 7.04 (q, J = 4.5 Hz, 1H), 6.85 - 6.77 (m,
2H), 4.07 (ddd, J = 13.2, 10.9, 5.7 Hz, 1H), 3.81 - 3.69 (m, 2H), 3.39 (ddd, J = 12.0, 7.5,
4.5 Hz, 1H), 2.38 (s, 3H), 1.80 - 1.65 m, 1.8H), 1.63 - 1.50 (m, 1.4H), 1.47 - 1.35 (m,
2,8H), 1.35 - 1.23 (m, 3.4H), 1.22 - 1.07 (m, 5.9H), 1.06 - 0.87 (m, 4.1H).

13C NMR (101 MHz, CDCl3) &6 169.1, 155.0, 154.4, 154.3, 148.2, 145.6, 139.4, 137.5,
135.8, 134.1, 133.6, 130.9, 130.7, 129.7, 128.9, 127.84, 127.78, 126.8, 126.6, 126.0,
125.6, 124.7, 124.2, 123.1, 121.5, 111.4, 106.9, 72.6, 48.2, 30.1, 27.1, 26.8, 25.6, 25.3,
24.9, 24.7, 23.7, 14.0.

HRMS (ESI): m/z [M + H]' calculated for C39H41N203" 585.3112, found 585.3118.

HPLC: Chiralpak IE column, 50:50 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 10.27 min (minor), 15.86 min (major).

ap? = -256.1 (¢ = 0.16, CH2CLo).

5.Conformational Stability Studies
5.1. Racemization Tests
The racemization experiment of (Rp)-3aa at 110 °C
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Compound 3aa (10 mg, 0.021 mmol, 74.056% ee) was dissolved in mestylene
(2.0 mL) in a sealed tube. The reaction mixture was allowed to stir at 110 °C (pre-
heated metal module) under air. Within the same time interval, small sample (30
L 1) was removed via a syringe and diluted by isopropanol, then sample was
injected into the HPLC to measure the enantiomeric excess.

Table S3. The racemization experiment of (Rp)-3aa at 110 °C

time (s) ee (%) In(eeo/eet)
0 74.056 (eeo) 0
1800 61.324 0.18865028
3600 49.084 0.411288448
5400 41.490 0.579369129
7200 31.572 0.852550912
9000 25.886 1.051119282
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Figure S3. The racemization curves of (Rp)-3aa at 110 °C

T1=110°C =383.15K, T2 = 60 °C = 333.15 K T3 = 25 °C = 298.15 K
Krac(110 °C) = 1.77 x 1074 s71

7 1,2(110 °C) = In2 / Krac(110 °C) = 3913.7 s = 65.2 min
Kent(110 °C) = Krac(110 °C) / 2 = 8.85 x 107 571

AG ent = RT1-In((kpT1)/(hkent) = 124.37 kJ-mol ! = 29.73 kcal'mol !
Krac(T2) = 2-kgT2-h t-e*(- AG” ent /(RT2))
Krac(60 °C) = 4.39 x 1077 s71

7 1,260 °C) = In2 / Krac(60 °C) = 1.58 x 10° s = 438.9 days = 1.2 years
krac(25 °C) = 2.02 x 1079 s71

T 1/2(25 °C) = 1In2 / Krac(25 °C) = 3.43 x 108 s = 9.53 x 10* h = 3970.8 days = 10.9 years
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Compound 3ea (10 mg, 0.020 mmol, 95.394% ee) was dissolved in mestylene
(2.0 mL) in a sealed tube. The reaction mixture was allowed to stir at 110 °C (pre-
heated metal module) under air. Within the same time interval, small sample (30
L 1) was removed via a syringe and diluted by isopropanol, then sample was
injected into the HPLC to measure the enantiomeric excess.

Table S4. The racemization experiment of (Rp)-3ea at 110 °C
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time (s) eet (%) In(eeo/eer)

0 95.394 (eeo) 0

900 87.056 0.091464094
1800 80.010 0.175864057
2700 69.478 0.317005528
3600 59.716 0.468415692
4500 51.718 0.6122098
6300 39.688 0.876966808
1.0 5
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Figure S4. The racemization curves of (Rp)-3ea at 110 °C

T1=110°C = 383.15K, T2 =60 °C = 333.15 K T3 = 25 °C = 298.15 K
Krac(110 °C) = 1.43 x 1071 571

7 1,2(110 °C) = In2 / Krac(110 °C) = 4855.1 s = 80.9 min
Kent(110 °C) = Krac(110 °C) / 2 = 7.14 x 107> 571

AG ent = RT1In((kpT1)/(hkent) = 125.06 kJ-mol ! = 28.89 kcal-mol !
krad(T2) = 2-kgTo-h e~ AG” ent /(RT2))
Krac(60 °C) = 3.42 x 1077 s71

7 1,2(60 °C) = In2 / Krac(60 °C) = 2.02 x 10° s = 561.1 h = 23.4 days
krac(25 °C) = 1.53 x 1077 s71

T 1,2(25 °C) = In2 / Krac(25 °C) = 4.52 x 108 s = 1.26 x 10°> h = 5231.5 days = 14.3 years
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Compound 3fa (10 mg, 0.020 mmol, 94.280% ee) was dissolved in mestylene
(2.0 mL) in a sealed tube. The reaction mixture was allowed to stir at 110 °C (pre-
heated metal module) under air. Within the same time interval, small sample (30
v 1) was removed via a syringe and diluted by isopropanol, then sample was
injected into the HPLC to measure the enantiomeric excess.

Table S5. The racemization experiment of (Rp)-3fa at 110 °C

time (s) eet (%) In(eeo/eet)
0 94.280 (eeo) 0

1200 85.494 0.097823
2400 76.740 0.205846
3600 69.774 0.301008
4500 63.244 0.399269
5400 56.470 0.51256
6300 52.614 0.583287
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Figure S5. The racemization curves of (Rp)-3fa at 110 °C

T1=110°C = 383.15K, T2 = 60 °C = 333.15 K T3 = 25 °C = 298.15 K
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krac(110 °C) = 9.39 x 107> s71

7 1,2(110 °C) = In2 / Krac(110 °C) = 7380.3 s = 123.0 min
Kent(110 °C) = Krac(110 °C) / 2 = 4.70 x 107> s7!

AG” ent = RT1-In((keT1)/(hkent) = 126.39 kJ-mol ! = 30.21 kcal-mol !
kradT2) = 2-kgTorh e~ A G  ent /(RT2)
krac(60 °C) = 2.12 x 1077 s71

7 1,260 °C) = In2 / Krac(60 °C) = 3.27 x 10° s = 908.3 h = 37.8 days
krac(25 °C) = 8.94 x 10710 571

T 1,225 °C) = 1In2 / Krac(25 °C) = 7.75 x 108 s = 2.15 x 10° h = 8969.1 days = 24.6 years

h / Mesitylene, 110 °C @
o._N (6] (@] NT o
N Me Me NZ
| P J

Compound 3ga (10 mg, 0.019 mmol, 95.852% ee) was dissolved in mestylene
(2.0 mL) in a sealed tube. The reaction mixture was allowed to stir at 110 °C (pre-
heated metal module) under air. Within the same time interval, small sample (30

v 1) was removed via a syringe and diluted by isopropanol, then sample was
injected into the HPLC to measure the enantiomeric excess.

Table S6. The racemization experiment of (Rp)-3ga at 110 °C

time (s) eet (%) In(eeo/eey)
0 95.852 (eeop) 0
900 86.144 0.106785
1620 78.546 0.199121
2220 72.068 0.285195
2820 66.31 0.368465
3420 60.716 0.456598
4020 55.274 0.550503
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Figure S6. The racemization curves of (Rp)-3ga at 110 °C

T1=110°C = 383.15K, T2 =60 °C = 333.15 K T3 = 25 °C = 298.15 K
Krac(110 °C) = 1.37 x 1074 s71

7 1,2(110 °C) = In2 / Krac(110 °C) = 5049.7 s = 84.2 min
Kent(110 °C) = Krac(110 °C) / 2 = 6.86 x 107 s71

AG” ent = RT1In((kpT1)/(hkent) = 125.18 kJ-mol ! = 29.92 kcal-mol
Krac(T2) = 2-kgT2-h t-e*(- AG” ent /(RT2))
krac(60 °C) = 3.28 x 1077 s71

7 1,2(60 °C) = In2 / Krac(60 °C) = 2.11 x 10° s = 587.4 h = 24.5 days
krac(25 °C) = 1.46x 1079 s71

71,2025 °C) = In2 / Krac(25 °C) = 4.76 x 108 s = 1.32 x 10> h = 5507.5 days = 15.1 years

h / Mesitylene, 110 °C NP

o} N:( )—O oJ{ ZN 0

N

| SHRLL Me NZ I
Z X

Compound 3ha (10 mg, 0.019 mmol, 93.698% ee) was dissolved in mestylene
(2.0 mL) in a sealed tube. The reaction mixture was allowed to stir at 110 °C (pre-
heated metal module) under air. Within the same time interval, small sample (30
v 1) was removed via a syringe and diluted by isopropanol, then sample was
injected into the HPLC to measure the enantiomeric excess.

Table S7. The racemization experiment of (Rp)-3ha at 110 °C
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time (s) eet (%) In(eeo/eer)

0 93.698 (eeo) 0
900 83.432 0.116045
1620 76.466 0.203231
2220 69.992 0.291696
2820 63.090 0.395515
3420 57.654 0.485617
4020 51.430 0.599855

0.6 | ]

y= 1.48477x10x - 0.01931

0.5 4 R?=0.99413

0.4

In (eeg/eey)
L

0.2

0.1

0.0 H [}

T T T T
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time/s

Figure S7. The racemization curves of (Rp)-3ha at 110 °C

T1=110°C = 383.15K, T2 = 60 °C = 333.15 K T3 = 25 °C = 298.15 K
Krac(110 °C) = 1.48 x 1071 571

7 1,2(110 °C) = In2 / Krac(110 °C) = 4668.4 s = 77.8 min
Kent(110 °C) = Krac(110 °C) / 2 = 7.42 x 107> 571

AG” ent = RTrIn((ksT1)/(hkent) = 124.9 kJ-mol™ = 29.86 kcal-mol ™!
krad(T2) = 2-kgTorh e~ A G ent /(RT))
Krac(60 °C) = 3.59 x 1077 s71

7 1,2(60 °C) = In2 / Krac(60 °C) = 1.93 x 10° s = 536.7 h = 22.4 days
krac(25 °C) = 1.61x 1079 s71

7 1,2(25 °C) = In2 / Krac(25 °C) = 4.30 x 108 s = 1.19 x 10> h = 4978.9 days = 13.6 years
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D 20

Mesitylene, 110 °C

Ph
Vi \\ ,Ph
O o (o} NTo

‘\N Me Me N/|

= X
Compound 3ia (10 mg, 0.017 mmol, 95.620% ee) was dissolved in Mestylene
(2.0 mL) in a sealed tube. The reaction mixture was allowed to stir at 110 °C (pre-
heated metal module) under air. Within the same time interval, small sample (30
v 1) was removed via a syringe and diluted by isopropanol, then sample was
injected into the HPLC to measure the enantiomeric excess.

Table S8. The racemization experiment of (Rp)-3ia at 110 °C

time (s) eet (%) In(eeo/eet)
0 95.620 (eep) 0
600 87.574 0.087898
1260 77.874 0.20529
2040 68.432 0.334541
2880 59.250 0.478616
3540 51.412 0.62051
4200 45.822 0.735618
0.8 -
0.7 -
] y= 1.76945%10*x - 0.01219
0.6 R? =0.99852
0.5 -
g 044
:? !
< 03
= ]
0.2
0.1
0.0 -

1 ¥ 1 1 * 1 I
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0 500 1000 1500 2000 2500 3000 3500 4000
time /s

Figure S8. The racemization curves of (Rp)-3ia at 110 °C

T1=110°C=383.15K, T2 = 60 °C = 333.15 K T3 = 25 °C = 298.15 K
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krac(110 °C) = 1.77x 1074 s71
7 1,2(110 °C) = In2 / Krac(110 °C) = 3917.3 s = 65.3 min
Kent(110 °C) = Krac(110 °C) / 2 = 8.85 x 107 57!
AG” ent = RT1-In((keT1)/(hkent) = 124.37 kJ-mol ! = 29.73 kcal-mol !
kradT2) = 2-kgTorh e~ A G  ent /(RT2)
Krac(60 °C) = 4.39 x 1077 s71
7 1,260 °C) = In2 / Krac(60 °C) = 1.58 x 10° s = 438.9 h = 18.3 days
krac(25 °C) = 2.02x 1079 s71
T 1,225 °C) = 1In2 / Krac(25 °C) = 3.43 x 108 s = 9.5 x 10* h = 3974.1 days = 10.9 years

5.2 Procedures for Reduction of Cyclophanes 3aa-3da

Ph . Ph
\//@w} " ?%
o N A N A
' THF, 0 °C W
‘ NN Me Me
=
(Ry)-3aa-3da (Rp)-4-7

To a solution of 3aa-3da (0.1 mmol, 1.0 equiv.) in dry THF (2.0 mL) was added
LiAlH4 (7.6 mg, 0.2 mmol, 2.0 equiv.) at 0 °C. The reaction was warmed to room
temperature and reacted for 6 h. The mixture was diluted by water (5 mL) and
extracted with EtOAc (5 mL x 3). The combined organic layers were dried over by
anhydrous Na;S04. After filtration and removing the solvent in vacuum, the
residue was purified by column chromatography on silica gel (PE/EtOAc = 20:1,
v/v) afforded the product 4-7.

Ph
z
Z [0
N
/
H

Me

(Rp)-4, colorless oil, 16.6 mg, 52% yield, 85% ee.

'H NMR (400 MHz, CDCl3) ¢ 7.54 (d, J = 7.7 Hz, 2H), 7.39 - 7.30 (m, 3H), 7.28 (d, J =
8.9 Hz, 1H), 7.25 - 7.23 (d, J = 8.2 Hz, 1H), 6.97 (d, J = 16.2 Hz, 1H), 6.78 (d, J = 7.8 Hz,
1H), 3.28 - 3.20 (m, 1H), 3.17 - 3.06 (m, 1H), 3.00 - 2.92 (m, 1H), 2.60 - 2.52 (m, 1H),
2.41 (s, 1H), 1.92 - 1.83 (m, 1H), 1.45 - 1.25 (m, 2H), 1.21 - 0.99 (m, 6H), 0.97 — 0.79 (m,
5H), 0.78 - 0.66 (m, 1H), 0.15 - 0.04 (m, 1H).

13C NMR (101 MHz, CDCl3) 6 142.0, 138.2, 128.8, 128.5, 127.6, 127.35, 127.28, 126.5,
124.0, 123.9, 46.6, 33.5, 28.5, 27.2, 26.7, 25.9, 24.9, 23.2, 15.9.
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HRMS (ESI): m/z [M + H]* calculated for C3H300" 320.2373, found 320.2376.

HPLC: Chiralpak IF column, 90:10 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 4.56 min (minor), 6.26 min (major).

[ @]p® = +5.2 (c = 0.25, CH2CL).

G @)

N (0)
/
H

Me

(Rp)-5, colorless oil, 18.5 mg, 55% yield, 82% ee.

'H NMR (600 MHz, CDCl3) & 7.54 (d, J = 7.8 Hz, 2H), 7.40 - 7.32 (m, 4H), 7.25 - 7.22
(m, 1H), 6.94 (d, J = 16.2 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 4.29 - 4.24 (m, 2H), 3.26 -
3.13 (m, 2H), 2.30 (s, 3H), 1.62 - 1.52 (m, 2H), 1.48 - 1.40 (m, 1H), 1.31 - 1.17 (m, 1H),
1.17 - 1.03 (m, 3H), 1.00 - 0.88 (m, 3H), 0.87 - 0.74 (m, 4H).

13C NMR (151 MHz, CDCl3) 6 156.9, 138.5, 128.8, 127.22, 127.17, 126.7, 126.4, 124.7,
124.0, 121.9, 113.5, 72.0, 48.1, 31.3, 28.9, 26.83, 26.79, 23.9, 23.3, 11.8.

HRMS (ESI): m/z [M + H]* calculated for C23H3oNO* 336.2322, found 336.2320.

HPLC: Chiralpak IF column, 90:10 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 5.99 min (minor), 7.04 min (major).

a1p® = +12.0 (c = 0.38, CH2Cl).

P
N4 9
N 0
/
H
Me

(Rp)-6, colorless oil, 19.6 mg, 56% yield, 80% ee.

'H NMR (600 MHz, CDCl3) 6 7.60 - 7.49 (m, 2H), 7.39 - 7.28 (m, 4H), 7.24 - 7.18 (m,
1H), 6.91 (d, J = 16.2 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.43 - 4.30 (m, 1H), 4.25 (ddd, J =
11.6, 7.5, 3.5 Hz, 1H), 3.31 (ddd, J = 14.8, 7.0, 3.0 Hz, 1H), 3.15 (ddd, J = 14.6, 8.4, 2.9
Hz, 1H), 2.27 (s, 3H), 1.70 - 1.54 (m, 3H), 1.52 - 1.44 (m, 1H), 1.35 - 1.22 (m, 3H), 1.21
- 0.93 (m, 6H), 0.93 - 0.82 (m, 4H), 0.82 - 0.72 (m, 1H).

13C NMR (151 MHz, CDCl3) ¢ 157.5, 138.5, 129.0, 128.8, 128.2, 127.2, 127.1, 126.8,
126.3, 125.1, 122.7, 119.4, 110.5, 70.1, 33.3, 28.9, 27.1, 26.8, 26.7, 25.4, 23.3, 11.6.
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HRMS (ESI): m/z [M + H]" calculated for C24H3;NO* 350.2479, found 350.2475.

HPLC: Chiralpak IF column, 90:10 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 5.80 min (minor), 8.30 min (major).

[ @]p® = +34.5 (c = 0.54, CH2Clp).

N O
/
H

Me
(Rp)-7, colorless oil, 24.7 mg, 68% yield, 5% ee.

'H NMR (600 MHz, CDCl3) ¢ 7.52 (d, J = 7.7 Hz, 2H), 7.36 — 7.31 (m, 2H), 7.28 (d, J =
16.0 Hz, 1H), 7.24 - 7.20 (m, 1H), 6.89 (d, J = 16.2 Hz, 1H), 6.59 (d, J = 8.5 Hz, 1H), 4.39
- 4.33 (m, 1H), 4.18 (ddd, J = 12.0, 8.7, 3.4 Hz, 1H), 3.24 - 3.18 (m, 2H), 2.22 (s, 3H),
1.74 - 1.66 (m, 1H), 1.62 - 1.52 (m, 2H), 1.46 - 1.39 (m, 1H), 1.37 - 1.24 (m, 5H), 1.22 -
1.14 (m, 1H), 1.11 - 0.96 (m, 9H), 0.92 - 0.84 (m, 1H).

13C NMR (151 MHz, CDCl3) ¢ 156.5, 138.6, 129.0, 128.8, 128.2, 127.4, 127.0, 126.4,
126.3, 125.0, 122.4, 118.1, 108.4, 69.2, 49.0, 30.8, 27.6, 27.5, 27.4, 27.3, 27.2, 25.4, 25.0,
10.9.

HRMS (ESI): m/z [M + H]" calculated for C25sH34NO* 364.2635, found 364.2639.

HPLC: Chiralpak IC column, 70:30 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 5.15 min (minor), 5.82 min (major).

6.Gram-Scale Synthesis and Derivatizations
6.1. Gram-Scale Synthesis

Q Pd(OAC), (10 mol%)
0 AgTFA (3.0 e N
+  2n g ( q) o
XN Me L-pGIu-OH (20 mol%) M
| IPrOH, 60 °C, 12 h [N ©
=

1a 3ah
0.5498 g, 1.5 mmol 0.5554 g, 77%, 98% ee

A 100 mL round-bottom flask equipped with a magnetic stirring bar was
charged with cyclophane 1a (0.5498 mg, 1.5 mmol, 1.0 equiv.), 2h (0.3545 g, 0.40
mL, 2 mmol, 2.0 equiv.), Pd(OAc); (33.7 mg, 0.15 mmol, 10 mmol%), .-pGlu-OH (38.7
mg, 0.30 mmol, 20 mmol%), AgTFA (0.9940 g, 4.5 mmol, 3.0 equiv.), and ‘PrOH (20
mL). Then the reaction mixture was stirred at 60 °C under air. After 12 h, the
reaction mixture was immediately cooled to room temperature. The resulting
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mixture was concentrated in vacuo and the residue was purified by column
chromatography on silica gel to afford the corresponding product 3ah (0.5554 g,
1.15 mmol, 77% yield, 98% ee).

6.2. Derivatizations of 3ae

o N o DMF, 0 °C to rt
SN Me @
=

3ae, 54%, 86% ee
cis:trans = 5:1

O,N

NH,
o
|, CSCly, EtsN, CHyCly, 0 °Cto 1t

(b)

8, 34%, >20:1 dr
cis:trans = 8:1

(a) To a solution of 3ae (51.3 mg, 0.1 mmol, 1.0 equiv.) in dry DMF (1 mL) was
added 4,4-Bipyridine (0.8 mg, 0.005 mmol, 0.05 equiv.) at 0 °C. Then the B2(OH)4
(35.9 mg, 0.4 mmol, 4.0 equiv.) was added to the reaction at 0 °C. The reaction
mixture was warmed to room temperature and stirred for 2 h. Then the reaction
mixtures were diluted with water (2 mL) and extracted with EtOAc (5 mL x 3). The
combined organic phases were washed by brine and dried over anhydrous
Na2S04. After filtration and removing the solvent in vacuum, the crude product is
obtained. The crude product S30 was used directly for next step.

(b) Thiophosgene (0.01 mL, 0.13 mmol, 1.3 equiv.) was added dropwise to a
solution of (1R,2R)-N,N-dimethylcyclohexane-1,2-diamine (0.02 mL, 0.12 mmol,
1.2 equiv) and Et3N (0.4 mL, 3 mmol, 30.0 equiv.) in CH2Cl (1.0 mL). The mixture
was stirred for 30 min at 0 °C. Then, the cold bath was removed, and stirring was
continued for an additional 3 h. The mixture was extracted with CH>Cl> (5 mL x 3).
The combined organic phases were washed with brine and dried over anhydrous
NaS04. After filtration and removal of the solvent in vacuum, the crude product
was obtained as a brown oill2l,

Under an N; atmosphere, the aforementioned crude brown oil was added to
a solution of S30 (0.1 mmol, 1.0 equiv.) in dry CH>Cl,. The reaction mixture was
stirred for 24 h at room temperature, and the reaction progress was monitored
by TLC. After the reaction was complete, the mixture was directly purified by
column chromatography on silica gel (CH2Cl2’MeOH = 20:1, v/v) to afford the
desired product 8 (34%, >20:1 dr, cis:trans = 8:1).
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gen.s

SN Me

|
8, yellow solid, 22.7 mg, 34% yield, >20:1 dr.

'H NMR (600 MHz, CDCl3) ¢ 8.26 (d, J = 4.8 Hz, 1H), 7.52 - 7.48 (m, 4H), 7.45 (d, J =
7.9 Hz, 1H), 7.41 (d, J = 8.5 Hz, 1H), 7.19 (d, J = 16.2 Hz, 1H), 7.07 (dd, J = 7.8, 4.9 Hz,
1H), 6.86 (d, J = 16.6 Hz, 1H), 6.83 (d, J = 8.7 Hz, 1H), 4.40- 4.36 (m, 1H), 4.18 — 4.13 (m,
1H), 4.13 - 4.07 (m, 1H), 3.63 - 3.58 (m, 1H), 2.27 (s, 6H), 2.10 (s, 3H), 1.88 - 1.78 (m,
2.6H), 1.72 - 1.60 (m, 8.1H), 1.50 - 1.42 (m, 2.6H), 1.34 — 1.22 (m, 6.1H), 1.16 — 0.97 (m,
9.3H), 0.96 — 8.86 (m, 2.5H).

13C NMR (151 MHz, CDCl3) 6 168.9, 156.4, 154.3, 148.4, 140.7, 135.9, 129.9, 128.4,
127.9, 127.6, 127.1, 123.6, 123.0, 113.8, 113.4, 69.3, 67.3, 56.4, 48.6, 40.1, 32.9, 29.8,
26.9, 26.4, 25.6, 25.1, 24.9, 24.8, 24.7, 22.0, 13.1.

HRMS (ESI): m/z [M + H]" calculated for C40H54N502S" 668.3993, found 668.3999.

0]

6]
8 (10 mol% f
CO.1Bu N CO,'Bu N-CO,'Bu
2 CH,Cl,, -78 °C !

HN\COZ’BU
9 10 .
11, 46% yield, 50% ee

Compound 11 was prepared in 46% yield, 50% ee according to the known
procedure with compound 8 (>20:1 dr) as catalyst.3! This compound is known and
the spectroscopic data match those reported!?l.

'H NMR (600 MHz, CDCl3) ¢ 7.79 - 7.68 (m, 1H), 7.65 - 7.57 (m, 1H), 7.47 (d, J = 8.2
Hz, 1H), 7.33 (t, J = 7.6 Hz, 1H), 6.72 (s, 1H), 4.16 — 3.71 (m, 5H), 1.50 — 1.25 (m, 18H).

HPLC: Chiralpak IE column, 80:20 hexanes/isopropanol, flow rate = 1.0 mL/min,
A =254 nm, tg = 16.24 min (major), 18.64 min (minor).

[a@]p 25 =+7.1(c = 0.21, CH2Cl).

NO
Q . 8 (10 mol%) HO :
+ MeNO, _ F
@Aj\,f': 13 DMAP (20 mol%) LF
THF, -20 °C
12 14, 60% yield, 73% ee

Compound 14 was prepared in 60% yield, 73% ee according to the known
procedure with compound 8 (>20:1 dr) as catalyst.[*] This compound is known and
the spectroscopic data match those reported!4l.

'H NMR (400 MHz, CDC13) 7.62 - 7.59 (m, 2H), 7.48 - 7.44 (m, 3H), 5.03 (m, 2H), 4.63
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(s, 1H) .

HPLC: Chiralpak IB N-5 column, 80:20 hexanes/isopropanol, flow rate = 1.0
mL/min, A =254 nm, tg = 15.87 min (minor), 19.98 min (major).

a Jp% = +134.0 (c = 0.21, CH2Cly).
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7.X-Ray Report

Figure S9. Thermal ellipsoid plot for the crystal structure of 3ga (at 50% probability level,
CCDC 2519473[3]),

Experimental

Single crystals of C34H42N204 (3ga) were recrystallized from CH2Cl; and PE. A
suitable crystal was selected and mounted in inert oil and transferred to the cold
gas stream of the diffractometer. The crystal was kept at 100.00(10) K during data
collection.

Crystal structure determination of 3ga

Crystal Data for C3sH42N>02 (M =510.69 g/mol): monoclinic, space group C2
(no. 5), a = 21.4203(5) A, b = 8.68280(10) A, ¢ = 16.9906(4) A, B = 112.528(3)°, V =
2918.91(12) A3 , Z = 4, T = 100.01(10) K, 1 (Cu Ka) = 0.553 mm! , Dcalc = 1.162
g/cm? | 20705 reflections measured (8.55° < 20 < 150.98°), 4870 unique (Rint =
0.0433, Rsigma = 0.0363) which were used in all calculations. The final R{ was 0.0396
(I>2 0 (1) and wR; was 0.1044 (all data).
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Table S9 Crystal data and structure refinement for 3ga.

Empirical formula

C34H42N202
Formula weight 510.69
Temperature [K] 100.01(10)
Crystal system monoclinic
Space group (number) C2 (5)
a[A] 21.4203(5)
b [A] 8.68280(10)
c[A] 16.9906(4)
a [ 90
B L] 112.528(3)
Y [ 90

Volume [A3]

2918.91(12)

V4

4
P cale [gem™] 1.162
4 [mm™1 0.553
F(000) 1104
Crystal size [mm?] 0.2x0.15%0.05
Radiation CukK, (M=1.54184 &)
20 range [°]

8.55 to 150.98 (0.80 A)

Index ranges

26 Sh<S25-10<Kk<9-21<1<20

Reflections collected

20705

Independent reflections

4870[Rint = 0.0433], [Rsigma = 0.0363]

Data / Restraints / Parameters

4870/188/426

Goodness-of-fit on F2

1.053

Final R indexes [I=2 0 (I]

R1=0.0396 wR> = 0.0953

Final R indexes [all data]

R1 =0.0483 wR> = 0.1044

Largest peak/hole [eA™3]

0.29/-0.25

Flack X parameter

—-0.11(15)
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9.Copies of NMR Spectra

1a, 'H NMR (600 MHz, CDCl3)
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1b, 'H NMR (400 MHz, CDCl3)
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1b, 13C NMR (101 MHz, CDCl3)
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1c, 'H NMR (400 MHz, CDCl3)
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1c, 13C NMR (101 MHz, CDCl3)
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1d, 'H NMR (600 MHz, CDCl3)
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1d, 13C NMR (101 MHz, CDCl3)
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1e, 'H NMR (400 MHz, CDCl3)
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1e, 13C NMR (101 MHz, CDCl3)
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1f, tH NMR (600 MHz, CDCl3)
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1f, 13C NMR (151 MHz, CDCl3)
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1g, 'H NMR (600 MHz, CDCl3)
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1g, 13C NMR (151 MHz, CDCl3)
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1h, 'H NMR (400 MHz, CDCl3)
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1h, 3C NMR (101 MHz, CDCl3)
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1i, 'H NMR (400 MHz, CDCl3)
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1i, 13C NMR (101 MHz, CDCl3)
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1j, 'H NMR (400 MHz, CDCl3)
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1j, 13C NMR (101 MHz, CDCl3)
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1k, 'H NMR (400 MHz, CDCl3)
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1k, 3C NMR (101 MHz, CDCl3)

mG.m_
%e.a /
900°ST
10T°ST
1LT'ST
01p'LT F
T68°LT \
16L°8T \
617°T€
6PI°LY
6£9°0S
I1SL'0S

O

v98°STI
0€TLTI —
YLT'8TL

f
Te0°6Cl
SPL'6TI
9LL'EEL

060°€TI
186°€TI /
X

SO0T'9€L
081°evl
TL9'8Yl

€09°891 —

£1 (ppm)

S71



11, 'H NMR (600 MHz, CDCl3)
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11, 13C NMR (151 MHz, CDCl3)
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1m, 'H NMR (400 MHz, CDCl3)
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1m, 13C NMR (101 MHz, CDCl3)

6TP €l —
118°€T
0L YT /
L88VT
LOV'ST
8TY'ST
000°LT
(1] 8 &95rd
OBm.Om.\.
Yro'Ly

109°TL —
091°LL —

S16°22I
986°€T1 |
£5€'ST
160°LTI
18T°LTT
SIS'LTI
S0T'8TI
Iv6'8TI
1$T°6T1 \F
LS8'6TI
S8T'TEI ~
PLO'OET ~
ovI'8El ¢
010°0%1
SOL 0T \

8PP IvI
018°8¥1
10S¥vS1
068°SS1
9PL'891 —

Ph

150

£1 (ppm)

S73



1n, 'H NMR (600 MHz, CDCl3)
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in, 3C NMR (151 MHz, CDCl3)
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10, 'H NMR (600 MHz, CDCl3)
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10, 13C NMR (151 MHz, CDCl3)
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1p, 'H NMR (600 MHz, CDCl3)
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1p, 13C NMR (151 MHz, CDCl3)
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(Rp)-3aa, 'H NMR (400 MHz, CDCl3)
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(Rp)-3aa, 13C NMR (101 MHz, CDCla3)
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(Rp)-3ab, 'H NMR (600 MHz, CDCl3)

9%6°0
I10°T |
£20°1 |
pE0°1 |
80°1 1
850°1 1
0L0°1
080°1
$80°1
SII'T
1z
IYARE
6TI'1
I
PST'L ;
9971 1
8LT1
1671 ]
£0E'1
psb1
Sop'1
LLPT
801°C
€SI
8SI'p
1089
8189 1
8289 |
7€8'9 |
Sso'L |
650°L 1
081°L ]
907'L |
09T°L 1
00€°L 1
soeL |
PISL
LISL ,W
98¢€°L
00%°L
90b°L ]
60b°L ]
0Tr L]
€TY'L ]
0sH'L |
19°L |
sLbL ]
ospL |
ovT'8
8rT8”

/

e

€€
M/mm.o

I

(88 ¢
'

11

m\nw.u

_ Legy
BT

- H/mN.v
H{m.u

I

€1

N\NN”N
Jer

neT
= ﬁm.m
&4

Foor

u

(Rp)-3ab, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ac, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ac, 13C NMR (101 MHz, CDCl3)

L8O'ET —
€6L¥T
€06'VC /
86S°'ST ¢
€I¥'9T
€16'9C

86C°LT
TEE'LT

0LS'8Y —

TST69 —

091°LL —

STYEIL
¥89°SII
668°SII
6¥6°CCL

06V €Tl r
({1 .44}
6€6'¥CI %
v96'vCl

SOI°LTI
T9L°LTL
€¥0°8CI
€TI'8TI
0v°8CI
6¥8°e€l
88°¢€l
918°s€l
9€9°0v1
09€°8¥1
68T¥SI
TEE9S1
0T 191
199°¢€91
868°891

=

e

T T
150 140

T
160

£1 (ppm)

S79



(Rp)-3ac, 1°F NMR (376 MHz, CDCl3)
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(Rp)-3ad, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ad, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ae, '"H NMR (600 MHz, CDCl3)

S€6°0 |
110°1 |
120°T
TE0°T
ISO°T
790°1 4
€LOT A
880°1 #
160°1 ¥
SII'T
sTr
pern
T
1ST1
YoT'1
oLz1 |
68T'T
001 |
z1en ]
ost'1 |
89b°1
6LY'I
o1 ]
¥60°C \
pLI'Y
Lr89
29891
1

e —

016'9
8169 |
7€6'9
9€6'9 |
180°L 1
¥80°L 1
T60°L
09Z'L
80b°L |
SEv'LA
£hb'L A
8L
8IS'L
1Ts'L]
0€s'L
TESL
009°L
[ACYR
v68°L
806°L 1
L61'8
661'8 ]
ey’

-

S, (T

N

N

o)

= 01
)@N.N

£1 (ppm)

(Rp)-3ae, 13C NMR (151 MHz, CDCl3)
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(Rp)-3af, '"H NMR (600 MHz, CDCl3)
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(Rp)-3af, 13C NMR (101 MHz, CDCl3)
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(Rp)-3ag, 'H NMR (400 MHz, CDCl3)

L1601
626°0 1
£+6°0 |
9€0°T
680°I |
I
STI'T
T
1971
SLTT
$6T'1 |
1€
81E'T ]
091 ]
LLY'T ]
S6b°T
66S°'T
919'L
£c0'1 |
819°1

S99°1L

SII'T
£9¢°T
v
bTIY
0sId
oIy
pSIb
S18°9
L€89

€189 |
S88°0 |
950°L |
190°L
€LO'L
6rI'L Y
LST'LA
LLY'L]
0617
09T'L

T65°L ]
66<°L ]
1L
1Zp'L

WL
zsh'L |
LovL ]
1Lt ]
897°8

e

087’8 ]

Me

Is6'0

Forz
hot

£1 (ppm)

(Rp)-3ag, 13C NMR (101 MHz, CDCls)
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(Rp)-3ah, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ah, 13C NMR (101 MHz, CDCl3)
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(Rp)-3ai, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ai, 13C NMR (101 MHz, CDCl3)
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(Rp)-3aj, 'H NMR (600 MHz, CDCl3)
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(Rp)-3aj, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ak, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ak, 13C NMR (101 MHz, CDCl3)
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(Rp)-3al, 'H NMR (400 MHz, CDCl3)
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(Rp)-3al, 13C NMR (101 MHz, CDCl3)
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(Rp)-3am, 'H NMR (400 MHz, CDCl3)
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(Rp)-3am, 13C NMR (101 MHz, CDCl3)
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(Rp)-3an, 'H NMR (400 MHz, CDCl3)
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(Rp)-3an, 13C NMR (101 MHz, CDCl3)
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(Rp)-3a0, 'H NMR (400 MHz, CDCl3)
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(Rp)-3a0, 13C NMR (101 MHz, CDCl3)
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(Rp)-3a0 3P NMR (162 MHz, CDCl3)
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(Rp)-3ap, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ap, 13C NMR (151 MHz, CDCl3)
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(Rp)-3aq, 'H NMR (600 MHz, CDCl3)
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(Rp)-3aq, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ar, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ar, 13C NMR (151 MHz, CDCl3)
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(Rp)-3as, 'H NMR (400 MHz, CDCl3)
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(Rp)-3as, 13C NMR (101 MHz, CDCl3)
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(Rp)-3at, 'H NMR (600 MHz, CDCl3)
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(Rp)-3at, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ba, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ba, 13C NMR (101 MHz, CDCl3)
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(Rp)-3ca, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ca, 13C NMR (101 MHz, CDCl3)
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(Rp)-3da, 'H NMR (600 MHz, CDCl3)
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(Rp)-3da, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ea, '"H NMR (400 MHz, CDCl3)
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(Rp)-3ea, 13C NMR (101 MHz, CDCl3)
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(Rp)-3fa, 'H NMR (400 MHz, CDCl3)
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(Rp)-3fa, 13C NMR (101 MHz, CDCl3)
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(Rp)-3ga, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ga, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ha, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ha, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ia, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ia, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ja, 'H NMR (600 MHz, CDCl3)
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(Rp)-3ja, 13C NMR (151 MHz, CDCl3)
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(Rp)-3ka, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ka, 13C NMR (101 MHz, CDCl3)
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(Rp)-3la, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ma, 'H NMR (400 MHz, CDCl3)
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(Rp)-3ma, 13C NMR (101 MHz, CDCl3)
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(Rp)-3na, 'H NMR (600 MHz, CDCl3)
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(Rp)-3na, 3C NMR (151 MHz, CDCl3)
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(Rp)-30a, 'H NMR (600 MHz, CDCl3)
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(Rp)-30a, 13C NMR (151 MHz, CDCl3)
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(Rp)-3pa, 'H NMR (400 MHz, CDCl3)
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(Rp)-3pa, 13C NMR (101 MHz, CDCl3)
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(Rp)-4, '"H NMR (600 MHz, CDCl3)
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(Rp)-4, 13C NMR (151 MHz, CDCl3)
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(Rp)-5, '"H NMR (600 MHz, CDCl3)
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(Rp)-5, 13C NMR (151 MHz, CDCl3)
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(Rp)-6, '"H NMR (600 MHz, CDCl3)
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(Rp)-6, 13C NMR (151 MHz, CDCl3)
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(Rp)-7, '"H NMR (600 MHz, CDCl3)
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(Rp)-7, 13C NMR (151 MHz, CDCl3)
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(Rp)-8, 'H NMR (600 MHz, CDCl3)
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10.Copies of HPLC Spectra
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