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1. General Information

Room temperature is defined as 21-25 °C. The following reagents, CuBr (99.998%,
STREM), Cul (99.998%, STREM), Cu(MeCN)4BF4 (>98%, TCI America), Cs;CO3 (99.9
%, Sigma-Aldrich) and K3;POs; (99.9%, Sigma-Aldrich) were purchased from the
corresponding commercial suppliers and used as received. All other reagents were
purchased from commercial suppliers and used without further purification, unless
otherwise noted. Acetonitrile, N,N-dimethylformamide, toluene and tetrahydrofuran were
obtained from a Seca Solvent System by GlassContour, in which the solvent was dried over
alumina and dispensed under an atmosphere of Ar. Triethylamine (Et;N), N,N-diisopropyl
ethylamine (‘Pr,NEt) and pyridine were distilled over CaH, under a nitrogen atmosphere
prior to use. All other solvents were purchased from commercial suppliers and used without
further purification, unless otherwise noted.

Routine 'H NMR spectra were recorded on Agilent 400, 500, or 600 MHz
spectrometers at ambient temperature unless otherwise stated. All NMR solvents were
purchased from Cambridge Isotope Laboratories and used without further purification.
Chloroform-d, dichloromethane-d,, acetone-ds, acetonitrile-d;, and deuterium oxide-d>
were stored at ambient temperature, and methanol-d, and dimethylsulfoxide-ds ampoules
were used immediately after opening. Spectra were processed using MestReNova 14.2.0
using the automatic phasing and polynomial baseline correction capabilities. Splitting was
determined using the automatic multiplet analysis function with manual intervention as
necessary. Spectral data are reported as follows: chemical shift (multiplicity [singlet (s),
broad singlet (brs), doublet (d), triplet (t), quartet (q), pentet (p), multiplet (m), doublet of
doublets (dd), doublet of doublet of doublets (ddd), doublet of triplet of doublets (dtd),
doublet of doublet of doublet of doublets (dddd), doublet of triplets (dt), triplet of doublets
(td), etc.], coupling constant, integration). Chemical shifts are reported in ppm (3), and
coupling constants are reported in Hz. 'H Resonances are referenced to solvent residual
peaks for CDCl; (7.26 ppm), CD,Cl; (5.32 ppm), DMSO-d; (2.50 ppm), DO (4.79 ppm),
CDsCN (1.79 ppm), or CD;0D (3.31 ppm).' Routine *C NMR spectra were recorded on
Agilent 400, 500, or 600 MHz spectrometers with protons fully decoupled. '*C Resonances
are reported in ppm relative to solvent residual peaks for CDCl; (77.16 ppm), CD,Cl,
(53.84 ppm) or CD;0OD (49.0 ppm).' Note: Small deviations in chemical shifts may be
observed depending on the concentration of NMR samples.

Infrared spectra were recorded on a Nicolet 6700 ATR/FT-IR spectrometer, and
Vmax are partially reported in cm . High-resolution mass spectrometry was performed by
Chemical and Biophysical Instrumentation Center at Yale University, on a Waters Xevo
Q-TOF high-resolution Mass Spectrometry using ESI. Ultra high-performance liquid
chromatography-mass spectrometry (UPLC/MS) was performed on a Waters Acquity
SQD?2 instrument equipped with an Ultra BEH C-18 column (1.7 pm particle size, 2.1 X
50 mm), a dual atmospheric pressure chemical ionization (API)/electrospray ionization S4
(ESI) mass spectrometry detector, and a photodiode array detector. Analytical thinlayer
chromatography was performed using 60 A Silica Gel F254 pre-coated plates (0.25 mm
thickness). TLC plates were visualized by irradiation with a UV lamp. Ry values are
reported. Normal-phase column chromatography was performed using 60 A Silica Gel
(32—62 micron) with an appropriate mobile phase composition and gradient. Optical
rotations were recorded on a Perkin-Elmer Polarimeter 341 at the sodium D-line (589 nm)
using a cell of 50 mm path length. Measurements were recorded at 20 °C. Concentration
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values are reported in units of g/100 mL. Normal-phase high-performance liquid
chromatography was performed using an Agilent 1100 series instrument equipped with a
diode array detector and columns (chiral supports) from Daicel Chemical Industries.

In many cases, normal-phase flash chromatography was performed using a Biotage
Isolera One purification system equipped with a 10, 25, 50 or 100 g SNAP Ultra (HP
Sphere, 25 um silica) cartridge and an appropriate EtOAc/Hex linear gradient in the mobile
phase. Reversed-phase column chromatography was performed using a Biotage Isolera
One purification system equipped with a 15, 30, 60 or 120 g SNAP-C18 column and an
appropriate MeOH/H,0 or MeCN/H,O linear gradient in the mobile phase.



1.1 Abbreviation
Aib
Boc
CDCl,
CD,Cl,
CD;0OD
DCM
DIPEA
DMF
DMSO

EDC
EtOAc
EtOH

HBTU

Hex
HOBt
HPLC
HRMS
IPA
LC-MS
MeCN
MecOH
NBS

rt

TFA
THF
TBS
UPLC
TLC
™G
Tol

S5

2-aminoisobutyric acid
tert-Butoxycarbonyl

Chloroform-d

Methylene chloride-d

Methanol-dy

Dichloromethane

N, N-Diisopropylethylamine
N,N-Dimethylformamide
Dimethylsulfoxide
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
Ethyl acetate

Ethanol
(2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

Hexanes

1-Hydroxybenzotriazole
High-performance liquid chromatography
High-resolution mass spectrometry
Isopropyl alcohol

Liquid chromatography mass spectrometry
Acetonitrile

Methanol

N-Bromosuccinimide

Room temperature

Trifluoroacetic acid, trifluoroacetate
Tetrahydrofuran

tert-Butyldimethylsilyl

Ultra Performance Liquid Chromatography
Thin-layer chromatography
Tetramethylguanidine

Toluene
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2. Synthesis of Guanidinylated Amino Acid Ligands

Guanidinylated ligands used in this study (L1, ent-L2, L2, L3 and ent-L4) were prepared
by following the previously reported procedures.” Example synthesis is shown below:

S)
o
PFG (0] H ®
HBTU (1.5 equiv) Ho® AL, ’ Me.N. _N o
HoN \)J\OMe Et3N ( 2 5 equiv) MezN\fN\)J\OMe LIOH-H0 (2.2 equiv) e2 \lé \)kO
HCI MeCN 1t . NMe, 1:1 H,0/MeOH, 0 to rt NMe,
H-Gly-OMe-HCI ’ L3

3. Synthesis of Diarylmethane
Diarylmethane 1 was prepared by following the previously reported procedures.*

(0] Me
Q-| @/@ Me%H Aniline (3.0 equw) NBS (2.0 equiv)
cIHN + Me Me

neat, 140 °C, 15 h O O MeCN, 0 °C to rt, 15 min
HoN NH,

Me Me
Me

Me Me
TFAO (2.2 equiv)
EtsN (2.4 equiv)

o} o}
O O CH,Cl,, 0 °C tort, 10 min O O
H,oN NH, are F3C)J\N NJ\

Br Br Br Br

1.0 equiv 1.0 equiv

CF3

4. Synthesis of Bifunctional Nucleophiles
4.1 General Synthetic Routes for Bifunctional Nucleophiles:

O O

OH
/H"\/ o~ Aos
Pd(PPhg),Cl, (2 mol % (1.2 equiv)
@ (PEI)zCl (2.0 %) @\HA pyridine (1.5 equiv)
N N -
O,N ' EtyN (neat), it, 4-15h ~on THROCtort,2h
Hs (1 atm) o o
0o o Pd/C (10 mol %) Pl
OaN N 0 OEt
o Hor HoN

MeOH, rt, 15-36 h n

n

4.2 General Procedure 1: Sonogashira Coupling

To a flamed-dried RBF equipped with a magnetic stir bar was added aryl iodide (1.00
equiv), Pd(PPh;),Cl, (0.02 equiv) and Cul (0.04 equiv). Reaction vessel was evacuated and
backfilled with N, x 3. Dry Et;N (1.0 M) (distilled over CaH, and stored under N,) was
added through the septa. To the stirring mixture was added alcohol (1.20 equiv). Reaction
mixture was left to stir for 4-15 h until reaction was complete (monitored by TLC). The
reaction mixture was diluted with EtOAc and washed with sat. NH4Cl (aq). Aqueous layer
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was extracted with EtOAc x 3. Combined organic layers were washed with sat. NaCl (aq),
dried over anhydrous Na,SQy, filtered and concentrated in vacuo. The crude material was
purified by flash chromatography to afford the desired material.

4.3 General Procedure 2: Acylation of Alcohols

To a flame-dried RBF equipped with magnetic stir bar was added nitrobenzene S1-S8
(1.00 equiv) and anhydrous THF (0.12 M). Reaction mixture was cooled to 0 °C. Dry
pyridine (1.50 equiv) distilled over CaH; was added dropwise to the stirring mixture. Ethyl
malonyl chloride (1.20 equiv) in THF (1.00 M) was subsequently added dropwise to the
stirring mixture. Reaction mixture was warmed to room temperature, and left to stir for 2
hours until reaction was complete (monitored by TLC). Reaction mixture was diluted with
CH,Cl; and quenched with 10% (w/v) citric acid (aq). Aqueous layer was extracted with
CH,CI, x 3. Combined organic layers were washed with sat. NaCl (aq), dried over
anhydrous Na,SOy, filtered and concentrated in vacuo. The crude material was then
purified by flash chromatography to afford desired material.

4.4 General Procedure 3: Hydrogenolysis & Nitro Reduction

To a flame-dried RBF equipped with magnetic stir bar was added nitrobenzene S9—S16
and MeOH (0.5 M). Reaction mixture was sparged with N, for 15 minutes. Pd/C (10 wt %
—50% wet with water) was added to the reaction mixture then further sparged with N, for
15 minutes. Atmosphere was switched to H; via balloon and reaction mixture was left to
stir overnight (15 h) at room temperature. The mixture was filtered through Celite ® and
concentrated in vacuo. The crude material was purified by silica chromatography to afford
the desired products.

5. Characterization and Spectra of Bifunctional Nucleophiles and Intermediates

5.1 Cross-coupled Products

NO,

X
OH

S1

4-(4-methyl-3-nitrophenyl)but-3-yn-1-ol (S1) was synthesized from 4-iodo-1-methyl-2-
nitrobenzene following General Procedure 1. Crude material was purified by silica
chromatography (02>40->60% EtOAc/Hex) to yield S1 as an orange solid (1.5392 g, 99%
yield).

TLC (40% EtOAc/Hex): Ry = 0.40.

IR (FT-ATR, cm’', neat): vmax 3245, 2934, 2086, 2078, 1521, 1445, 1377, 1344, 1054,
1025, 857, 667.
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"H NMR (600 MHz, CDCl3) § 7.99 (s, 1H), 7.51 — 7.47 (m, 1H), 7.26-25 (m, 1H), 3.83 (t,
J=6.2 Hz, 2H), 2.69 (t,J= 6.3 Hz, 2H), 2.57 (s, 3H), 1.92 (s, 1H).

3C NMR (151 MHz, CDCl;) & 149.1, 135.8, 133.3, 132.9, 127.8, 122.7, 88.9, 80.2, 61.1,
23.8,20.5.

HRMS (ESI/Q-TOF): Exact mass calculated for [C;;H;;NO; + H]Jr requires m/z=
206.0817, found m/z = 206.0820.

NO,

A
OH

S2

4-(3-nitrophenyl)but-3-yn-1-ol (S2) was synthesized from 1-iodo-3-nitrobenzene
following General Procedure 1. Crude material was purified by silica chromatography
(0>40% EtOAc/Hex) to yield S2 as a beige solid (1.6193 g, 92% yield). Characterization
data is in agreement with reported values.’

NO,

X

OMe OH
S3

4-(1-methoxy-4-nitronaphthalen-2-yl)but-3-yn-1-o0l (S3) was was synthesized from 2-
iodo-1-methoxy-4-nitronaphthalene” following General Procedure 1. Crude material was
purified by silica chromatography (0>30-2>60% EtOAc/Hex) to yield S3 as a yellow solid
(1.3970g, 89% yield). Characterization data is in agreement with reported values.”

NO,

A
OMe OH

s4

4-(2-methoxy-5-nitrophenyl)but-3-yn-1-0l (S4) was synthesized from 2-iodo-1-
methoxy-4-nitrobenzene following General Procedure 1. Crude material was purified by
flash chromatography (0>30-> 50% EtOAc/Hex) to yield S4 as a beige solid (1.0670 g,
93% yield).

TLC (30% EtOAc/Hex): R,=0.27.

"H NMR (400 MHz, CD,Cl,) & 8.25 — 8.22 (m, 1H), 8.16 (dd, /= 9.2, 2.7 Hz, 1H), 6.95
(d,J=9.2 Hz, 1H), 3.96 (s, 3H), 3.79 (q, /= 6.2 Hz, 2H), 2.71 (t,J = 6.2 Hz, 2H), 1.93 (4,
J=6.3 Hz, 1H).

BC NMR (101 MHz, CD,CL,) § 165.2, 144.4, 129.2, 125.6, 114.0, 110.8, 93.8, 76.8, 61.2,
57.1,24.4.
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IR (FT-ATR, cm™, neat): vmax 3268, 3078, 2947, 2883, 2338, 1577, 1504, 1332, 1266,
1093, 928.

HRMS (ESI/Q-TOF): Exact mass calculated for [C;;H;;NOs + H]Jr requires m/z=
222.0761, found m/z = 222.0755.

NO,

X OH

S5

5-(3-nitrophenyl)pent-4-yn-1-0l (S5) was synthesized from 1-iodo-3-nitrobenzene
following General Procedure 1. Crude material was purified by silica chromatography
(02>30>60% EtOAc/Hex) to yield S5 as a pale yellow oil (1.7003g, quantitative yield).
Characterization data is in agreement with reported values.

NO,

3-(3-nitrophenyl)prop-2-yn-1-ol (S6) was synthesized from 1-iodo-3-nitrobenzene
following General Procedure 1. Crude material was purified by silica chromatography
(0>40% EtOAc/Hex) to yield S6 as a light brown oil (0.4808 g, 92% yield).
Characterization data is in agreement with reported values.’

NO, OH
Z

S7

4-(2-nitrophenyl)but-3-yn-1-0l (S7) was synthesized from 1-iodo-2-nitrobenzene
following General Procedure 1. Crude material was purified by silica chromatography (0
250 280% EtOAc/Hex) to yield S7 as a brown oil (3.7858 g, 98% yield).

TLC (50% EtOAc/Hex): 0.46.

"H NMR (400 MHz, CDCl3) § 8.05-7.96 (m, 1H), 7.68-7.51 (m, 2H), 7.48-7.38 (m, 1H),
3.86 (t,J= 6.0 Hz, 2H), 2.75 (t, J = 6.0 Hz, 2H), 2.16 (s, 1H).

BC NMR (101 MHz, CDCl3) § 150.2, 134.8, 133.0, 128.5, 124.8, 118.9, 95.8, 78.1, 61.0,
24.4.

IR (FT-ATR, cm™, neat): vimax 3373, 2886, 2335, 1519, 1479, 1340, 1039, 743.

HRMS (ESI/Q-TOF): Exact mass calculated for [C1oHoNOs; + H]™ requires m/z=
192.0655, found m/z = 192.0665.
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NO,

// OH

S8

5-(2-nitrophenyl)pent-4-yn-1-ol (S8) was synthesized from 1-iodo-2-nitrobenzene
following General Procedure 1. Crude material was purified by silica chromatography
(02>50>80% EtOAc/Hex) to yield S8 as a brown oil (2.8462 g, 84% yield).
Characterization data is in agreement with reported values.’

5.2 Acylation Products

NO,

Me
. O O
A
oo

S9

Ethyl (4-(4-methyl-3-nitrophenyl)but-3-yn-1-yl) malonate (S9) was synthesized from
S1 following General Procedure 2. Crude material was purified by silica chromatography
(02>20>50% EtOAc/Hex) to yield S9 as a pale yellow oil (1.2873 g, 69% yield).

TLC (30% EtOAc/Hex): Ry= 0.48.

IR (FT-ATR, cm'l, neat): vmax 2991, 2119, 1731, 1527, 1332, 1145, 1030, 832.

"H NMR (600 MHz, CDCl3) § 7.99 (d, J = 1.3 Hz, 1H), 7.50 (dd, J = 7.9, 1.4 Hz, 1H),
7.27 (d, J = 7.4 Hz, 1H), 4.34 (t, J = 6.8 Hz, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.42 (s, 2H),
2.79 (t,J= 6.8 Hz, 2H), 2.58 (s, 3H), 1.27 (t, /= 7.1 Hz, 2H).

BC NMR (151 MHz, CDCly) & 166.5, 166.5, 149.2, 135.8, 133.4, 132.9, 127.8, 122.6,
87.4,80.0, 63.1, 61.8, 41.6, 20.5, 19.9, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [Ci;sH7NOg + H]™ requires m/z=

320.1129, found m/z = 320.1143.
NO,

Sy
= OJ\/U\OEt

S10

Ethyl (4-(3-nitrophenyl)but-3-yn-1-yl) malonate (S10) was synthesized from S2
following General Procedure 2. Crude material was purified by silica chromatography
(0>30-> 50% EtOAc/Hex) to yield S10 as a pale yellow oil (1.9685 g, 76 % yield).

TLC (20% EtOAc/Hex): Ry= 0.38.

IR (FT-ATR, cm™, neat): vimax 3084, 2961, 2114, 1730, 1528, 1369, 1350, 1144, 1030, 899.
"H NMR (500 MHz, CDCl;): & 8.24 (s, 1H), 8.13 (d, J= 8.2 Hz, 1H), 7.69 (d, J= 7.7 Hz,
1H), 7.47 (t, J = 8.0 Hz, 1H), 4.35 (t, J = 6.7 Hz, 2H), 4.20 (q, J = 7.1 Hz, 2H), 3.42 (s,
2H), 2.80 (t, J= 6.7 Hz, 2H), 1.27 (t, J= 7.1 Hz, 3H).
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3C NMR (126 MHz, CDCL) & 166.5, 166.4, 148.2, 137.5, 129.4, 126.6, 125.2, 122.9,
88.3, 80.1, 63.0, 61.8, 41.6, 19.9, 14.2.

HRMS(ESI/Q-TOF): Exact mass calculated for [C;sH;sNOg + H]+ requires m/z=
306.0972, found m/z = 306.0970.

NO,
I o
X
OMe OJ\/U\OEt

S11

Ethyl (4-(1-methoxy-4-nitronaphthalen-2-yl)but-3-yn-1-yl) malonate (S11) was
synthesized from S3 following General Procedure 2. Crude material was purified by silica
chromatography (02>25% EtAOc/Hex) to yield S11 as a yellow oil (0.8845 g, 87% yield).
TLC (30% EtOAc/Hex): Rf'=0.35.

IR (FT-ATR, cm’', neat): vy 2965, 2906, 2084, 1751, 1720, 1620, 1511, 1321, 1269,
1143, 1037, 785.

"H NMR (400 MHz, CDCls): § 8.62 (d, J = 8.7 Hz, 1H), 8.30 (dd, J = 9.0, 1.5 Hz, 2H),
7.73 (ddd, J = 8.7, 6.9, 1.4 Hz, 1H), 7.62 (ddd, J = 8.3, 6.9, 1.2 Hz, 1H), 4.40 (t, J = 6.7
Hz, 2H), 4.29 (s, 3H), 4.21 (q, J = 7.1 Hz, 2H), 3.43 (s, 2H), 2.90 (t, /= 6.7 Hz, 2H), 1.28
(t,J=7.2 Hz, 3H).

BC NMR (151 MHz, CDCl3) § 166.5, 166.4, 162.5, 141.3, 130. 4, 130.2, 128.6, 127.7,
126.3, 123.6, 123.4, 108.5, 92.5, 77.6, 63.1, 61.9, 61.8, 41.6, 20.3, 14.2.
HRMS(ESI/Q-TOF): Exact mass calculated for [CyH;oNO; + H]™ requires m/z=
386.1234, found m/z = 386.1231.

NO,

(6] (0]
X
AN
(O;MNOMOB

S§12

Ethyl (4-(2-methoxy-5-nitrophenyl)but-3-yn-1-yl) malonate (S12) was synthesized
from S4 following General Procedure 2. Crude material was purified by silica
chromatography (10 =50% EtOAc/Hex) to yield the desired product S12 as a yellow oil
(1.5077 g, quantitative yield).

TLC (50% EtOAc/Hex): R,=0.50

IR (FT-ATR, cm™, neat): vimax 3080, 2970, 1729, 1514, 1340, 1230, 1013, 749.

"H NMR (600 MHz, CDCls): § 8.27 (d, J = 2.8 Hz, 1H), 8.18 (dd, J = 9.2, 2.8 Hz, 1H),
6.92 (d, J=9.2 Hz, 1H), 4.36 (t, /= 6.9 Hz, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.98 (s, 3H),
3.42 (s, 2H), 2.85 (t, J= 6.9 Hz, 2H), 1.28 (t,J = 7.1 Hz, 3H).

BC NMR (151 MHz, CDCl3): § 166.6, 166.5, 164.7, 141.2, 129.4, 125.5, 113.7, 110.3,
91.8,76.4,63.1,61.8,56.7,41.6,20.2, 14.2.

HRMS(ESI/Q-TOF): Exact mass calculated for [Ci;sH;7NO; + Na]® requires m/z=
358.0897, found m/z = 358.0926.
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NO,

ij\/\/OWOEt

o O

s13
Ethyl (5-(3-nitrophenyl)pent-4-yn-1-yl) malonate (S13) was synthesized from S5
following General Procedure 2. Crude material was purified by silica chromatography
(0>30>50% EtOAc/Hex) to provide the desired product as a yellow oil (2.1051 g, 89%
yield).
TLC (40% EtOAc/Hex): Ry= 0.50.
IR (FT-ATR, cm’', neat): vimay 2961, 2324, 1729, 1528, 1368, 1349, 1146, 1031, 761, 674.
"H NMR (400 MHz, CDCl3) § 8.22 (s, 1H), 8.17 — 8.08 (m, 1H), 7.68 (d, J= 7.7 Hz, 1H),
7.46 (t, J = 8.0 Hz, 1H), 4.32 (t, J = 6.2 Hz, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.40 (s, 2H),
2.55(t,J="7.0 Hz, 2H), 1.98 (p, J = 6.7 Hz, 2H), 1.29 (t, /= 7.1 Hz, 3H).
BC NMR (101 MHz, CDCLy) & 166.7, 166.6, 148.2, 137.5, 129.4, 126.6, 125.6, 122.7,
91.6,79.4,64.1,61.8,48.4,41.7,27.6, 16.2, 14.2.
HRMS (ESI/Q-TOF): Exact mass calculated for [Ci;sH7NOg + H]™ requires m/z=
320.1129, found m/z = 320.1132.

Cj\o\ﬂ/\n/oa

o O
S14

Ethyl (3-(3-nitrophenyl)prop-2-yn-1-yl) malonate (S14) was synthesized from S6
following General Procedure 2. The crude material was then purified by silica
chromatography (02>30->50% EtOAc/Hex) followed by reversed-phase chromatography
(0295% MeCN/H,0) to provide the desired product as a clear oil (0.5711 g, 72% yield).
TLC (40% EtOAc/Hex): Ry= 0.64.

IR (FT-ATR, cm’', neat): vimax 3084, 2964, 2324, 1754, 1731, 1529, 1370, 1350, 1140,
1029, 762, 735.

"H NMR (600 MHz, CDCls): & 8.32 — 8.29 (m, 1H), 8.20 (ddd, J = 8.3, 2.2, 0.9 Hz, 1H),
7.75 (d, J = 7.7 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 4.99 (s, 2H), 4.23 (q, J = 7.1 Hz, 2H),
3.47 (s, 2H), 1.29 (t, J=7.1 Hz, 3H).

BC NMR (151 MHz, CDCl3): § 166.2, 166.0, 148.2, 137.6, 129.6, 126.9, 124.0, 123.8,
85.1,84.5,61.9,53.4,41.4, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [Ci4H3NO¢ + H]Jr requires m/z=
292.0816, found m/z =292.0844.

NO, 0 OFt
Z g

0O O

S§15



S13

Ethyl (4-(2-nitrophenyl)but-3-yn-1-yl) malonate (S15) was synthesized from S7
following General Procedure 2. Crude material was purified by silica chromatography
(02>25240% EtOAc/Hex) to provide the desired product as a yellow oil (453.3 g,
quantitative yield).

TLC (30% EtOAc/Hex): Ry= 0.54.

IR (FT-ATR, cm™, neat): vimax 2982, 2119, 1730, 1609, 1524, 1369, 1340, 1144, 1030, 745.
"H NMR (400 MHz, CDCl;) § 7.99 (d, J = 8.2 Hz, 1H), 7.56 (dt, J = 15.0, 7.7 Hz, 2H),
7.43 (t,J =7.7 Hz, 1H), 4.37 (t, J = 6.7 Hz, 2H), 4.20 (q, J = 7.1 Hz, 2H), 3.44 (s, 2H),
2.85(t,J=06.7 Hz, 2H), 1.26 (t, J= 7.1 Hz, 3H).

BC NMR (101 MHz, CDCly) & 166.6, 166.5, 150.3, 135.0, 132.8, 128.6, 124.6, 118.7,
93.9,77.6,62.9, 61.7,41.6,20.3, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [C;sH;;NO¢ + H]" requires m/z =
306.0972, found m/z = 306.0976.

O O

NO- OJ\/U\OEt

=

s16
Ethyl (5-(2-nitrophenyl)pent-4-yn-1-yl) malonate (S16) was synthesized from S8
following General Procedure 2. Crude material was purified by silica chromatography
(0>30-> 60% EtOAc/Hex) to provide the desired product as a yellow oil (0.3277 g, 92%
yield).
TLC (30% EtOAc/Hex): Ry= 0.48.
IR (FT-ATR, cm™, neat): vimax 2981, 2230, 1728, 1524, 1368, 1341, 1186, 1145, 1030, 745.
"H NMR (400 MHz, CDCl3) § 7.98 (d, J = 8.3 Hz, 1H), 7.54 (dt, J=15.0, 7.7 Hz, 2H),
7.41 (t,J=17.7 Hz, 1H), 4.34 (t, /= 6.2 Hz, 2H), 4.21 (q, /= 7.1 Hz, 2H), 3.39 (s, 2H),
2.59 (t,J=17.0 Hz, 2H), 2.00 (p, J = 6.6 Hz, 2H), 1.28 (t, /= 7.1 Hz, 3H).
BC NMR (101 MHz, CDCl3) § 166.7, 166.7, 150.2, 134.9, 132.8, 128.3, 124.6, 119.0,
97.3,76.9,64.1,61.7,41.7,27.5, 16.6, 14.2.
HRMS (ESI/Q-TOF): Exact mass calculated for [C;sH;7;NOs + H]" requires m/z=
342.0952, found m/z = 342.0948.

5.3 Hydrogenolysis Products: Bifunctional Nucleophiles
NH,
Me\@\/\/\ i i
OMOEt
2a
4-(3-amino-4-methylphenyl)butyl ethyl malonate (2a) was synthesized from S9
following General Procedure 3. The crude material was purified by flash chromatography

(0>40% EtOAc/Hex) to yield the desired product as a pale yellow oil (1.1674 g, 98%
yield).



S14

TLC (40% EtOAc/Hex): 0.50.

IR (FT-ATR, cm™, neat): vmax 3466, 3378, 2937, 2660, 2101, 1727, 1627, 1329, 1270,
1146, 1030, 734.

"H NMR (500 MHz, CDCl;) & 6.95 (d, J= 7.5 Hz, 1H), 6.65 — 6.39 (m, 2H), 4.29 — 3.92
(m, 4H), 3.56 (s, 2H), 3.36 (s, 2H), 2.53 (t, /= 7.0 Hz, 2H), 2.13 (s, 3H), 1.81 — 1.56 (m,
4H), 1.27 (t,J=17.1 Hz, 3H).

3C NMR (126 MHz, CDCl;) & 166.8, 166.7, 144.6, 140.9, 130.5, 120.0, 118.8, 115.1,
65.6,61.7,41.8,35.1,28.2,27.6,17.1, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [C16H23NO4+H]+ requires m/z=
294.1700, found m/z = 294.1697.

4-(3-aminophenyl)butyl ethyl malonate (2b) was synthesized from S10 following
General Procedure 3. The crude material was purified by flash chromatography
(02>30>50% EtOAc/Hex) to provide the desired product as a pale yellow oil (2.2495 g,
90% yield).

TLC (40% EtOAc/Hex): R,=0.50.

IR (FT-ATR, cm™, neat): 3467, 3376, 2941, 2860, 1725, 1622, 1331, 1268, 1148, 1030,
866. , 734.

"H NMR (600 MHz, CDCl3): § 7.06 (t, J = 7.6 Hz, 1H), 6.58 (d, J= 7.5 Hz, 1H), 6.53 (d,
J="17.6 Hz, 2H), 4.27 — 3.96 (m, 4H), 3.69 (s, 1H), 3.36 (s, 2H), 2.55 (t, J = 7.0 Hz, 2H),
1.67 (dd, J=6.6, 3.1 Hz, 6H), 1.27 (t,J = 7.1 Hz, 3H).

BC NMR (151 MHz, CDCl3): § 166.8, 166.7, 146.4, 143.3, 129.4, 119.0, 115.4, 113.0,
65.6,61.7,41.8, 35.5, 28.2,27.5, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [CisH;NOs + H]Jr requires m/z=
280.1549, found m/z = 280.1561.

NH,
0 P
oA g
OMe

4-(4-amino-1-methoxynaphthalen-2-yl)butyl ethyl malonate (2¢) was synthesized from
S11 following General Procedure 3. The crude material was purified by flash
chromatography (02>50->70% EtOAc/Hex) to yield 2¢ as a purple oil (1.6614 g,
quantitative yield).

TLC (50% EtOAc/Hex): R,=0.57.

IR (FT-ATR, cm’', neat): vmax 3444, 3367, 2936, 2864, 2108, 1981, 1725, 1628, 1464,
1382, 1370, 1228, 1148, 1030, 764, 708.

"H NMR (600 MHz, CDCls) § 8.05 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.50 (t,
J=17.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 6.66 (s, 1H), 4.24 — 4.13 (m, 4H), 3.85 (s, 3H),
3.36 (s, 2H), 2.78 — 2.73 (m, 2H), 1.74 (p, J = 3.5 Hz, 4H), 1.25 (t, J = 7.1 Hz, 3H).



S15

3C NMR (151 MHz, CDCL): § 166.8, 166.7, 146.8, 137.7, 130.4, 128.7, 126.1, 124.8,
124.0, 122.7,121.4, 112.0, 77.2, 65.5, 62.2, 61.7, 41.8, 29.2, 28.4, 27.0, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [C)H,sNOs + H]+ requires m/z =
360.1806, found m/z = 360.1810.

NH,
O O
Ao
OMe

2d

4-(5-amino-2-methoxyphenyl)butyl ethyl malonate (2d) was synthesized from S12
following General Procedure 3. The crude material was purified by flash
chromatography (0>45->70 % EtOAc/Hex) to yield 2d as a red-brown oil (1.2556 g,
93% yield).

TLC (40% EtOAc/Hex): R,=0.41.

IR (FT-ATR, cm’, neat): vma, 3442, 3365, 2943, 2832, 2114, 1726, 1501, 1369, 1229,
1146, 1029, 855.

"H NMR (600 MHz, CDCl3): 8 6.69 — 6.65 (m, 1H), 6.51 (d, J = 6.4 Hz, 2H), 4.19 (dt, J
=20.8, 6.9 Hz, 4H), 3.74 (s, 3H), 3.43 — 3.34 (m, 4H), 2.56 (t, J = 7.4 Hz, 2H), 1.66 (dp,
J=31.5,8.4,7.7Hz,4H), 1.27 (t, J= 7.1 Hz, 3H).

BC NMR (126 MHz, CDCl3): 166.9, 166.8, 151.0, 139.8, 131.5, 117.8, 113.6, 111.9,
65.7,61.7,56.1,41.9,29.7, 28.3, 26.2, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [C¢H23NOs+H]" requires m/z=
310.1649, found m/z = 310.1678.

NH,

@v\/vowoa

O O
2e

5-(3-aminophenyl)pentyl ethyl malonate (2e) was synthesized from S13 following
General Procedure 3. The crude material was purified by silica chromatography (0>40%
EtOAc/Hex) to yield 2e as an orange-yellow oil (1.6596 g, 94% yield).

TLC (40% EtOAc/Hex): Ry= 0.50.

IR (FT-ATR, cm’, neat): vmay 3467, 3376, 2936, 2857, 1723, 1622, 1330, 1272, 1148,
1031, 955.

"H NMR (600 MHz, CDCl3) § 7.07 (t, J = 7.9 Hz, 1H), 6.59 (d, J = 7.5 Hz, 1H), 6.54 (d,
J=17.0 Hz, 2H), 4.20 (q, /= 7.1 Hz, 2H), 4.14 (t, J = 6.7 Hz, 2H), 3.72 (brs, 2H), 3.36 (s,
2H), 2.60 — 2.45 (m, 2H), 1.76 — 1.56 (m, 4H), 1.46 — 1.34 (m, 2H), 1.28 (t, /= 7.1 Hz,
3H).



S16

3C NMR (151 MHz, CDCL) & 166.8, 166.7, 146.1, 143.8, 129.3, 119.2, 115.6, 113.0,
65.7,61.6,41.8,35.9,30.9, 28.5, 25.6, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [CH,sNOs + H]+ requires m/z =
294.1700, found m/z = 294.1689.

o0 O

HoN \©/\/\OMOE1

S§17

3-(3-aminophenyl)propyl ethyl malonate (S17) was synthesized from S14 following
General Procedure 3. The crude material was purified by flash chromatography
(02>20>40% EtOAc/Hex) to yield the S17 as an orange oil (0.1053 g, 38% yield).

TLC (40% EtOAc/Hex): Ry,= 0.38.

IR (FT-ATR, cm’', neat): vmax 3467, 3376, 2981, 2348, 1724, 1623, 1604, 1330, 1271,
1148, 1028, 911.

"H NMR (400 MHz, CDCls) § 7.07 (t, J = 7.7 Hz, 1H), 6.58 (d, J = 7.4 Hz, 1H), 6.53 (d,
J=17.6 Hz, 2H), 4.21 (q, /= 7.1 Hz, 2H), 4.16 (t, J = 6.5 Hz, 2H), 3.87 (brs, 2H), 3.38 (s,
2H), 2.66-2.38 (m, 2H), 2.05-1.86 (m, 2H), 1.29 (t,J = 7.1 Hz, 3H).

BC NMR (101 MHz, CDCLy) & 166.8, 166.7, 146.5, 142.4, 129.5, 118.9, 115.4, 113.1,
65.0,61.7,41.8,32.1, 30.0, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [Ci4sH;oNO,s + H]+ requires m/z =
266.1388, found m/z = 266.1387.

NH,

6} OEt
©/W 1T
o O

S18

4-(2-aminophenyl)butyl ethyl malonate (S18) was synthesized from S15 following
General Procedure 3. The crude material was purified by flash chromatography
(02>40->75% EtOAc/Hex) to yield S4 as a pale yellow oil (0.1119 g, 89% yield).

TLC (40% EtOAc/Hex): Ry= 0.59.

IR (FT-ATR, cm’, neat): vma 3470, 3378, 2940, 2865, 2101, 1725, 1625, 1497, 1330,
1271, 1147, 1030, 749.

"H NMR (400 MHz, CDCl;) § 7.08 — 6.99 (m, 2H), 6.73 (t, J = 7.4 Hz, 1H), 6.68 (d, J =
7.8 Hz, 1H), 4.26 — 4.07 (m, 4H), 3.37 (s, 2H), 2.53 (t, J = 7.3 Hz, 2H), 1.90 — 1.62 (m,
6H), 1.27 (t,J=7.1 Hz, 3H).

3C NMR (101 MHz, CDCL) & 166.9, 166.7, 144.2, 129.6, 127.2, 126.1, 118.9, 115.8,
77.2,65.4,61.7,41.8, 30.9, 28.5, 25.0, 14.2.

HRMS (ESI/Q-TOF): Exact mass calculated for [CisH,NOs + H]+ requires m/z =
280.1542, found m/z = 280.1543.
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5-(2-aminophenyl)pentyl ethyl malonate (S19) was synthesized from S16 following
General Procedure 3. The crude material was purified by flash chromatography
(0>35>70% EtOAc/Hex) to yield S19 as an orange oil (0.2561 g, 82% yield).

TLC (40% EtOAc/Hex): R/=0.61.

IR (FT-ATR, cm’', neat): vimax 3466, 3380, 2935, 2860, 2113, 1725, 1624, 1497, 1330,
1269, 1147, 1031, 749.

"H NMR (400 MHz, CDCl3) § 7.02 (d, J = 7.4 Hz, 2H), 6.77 — 6.61 (m, 2H), 4.31 — 4.06
(m, 4H), 3.69 (d, J=10.3 Hz, 1H), 3.37 (s, 2H), 2.71 — 2.43 (m, 2H), 1.86 — 1.61 (m, 6H),
1.45 (p, J=7.5Hz, 3H), 1.28 (t,J = 7.1 Hz, 3H).

BC NMR (126 MHz, CDCLy) & 166.8, 166.7, 144.1, 129.6, 127.1, 126.6, 119.0, 115.8,
65.6,61.7,41.8,31.3, 28.5, 28.4,25.9, 14. 2.

HRMS (ESI/Q-TOF): Exact mass calculated for [CicH»3NO,4 + H]+ requires m/z =
294.1696, found m/z = 294.1700.
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6. Synthesis of Aminophenol 2f

6.1 General Synthetic Route to 2f

OH
=z

(1.5 equiv) NO,

NO, TBSCI (1.1 equiv) NO, Pd(PPh3),Cl, (5 mol %)
Imidazole (1.0 equiv) Cul (10 mol %)
CH,Cl,, 0t0 23 °C, 3 h Et;N, 60 °C, 3 h
HO” i “Br TBSO” i “Br ’ 7880 N~

S$20
O O S21

CI)J\/U\OEI NO,

(1.2 equiv) Pd/C (10 mol %) NH,
Pyridine (1.5 equiv) Hy (1 atm)
THF,0t0 23 °C, 2 h EtOH, 23 °C, 15 h
) ’ TBSO NV ’ ’
A TB Et
Ao sO 0 0

General Procedure 2 General Procedure 3 2f

S22

6.2 Characterization of Aminophenol 2f and Intermediates
(3-bromo-5-nitrophenoxy)(fert-butyl)dimethylsilane (S20)

NO2 TBSCI (1.1 equiv) NO
/@\ Imidazole (1.0 equiv) /@\
HO Br CH20|2, Otort, 3 h TBSO Br

S$20

To a RBF equipped with a magnetic stir bar was added 3-bromo-5-nitrophenol (2.000 g,
9.17 mmol, 1.00 equiv), TBSCI (1.5210 g, 10.09 mmol, 1.10 equiv) and CH,Cl, (9.17 mL,
1.0 M). Reaction mixture was cooled to 0 °C. Imidazole (0.6243 g, 9.17 mmol, 1.00 equiv)
was added in one portion to the stirring mixture. Reaction mixture was allowed to warm to
room temperature and was left to stir for 3 hours (until consumption of the starting material
was observed by TLC). Reaction mixture was diluted with CH,Cl, (10 mL) and washed
with 10% citric acid (w/v) (20 mL). Aqueous layer was extracted with CH,Cl, (10 mL x
3). Combined organic layers were washed with saturated NaCl (aq) (40 mL), dried over
NaySOy, filtered and concentrated in vacuo to yield an orange-brown solid. Crude material
was used without in the subsequent step without further purification (2.8996 g, 95% yield).
TLC (1% EtOAc/Hex): Ry= 0.35.

IR (FT-ATR, cm’', neat): vimax 3090, 2954, 2930, 2859, 1980, 1532, 1450, 1343, 1274,
1096, 999, 839, 664.

"H NMR (500 MHz, CDCl3) & 7.98 (t, J= 1.8 Hz, 1H), 7.59 (t, J=2.1 Hz, 1H), 7.30 (t, J
= 1.9 Hz, 1H), 1.00 (s, 9H), 0.26 (s, 6H).

BC NMR (126 MHz, CDCl3) & 157.2, 149.5, 129.6, 122.9, 119.8, 114.1, 25.6, 18.3, —4.4.
HRMS (ESI/Q-TOF): Exact mass calculated for [C;,H;sBrNO;Si + H]+ requires m/z =
332.0312, found m/z = 332.0314.



S38

4-(3-((tert-butyldimethylsilyl)oxy)-5-nitrophenyl)but-3-yn-1-o0l (S21)

OH
=z

(1.5 equiv) NO,
NO, Pd(PPhg),Cl, (5 mol %)
Cul (10 mol %)

Et,N, 60 °C, 3 h B
TBSO Br 8 SO X

OH
S20 S21

To a flame-dried RBF equipped with a magnetic stir bar was added S20 (2.1667 g, 6.52
mmol, 1.00 equiv), Pd(PPh;),Cl, (0.2288 g, 0.33 mmol, 0.05 equiv) and Cul (0.1242 g,
0.65 mmol, 0.10 equiv). RBF was sparged with N, for 15 minutes. Dry Et;N (6.5 mL, 1.0
M) (stored under CaH;) was added. 3-butyn-1-o0l (0.74 mL, 9.78 mmol, 1.50 equiv) (stored
under N, in a one-dram vial with a septa cap) was added dropwise through the septum.
Reaction mixture was left to stir for 3 hours at 60 °C. (Note: Prolonged reaction time leads
to decreased yield due to cleavage of the TBS group) Reaction mixture was cooled to room
temperature, then diluted with EtOAc (15 mL). Reaction mixture was washed with sat.
NH4CI (aq) (15 mL). Aqueous layer was extracted with EtOAc (10 mL x 3). Combined
organic layers were washed with sat. NaCl(aq) (40 mL), dried over Na,SO,, filtered and
concentrated in vacuo to yield a viscous brown oil. Crude material was purified by flash
chromatography (0>30->60% EtOAc/Hex) to yield S21 as an orange-brown solid (1.7362
g, 83% yield).

TLC (40% EtOAc/Hex): Ry= 0.54.

IR (FT-ATR, cm’', neat): vmax 3301, 2935, 2862, 2114, 1530, 1426, 1343, 1256, 1185,
1034, 781.

"H NMR (400 MHz, CDCl;) & 7.89 — 7.82 (m, 1H), 7.58 (t, J = 2.2 Hz, 1H), 7.16 (dd, J =
2.2, 1.4 Hz, 1H), 3.85 (t, J = 6.3 Hz, 2H), 2.71 (t,J = 6.3 Hz, 2H), 1.76 (brs, 1H), 0.99 (s,
9H), 0.24 (s, 6H).

BC NMR (101 MHz, CDCl3) § 156.3, 149.1, 129.2, 125.8, 119.8, 114.9, 89.4, 80.3, 61.1,
25.6,23.9, 18.3, 4.33.

HRMS (ESI/Q-TOF): Exact mass calculated for [Ci¢H23NO4Si + H]™ requires m/z =
322.1469, found m/z = 322.1479.

O O
TBSO/(j\A
X
oA Ao

S22

4-(3-((tert-butyldimethylsilyl)oxy)-5-nitrophenyl)but-3-yn-1-yl ethyl malonate (S22)
was synthesized following from S21 following General Procedure 2. Crude material was
purified by flash chromatography (0>20->40% EtOAc/Hex) to yield S22 as a pale yellow
oil (2.2784 g, 97% yield).

TLC (20% EtOAc/Hex): Ry= 0.38.

IR (FT-ATR, cm’', neat): vmax 2955, 2931, 2859, 2113, 1734, 1614, 1535, 1348, 1256,
1184, 1146, 1032, 840.
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"H NMR (600 MHz, CDCl;) & 7.87 — 7.83 (m, 1H), 7.58 (t, J = 2.2 Hz, 1H), 7.15 (dd, J =
2.2, 1.4 Hz, 1H), 4.34 (t, J= 6.8 Hz, 2H), 4.21 (q, /= 7.1 Hz, 2H), 3.42 (s, 2H), 2.79 (t, J
= 6.8 Hz, 2H), 1.27 (t,J=7.1 Hz, 3H), 0.99 (s, 9H), 0.25 (s, 6H).

BC NMR (151 MHz, CDCLy) & 166.6, 166.5, 156.4, 149.1, 129.2, 125.6, 119.8, 115.0,
87.9, 80.2, 63.0,61.8,41.6,25.7,19.9, 18.3, 14.2, -4.3.

HRMS (ESI/Q-TOF): Exact mass calculated for [Ca;HoNO;Si+H]" requires m/z=
436.1786, found m/z = 436.1786.

NH,

/©\/\A P
TBSO OMOEt

2f

4-(3-amino-5-((tert-butyldimethylsilyl)oxy)phenyl)butyl ethyl malonate (2f) was
synthesized from S22 following General Procedure 3. Crude material was purified by
silica chromatography (02>25-2>35% EtOAc/Hex) to yield 2f as an orange oil (2.0160 g,
94% yield).

TLC (30% EtOAc/Hex): Ry= 0.50.

IR (FT-ATR, cm™, neat): vimax 3468, 3380, 2930, 2957, 1730, 1591, 1330, 1176, 1150, 835.
"H NMR (600 MHz, CDCl3) § 6.13 (s, 1H), 6.08 (s, 1H), 6.03 (t, /= 2.0 Hz, 1H), 4.20 (q,
J=7.1 Hz, 2H), 4.15 (t, J = 6.2 Hz, 2H), 3.58 (s, 2H), 3.36 (s, 2H), 2.47 (t, J = 7.1 Hz,
2H), 1.65 (tdt, J = 10.7, 7.8, 3.2 Hz, 6H), 1.27 (t, J = 7.1 Hz, 2H), 0.97 (s, 9H), 0.18 (s,
6H).

BC NMR (151 MHz, CDCl3) § 166.8, 166.7, 156.75, 147.5, 144.3, 110.9, 108.8, 104.9,
65.6, 61.7,60.5, 41.8,35.4,28.1,27.4,25.8,21.2, 18.3, 14.2, 4.2

HRMS (ESI/Q-TOF): Exact mass calculated for [C, H3sNOsSi+H]+ requires m/z=
410.2357, found m/z = 410.2357.
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7. Bimolecular Competition Experiments: Determination of Chemoselectivity

X
M
Me e Me0©/ Cu(MeCN),BF, (5 mol %) Me
L3 (10 mol %)

Me Me
o) O O o Cs,CO;3 (3.2 equiv) o o
+ 0 O
FSCJ\ NJJ\CFS 1L 1:2 DMFftol (0.25 M), temp, 15 h FSCJ\N NJJ\CFs
L L H EtO OEt Ho & LH

(0]
H
; _ Me,oN /%J]\O@ racemic
: 0.5 equiv. each Y
1.0 equiv. NMe,

e
L3 Re EtO\P;(OEt X
\©0Me
o0 O

To an oven-dried 5-mL Schlenk flask was added Cs,CO3 (0.2085g, 0.64 mmol, 3.20 equiv).
The flask was sealed with a rubber septum and flamed-dried under vacuum. Upon cooling
to room temperature, 1 (0.1208 g, 0.2 mmol, 1.00 equiv), Cu(MeCN)4BF, (0.0031 g, 0.01
mmol, 0.05 equiv), L3 (0.0035g, 0.02 mmol, 0.10 equiv) and a magnetic stir bar were
added to the flask. The flask was sealed with a new rubber septum and further secured with
Parafilm®. The flask was connected to vacuum for 5 min and backfilled with N,. This
process was repeated two additional times. 1:2 DMF/Tol mixture (0.6 mL) was added
through the septum, and the mixture was allowed to stir for 15 min at room temperature,
after which nucleophiles were added (0.2 mL of a 1.0 M stock solution w.r.t each
nucleophile). The solution was left to stir for 15 h at room temperature. The mixture was
diluted with EtOAc and transferred to a separatory funnel. The organic layer washed with
a solution of saturated NH4Cl (aq). The organic layer was separated and the aqueous layer
was extracted with EtOAc (5 mL x 3). The organic layer was washed with sat. NaCl (aq)
(20 mL). The combined organic layer was then dried over anhydrous Na,SOy, filtered, and
concentrated in vacuo. Yield was determined using '"H NMR by comparing the relative
integration of each substrate’s methine peak to an internal standard of 1,4-
bis(trimethylsilyl)benzene. (Note: In competition experiments between diethyl malonate
and aniline, glacial acetic acid was added to convert all C—N coupled products to
cyclodehydrated products following previously reported methods.*)
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7.1 Table S1. Bimolecular competition experiments”

Entry Nuc Temp (°C) SM (%) MonoC-C MonoC-N C-C:C-X

(%) (%) ratio

1 NH, 23 47 35 5 7.0:1

2 Meog 45 37 34 5 7.0:1

3 PO 64 31 - 1.:0

4 M/ 45 63 34 - 1:0

5 ~OH 23 43 28 17 1.6:1

6 Meoﬁ/ 45 43 18 30 1:1.7

[a] Conversion determined using 'H NMR by comparing the relative integration of each
substrate’s methine peak to an internal standard of 1,4-bis(trimethylsilyl)benzene.

8. Procedures for Cu-catalyzed Intermolecular C—C Coupling

8.1 Procedure 4: Cu-catalyzed Intramolecular C—C Coupling with an Achiral
Ligand

Me Me

Me Me Me Me
LI TR WOROW
Cu(MeCN),BF, (5 mol %) J\ J\
1 $,CO3 (4.2 equiv) E1O o
DMF/Tol (1:2), rt, 15 h
ol (1:2) o o |
O O n
EtOMOm
n NH,
NH, 3b, 3e, S24-S26
2b, 2e, S17-S19 racemic

Cs,CO;3 (4.20 equiv) was flamed-dried under vacuum in a 5-mL Schlenk flask. Upon
cooling to room temperature, 1 (0.1208 g, 0.2 mmol, 1.00 equiv), Cu(MeCN)4BF,4 (0.0031
g, 0.01 mmol, 0.05 equiv), L3 (0.0035g, 0.02 mmol, 0.10 equiv) and a magnetic stir bar
were added to the flask. The flask was sealed with a new rubber septum and further secured
with Parafilm M®. The flask was put under vacuum for 5 min and backfilled with N». This
process was repeated two additional times. 1:2 DMF/Tol mixture (0.6 mL) was added
through the septum, and the mixture was allowed to stir for 15 min at room temperature,
after which the bis-nucleophile (1.0 equiv) in 1:2 DMF/Tol mixture (0.2 mL) was added.
The solution was left to stir for 15 h at room temperature. The mixture was diluted with
EtOAc and transferred to a separatory funnel. The organic layer washed with saturated
NH4Cl (aq). The organic layer was separated and the aqueous layer was extracted with
EtOAc (5 mL % 3). Combined organic layers were washed with sat. NaCl (aq), dried over
NaySO,, filtered, and concentrated in vacuo. The crude material was purified by flash
chromatography with EtOAc/Hex gradient.
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8.2 Procedure 5: Preparation of Enantioenriched Diarylmethanes by C—C Coupling

M
Me eMe Me MeMe
S OROW LR
Cu(MeCN),BF, (5 mol %) J L
FsC™ N N" CF L1 (10 mol %) FC™ N N" CRs
Br 1 Br Cs,COj3 (4.2 equiv) . o Br
DMF/Tol (1:2), 1t, 15 h
.
0o o
o o <”
n NH,
2a-2f NHp 3a-3f

Cs2CO3 (2.4632 g, 7.56 mmol, 4.20 equiv) was flamed-dried under vacuum in a 10-mL
Schlenk flask. Upon cooling to room temperature, 1 (1.0875 g, 1.8 mmol, 1.00 equiv),
Cu(MeCN)4BF,4 (0.0283 g, 0.09 mmol, 0.05 equiv), L1 (0.0755 g, 0.18 mmol, 0.10 equiv)
and a magnetic stir bar were added to the flask. The flask was sealed with a new rubber
septum and further secured with Parafilm M®. The flask was put under vacuum for 5 min
and backfilled with N,. This process was repeated two additional times. 1:2 DMF/Tol
mixture (6.0 mL) was added through the septum, and the mixture was allowed to stir for
15 min at room temperature, after which the bis-nucleophile 2a-2f (1.98 mmol, 1.10 equiv)
in Tol (0.8 mL) was added. The vial was rinsed with DMF (0.4 mL) and added to the
stirring mixture. The reaction mixture was left to stir for 15 h at room temperature. The
mixture was diluted with EtOAc (20 mL) and transferred to a separatory funnel. The
organic layer washed with saturated NH4Cl (aq) (20 mL). The organic layer was separated
and the aqueous layer was extracted with EtOAc (10 mL x 3). Combined rganic layers
were washed with sat. NaCl (aq) (50 mL), dried over Na,SOy, filtered, and concentrated in
vacuo. The crude material was purified by flash chromatography with EtOAc/Hex gradient.

8.3 Procedure 6: TBS Deprotection en route to Aminophenol 3f
Me Me

Me Me Me Me
I WOROE LT COLR
FsC~ N N~ “CFs FsC~ "N N~ “CF;
H H g H H Ho B H

n-BuyNF (1.1 equiv)

EtO O EtO

THF (0.2M),0°C, 1 h
0O O 0O O

NH; NH,

S23 OTBS 3f OH
crude material

Crude material containing S23 (~1.8 mmol, 1.00 equiv) was dissolved in THF (9.0 mL, 0.2
M). The solution was cooled to 0 °C. n-BusNF (1.0 M solution in THF, 1.98 mmol, 1.10
equiv, 1.98 mL) was added dropwise to the stirring mixture. Reaction mixture was left to
stir at 0 °C for 1 h, until the consumption of starting material was observed by TLC.
Reaction mixture was diluted with EtOAc and transferred to a separatory funnel. The
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oranic layer was washed with 10% citric acid (aq). The aqueous layer was extracted with
EtOAc x 3. Combined organic layers were washed with sat. NaCl (aq), dried over Na,SOs,
filtered and concentrated in vacuo. The crude material was purified by flash
chromatography with EtOAc/Hex gradient.
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8.4 Characterization and Spectra of Linear Precursors

Me

Me Me
LR
FsC~ N N~ °CF
3 H H 3

Br

EtO o}
o O

NH,

Me
3a

1-(4-(3-amino-4-methylphenyl)butyl) 3-ethyl 2-(5-((R)-1-(3-bromo-4-(2,2,2-
trifluoroacetami

do)phenyl)-2,2-dimethylpropyl-)-2-(2,2,2 trifluoroacetamido)phenyl)malonate (3a)
was synthesized from 2a following Procedure 5. Crude material was purified by silica
chromatography (0>30->60% EtOAc/Hex) to yield the desired product as a white solid
(0.9775 g, 66% yield, 94:6 er). The product is isolated as a 1.0:1 mixture of diastereomers.
TLC (30% EtOAc/Hex): Ry=0.42.

IR (FT-ATR, cm’, neat): vma, 3382, 2952, 2866, 2287, 2124, 1721, 1531, 1281, 1152,
1028, 759.

"H NMR (500 MHz, CDCls) & 10.22 (s, 1H), 8.41 (s, 1H), 8.20 (dd, J = 8.5, 2.3 Hz, 1H),
7.79 (d, J=8.4 Hz, 1H), 7.60 (d, J= 1.7 Hz, 1H), 7.48 (dt, /= 8.4, 2.0 Hz, 2H), 7.43 (d, J
=8.6 Hz, 1H), 7.22 (d, /= 1.6 Hz, 1H), 6.93 (d, /= 7.4 Hz, 1H), 6.46 (d, /= 7.9 Hz, 2H),
4.62 (s, 1H), 4.32 - 4.03 (m, 4H), 3.68&3.68 (s*, 1H), 3.56 (brs, 2H), 2.46 (td, J=7.5, 2.8
Hz, 2H), 2.13 (s, 3H), 1.71 — 1.50 (m, 4H), 1.24 (t, /= 7.1 Hz, 3H), 1.01&1.01 (s*, 9H).
(Note: *indicates overlap of two diastereomeric singlets that may appear as an apparent
doublet)

3C NMR (151 MHz, CDCl3) & 168.9, 168.8, 168.8, 168.7, 155.6 (q, J = 37.3 Hz), 154.7
(q, J =37.7 Hz), 144.6, 142.1&142.1, 141.0 &141.0, 140.7, 133.8, 133.7&133.7, 132.6,
131.6, 130.5, 130.4, 129.9&129.8, 125.9, 125.6, 121.7&121.7, 120.0&120.0, 118.8, 116.1
(q,/=288.4Hz),115.7(q,J=288.4Hz), 115.1, 114.0, 66.9&66.9, 63.0&63.0, 62.9&62.9,
57.5,35.4,34.9,29.2,27.9&27.8,27.4&27.4, 17.0, 13.9.

F NMR (471 MHz, CDCl;) & —75.83, —76.03.

HRMS (ESI/Q-TOF): Exact mass calculated for [C37H40BrF6N306+H]+ requires m/z =
818.2065, found m/z = 818.2075.

Optical Rotation: aZ’=+ 15.6 ° (¢ = 0.5, MeOH, 94:6 er)

HPLC (Chiralpak® AD-H column, 10% IPA/Hexanes eluent, 1.00 mL min” flow rate, 25
°C, 250 nm, 1.0:1 dr): major diastereomers tg= 21.3 min, 29.9 min; minor diastereomers
tr= 23.5 min, 34.1 min.
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Me | Me
o O
F3C)J\N O O NJ\CF3
H B
EtO (o}
o0 O
NH,
3b
1-(4-(3-aminophenyl)butyl) 3-ethyl 2-(5-((R)-1-(3-bromo-4-(2,2,2-
trifluoroacetamido)phenyl
-2,2-dimethylpropyl)-2-(2,2,2-trifluoroacetamido)phenyl)malonate (3b)  was

synthesized from 2b following Procedure 5. Crude material was purified by silica
chromatography (0>30->60% EtOAc/Hex) to yield the desired product as a white solid
(0.9392 g, 65% yield, 94:6 er). The product is isolated as a 1.0:1 mixture of diastereomers.
TLC (30% EtOAc/Hex): Ry= 0.39.

IR (FT-ATR, cm™, neat): vmax 3378, 2951, 2288, 2110, 1721, 1531, 1281, 1151, 1027, 903,
606.

"H NMR (600 MHz, CDCl;): & 10.21 (s, 1H), 8.40 (s, 1H), 8.20 (d, J= 8.6 Hz, 1H), 7.78
(d, J=8.4 Hz, 1H), 7.59 (s, 1H), 7.47 (d, J = 8.3 Hz, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.20
(s, 1H), 7.04 (t, J= 7.7 Hz, 1H), 6.52 (d, /= 7.7 Hz, 2H), 6.47 (s, 1H), 4.61 (s, 1H), 4.34 —
4.04 (m, 4H), 3.67 (s, 1H), 2.47 (t, J= 7.3 Hz, 2H), 1.70 — 1.46 (m, 4H), 1.23 (t, J=7.1
Hz, 3H), 1.00 (s, 9H).

BC NMR (151 MHz, CDCls): § 168.9, 168.8, 168.8, 168.7, 155.7 (q, J = 37.2 Hz), 154.8
(q, J = 37.7 Hz), 146.2, 143.2, 142.1&142.1, 141.0&141.0, 133.8, 133.7, 132.7, 131.6,
130.5&130.4, 129.9&129.9, 129.4, 125.9, 125.7, 121.7, 119.1, 116.1 (q, J = 289.9 Hz),
115.7(q,J=288.4 Hz), 115.5,114.0, 113.1, 66.9&66.8, 63.1&63.1, 63.0&63.0, 57.6, 35.5,
35.3,29.2,27.9&27.9, 27.3&27.3, 14.0.

F NMR (471 MHz, CDCl;) & —75.82, —76.03.

HRMS (ESI/Q-TOF): Exact mass calculated for [C3sH3sBrFsN3Og + H]" requires m/z =
804.1908, found m/z = 804.1922.

Optical Rotation: a2’ =+ 15.0 ° (¢ = 0.5, MeOH, 94:6 er)

HPLC: (Chiralpak® AD-H column, 10% IPA/Hexanes eluent, 1.00 mL min” flow rate,
25°C, 250 nm, 1.0:1 dr): major diastereomers tg=22.6 min, 30.3 min; minor diastereomers
tr= 25.3 min, 38.1 min.
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Me Me
WORGW
FCJ\N NJ\CF3
H Br H
EtO o
O O

3c

1-(4-(4-amino-1-methoxynaphthalen-2-yl)butyl)  3-ethyl 2-(5-((R)-1-(3-bromo-4-
(2,2,2-trifluoroacetamido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-
trifluoroacetamido)phenyl)malonate (3¢) was synthesized from 2¢ following Procedure
5. Crude material was purified by silica chromatography (02>35->75% EtOAc/Hex) to
yield the desired product as a beige solid (1.1229g, 71% yield, 94:6 er). The product is
isolated as a 1.0:1 mixture of diastereomers.

TLC (30% EtOAc/Hex): Ry = 0.43.

IR (FT-ATR, cm’', neat): vimax 3309, 2952, 2110, 1722, 1531, 1281, 1152, 1030, 764, 606.
"H NMR (600 MHz, CDCl3) § 10.23 (s, 1H), 8.38 (s, 1H), 8.16 (dd, J = 8.5, 5.6 Hz, 1H),
8.03 (d, J=8.2 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.57 (s, 1H), 7.52 — 7.36 (m, 4H), 7.20
(s, 1H), 6.54 (s, 1H), 4.62&4.62 (s*, 1H), 4.32 — 4.12 (m, 4H), 3.98 (brs, 2H), 3.82 (s, 3H),
3.65&3.64 (s*, 1H), 2.68 (t,J=7.4 Hz, 2H), 1.79 — 1.53 (m, 4H), 1.22 (t, /= 6.8 Hz, 3H),
0.98&0.95 (s*, 9H). (Note: *indicates overlap of two diastereomeric singlets that may
appear as an apparent doublet)

C NMR (151 MHz, CDCls) & 168.9, 168.8, 168.8, 168.7, 155.7 (q, J = 37.8 Hz), 154.8
(q, J = 37.8 Hz), 146.4, 142.1&142.1, 141.1&141.0, 138.5&138.5, 133.8, 133.7&133.7,
132.7, 131.6, 130.5&130.4, 130.3, 129.9&129.8, 128.6, 126.1&126.1, 125.9, 125.7,
124.7&124.7,123.9,122.7,121.8, 121.4, 116.1 (q, J=288.4 Hz), 115.7 (q, /= 289.9 Hz),
114.0,111.5&111.5, 66.9&66.8, 63.1&63.0, 63.0, 62.2,57.6,35.4,29.2&29.1, 29.1&29.1,
28.1&28.1, 26.8&26.8, 14.0.

F NMR (376 MHz, CDCl;) & —75.83, —75.84, —76.04.

HRMS (ESI/Q-TOF): Exact mass calculated for [C4H4,BrFsN3O;7 + H]" requires m/z =
884.2172, found m/z = 884.2190.

Optical Rotation: a2°=+12.9° (¢ = 0.5, MeOH, 94:6 er)

HPLC (Chiralpak® IB column, 6% EtOH/Hexanes eluent, 1.10 mL min” flow rate, 250
nm, 25 °C, 1.0:1 dr): major diastereomers = 42.7 min, 51.0 min; minor diastereomers tg
=29.9 min, 32.2 min.



S51

Me Me
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1-(4-(5-amino-2-methoxyphenyl)butyl) 3-ethyl 2-(5-((R)-1-(3-bromo-4-(2,2,2
trilfluoroacet-
amido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-trifluoroacetamido)phenyl)malonate
(3d) was

synthesized from 2d following Procedure 5. Crude material was purified by silica
chromatography (02>40->85% EtOAc/Hex) to yield the desired product as a pale pink
solid (1.0358 g, 69% vyield, 92:8 er). The product is isolated as a 1.0:1 mixture of
diastereomers.

TLC (40% EtOAc/Hex): R,=0.53.

IR (FT-ATR, cm™, neat): vimax 3373, 2952, 2872, 2117, 1720, 1530, 1281, 1152, 1030, 733.
"H NMR (600 MHz, CDCl3) § 10.22 (s, 1H), 8.42 (d, J=11.5 Hz, 1H), 8.19 (dd, J = 8.4,
4.8 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.59 (s, 1H), 7.47 (d, /= 8.2 Hz, 1H), 7.43 (d, J =
8.4 Hz, 1H), 7.21 (s, 1H), 6.65 (d, J = 8.5 Hz, 1H), 6.51 (d, J = 8.4 Hz, 1H), 6.46 (s, 1H),
4.62 (s, 1H), 4.29 —4.10 (m, 4H), 3.71 (s, 3H), 3.67 (s, 1H), 3.28 (brs, 2H), 2.50 (t, J= 7.4
Hz, 2H), 1.63 (q, /= 6.6 Hz, 2H), 1.57 - 1.49 (m, 2H), 1.23 (t, /= 7.1 Hz, 3H), 1.01&1.00
(s*, 9H). (Note: *indicates overlap of two diastereomeric singlets that may appear as an
apparent doublet)

3C NMR (151 MHz, CDCl3) §168.9, 168.8, 168.8, 168.7, 155.6 (q, J = 37.3 Hz), 154.8
(q, J = 37.8 Hz), 150.9, 142.1&142.1, 141.0, 139.7&139.7, 133.8, 132.7, 131.6, 131.3,
130.4, 129.9&129.9, 125.9, 125.6, 121.8&121.8, 117.8, 116.1 (q, J =288.4 Hz), 115.7 (q,
J = 2899 Hz), 114.1, 114.0, 113.6, 111.9&111.9, 67.0&67.0, 63.0, 57.6, 56.1, 35.5,
29.6&29.6, 29.2, 28.0&28.0, 26.0&26.0, 14.0.

F NMR (376 MHz, CDCl;) 8 —75.79, —75.81, —76.00.

HRMS (ESI/Q-TOF): Exact mass calculated for [C37H40BrFsN;O7 + H]+ requires m/z =
834.2014, found m/z = 834.2022.

Optical Rotation: a2°=+14.5° (¢ = 0.5, MeOH, 92:8 er)

HPLC (Chiralpak® AD-H column, 7% IPA/Hexanes eluent, 1.25 mL min” flow rate, 250
nm, 25 °C, 1.0:1 dr): major diastereomers tg=47.1 min, 62.3 min, minor diastereomers tr=
53.4 min, 93.5 min.
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1-(5-(3-aminophenyl)pentyl) 3-ethyl 2-(5-((R)-1-(3-bromo-4-(2,2,2-
trifluoroacetamido)phen
yD)-2,2-dimethylpropyl)-2-(2,2,2-trifluoroacetamido)phenyl)malonate =~ (3e)  was
synthesized

from 2e following Procedure S. Crude material was purified by silica chromatography
(02>30>60% EtOAc/Hex) to yield the desired product as a beige solid (0.7228 g, 59%
yield, 90:10 er). The product is isolated as a 1.0:1 mixture of diastereomers.

TLC (30% EtOAc/Hex): R,=0.38.

IR (FT-ATR, cm’, neat): vmay 3374, 3310, 2952, 2864, 2104, 1722, 1530, 1281, 1152,
1028, 749.

"H NMR (600 MHz, CDCl3) § 10.20 (s, 1H), 8.38 (s, 1H), 8.21 (t, J= 8.1 Hz, 1H), 7.78
(d, J=8.4 Hz, 1H), 7.60 (s, 1H), 7.48 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 8.6 Hz, 1H), 7.21
(s, 1H), 7.05 (td, J= 7.6, 2.4 Hz, 1H), 6.55 — 6.50 (m, 2H), 6.47 (d, J=10.2 Hz, 1H), 4.62
(s, 1H), 4.27 — 4.07 (m, 4H), 3.68 (s, 1H), 3.61 (brs, 2H), 2.44 (dt, J=11.1, 7.7 Hz, 2H),
1.68 — 1.50 (m, 4H), 1.35 - 1.21 (m, 5H), 1.02 (s, 9H).

3C NMR (126 MHz, CDCl3) & 168.8, 168.7, 155.6 (q, J = 37.3 Hz), 154.8 (q, J = 37.8
Hz), 146.5&146.5, 143.6, 142.1&142.1, 141.0, 133.8, 133.8, 132.7, 131.7, 130.5, 130.4,
129.9&129.9, 129.3, 125.9, 125.7, 121.8&121.7, 118.9, 116.1 (q, J =241.9 Hz), 115.7 (q,
J=240.7 Hz), 115.4, 114.0&114.0, 112.8, 66.9&66.9, 63.0&63.0, 57.6&57.6, 35.8, 35.5,
30.8,29.2, 28.2&28.2, 25.4, 14.0.

F NMR (376 MHz, CDCl;) & —75.84, —76.05.

HRMS (ESI/Q-TOF): Exact mass calculated for [C37H40BrF6N306+H]+ requires m/z =
818.2065, found m/z = 818.2079.

Optical Rotation: aZ’= +14.6° (¢ = 0.5, MeOH, 90:10 er)

HPLC: (Chiralpak® AD-H column, 4% EtOH/Hexanes eluent, 1.25 mL min” flow rate,
254 nm, 20 °C, 1.0:1 dr): major diastereomers tg=41.8 min, 49.9 min; minor diastereomers
tr=37.9 min, 75.2 min.
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1-(4-(3-amino-5-hydroxyphenyl)butyl) 3-ethyl 2-(5-((R)-1-(3-bromo-4-(2,2,2-
trifluoroaceta
mido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-trifluoroacetamido)phenyl)malonate (3f)
was

synthesized from 2f following Procedure 5 followed by Procedure 6. Crude material was
purified by silica chromatography (0>40->80% EtOAc/Hex) to yield the desired product
as a pink solid (0.4895 g, 60% yield, 93:7 er). The product is isolated as a 1.0:1 mixture of
diastereomers.

TLC (50% EtOAc/Hex): Ry= 0.46.

IR (FT-ATR, cm', neat): vmax 3382, 2922, 2855, 2293, 1736, 1458, 1283, 1158, 1028,
908, 734.

"H NMR (600 MHz, CDCl;) & 10.26 (s, 1H), 8.55 — 8.42 (m, 1H), 8.16 (dd, 1H), 7.77 (dd,
J=8.4,2.1 Hz, 1H), 7.50 — 7.43 (m, 1H), 7.41 (ddd, /= 13.6, 8.6, 1.7 Hz, 1H), 7.21 (dd, J
=12.4, 1.7 Hz, 1H), 6.02 — 6.00 (m, 2H), 5.94 (d, /= 17.1 Hz, 1H), 4.63&4.62 (s*, 1H),
4.33 —4.07 (m, 4H), 3.66 (s, 1H), 2.36 (dt, J = 12.6, 7.4 Hz, 2H), 1.58 (dq, J = 13.8, 6.7
Hz, 2H), 1.52 — 1.44 (m, 2H), 1.25 (td, J = 7.1, 3.3 Hz, 3H), 1.00&0.99 (s*, 9H). (Note:
*indicates overlap of two diastereomeric singlets that may appear as an apparent doublet)
BC NMR (151 MHz, CDCl3) & 169.0, 169.0, 168.7, 168.7, 156.9&156.8, 155.8 (q, J =
37.5 Hz), 154.8 (q, J = 37.8 Hz), 147.8&147.7, 144.5&144.5, 142.2&142.1, 141.2,
133.9&133.8, 133.7, 132.5&132.5, 131.6&131.6, 130.6&130.5, 129.8&129.8, 125.9,
125.7,122.0&121.8, 114.2&114.1, 108.2&108.1, 106.1&106.1, 100.1&100.1, 66.9&66.8,
63.1, 63.0, 57.6&57.6, 35.4&35.4, 35.0&35.0, 29.2&29.2, 27.7&27.6, 27.0&26.9, 13.96.
F NMR (471 MHz, CDCls): —75.81, —75.82, —76.01.

HRMS (ESI/Q-TOF): Exact mass calculated for [C3sH3sBrFsN;O7 + H]+ requires m/z =
820.1857, found m/z = 820.1890.

Optical Rotation: a2°=+13.1° (c = 0.5, MeOH, 93:7 er)

HPLC (Chiralpak® AD-H column, 16% IPA/Hexanes eluent, 1.25 mL min” flow rate,
250 nm, 25 °C, 1.0:1 dr): major diastereomers tg= 12.2 min, 19.4 min; minor diastereomers
tr = 13.9 min, 28.0 min.
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1-(4-(3-amino-5-((zer-butyldimethylsilyl)oxy)phenyl)butyl) 3-ethyl 2-(5-(1-(3-bromo-
4-(2,2,2-trifluoroacetamido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-
trifluoroacetamido)phenyl)

malonate (S23) was prepared from 3f using Procedure 4. Crude material was purified by
silica chromatography (02>25->60% EtOAc/Hex) to yield S23 as a white solid (0.1007 g,
54% yield). S23 was synthesized to prepare the authentic standard of 4f.

TLC (30% EtOAc/Hex): Ry= 0.44.

IR (FT-ATR, cm’', neat): vmax 3436, 3233, 2931, 2860, 2115, 1728, 1660, 1387, 1255,
1153, 1094, 838, 660.

"H NMR (500 MHz, CDCl3) & 10.22 (s, 1H), 8.42 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.78
(d, J = 8.3 Hz, 1H), 7.60 (s, 1H), 7.52 — 7.46 (m, 1H), 7.44 (d, J = 8.5 Hz, 1H), 7.22 (s,
1H), 6.08 (s, 1H), 6.05 (s, 1H), 6.03 (s, 1H), 4.63 (s, 1H), 4.27 —4.08 (m, 4H), 3.68 (s, 1H),
3.57 (brs, 2H), 2.41 (t, J= 7.1 Hz, 2H), 1.66 — 1.59 (m, 2H), 1.57 — 1.49 (m, 2H), 1.23 (4,
J=17.1Hz,3H), 1.01 (s, 9H), 0.97 (s, 9H), 0.18 (s, 6H).

BC NMR (126 MHz, CDCl;) & 168.9, 168.8, 168.8, 168.7, 156.7, 155.6 (q, J = 37.3 Hz),
154.7 (q, J = 37.7 Hz), 147.5, 144.1, 142.1&142.1, 141.0, 133.8, 133.7, 132.6, 131.6,
130.5&130.4, 129.9&129.8, 125.9, 125.6, 121.8, 116.1 (q, J = 288.5 Hz), 115.7 (q, J =
288.5 Hz), 114.0&114.0, 110.9, 108.8, 104.9, 66.9&66.8, 63.0&63.0, 62.9&62.9, 57.5,
35.4,35.3,29.1,27.8&27.8,27.2& 27.2,25.8, 18.3, 13.9, —4.3.

F NMR (471 MHz, CDCl;) & —75.82, —75.83, —76.02.

HRMS (ESI/Q-TOF): Exact mass calculated for [C4,Hs,BrFsN3;0O-Si + H]Jr requires m/z =
932.2740, found m/z = 932.2746.
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1-(3-(3-aminophenyl)propyl) 3-ethyl 2-(5-(1-(3-bromo-4-(2,2,2-
trifluoroacetamido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-
trifluoroacetamido)phenyl)malonate (S24) was synthesized from S17 following
Procedure 4. Crude material was purified by silica chromatography (0>40->80%
EtOAc/Hex) to yield the desired product as a white solid (0.3641 g, 67% yield).

TLC (30% EtOAc/Hex): Ry=0.42.

IR (FT-ATR, cm-1, neat): vmax 3383, 2962, 2204, 2103, 1720, 1604, 1531, 1281, 1153,
1027, 734.

"H NMR (400 MHz, CDCl3) & 10.24 (s, 1H), 8.40 (s, 1H), 8.17 (t, J = 8.1 Hz, 1H), 7.85 —
7.77 (m, 1H), 7.60 (dd, J=5.5, 1.9 Hz, 1H), 7.53 — 7.48 (m, 1H), 7.47 — 7.41 (m, 1H), 7.25
(dd, J=4.9, 2.6 Hz, 2H), 7.02 (td, J = 7.7, 3.7 Hz, 1H), 6.53 — 6.49 (m, 1H), 6.48 — 6.43
(m, 1H), 6.36 (d, /= 8.3 Hz, 1H), 4.65&4.65 (s*, 1H), 4.32 —4.06 (m, 4H), 3.73 (brs, 2H),
3.70 (s, 1H), 2.44 (q, J = 7.5 Hz, 2H), 1.93-1.79 (m, 2H), 1.25 (t, J= 7.1, 3H), 1.03&1.02
(s*, 9H). (Note: *indicates overlap of two diastereomeric singlets that may appear as an
apparent doublet)

3C NMR (101 MHz, CDCl;) & 168.8, 168.8, 168.7, 155.7 (q, J = 37.4 Hz), 154.7 (q, J =
38.0 Hz), 146.4&146.3, 142.1, 141.9, 141.1&141.1, 133.8&133.7, 133.7, 132.6&132.6,
131.6&131.6, 130.5&130.4, 129.8&129.8, 129.5&129.4, 125.9, 125.7&125.7, 121.8,
118.9, 116.1 (q, J = 289.9 Hz), 115.7 (q, J = 289.9 Hz), 115.4, 114.1, 113.2, 66.0, 63.1,
63.0,57.5,35.4&35.4,31.7&31.7, 29.7, 29.2, 14.0.

F NMR (376 MHz, CDCls) & —75.84, —76.04.

HRMS (ESI/Q-TOF): Exact mass calculated for [C3;sH36BrF¢N3Og + H]+ requires m/z =
790.1751, found m/z = 790.1746.
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S25

1-(4-(2-aminophenyl)butyl) 3-ethyl 2-(5-(1-(3-bromo-4-(2,2,2-
trifluoroacetamido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-
trifluoroacetamido)phenyl)malonate (S25) was synthesized from S18 following
Procedure 4. Crude material was purified by silica chromatography (02>30->60%
EtOAc/Hex) to yield the desired product as a white solid.

Yield: 84% (0.1347 g)

TLC (30% EtOAc/Hex): R,=0.39.

IR (FT-ATR, cm’', neat): vimax 3386, 3021, 2966, 1968, 1737, 1531, 1283, 1215, 1158,
1030, 903, 667.

"H NMR (600 MHz, CDCl3) & 10.21 (s, 1H), 8.40 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.77
(d, J=8.4 Hz, 1H), 7.59 (s, 1H), 7.48 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.22
(brs, 1H), 7.02 (t,J = 7.6 Hz, 1H), 6.98 — 6.93 (m, 1H), 6.70 (td, /= 7.4, 3.9 Hz, 1H), 6.65
(d, J=7.9 Hz, 1H), 4.64&4.63 (s*, 1H), 4.31 — 4.10 (m, 4H), 3.68&3.67 (s*, 1H), 3.43
(brs, 2H), 2.43 (t, J= 7.7 Hz, 2H), 1.68 (p, J = 6.6 Hz, 2H), 1.57 (p, /= 7.4 Hz, 2H), 1.24
(t, J=7.1 Hz, 3H), 1.01&1.00 (s*, 9H). (Note: *indicates overlap of two diastereomeric
singlets that may appear as an apparent doublet)

BC NMR (151 MHz, CDCl;): § 168.9, 168.9, 168.8, 168.7, 155.7 (q, J = 37.8 Hz), 154.8
(q, J = 37.8 Hz), 144.1, 142.1&142.0, 141.1&141.1, 133.7, 133.7, 132.6, 131.6,
130.5&130.4, 129.9& 129.8, 129.5&129.5, 127.2&127.2, 126.0&126.0, 125.8&125.7,
121.7, 118.9&118.9, 116.1 (q, J = 288.4 Hz), 115.8*, 115.8*, 115.7 (q, J = 288.4 Hz),
114.0*, 114.0%, 66.7*, 66.7*, 63.1*, 63.1*, 63.0&62.9, 57.5&57.5, 35.4, 30.7, 29.2&29.1,
28.2&28.2,24.8,13.9.

F NMR (471 MHz, CDCls): § —75.83, —76.03.

HRMS (ESI/Q-TOF): Exact mass calculated for [C3sH3sBrFsN,Og + H]+ requires m/z=
804.1908, found m/z = 804.1905.



S57

NH»

S26
1-(5-(2-aminophenyl)pentyl) 3-ethyl 2-(5-(1-(3-bromo-4-(2,2,2-
trifluoroacetamido)phenyl)-2,2-dimethylpropyl)-2-(2,2,2-
trifluoroacetamido)phenyl)malonate (S26) was synthesized from S19 following
Procedure 4. Crude material was purified by silica chromatography (0>30->60%
EtOAc/Hex) to yield the desired product as a white solid (0.4192 g, 60% yield).
TLC (40% EtOAc/Hex): Re= 0.59.
IR (FT-ATR, cm’, neat): vma, 3384, 2952, 2864, 2381, 2201, 1982, 1720, 1531, 1281,
1151, 1028, 750.
"H NMR (600 MHz, CDCl3) & 10.23 (s, 1H), 8.39 (d, J= 9.5 Hz, 1H), 8.20 (t,J= 7.6 Hz,
1H), 7.78 (d, J = 8.4 Hz, 1H), 7.60 (s, 1H), 7.48 (d, J = 8.3 Hz, 1H), 7.44 (d, J = 8.5 Hz,
1H), 7.22 (s, 1H), 7.05 — 7.00 (m, 1H), 6.98 (t, /= 6.6 Hz, 1H), 6.72 (t, J = 6.8 Hz, 1H),
6.68 —6.63 (m, 1H), 4.63 (s, 1H), 4.28 —4.07 (m, 4H), 3.68 (s, 1H), 3.06 (brs, 2H), 2.47 —
2.36 (m, 2H), 1.66 — 1.51 (m, 4H), 1.35 — 1.28 (m, 2H), 1.27 — 1.22 (m, 3H), 1.02 (s, 9H).
BC NMR (151 MHz, CDCl;): § 168.9, 168.8, 168.8, 168.7, 155.6 (q, J = 37.4 Hz), 154.8
(q, J = 37.7 Hz), 144.1, 142.1&142.1, 141.0, 133.8&133.8, 133.8, 132.6, 131.6,
130.5&130.4,129.9& 129.8, 129.5, 127.1, 126.5, 125.9, 125.7, 121.8&121.7, 118.9, 116.1
(q,/=288.4Hz), 115.7 (q,J=288.4 Hz), 115.8, 114.1&114.0, 66.8, 63.1, 63.0, 57.6, 35.5,
31.2,29.2,28.2,25.7, 14.0.
F NMR (471 MHz, CDCl;) & —75.82, —76.03.
HRMS (ESI/Q-TOF): Exact mass calculated for [C37H40BrFsN,Og + H]+ requires m/z=
815.2065, found m/z = 815.2059.
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8.5 HPLC Traces of Linear Precursors (3a-3f)

Me MeMe
LT
FsC~ N N~ “CF,
3 H H B H 3
EtO (0]
O O
NH,
Me
3a

Chiralpak AD-H
10% IPA/Hexanes, 1.00 mL/min, 25 °C, 250 nm

mAU ] Racemic standard % 3 N
] Signal 1: DAD1 A, Sig=250,4 Ref=off - g o~
120 ~ S
1 Peak RetTime Type Width Area Height Area I ‘ N -
100 #  [min] [min]  [mAU*s] [mAU] % o \ \\ ©
80 EEE REEEEEE (R R [=mmmeees [=mmmmeees (RS | | \ | ’\
] 1 20.137 BV 0.6415 6681.28906 146.66388 24.3456 | \
60 | 2 21.994 vB ©0.7127 7087.29932 134.07260 25.8251 | \ \ /
| 3 27.836 BV R ©0.8365 7035.69824 105.43609 25.6370 / \ | ‘\ \
40; 4 31.212 BB 0.8877 6639.19482 93.36030 24.1922 | \ / \ / \
3 | / \
20 { Totals : 2.74435e4 479.53287 / / \ / \ /
0 ,: u/, \1/ \\,ﬁ._._y \rJ//
—— T — 7
0 5 10 15 20 25 30 35 i
mAU 7 o
] Signal 1: DAD1 A, Sig=250,4 Ref=off g o
120 - < NS
9 Peak RetTime Type Width Area Height Area N > o~ O;Q
100 # ‘ [min] - [min] | [mAU*s] | [mAU] | % | {‘\?5‘2’ e 6f0
e Renee et EEEEY EETT T EECEEEEErE) FETEREREEry EECT e <@
807, 1 21.332 MM 0.7626 5031.45166 109.95880 44.9957 / \ Ol
E 2 23.534 MM 0.7923 296.69006  6.24088  2.6533 ; \
60 | 3 29.952 MM 1.1406 5501.32666 80.38983 49.1977 “ \ o / \ )
40 1 4 34,141 MM 1.2174 352.60507  4.82724 3.1533 | b@) [ S
] g [ T &
20 Totals : 1.11821e4  201.41675 iy & / \ < &
f ) )\ &
0 e L e S
— T T T T T —T 7
0 5 10 15 20 25 30 35
Recovered SM (3a) after macrocyclization with mismatched ligand L2
mAU | Signal 1: DAD1 A, Sig=250,4 Ref=off © b‘
] ) \a}
] Peak RetTime Type Width Area Height Area ({,‘J‘b Q©
400 ; ; . - (N
] #  [min] [min] [mAU*s] [mAU] % | Q’b' — )
] Rl R R R [=-mmmmmee- [=-mmmmmee- [---m--- I | v e &
300 1 21.846 MM ©.8370 2.38540e4  474.98615 48.2149 [ o
1 2 23,999 MM ©.5066 45.56524  1.49984  0.0921 \ N
] 3 31.011 MM 1.4152 2.54265e4 299.45230 51.3934 “ | /
200 4 35.804 MM 1.0952 148.18956  2.25510  ©.2995 | \ |
] | e,_;lf \
] Totals : 4.94742e4  778.19259 | \ &0 \
100 - g / \ s
4 D [5°)
] / o< <
0 a1 N~ L % L ““".’v
e e e I — T
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FsC~ "N N~ “CF.
3 H H B H 3
EtO (o}

o O

NH,

3b
Chiralpak AD-H
10% IPA/Hexanes, 1.00 mL/min, 25 °C, 250 nm

mAU ] Racemic standard
] signal 1: DAD1 A, Sig=250,4 Ref=off
40 o
] Peak RetTime Type Width Area Height Area b\'\ %(?
#  [min] [min]  [mAU*s] [mAU] % (g NO
304 e L B e e oD | 5 &B N &
] 1 19.391 MM 0.6948 872.14081 20.92137 21.0881 & g = ,@f“’ . N
20 2 21.604 MM 0.8203 1169.53137 23.76124 28.2790 R2XCNS Q8 P
] 3 26.483 MM 1.0494 961.91217 15.27756 23.2588 N \ g 0"0.
] 4 32.816 MM 1.2493 1132.10852  15.10333 27.3741 /\\ \ R
10+ \ \
B Totals : 4135.69287  75.06351 / \ / \
] \
O A / \ / L\A /
1 T —T ‘7‘ — T f’ﬁ T = T
0 5 10 15 20 25 30 35
mAU 4 o >
1 Signal 1: DAD1 A, Sig=250,4 Ref=off © q)"lx /\q’
250 NS o ¥
] Peak RetTime Type Width Area Height Area [\ > o Q&'\
200{ #  [min] [min] [mAU*s] [mAU] % | \?S?’ 8?S®
] ERRRI ELLEEEE [==-=]mmmme [-=mmmmmne |==mmmnees [EREEEEEE | \
150 1 22.612 MM ©.8200 1.15828e4  235.42195 45.2444 ( | //\
] 2 25.267 MM ©.8147 820.64270 16.78873  3.2056 / \
10071 3 30.310 MM 1.1687 1.24372e4  177.36623 48.5816 @?3 |
1 4 38.655 MM 1.2149 759.92950  10.42523  2.9684 5o : / \ © S
] ©
\ ~ \ w A
50 Totals 2.56006e4  440.00215 \ werb L/ \ p &
4 _ J{L__,W\N S, ) \\TL/,\ - ~ \\\ B 7\,/‘?&
0 — = — Lo —————
0 5 10 15 20 25 30 35 40 min
Recovered 3b after macrocyclization with mismatched ligand L2
mAU 1 o
75 Signal 1: DAD1 A, Sig=250,4 Ref=off ©
300 f g
3 Peak RetTime Type Width Area Height Area \‘ P
250 #  [min] [min]  [mAU*s] [mAU] % || ©
E S P [, (PR [ | B N
200 | /
E 1 22.322 BB  ©.8063 1.96832e4  375.01736 51.0508 \ / \
150 H 2 33.846 BB 1.1724 1.88729e4  236.64723 48.9492 ) \ " \
E Fod [
100 E Totals : 3.85562e4  611.66460 | \ / \
E /
50 | / K
0- : : - ,
T i T i — — i T — T
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WOR O
FSCJ\N NJ\CFa
H H B M

EtO (0]

[0}

o

NH,

S90

3c
Chiralpak AD-H
6% EtOH/Hexanes, 1.200 mL/min, 25 °C, 250 nm

MeO O
mAU A . = b
] Racemic standard ~ 8
] o
7 Signal 1: DAD1 A, Sig=250,4 Ref=off 3ol
200 & g
B Peak RetTime Type Width Area Height Area T}
150 - #  [min] [min]  [mAU*s] [mAU] % e N
] R B e [ R |-mmmomees [ [mmmemee | ) <
] 1 29.711 BB 0.7756 1.15880e4 217.48097 25.3730 < o
100 2 32.053 BB 0.8417 1.0678led  182.21404 23.3807 0
- 3 43.795 BB 1.1713 1.15191e4 116.52893 25.2221
] 4 52.432 BB 1.5074 1.18854e4 92.97552 26.0242
50
] Totals 4.56705e4 609.19946
0 —
r r T . T . . . : T : : - : : T r
0 10 20 40
mAU 1 Signal 1: DAD1 A, Sig=250,4 Ref=off
120 Peak RetTime Type Width Area Height Area
] #  [min] [min]  [mAU*s] [mAu] % 5 P
100 e R B [ [-omeeenas [-oeeeees I N&® o ®
] 1 29.882 BB 0.5882 618.37805 12.78744 2.8305 / \ /\\
SOT 2 32.166 BB 0.6436 675.56903 12.51832 3.0923 1 ! \
| 3 42.722 MM 1.5694 1.02245e4 108.58331 46.8006 / \ / \
60T 4 51.032 MM 1.8843 1.03285e4 91.35616 47.2766 \ \
1 g 8 \ \
40 E Totals : 2.18470e4  225.24521 © - \ \
4 » N
20 S S |
7] / ~ j_—,J
0 — - SN S A = ——— N
T T T T T T T T r T T T T T T T T T i T T r T T T T T T
0 10 20 30 40 50 min
Me
Me. | Me
i O O i
F3C)LN N~ “CF,
EtO (o) Chiralpak AD-H
7% IPA/Hexanes, 1.250 mL/min, 25 °C, 250 nm
O O
NH,
MeO
mAU 7
50 Racemic standard
E Signal 1: DAD1 A, Sig=250,4 Ref=off
40
Bl Peak RetTime Type Width Area Height Area
] #  [min] [min]  [mAU*s] [mAU] %
30 PR [ [ [ [ I
] 1 44.147 MM 1.7924 4374.97949 40.68061 23.0141
20 | 2 49.320 MM 2.1370 4848.50732 37.81383 25.5050
b 3 57.480 MM 2.5598 4967.12744 32.34114 26.1290
] 4 84,967 MM 3.7717 4819.37793  21.29602 25.3518
104
] Totals : 1.90100e4  132.13160
04— UW~—~
T T T T T I T T T I T T T T T T T T I T
0 10 20 30 40
Signal 1: DAD1 A, Sig=250,4 Ref=off
mAU 4
] Peak RetTime Type Width Area Height Area
B #  [min] [min]  [mAU*s] [mAU] %
50 e R e P B [-emnes |
] 1 47.120 MM 1.8408 6704.92139 60.70620 45.2575
40 | 2 53.402 MM 2.2218 644.56836 4.83521 4.,3508
q 3 62.318 MM 2.4886 6943.82373  46.50371 46.8700
E 4 93.514 MM 2.9821 521.7475@ 2.91600  3.5217
304
3 Totals 1.48151e4  114.96111
20
10
0 ——
—— T T[T T T[T T
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Me
Me Me
WO RDW
FsC H H CF3 3e
EtO Ho Br Chiralpak AD-H
NHz 4% EtOH/Hexanes, 1.25 mL/min, 25 °C, 254 nm
O O
mAU 1 Racemic standard o 8,2 & % QD
Signal 2: MWDL B, Sig=254,4 Ref=360,100 é" \6% 2 \bb‘
140 Peak RetTime Type Width Area Height Area -25'\/\ g'?’“ 2 &6. ":?D
120 #  [min] [min] [mAU*s]  [mAU] % SN\ (f\‘?‘ N \qu;\
R s R e ore s EEE -=eennee I / X
100 1 37.462 MM 1.5530 1.59148e4 170.79330 24.4315 \ \ 2 ‘ij'
80 2 41.567 MM 2.0101 1.59510e4  132.25883 24.4870 N~y
3 49.794 MM 2.1516 1.64010e4 127.04509 25.1778
60 4 74.522 MM 3.5827 1.68738e4 78.49621 25.9036 ’ \ K \ /
40 Totals 6.51406e4 508.59344 I / /
20 \ / /
] YA
o 7: . — — - )
L e L S e B R S e e e L S S S L S e e T A B e e e
10 20 30 40 50 60 70 80 min
mAU 8 o0 Y
140-] Signal 2: MD1 B, Sig=254,4 Ref=360,100 ,;J\Q 4 ,LDP‘
] N N
120 -] Peak RetTime Type Width  Area Height  Area > | %
1 % [min] [min]  [mAU*s] [mAU] % %&0 N4
1005 -ooef-menee- [ R [-m-mmeees [-mmmes [-m-meen |
80 = 1 37.902 MM 1.5450 2303.49512 24.84956 5.3330 \(O
] 2 41.796 MM 2.0398 1.93703e4 158.27101 44.8453 - 1 >
60 3 49.943 MM 2.1799 1.92448e4  147.13493 44.5548 I o \ v
E 4 75.206 MM 3.2414 2274.94165 11.69741 5.2669 8 : © q’/\
40 N / \ S &7
20; Totals 4.31935e4  341.95292 /"’{/ L‘L// \ ",\"?Se"b
0 - - T _/,\Ar._
T T — — T T T T e e B
10 20 30 40 50 60 70 80 min
Me
Me | Me
I NOROW
FsC™ N N~ “CF3
H H Br H
EtO (e] 3f
LSS Chiralpak AD-H
16% IPA/Hexanes, 1.25 mL/min, 25°C, 250 nm
NH,
OH
Racemic standard
mAU Signal 1: DADL A, Sig=250,4 Ref=off S o '\io
@© Vv
20 Peak RetTime Type Width Area Height Area q;\w Q;\QA N
#  [min] [min]  [mAU*s] [mAU] % 0T o
15 e (R o [ [-=eeemv I z S ®
1 11.804 MM ©.5994 873.39478  24.28467 23.8811 e Vv
10 2 13.425 MM ©.7380 870.22479  19.65151 23.7944 o, ‘\@’b g %\Q
3 19.164 MM 1.2525 1003.40118 13.35178 27.4358 - ‘2}
5 4 26.144 MM 1.5549 910.24768 9.75685 24.8887 © &?)
el
0 3657.26843 67.04481
5 .
.
-10
} T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 min
mAU { Signal 1: DAD1 A, Sig=250,4 Ref=off § r{,\
] e Q°
] . . ; N
- Peak RetTime Type Width Area Height Area >
100 1 #  [min] [min]  [mAU*s] [maU] % ,z.;‘—’ Q/\(b
1 | & .
80 = 1 12.174 MM 0.5871 3810.37231 108.16837 45.8015 o g 'b(s\
4 2 13.926 MM 0.7007 235.47195  5.60100 2.8304 <X o
60 - 3 19.429 M 1.1087 3970.72754 59.69022 47.7290 ?_’?ﬁe
] 4 27.880 MM 1.6879 302.75320 2.98949 3.6392 (
1 v
40 Totals 8319.32501 176.44907 "J'&\ /\\
] i \
20+ \ (SIS \
Y. o \\
Oj — 7'\7"/_\1"* ) .
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9. Reaction Optimizations and Procedures for Macrocyclization via Cu-catalyzed
intramolecular C-N cross-coupling

9.1 Procedure 7: Protocols for Small-Scale Intramolecular Ullmann cross-coupling

Me MeMe
0 LR
Fsc)]\ N N” "CF; CuBr (x mol %)
H H ligand (2x mol %)
H Br .
EtO o) K3POy (y equiv)
O O ( 1:2 DMF/MeCN, temp, 15 h

n

NH,

To an oven dried two-dram vial equipped with magnetic stir bar was added Cu(I) source
(0.007 mmol, 0.10 equiv), peptide ligand (0.014 mmol, 0.20 equiv) and flame-dried K;PO4
(0.294 mmol, 4.20 equiv). The flask was sealed with a septa cap and further secured with
Teflon tape. The flask was sparged with N, for 10 minutes. Diarylmethane (0.07 mmol,
1.00 equiv) was added to a separate oven dried dram vial and sparged with N, for 5 minutes.
The vials were taken into the glove box. A 1:2 DMF/MeCN solution (0.36 mL, 0.19 M)
was added to the vial containing Cu(I). The resulting reaction mixture was left to stir for
10 minutes. Diarylmethane was dissolved in a 1:2 DMF/MeCN solution (0.1 mL) and
added to the mixture. The vial was further rinsed with DMF/MeCN (0.1 mL) and added to
the stirring mixture. The reaction mixture was capped and secured with Teflon tape, then
left to stir for 15 h at the indicated temperature. After 15 h, the reaction mixture was diluted
with EtOAc and transferred to a separatory funnel. The organic layer was washed with a
solution of saturated NH4Cl (aq). The organic layer was separated and the aqueous layer
was extracted with EtOAc x 3. Combined organic layers were washed with sat. NaCl (aq).
The combined organic layers were then dried over anhydrous Na,SOy, filtered, and
concentrated in vacuo. Percent yield was determined via 'H NMR by comparing the
relative integration of malonate peak of the desired product to an internal NMR standard
of 1,4-bis(trimethylsilyl)benzene (see Figure S1).
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. ¢ TV 7
17 1,4-
bis(trimethyls
ilyl)lbenzene
|
4a
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Figure S1. Sample of Determination of NMR yield.
. . . b
9.2 Identification of Optimal Model Substrates “°°
Me MeMe
Me
L OCLR s
CuBr (10 mol %)
FsC” N N~ >CF
8 H H g 8 TMG-PAsp-Pro-Aib-CVal-OLi (20 mol %) o O O o
EtO le) K3POy4 (4.2 equiv) F3CJ\N NJ\CFs
H H
. 0 H _ HN.
O O (n DMF/MeCN (1:2) (0.125 M), 45 °C, 15 h EtO o N\
o o (Y
NH, n
racemic
EtO\;:WO Eto%o Eto\p;ro EtO\;[WO EtO%O
O O
O O O O O O NH, O O
NH,
NH,
NH,
S24 rac-3b S25 rac-3e S26

0% 24% 0% 11% trace
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a) Reactions were executed according to Procedure 7. b) Yield was determined using 'H
NMR by comparing to an internal NMR standard 1,4-bis(trimethylsilyl)benzene. c)
Linear precursors were prepared using Procedure 5.

9.3 Table S2: Cu(I) Screen

Me
Me | Me
: Me\'\lﬂ/eMe
o o :
FaC)L” O O ”J\CFS Cu(l)f(z)(uzrgem(;loo/:;m %) )(1 O : O j\
£ o Br K3PO, (4.2 equiv.) F,C” N N~ CF,
DMF/MeCN (1:2) (0.125 M), temp, 15 h H HN H
O O EtO. o
NH, O O
2b
6:94 er®
Entry® Cu (D) Temp (°C) Yield (%)”
1 CuBr 45 44
2 CuBr 23 47
3 Cul 45 39
4 Cul 23 48
5 Cu(MeCN)4BF,4 45 36

a) Reactions were executed according to Procedure 7. b) Yield was determined using 'H
NMR by comparing to an internal standard 1,4-bis(trimethylsilyl)benzene. c) 2b was
prepared using ent-L.1 following Procedure 6. In the main text, 2b was prepared using
L1.

9.4 Table S3: Concentration Effects

Me
Me | Me
H Me.
¢ TS -
FoN — Cul) source (10 ml %) 0 ' 0
H Br KePOy (4.2 equi M M
EtO 0 3P0y (4.2 equiv.) FiC” N N~ CF,
DMF/MeCN (1:2), 45 °C, 15 h H AN M
o o EtO 0o
NH, 0o o
2b
6:94 er°
Entry“ Concentration (M) Yield (%)”
1 0.25 17
2 0.125 44
3 0.06 33
4 0.05 23
5 0.01 9
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a) Reactions were executed according to Proxedure 7. b) Yields were determined using
'H NMR by comparing to an internal standard 1,4-bis(trimethylsilyl)benzene. c) 2b was
prepared using ent-L1 following Procedure 6. In the main text, 2b was prepared using L1.

9.5 Table S4: Temperature & Copper Loading

Me\'\]A/eMe
o : o Me\'\]_/lfMe
OO Cutr xma 2 U
3 H g H s K3PO, (4.2 equiv.) iy O O I
EtO 0 DMF/MeCN (1:2) (0.125 M), temp, 15h 3¢ N ! N CFs
0 O Et0 0
NH, 0o o
2
6:94 er®
Entry®‘ Cu(I) (mol %) Temp (°C) Yield (%)™
1 CuBr (5 mol %) 45 34
2 CuBr (10 mol %) 45 44
3 CuBr (10 mol %) 23 47
3 CuBr (20 mol %) 45 50
4 CuBr (20 mol %) 23 61
5 CuBr (20 mol %) 30 60

a) Reactions were executed according to Procedure 7. b) Yield was determined using 'H
NMR by comparing to an internal standard 1,4-bis(trimethylsilyl)benzene. c) All reactions
carried out with 1:2 ratio of Cu(I):peptide ligand based on previous optimization.> d)
Reaction proceeds at room temperature, but 45 °C was chosen as the optimal condition due
to most consistent reproducibility outside the glovebox.
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10. Procedure 8: Macrocyclization of Diarylmethanes Under Optimized Conditions

Me
Me
2 CLR o
CuBr (20 mol %)
N I N CFs ligand (40 mol %) j’\ O O j\
o r KyPO, (4.4 equiv.) N N oy
DMF/MeCN (1:2) (0.125 M), 45 °C, 15 h HN
0 o eCN (1:2) ( ) EtO o R
NH, o o
n=1,2

K;5PO4 (0.1401 g, 0.66 mmol, 4.40 equiv) was flamed-dried under vacuum in a 5-mL
Schlenk flask. Upon cooling to room temperature, CuBr (0.0043 g, 0.03 mmol, 0.20 equiv),
peptide ligand (0.06 mmol, 0.40 equiv) and a magnetic stir bar were added to the flask. The
flask was sealed with a new rubber septum and further secured with Parafilm ®. The flask
was evacuated for 5 minutes and backfilled with N,. This process was repeated two
additional times. 1:2 DMF/MeCN mixture (0.8 mL) was added through the septum, and
the mixture was allowed to stir for 15 min at room temperature, after which diarylmethane
3a-3f (0.15 mmol, 1.00 equiv) in MeCN (0.2 mL) was added. The vial was rinsed with
DMF (0.2 mL) which was also added to the reaction mixture. The reaction mixture was
left to stir for 15 h at 45 °C. After 15 h, the reaction mixture was diluted with EtOAc (10
mL) and transferred to a separatory funnel. The organic layer washed with saturated NH4Cl
(aq) (10 mL). The organic layer was separated and the aqueous layer was extracted with
EtOAc (5 mL x 3). Combined organic layers were washed with sat. NaCl (aq) (30 mL),
dried over Na,SOy, filtered, and concentrated in vacuo. The crude material was purified by
flash chromatography with EtOAc/Hex gradient.

11. Kinetic Resolution of Diarylmethanes Under Optimized Conditions

M
Me\fMe

CuBr (20 mol %) H

L2 (40 mol %) o o
K3POy4 (4.4 equiv) )k O O )j\ O
Me FsC CF3 4 Fgc
Me Me 1:2 DMF/MeCN, 45 °C Me
7.5h O Ho
T LS
N NJ\CF

35% y/eld 97:3 er 51% recoh@[
3:7 er

NH CuBr (20 mol %) Me. | Me Me\l/Me
ent-L2 (40 mol %)

Me K3POy4 (4.4 equiv) o fo)

(-3 Ly oo
1:2 DMF/MeCN, 45°C ¢

75h Me

H
Lp EtO
38% yie/d, 95:5 er 45% reco:j\@
973 er

>=o
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Reactions were executed according to Procedure 8 for the indicated time.
HPLC Conditions: Chiralpak® AD-H column, 10% IPA/Hex eluent, 1.00 mL/min flow rate, 25 °C, 250 nm.

See Sl section 8.5 for racemic standard.

MWD1 D, Sig=250,4 Ref=off (JH\JH-1-168_AD-H 2021-04-14 16-02-40\1FC-0101.D)
Signal 3: MWD1 D, Sig=250,4 Ref=off
mAU ] ©
l ve_Meve 8 (OQ’{]’ Peak RetTime Type Width Area Height Area
800 S E A e e E
] o O O i @'b' 1 18.906 MM  0.7588 3.87592e4  851.26971 43.8004
e 2 20.686 MM  0.7474 2826.68164 63.03324  3.1943
600 — FC™ N N° Ch 3 27.008 MM 1.2559 4.30675e4  571.53003 48.6691
1 4 30.376 MM 1.2191 3837.10669  52.45754  4.3362
400 - Totals 8.84905e4 1538.29053
N
_ 51% recovery |
200 93:7 er |
0 T;”_‘%'“"_J —— F—— — ;
0 5 10 15 35 40 45 min|
MWD1 D, Sig=250,4 Ref=off (JH\JH-1-168_AD-H 2021-04-15 17-24-59\1FC-0101.D) . .
Signal 3: MWD1 D, Sig=250,4 Ref=off
] M 3
mAU 4 Me\l,eMe (’)Q/\ ® ‘069 Peak RetTime Type Width Area Height Area
] : & © & #  [min] [min] [mAU*s]  [mAU] %
] o .V o Vv R I B |-mmmmes |-mmmes [-=mmee- |
400* O O J\ Q;'b ~ éb' 1 18.215 MM ©.5612 487.54764 14.48025 ©.8897
N N ?S v 2 19.584 MM 0.8605 2.64507e4  512.28845 48.2707
H g H 3 26.187 MM 1.3919 1007.55762 12.06429  1.8387
300* EtO Ho § 4 28.653 MM 1.2173 2.68509e4  367.61697 49.0009
200 o o % ‘%b Totals 5.47967e4  906.44996
] 3a NH, © /\%b‘ ~ ‘QQ’\
100 45% recovery ©
] 97:3er Me \ ; Q{b
1 ‘—j‘ NVS
—— [ T T T T ‘ 0 — T T
5 10 15 20 25 30 35 40 45 min|
iti : i ) © i D70 i i , 1. in° )
HPLC Conditions: Chiralpak® IB column,55% MeCN/H,0 eluentwith 0.5% formic acid buffer, 1.25 mL min-'flow rate
25 °C, 265 nm. See Sl section 12.1 for racemic standard.
DAD1 B, Sig=265,4 Ref=360,100 (JH\JH-I-168 2021-04-15 17-04-37\035-0201.D)
mAU E © ® Signal 1: DAD1 B, Sig=265,4 Ref=360,100
E Me <
E Me. | Me Lo} Peak RetTime Type Width Area Height Area
175 : ) #  [min] [min]  [mAU*s] [mAU] %
150 o o R R R B i R |-=mmeeee |
E U L 1 18.487 BV  0.3038 144.08418  6.32391 1.0997
1254 FC” N N™ "CF3 2 19.546 VB 0.4358 4328.02734 153.10451 33.0344
k| H H HN. HMe 3 28.118 BB 0.6035 8330.86816 213.36612 63.5867
100 4 EtO. o 4 30.657 BB ©.6380 298.61154  5.60086  2.2792
75{ o O \ Totals : 1.31016e4  378.39540
E ~ N~
507 4a g \ 3
254 35% yield, 97:3 er :} \ \ o'
0 % ——— e NN Vo \ L%,. o — ]
T T T T T i i i T T
40 50 min
signal 1: DAD1 B, Sig=265,4 Ref=360,100
peak RetTime Type Width Area Height  Area
#  [min] [min] [mAU*s] [mAu] %
R R [ |---memee- [==mmmmees [--mene- |
1 18.373 MM 0.4435 6223.89551 233.88628 24.7459
2 19.698 MM 0.4787 355.74881 12.38565 1.4144
3 28.318 MM 0.6120 1044.26978  28.43777  4.1520
4 29.904 MM ©.8767 1.75273e4  333.21698 69.6877
Totals : 2.51512e4  607.92667
T T T T T T T T i i T
10 20 30 40 50 min|
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12. Characterization and Spectra of Macrocyclic Products (4a-4f, 5f)

Me

Me | _Me
WOROW
F3CJ\H NJJ\CFs
H _ HN_H
EtO. (0] Me

o O

4a

Ethyl (4R)-4-(tert—butyl)-1S-methyl—7-0x0-36,54-bis(2,2,2-triﬂuoroacetamido)-8-oxa-2-
aza-1,3,5(1,3)-tribenzenacyclododecaphane-6-carboxylate (4a) was synthesized from
3a following Procedure 8. Crude material was purified by silica chromatography
(02>20->85% EtOAc/Hex) to yield the desired product as a white solid. 4a is observed as
a 1.7:1 mixture of diastereomers CD,Cl, at 25 °C by 'H NMR.

Yield: 67% (0.0740 g) using ent-L2

TLC (30% EtOAc/Hex): Ry,=0.86, 0.81.

IR (FT-ATR, cm’', neat): vimay 3245, 2964, 2254, 1723, 1533, 1402, 1285, 1159, 904, 723.
"H NMR (500 MHz, CD,Cl,): major diastereomer: & 10.29 (s, 1H), 8.71 (s, 1H), 8.06 (d,
J=8.5Hz, 1H), 7.75 - 7.64 (m, 2H)*, 7.47 (dd, J = 8.5, 2.0 Hz, 1H), 7.17 (d, J = 1.8 Hz,
1H), 7.07 (d, J= 1.6 Hz, 1H), 7.06 — 7.00 (m, 1H)*, 6.58 (dd, J= 7.5, 1.3 Hz, 1H)*, 5.95
(s, 1IH)*,5.09 (s, 1H), 4.59 (s, 1H), 4.32 —4.12 (m, 3H)*, 4.01 —3.93 (m, 1H), 3.81 (s, 1H),
3.70 (s, 1H), 2.32 - 2.18 (s + m, SH)*, 1.59 — 1.38 (m, 2H)*, 1.28 (t, /= 7.1 Hz, 3H), 1.19
—1.09 (m, 2H)*, 1.06 (s, 9H)*; minor diastereomer: o 10.08 (s, 1H), 8.55 (s, 1H), 8.15
(d, J=8.5Hz, 1H), 7.75 — 7.64 (m, 1H)*, 7.52 (dd, J= 8.5, 1.8 Hz, 1H), 7.38 (dd, J = 8.3,
2.0 Hz, 1H), 7.26 (d, J=1.7 Hz, 1H), 7.21 (d, J= 1.8 Hz, 1H), 7.06 — 7.00 (m, 1H)*, 6.58
(dd, J=17.5, 1.3 Hz, 1H)*, 5.95 (s, IH)*, 5.13 (s, 1H), 4.61 (s, 1H), 4.32 —4.12 (m, 3H)*,
4.11 —4.02 (m, 1H), 3.81 (s, 1H), 2.32 —2.18 (s + m, SH)*, 1.59 — 1.38 (m, 2H)*, 1.23 (t,
J =17.1 Hz, 3H), 1.19 — 1.09 (m, 2H)*, 1.06 (brs, 9H)*. (* Indicates overlap of peaks
corresponding to the major and minor diastereomers.)

BC NMR (151 MHz, CD,Cl,): major diastereomer: & 169.8, 169.1, 155.9-154.6 (m,
overlapping quartets of C=O(CF3)), 144.1, 142.5, 142.3, 141.8, 135.4, 134.0, 132.6, 130.8,
130.0, 129.1%*,128.9, 127.0, 126.5, 125.7, 122.8 (q, /= 288.4 Hz), 116.1 (q, J = 288.4 Hz),
122.6,121.6,121.1, 114.1, 66.7, 63.4, 63.2,57.8,35.8,35.4,29.4,28.7, 28.6, 17.3*, 14.1;
minor diastereomer**: & 169.2, 169.2, 155.9-154.6 (m, overlapping quartets of
C=0(CF»)), 143.9, 142.7, 142.0, 141.7, 133.6, 132.5, 132.2, 130.8, 130.6, 129.1*, 128.5,
127.8, 126.5,125.4, 122.7, 121.6, 121.4, 113.8 , 66.2, 63.5, 63.2, 57.5, 35.2, 35.1, 29.4,
28.1, 28.0, 17.3*, 14.0. (Note: * indicates overlap of peaks corresponding multiple peaks;
** peaks corresponding to (C=0O)CFj3 for the minor diastereomer were not observed at the
signal-to-noise ratio of the measurement.)

F NMR (471 MHz, CD,CL): 6 -76.17, -76.52, —76.52, —76.54.

HRMS: Exact mass calculated for [C37H30FsN30¢ + H]" requires m/z= 736.2816, found
m/z =736.2832.

Optical Rotation: a3’ =+ 69.5 ° (c = 0.5, MeOH, >99:1 er)
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HPLC (Chiralpak® IB column, 55% MeCN/H,0O eluent with 0.5% formic acid buffer,
1.25 mL min™ flow rate, 25 °C, 265 nm, observed as 1.9:1 dr): major diastereomers fr=
20.8 min, 34.4 min; minor diastereomers tg = 22.5 min, 32.7 min.

Me,

Me_ | Me
LT LR
FiC” N N” CFy
H H_ HN_H

EtO o

O O
4b

Ethyl (4R)-4-(tert-butyl)-T-ox0-3',5 -bis(2,2,2-trifluoroacetamido)-8-oxa-2-aza-
1,3,5(1,3)-tribenzenacyclododecaphane-6-carboxylate (4b) was synthesized from 3b
following Procedure 8. Crude material was purified by silica chromatography
(02>25->75% EtOAc/Hex) to yield the desired product as a white solid. 4b is observed as
a 2.5:1 mixture of diastereomers CD,Cl, at 25 °C by 'H NMR.

Yield: 50% (0.0536 g) using ent-L2

TLC (30% EtOAc/Hex): Ry= 0.80.

IR (FT-ATR, cm’', neat): vinay 3331, 2952, 2867,2119, 1717, 1501 1532, 1283, 1196, 1152,
906, 727.

"H NMR (500 MHz, CD,Cl,): major diastereomer: & 10.29 (s, 1H), 8.75 (s, 1H), 8.09 (d,
J=8.5Hz, 1H), 7.72 (d, /= 8.5 Hz, 1H), 7.69 — 7.62 (m, 1H)*, 7.49 (dd, J = 8.5, 1.8 Hz,
1H), 7.24 - 7.19 (m, 1H)*, 7.17 = 7.12 (m, 1H)*,7.07 (d, /= 1.9 Hz, 1H), 6.80 — 6.75 (m,
1H)*, 6.70 — 6.64 (m, 1H)*, 6.04 (s, 1H), 5.23 (s, 1H), 4.60 (s, 1H), 4.32 — 4.13 (m, 3H)*,
3.97 (ddd, J=11.0, 7.2, 4.0 Hz, 1H), 3.69 (s, 1H), 2.39 — 2.19 (m, 2H)*, 1.52 — 1.41 (m,
2H)*, 1.28 (t,J=7.1 Hz, 3H), 1.20 — 1.11 (m, 2H)*, 1.05 (s, 9H); minor diastereomer: o
10.05 (s, 1H), 8.67 (s, 1H), 8.17 (d, J = 8.5 Hz, 1H), 7.69 — 7.62 (m, 1H)*, 7.52 (dd, J =
8.5, 1.8 Hz, 1H), 7.38 (dd, J= 8.3, 1.9 Hz, 1H), 7.27 (d, /= 1.8 Hz, 1H), 7.24 — 7.19 (m,
IH)*, 7.17 - 7.12 (m, 1H)*, 6.80 — 6.75 (m, 1H)*, 6.70 — 6.64 (m, 1H)*, 6.01 (s, 1H), 5.33
(s, IH), 4.61 (s, 1H), 4.32 — 4.13 (m, 3H)*, .4.10 — 4.01 (m, 1H), 3.80 (s, 1H), 2.39 - 2.19
(m, 2H)*, 1.52 — 1.41 (m, 2H)*, 1.24 (t, /= 7.1 Hz, 3H), 1.20 — 1.11 (m, 2H)*, 1.05 (s,
9H). (Note: * indicates overlap of peaks corresponding to the major and minor
diastereomers.)

3C NMR (151 MHz, CD,Cl,) major diastereomer: 3 169.7, 169.1, 155.5 (q, J = 64.9
Hz), 155.2 (q,J=64.9 Hz), 146.1, 144.3, 142.5, 135.3, 133.9, 132.6, 132.5, 130.2, 129.6,*
129.2, 128.5, 126.9, 126.4, 125.6, 121.5, 121.4, 116.4 (q, J = 288.4 Hz), 116.1 (q, J =
288.4 Hz), 115.4, 114.5, 66.7, 63.5, 63.4, 57.8, 35.9, 35.4, 29.4*, 28.6, 28.2, 14.0; minor
diastereomer**: 169.2, 169.1, 146.0, 144.3, 142.4, 142.2, 142.1, 133.5, 132.5, 132.1,
130.8, 129.6%,128.5, 127.8, 126.5, 125.4,121.7,121.3,115.2, 114.2, 66.3, 63.2, 63.1, 57 .4,
35.4, 35.2, 29.4*, 28.0, 28. 0, 14.0. (Note: * indicates overlap of peaks corresponding
multiple peaks; ** peaks corresponding to (C=0O)CF3 for the minor diastereomer were not
observed at the signal-to-noise ratio of the measurement.)

F NMR (471 MHz, CD,CL,) § —76.09, —76.36, —76.51, —76.53.

HRMS: Exact mass calculated for [C3sH37FsN30¢ + H]" requires m/z= 722.2659, found
m/z =736.2661.
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Optical: a3° =+ 69.9 ° (c = 0.5, MeOH, >99:1 er)

HPLC (Chiralpak® IB connected to Chiralpak® IC column, 55% MeCN/H,O eluent with
0.5% formic acid buffer, 1.25 mL min™ flow rate, 25 °C, 265 nm, observed as 1.1:1 dr):
major diastereomers fg= 22.3 min, 34.9 min; minor diastereomers tg = 23.3 min, 33.7 min.

M
Me eMe
WO
FacJ\H N)J\CFa
oo oHN M

EtO. (@]
OGS

OMe

@

4c

Ethyl (4R)-4-(tert—butyl)—14-methoxy-7-0x0-36,54-bis(2,2,2-triﬂu0roacetamido)-S-oxa-
2-aza-1(1,3)-naphthalena-3,5(1,3)-dibenzenacyclododecaphane-6-carboxylate  (4c)
was synthesized from 3¢ following Procedure 8. Crude material was purified by silica
chromatography (0>25->80% EtOAc/Hex) to yield the desired product as a beige solid.
4c is observed as a 2.1:1 mixture of diastereomers in CD,Cl, at 25 °C by '"H NMR.

Yield: 57% (0.0687 g) using ent-L2

TLC (30% EtOAc/Hex): Ry=0.63, 0.66.

IR (FT-ATR, cm’', neat): vmax 3277, 2953, 2870, 2089, 1717, 1597, 1532, 1387, 1282,
1151, 1032, 906, 752.

"H NMR (500 MHz, CD,Cl,): major diastereomer: & 10.27 (s, 1H), 8.67 (s, 1H), 8.21 —
8.05 (m, 2H)*, 8.04 (d, J = 8.5 Hz, 1H), 7.73 — 7.64 (m, 2H)*, 7.61 — 7.47 (m, 2H),* 7.44
(d,J=8.4Hz, 1H), 7.16 (s, 1H), 7.07 (s, 1H), 6.09 (s, 1H), 5.73 (s, 1H), 5.71 (s, 1H), 4.60
(s, 1H), 4.34 — 4.13 (m, 3H)*, 4.07 — 3.98 (m, 1H), 3.84 (s, 3H), 3.71 (s, 1H), 2.69 — 2.39
(m, 2H)*, 1.64 — 1.49 (m, 2H)*, 1.36 — 1.15 (m, SH)*, 1.05 (s, 9H); minor diastereomer:
10.12 (s, 1H), 8.45 (s, 1H), 8.21 — 8.05 (m, 3H)*, 7.73 — 7.64 (m, 1H)*, 7.61 — 7.47 (m,
3H),* 7.38 (dd, J = 8.2, 1.7 Hz, 1H), 7.31 (s, 1H), 7.25 (s, 1H), 6.11 (s, 1H), 4.62 (s, 1H),
434 -4.13 (m, 3H)*, 4.09 (dt, J=9.5, 4.3 Hz, 1H), 3.82 (s, 1H), 3.81 (s, 3H), 2.69 — 2.39
(m, 2H)*, 1.64 — 1.49 (m, 2H)*, 1.36 — 1.15 (m, SH)*, 1.06 (s, 9H). (Note: * indicates
overlap of peaks corresponding to the major and minor diastereomers.)

BC NMR (126 MHz, CD,Cl,): major diastereomer: & 169.9, 169.1, 156.0-154.9 (m,
overlapping quartets for ((C=0)CF,), 148.4, 142.6, 137.5, 135.4, 134.9, 132.6, 131.0,
129.1-129.0*, 127.8, 126.8-126.7*, 126.6, 125.8, 125.7, 123.1, 122.0, 121.1, 116.4 (q, J
=289.8 Hz), 116.1 (q, J =288.9 Hz), 113.6, 66.8, 63.5, 63.4, 62.4, 57.8, 35.3, 29.7, 29.4,
29.1, 27. 4, 14.1; minor diastereomer®**: 6 169.3, 169.2, 156.0-154.9 (overlapping
multiplets for ((C=0)CF3), 148.7, 142.91, 142.1, 137.2, 134.3, 132.3,130.7, 129.6, 129.1—
129.0%,127.6, 127.4, 126.8-126.7*, 126.5, 125.9, 125.9, 125.4,123.2,121.9, 121.2, 113.2,
66.3,63.2,63.2,62.4,57.6,35.3,29.4,28.5,28.5,27.2, 14.0. (Note: * indicates numerous
peaks corresponding to major or minor diastereomers. See page S110 for the spectra.)
**Peaks of (C=0O)CFj3 for the minor diastereomer were not observed at the signal-to-noise
ratio of the measurement.)

F NMR (471 MHz, CD,Cl,) § -76.22, -76.52, -76.53, —76.67.

HRMS: Exact mass calculated for [C4;H4FsN307 + H]" requires m/z= 802.2921, found
m/z = 802.2922.
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Optical Rotation: a3’ =+ 50.7 ° (c = 0.5, MeOH, 99:1 er)

HPLC (Chiralpak® IB column, 55% MeCN/H,0O eluent with 0.5% formic acid buffer,
1.25 mL min™' flow rate, 25 °C, 265 nm, observed as 1.4:1 dr): major enantiomers tg= 50.4
min, 91.3 min; minor enantiomers tg=52.8 min, 81.8 min. (Note: Retention times are prone
to change due to prolonged run time. Order of elution of diastereomers remains consistent.)

Me,

Me_ | Me
O RON1
FsC” N N” “CF,
H H _ HN_H
EtO o)
0 O

OMe
4d

Ethyl (4R)-4-(tert—butyl)—14-methoxy-7-0x0-36,54-bis(2,2,2-triﬂu0roacetamido)-S-oxa-
2-aza-1,3,5(1,3)-tribenzenacyclododecaphane-6-carboxylate (4d) was synthesized from
3d following Procedure 8. Crude material was purified by silica chromatography
(0>30>85% EtOAc/Hex) to yield the desired product as a ligh pink solid. 4d is observed
as a 2.8:1 mixture of diastereomers CD,Cl at 25 °C by 'H NMR.

Yield: 49% (0.0553 g) using ent-L2.

TLC (30% EtOAc/Hex): Ry=0.71.

IR (FT-ATR, cm’, neat): vmay 3321, 2953, 2115, 1717, 1597, 1533, 1500, 1282, 1220,
1152, 1032, 906, 750, 667.

"H NMR (500 MHz, CD,Cl,) major diastereomer: & 10.29 (s, 1H), 8.60 (s, 1H), 7.92 (d,
J=28.4Hz, 1H), 7.73 (d, J= 8.4 Hz, 1H), 7.68 — 7.60 (m, 1H)*, 7.48 — 7.35 (m, 1H)*, 7.09
(s, 1H), 7.06 (s, 1H), 6.79 (brs, 2H)*, 6.24 (s, 1H), 5.10 (s, 1H), 4.61 (s, 1H), 4.33 — 4.18
(m, 3H)*,4.07—3.95 (m, 1H)*, 3.78 (s, 3H), 3.64 (s, 1H), 2.54 —2.43 (m, 1H), 2.32 - 2.21
(m, 1H), 1.64 — 1.46 (m, 2H),* 1.29 — 1.11 (m, 5H),* 1.04 (s, 9H)*; minor diastereomer:
9.87 (s, 1H), 8.62 (s, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.68 — 7.60 (m, 1H)*, 7.48 — 7.35 (m,
2H)*, 7.24 (s, 1H), 7.16 (s, 1H), 6.79 (brs, 2H)*, 6.19 (s, 1H), 5.12 (s, 1H), 4.62 (s, 1H),
4.33 —4.18 (m, 3H)*, 4.07 — 3.95 (m, 1H)*3.76 (s, 3H), 3.75 (s, 1H), 2.39 (t, /= 7.6 Hz,
2H), 1.64 — 1.46 (m, 2H),* 1.29 — 1.11 (m, 5H),* 1.04 (s, 9H)*. (Note: * indicates overlap
of peaks corresponding to major and minor diastereomers)

BC NMR (126 MHz, CD,Cl,) major diastereomer: & 169.5, 169.2, 156.0-154.9 (m,
overlapping quartets), 153.0, 142.6*, 142.4, 138.0, 136.4, 135.3, 132.6, 132.6, 132.2,
129.3,126.2, 126.0, 125.7, 124.8, 122.4, 118.3, 117.4, 116.4 (q, J = 283.5 Hz), 116.3 (q, J
=284.8 Hz), 111.7, 66.7, 63.7, 63.3, 57.9, 56.1, 35.4, 30.0, 29.4, 29.0, 25.9, 14.1*; minor
diastereomer**: 6 169.0, 169.9, 153.0, 142.6*, 142.3, 138.3, 135.9, 132.4, 132.0, 131.8,
128.8,127.7,126.6, 126.4, 126.2, 125.4,121.8, 118.7, 117.3, 111.9, 66.4, 63.3, 63.1, 56.9,
56.1, 35.3, 29.4*, 28.8, 28.1, 26.0, 14.1* (Note: *Indicates overlapping peaks of two
diastereomers; **Peaks of (C=0)CF;, (C=0)CF; for the minor diastereomer were not
observed at the signal-to-noise ratio of the measurement).

F NMR (471 MHz, CD,CL,) 8 —75.95, —76.20, —76.46, —76.54.

HRMS: Exact mass calculated for [C37H30FsN307 + H]" requires m/z= 752.2770, found
m/z="752.2774.

Optical Rotation: a3’ =+ 64.4 ° (c = 0.5, MeOH, 98:2 er)
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HPLC (Chiralpak® IB column, 50% MeCN/H,0O eluent with 0.5% formic acid buffer,
1.00 mL min™ flow rate, 25 °C, 265 nm, observed as 3.0:1 dr): major enantiomer tg= 17.2
min; minor enantiomer tg= 15.4 min. Unresolved pair of major and minor enantiomers tg
=11.7 min.

Ethyl (4R)-4-(tert-butyl)-7-ox0-36,54-bis(2,2,2-triﬂuoroacetamido)—8-0xa-2-aza-
1,3,5(1,3)-tribenzenacyclotridecaphane-6-carboxylate (4e) was synthesized from 3e
following Procedure 8. Crude material was purified by silica chromatography
(02>25->80% EtOAc/Hex) to yield 4e as a beige solid. 4e is observed as a 1.9:1 mixture
of diastereomers in CD,Cl, at 25 °C by 'H NMR.

Yield: 23% (0.0254 g)

TLC (30% EtOAc/Hex): R,=0.76.

IR (FT-ATR, cm™, neat): vma 3324, 2945, 2863, 2125, 1715, 1590, 1531, 1284, 1153,
1026, 907, 732.

"H NMR (600 MHz, CD,Cl,): major diastereomer: & 10.37 (s, 1H), 8.45 (s, 1H), 7.97 (d,
J=18.3 Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.44 (s, 1H), 7.31 — 7.28 (m, 2H), 7.24 — 7.15
(m, 2H)*, 6.81 — 6.72 (m, 2H)*, 6.37 (s, 1H), 5.42 (s, 1H), 4.52 (s, 1H), 4.27 — 4.11 (m,
4H), 3.81 (s, 1H), 2.61 (dt, J = 12.6, 6.1 Hz, 1H), 2.47 — 2.35 (m, 1H)*, 1.63 — 1.37 (m,
4H)*,1.29 —1.08 (m, 5SH)*, 1.03 (s, 9H); minor diastereomer: 10.21 (s, 1H), 8.54 (s, 1H),
7.93 (d,J=8.5Hz, 1H), 7.75 (d,J= 8.4 Hz, 1H), 7.57 (d,J= 7.0 Hz, 1H), 7.36 (d, /= 8.2
Hz, 1H), 7.24 — 7.15 (m, 2H)*, 7.07 (s, 1H), 6.81 — 6.72 (m, 2H)*, 6.35 (s, 1H), 5.33 (s,
1H), 4.56 (s, 1H), 4.27 —4.11 (m, 3H)*, 4.04 (ddd, /= 10.7, 6.9, 3.5 Hz, 1H), 3.70 (s, 1H),
2.51(dt,J=13.9,7.0 Hz, 1H), 2.47 —2.35 (m, 1H)*, 1.63 — 1.37 (m, 4H)*, 1.25 (t,J=7.1
Hz, 3H), 1.29 — 1.08 (m, SH)*, 1.04 (s, 9H). (Note: * indicates overlap of peaks
corresponding to major and minor diastereomers)

BC NMR (151 MHz, CD,Cl,): major diastereomer: & 170.3, 168.4, 156.1-154.8 (m,
overlapping quartets of (C=0)CF;), 144.6, 144.3, 142.0, 141.8, 134.0, 132.8-
132.6*%,132.1, 129.7, 129.6, 129.0, 128.5, 126.4—125.3%, 124.6, 122.0, 121.6, 116.5, 116.4
(q, J = 288.4 Hz), 116.1 (q, J = 288.4 Hz), 114.5, 67.6, 63.2, 63.1, 58.1, 36.0, 35.5, 30.7,
29.3, 28.5, 25.6, 14.0; minor diastereomer**: o 169.4, 169.3, 156.1-154.8 (m,
overlapping quartets), 144.8, 144.3, 142.5, 142.3, 135.5, 134.8, 132.8-132.6*, 128.0,
126.4-125.3*, 122.3, 122.1, 117.0, 116.6, 67.4, 63.3, 63.2, 57.7, 36.1, 35.3, 30.3, 29.4,
28.3, 26.1, 14.0. (Note: *indicates numerous peaks corresponding to major or minor
diastereomers. See page S116 for the spectra; **peaks of (C=O)CF; for the minor
diastereomer were not observed at the signal-to-noise ratio of the measurement.)

F NMR (471 MHz, CD,CL,) 8 —76.08, —76.28, —76.54.

HRMS: Exact mass calculated for [C37H30FsN30¢ + H]" requires m/z= 736.2821, found
m/z =736.2823.
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Optical Rotation: a3’ =+ 9.8 ° (¢ = 0.5, MeOH, 99:1 er)

HPLC: (Chiralpak® IB column, 55% MeCN/H,O eluent, 1.00 mL min” flow rate, 25 °C,
265 nm, observed as 2.1:1 dr): major enantiomers tg= 25.6 min, 31.9 min; minor
enantiomers tg= 33.5 min, 35.9 min.

Me,

Me Me
ORGP
F3CJ\N NJ\CFS
H Hn, H
EtO o OH

O O

4f

Ethyl (4R)-4-(tert—butyl)-1S-hydroxy-7-0x0-36,54-bis(2,2,2-triﬂu0roacetamido)-S-oxa-
2-aza-1,3,5(1,3)-tribenzenacyclododecaphane-6-carboxylate (4f) was synthesized from
3f following Procedure 8. Crude material was purified by silica chromatography
(02>25->80% EtOAc/Hex) to yield 4f as an off-white solid. 4f is observed as a 2.5:1
mixture of diastereomers in CD,Cl, at 25 °C by 'H NMR.

Yield: 43% (0.0477 g) using ent-L2

TLC (30% EtOAc/Hex): R,=0.33.

IR (FT-ATR, cm’, neat): vmay 3344, 3021, 2953, 2868, 2118, 1715, 1597, 1533, 1282,
1215, 1153, 1028, 836, 750.

"H NMR (600 MHz, CD,Cl,): major diastereomer: & 10.29 (s, 1H), 8.69 (s, 1H), 8.08 (d,
J=28.5Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.69 — 7.63 (m, 1H)*, 7.47 (d, J= 8.5 Hz, 1H),
7.20 (s, 1H)*, 7.07 (s, 1H), 6.25 (s, 1H)*, 6.13 (s, 1H)*, 5.57 (s, IH)*, 5.17 (s, 1H), 5.00
(s, 1H)*, 4.59 (s, 1H), 4.35 - 4.12 (m, 3H)*, 3.96 (ddd, J=11.0, 7.3, 3.9 Hz, 2H), 3.69 (s,
1H), 2.29 - 2.17 (m, 2H)*, 1.53 — 1.36 (m, 2H)*, 1.28 (t,J= 7.1 Hz, 3H), 1.18 — 1.07 (m,
2H)*, 1.04 (s, 9H)*; minor diastereomer: 6 10.06 (s, 1H), 8.62 (s, 1H), 8.16 (d, J= 8.5
Hz, 1H), 7.69 — 7.63 (m, 1H)*, 7.51 (d, J = 8.5 Hz, 1H), 7.37 (d, J = 8.3 Hz, 1H), 7.27 (s,
1H), 7.20 (s, 1H)*, 6.25 (s, IH)*, 6.13 (s, 1H)*, 5.57 (s, 1H)*, 5.26 (s, 1H), 5.00 (s, 1H)*,
4.61 (s, 1H), 4.35—-4.12 (m, 3H)*, 4.03 (dt,J=10.8, 5.2 Hz, 1H), 3.80 (s, 1H), 2.29-2.17
(m, 2H)*, 1.53 — 1.36 (m, 2H)*, 1.23 (t, J = 7.2 Hz, 3H), 1.18 — 1.07 (m, 2H)*, 1.04 (s,
9H)*. (Note: *indicates overlap of major and minor diastereomers)

BC NMR (151 MHz, CD,Cl,): major diastereomer: & 169.8, 169.1, 157.2*%, 156.2—154.7
(m, overlapping quartets of (C=0)CFs), 147.5, 145.7, 142.5, 142.1, 135.3, 133.7, 132.5,
130.2, 129.2, 128.9, 127.1, 126.4, 125.6, 121.5, 116.4 (q, J = 288.41 Hz), 116.1 (q, J =
289.92 Hz), 108.4, 107.0, 102.2, 66.6, 63.5, 63.4, 57.8, 35.9, 35.3, 29.4*, 28.6, 27.9, 14.0;
minor diastereomer**: 6 169.3, 169.2, 157.2*%, 147.4, 145.7, 142.4, 142.2, 133.3, 132.6,
132.4,132.2,130.9, 128.8, 128.0, 126.5, 125.4,121.3, 108.9, 106.6, 101.7, 66.3, 63.3, 63.1,
57.4,35.4,35.2,29.4% 28.0, 27.8, 14.0. (Note: *indicates overlapping peaks of major and
minor diastereomers; **peaks of (C=0)CF;, (C=0)CF; for the minor diastereomer were
not observed at the signal-to-noise ratio of the measurement).

F NMR (471 MHz, CD,Cl,) § -76.11,-76.37,-76.51, -76.54.

HRMS: Exact mass calculated for [C3¢H37F¢N3O7 + H]™ requires m/z = 738.2608, found
m/z =738.2599.

Optical Rotation: a3’ =+ 91.0 ° (¢ = 0.5, MeOH, >99:1 er)
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HPLC (Chiralpak® IB column, 55% MeCN/H,0O eluent with 0.5% formic acid buffer,
1.20 mL min™' flow rate, 25 °C, 265 nm, observed as 1.8:1 dr): major enantiomer tg= 8.4
min; minor enantiomer tg= 8.9 min. Unresolved pair of major and minor enantiomers tg =
14.7 min.

Ethyl  (4R)-1 -amino-4-(tert-butyl)-T-0x0-3',5 -bis(2,2,2-trifluoroacetamido)-2,8-
dioxa-1,3,5(1,3)-tribenzenacyclododecaphane-6-carboxylate (5f) was synthesized from
3f following Procedure 8. Crude material was purified by silica chromatography
(0>45->80% EtOAc/Hex eluent) to yield the desired product 5f as a white solid. 5f is
observed as a 4.3:1 mixture of diastereomers CD,Cl, at 25 °C by 'H NMR.

Yield: 11% (0.0126 g) with L3

TLC (40% EtOAc/Hex): Ry/=0.53.

IR (FT-ATR, cm™', neat): vmax 3389, 3288, 2953, 2868, 2126, 1727, 1590, 1535, 1289,
1159, 1030, 835.

"H NMR (500 MHz, CD,Cl,): major diastereomer: & 10.28 (s, 1H), 8.43 (s, 1H), 8.30 (d,
J=28.5Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.42-7.40 (m, 1H)*,
7.30 (s, 1H), 7.06 (s, 1H)*, 6.90 (s, 1H), 6.39 (s, 1H), 6.24 (s, 1H), 4.60 (s, 1H), 4.34 —4.17
(m, 3H)*, 3.96 (ddd, J = 11.1, 7.3, 3.9 Hz, 1H), 3.82 (brs, 2H), 3.66 (s, 1H), 2.29 — 2.23
(m, 2H)*, 1.52-1.45 (m, 2H)*, 1.29 (t, /= 7.1 Hz, 3H), 1.17-1.10 (m, 2H)*, 1.04 (s, 9H);
minor diastereomer: 9.87 (s, 1H), 8.36 (s, 1H), 8.28 (d, /= 8.6 Hz, 1H), 7.65 (d, J=8.3
Hz, 1H), 7.42-7.40 (m, 1H)*, 7.37 (d, J= 8.4 Hz, 1H), 7.06 (s, 1H)*, 6.36 (s, 1H), 6.23 (s,
1H), 4.65 (s, 1H), 4.34 — 4.17 (m, 3H)*, 4.07-4.02 (m, 1H), 3.82 (brs, 2H), 3.77 (s, 1H),
2.34-2.31 (m, 1H), 2.29 — 2.23 (m, 1H)*, 1.52-1.45 (m, 2H)*, 1.25 (t, J = 7.1 Hz, 3H),
1.17-1.10 (m, 2H)*, 1.03 (s, 9H). (*indicates overlap of peaks corresponding to the major
and minor diastereomers.)

3C NMR (126 MHz, CD,Cl,): major diastereomer: & 169.8, 168.9, 158.2, 155.5 (q, J =
36.5 Hz), 154.7 (q, J = 36.5 Hz), 148.8, 146.0, 145.8, 142.3, 141.6, 135.2,* 132.6, 129.3,
126.3, 125.1, 125.6, 124.9, 121.5, 120.8, 116.4 (q, J = 287.9 Hz), 116.1 (q, J = 288.5 Hz),
111.1, 105.7, 103.2, 66.4, 63.5, 63.4, 57.8, 35.7, 35.4, 29.4, 28.6, 27.7, 14.1*; minor
diastereomer**: 6 169.3, 168.8, 158.3, 148.9, 145.7, 142.2, 142.0, 135.2*, 132.4, 132.1,
132.0,126.7, 126.5, 126.0, 125.5, 121.7, 121.1, 111.5, 105.6, 102.5, 66.1, 63.3, 63.2, 56.9,
35.3,35.3,29.3,27.8,27.4, 14.1*.

(Note: *indicates a peak corresponding to both the major and minor diastereomers; **peaks
of (C=0)CF3, (C=0)CF; for the minor diastereomer were not observed at the signal-to-
noise ratio of the measurement)

F NMR (471 MHz, CD,CL,) § —76.26, —76.36, —76.48, —76.57.

Optical Rotation: a3’=+25.9° (¢ = 0.3, MeOH, 93:7 er)
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HRMS: Exact mass calculated for [C3;¢H37F¢N3O7 + H]+ requires m/z =738.2609, found
m/z="738.2593.
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12.1 HPLC Traces of Macrocyclic Compounds (4a-f)

M
Me eMe

2R
FaC~ N N~ >CF,
H H
HN
eo. kMo Me
O O
4a

Chiralpak 1B
55% MeCN/H,0 with 0.5% formic acid, 1.250 mL/min, 25 °C, 265 nm

Analytical standard (observed as 1.2:1 dr)

mAU 7 signal 1: DAD1 B, Sig=265,4 Ref=360,100
] o
50 Peak RetTime Type Width Area Height Area 5 E
1 #  [min] [min] [mAU*s] [mAU] % ‘03 -~ g
1 =
40 coefeaneats B Do e | |8 i ~
] 1 18.970 BV  ©.3981 1073.26257 41.44868 22.8735 \ I & K
30 2 20.179 VB 0.4315 1087.09521  37.58179 23.1683 / \ i\ -
3 3 29.124 BB 0.5696 1294.03986  33.87831 27.5787 | “ A @
20 4 31.307 BB ©.6709 1237.77881  25.93269 26.3796 | \‘ | I f\
] [ x \ [\
10 Totals : 4692.17566 138.84147 \( \ / \ /
E \)}/ \J \ / \
0o4——- e ———— /Y R e v —
b ‘ T ‘ ‘ T ‘ T ‘ T ‘ T T T
0 5 10 15 20 25 30 min|
3 a i © X
mAU 3 ent-L2 (matched ligand) g 2
350 signal 1: DAD1 B, Sig=265,4 Ref=360,100 S <
1 ‘p‘ x
300 . ) . \ N
3 Peak RetTime Type Width Area Height Area }“ } \
250 3 #  [min] [min]  [mAU*s] [mAU] % I ‘ “\
k| Rl EECEEE R [=mmmmmee- [--mmmmmes [-mmme- | |
- 1 20.846 BB 0.4669 1.01582e4  330.24783 34.8061 \ |
200 “ | \
El 2 22.503 MM 0.4299 60.71864  2.35385 ©.2080 | [\
150 3 32,652 MM ©.6013 173.16719  4.80009  ©.5933 \ © ’ A
E 4 34.358 VB ©.8446 1.87931e4  318.38593 64.3925 | | aN
100 e N e
E| [ 3 .© 8
50 Totals : 2.91852e4  655.78769 > o ) &
] AN B
0 S M — e
T : — T — T : — T
0 5 10 15 20 25 30 35 min|
L2 (mismatched ligand)
mAU 3 Signal 1: DAD1 B, Sig=265,4 Ref=360,100
= Peak RetTime Type Widt Area Height Area
60 Kk yp dth gh
507: # [min] [min] [mAU*s ] [mAU] %
E e R [ R [=mmmmeee- [=mmmmmee- [=------- |
40 1 20.833 MM 0.4921 598.87617 20.25609 18.8176
El 2 22,201 MM 0.5270 674.32416 21.32589 21.2167
304 3 32.353 MM ©.7197 1018.78552  23.59218 32.8547
20 4 34.871 MM ©.9205 887.08972 16.06100 27.9110
104 Totals : 3178.27557  81.23517
TR Y
-10 i — T i
0 5 10 15
L3 (achiralligand)
mAU Signal 1: DAD1 B, Sig=265,4 Ref=360,100
3
60 Peak RetTime Type Width Area Height Area ot
#  [min] [min]  [mAU*s] [mAU] % ©
50 R [-wesfemmnees [-meeennes J-eemmmnees [=-eemnes | ~
40 1 18.888 BB ©.3973 1328.96326  51.11497 44.4581 ®
2 20.126 BB ©0.3500 88.72088  3.29643  2.9680 by
30 3 29.043 BB 0.4462 102.34650  2.76279  3.4238
4 31.187 BB ©.6957 1469.21899  30.84415 49.1501
Q )
2989.24963  88.01834 - S
o )
/ Y N J/
_ W L ; AN
—T —— S — —T — — —
10 15 20 25 30 min|
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Me MeMe
T LS
FSCJ\N NJ\CFS
H o oHNH
EtO (o)
o O

4b

Chiralpak IB connected to Chiralpak IC
55% MeCN/H,0 with 0.5% formic acid, 1.250 mL/min, 25 °C, 265 nm

mAU ] ; . S 2
] Analytical standard (observed as 2.0:1 dr) © &
1 o N~ 5 <
80 Signal 1: DAD1 B, Sig=265,4 Ref=360,100 : 4
] NI
4 Peak RetTime Type Width Area Height Area N f | \
60 #  [min] [min]  [mAU*s] [mAU] % A | ‘ \
1 ) R [-ommnennes [-emmnmnnes [-ommneee [ \ ]
1 1 22.295 W  ©.3758 1638.22705  65.50549 16.6040 ( ’ | | \
40 ] 2 23.337 vB ©0.4116 1659.22241 61.34173 16.8168 | | [
B 3 33.669 BV ©0.5678 3258.86035 89.29769 33.0296 “ \ | | / \
7 4 34.913 VB 0.6452 3310.16675 79.59225 33.5496 ( ‘ \
20 i \o
A Totals : 9866.47656 295.73715 j\‘J \Y/ \\ /
o — e~ IR [ N N |
I I I I T T T ’ T T I T
0 5 10 15 20 25 30 35 min
- ent-2 (matched ligand
mAU ] ( gand) " ~ o
7 Signal 1: DAD1 A, Sig=250,4 Ref=off o ,\'L Q;o-’
1000 8 &
] (S IR ;e
] Peak RetTime Type Width Area Height Area — ‘Q}’b @;’b
800 #  [min] [min]  [mAU*s] [mAU] % ‘R’V“ ‘?‘
1 R R R R R I- Sl | I |
600 1 21.846 MM 0.8370 2.38540e4  474.98615 48.2149 /\ \
] 2 23.999 MM 0.5066 45.56524  1.49904  0.0921 | ’ \
400 3 31.011 MM 1.4152 2.54265e4  299.45230 51.3934 J | A\ \ N
1 4 35.864 MM 1.0952 148.18956  2.25510  ©.2995 [ N2 N
] | \ o O 2 o
200 Totals : 4.94742¢4  778.19259 \ & & &
0F— ; ‘ ‘ ‘ e ‘ et
0 5 10 15 20 25 30 35 min|
mAU T L2 (mismatched ligand) © o
] Signal 1: DAD1 B, Sig=265,4 Ref=360,100 »
100 o 5 8
b o~
- Peak RetTime Type Width Area Height Area N <
80 ] #  [min] [min]  [mAU*s] [mAU] % 3 8
] ERRR RS [ R [---mmmmee- [--mmmmmee- [--mmmme- |
60 1 22.318 BV  ©.4062 2898.29980 111.15542 24.3747
1 2 23.409 VB ©.4428 2633.45874  91.76134 22.1474 \
] 3 34.207 BV ©.5898 2978.34961  76.23934 25.8479
40 4 35.436 VB 0.6625 3380.50659  75.47722 28.4300 | |
20 Totals : 1.18906e4  354.63332 L
0 E r I’ — T ‘ T I T ‘ T T T T
0 25 30 35 min
L3 (achiralligand)
DAD1 B, Sig=265,4 Ref=360,100 (JH\JH-I-168 2020-10-07 13-23-48\015-0101.D)
AU ] g
™Y 3 signal 1: DADL B, Sig=265,4 Ref=360,100 S (]:,5\ %
350 E ~ © Q)\
3 % :
3004 Peak RetTime Type Width Area Height Area 7‘\‘ Q‘(b" =} Q":)b‘
E #  [min] [min]  [mAU*s] [mAU] % “v‘\ 5
e I [---e]mmnoe R J-ooeeees [--eeeee ! }\ &
2003 1 22.072 MM 0.4360 8492.31250 324.63968 44.4780 | ‘
E 2 23.248 MM 0.4067 519.14203 21.27568  2.7190 \ ‘ \
150 3 33.975 MM ©.5094 533.66168 17.45875  2.795@ ] ¥ &
100 4 4 35.110 MM ©.7163 9548.17676 222.17598 50.0080 © (0,\% © o
B N D o
E 2 > o
3 . o &
50 ; Totals : 1.90933e4  585.55001 /\J RS ﬁ
—_— e

o
o
N
o
N
o
N
S
N
a
w
3
w
&
3

3
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Chiralpak B

55% MeCN/H,0 with 0.5% formic acid, 1.250 mL/min, 25 °C, 265 nm
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mAU . 28 AL
] Analytical standard (observed as 1.2:1 dr) T © 40 S
404 Signal 1: DAD1 B, Sig=265,4 Ref=360,100 ;‘? ,]9(5(5@{’3 \o;-’*‘ N
] SV ™ A
] i R A o AR
30; Peak RetTime Type Width Area Height Area R\ 0 © ,-,;O
] #  [min] [min]  [mAU*s] [mAU] % EYSQ’ S
E I e i P | &
20 1 46.493 MM  1.0720 2932.06860  45.58529 21.9096
] 2 48.625 MM 1.1997 3056.43384  42.46241 22.8389
104 3 81.573 MM 2.1027 3715.98999  29.45424 27.7673
] 4 90.260 MM 2.3426 3678.10645 26.16865 27.4842
0. Totals : 1.33826e4  143.67068
] T —
[ o e e L s e e e L A B e L A e T I e e e e e LA
0 10 20 30 40 50 60 70 80 90 min
. o
”;’;LSJ ent-L2 (matched ligand) 9 oS
Signal 1: DAD1 B, Sig=265,4 Ref=360,100 3 @Q’Q’ &
150 \ 4 C
&
Peak RetTime Type Width Area Height Area YSQ) g %‘bc)
125 #  [min] [min]  [mAU*s] [mAU] % o g
B R R R [=mmmmmes [=mmmmnmes |-mmemmee | >
100 1 50.360 MM ©.6432 5994.07324 155.33047 40.3683 o
75 2 52.767 MM ©.5176  46.24597  1.49070  ©.3115 [
3 81.820 MM 1.1156 154.51089  2.30842  1.0406 o %\\
50 4 91.335 MM 1.5201 8653.64551 94.88023 58.2797 "l,b‘ 5
~ o o &
o W N
25 1.48485e4 254.00984 @
-

20 40 60 80
L2 (mismatched ligand)
mAU ] Signal 1: DAD1 B, Sig=265,4 Ref=360,100 © & ©
3] © 0‘0' . &
40T Peak RetTime Type Width Area Height Area g '28, © q?’ /\tbb‘
E X X q ® 5 B
7 #  [min] [min]  [mAU*s] [mAU] % 0 A o A
] N~ <@ v Q'
305 el [ - [ I e W By g
1 1 47.975 MM 1.5298 1504.32129 16.38871 16.4019 [} 0, &Q;b
20; 2 50.666 MM 1.1285 2005.53174 29.61913 21.8666 Qv ov
i 3 87.369 MM 1.7863 2983.95630 27.84074 32.5345 /\
i 4 95.505 MM 2.2206 2677.84473 20.09892 29.1970 \
104
] Totals 9171.65405 93.94750
0 S ) SN
10 : ‘ . ‘ . ‘ . . ‘ . |
0 20 40 60 80 100 min|
L3 (achiral ligand)
mAU . .
Signal 1: DAD1 B, Sig=265,4 Ref=360,100 ©
Q
60 ~ v
Peak RetTime Type Width Area Height Area S "O("g)
50 #  [min] [min]  [mAU*s] [mAU] % o 3
o @
409 oelee- R e O [-ommeeeee R | S
1 53.969 MM 1.1706 5049.24902 71.88821 40.7988
30 2 56.914 MM 0.9176 241.16611 4.38021 1.9487
20 3 97.958 MM 1.8634 523.49542 4.68224  4.2299 %
4 105.017 MM 2.4770 6562.06396  44.15392 53.0226 % 9.)(1{;3
10 & &
Totals : 1.23760e4  125.10459 S
T T T T T T T T T T T T
40 60 80 100 min
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Me Me
LT O
F3C N N CF
’ H H HN H ’
EtO. (0]
0 © OMe
4d
Chiralpak IB

50% MeCN/H,0 with 0.5% formic acid, 1.000 mL/min, 25 °C, 265 nm.

Pair of enantiomers

mAU 1 . Unresolved g A A
3004 Analytical standard (observedas2.1:1dr)  pairof - %gw o & o
Signal 1: DAD1 B, Sig=265,4 Ref=360,100 enantiomers & % 8 X o
250 (& o & g W
Peak RetTime Type Width Area Height Area ”?“ s N e
200 ‘ A SR
#  [min] [min]  [mAU*s] [mAU] % ‘ \‘ I X‘?‘
P P P A \
150 1 12,125 MM ©.2804 4305.57129 255.88919 32.6807 ‘ ‘ r‘ | |
1001 2 15.889 MM ©.3628 4653.79443 213.78654 35.3238 ( | | \
E 3 17.995 MM ©.4020 4215.28809 174.74316 31.9954 ‘ \‘ / \\ [
s \ |
50 1 Totals : 1.31747e4  644.41898 ,w/ '\ / \\ /j
0+ ) S
e A H e e S S e o L A B S e e L S
0 25 5 75 10 125 15 17.5 20 225 min|
mAU]  ent-L2 (matched ligand) N 5 R
1000-]  signal 1: DAD1 B, Sig=265,4 Ref=36e,160 9 \\»{b"‘ N 099'1/
] Peak RetTime Type Width Area Height Area € 0’6' {\\ QJ’D..
] =& <
800 # [min] [min]  [mAU*s] [mAU] % ‘\‘Y‘ }l V
B Rt (R EEEEEEE |=-mmmmeee |=-mmmmee |==mmmes | [ \
600 1 11.685 MM 0.2499 1.1134le4  742.67273 24.8429 w | “\
. 2 15.401 MM ©.3075 762.33514 41.32406 1.7010 [l |
400 - 3 17.235 MM ©.5914 3.29215e4  927.84821 73.4561 I ,bqu
i “ | — 2 ‘ \
] Totals : 4.48179e4 1711.84499 I o AY
200 \ o
] | O \
o E— S — o I LA D LN // N _
: : T T T e T T :
0 25 5 7.5 10 125 15 17.5 20 225 min|
mAU ] L2 (mismatched ligand) < ©
] Signal 1: DAD1 B, Sig=265,4 Ref=360,100 N © R
250T igna ig: e B pox 66\
] Peak RetTime Type Width Area Height Area g /\ Q,'b"
il ; - S
200 #  [min] [min]  [mAU*s] [mAU] % (\\ | \V‘
] ERRE EEE e [ R [--mmmee |-mmmmmee [-------- | il |
150 - 1 12.572 W 0.2596 3517.94214 205.58255 37.5099 i " \
3 2 16.530 BV  0.2669 781.99866 46.56691  8.3380 ’ \ / |
100 3 18.696 MM 0.3910 5078.76123 216.48656 54.1521 | \ o [
] | 8 [
50: Totals : 9378.70197 462.63602 | \\ g |
E (‘ ‘\ /\w/ \\’w
A~ A
L o e R B e e e I B B e e e L L e e e B e e e e
0 25 5 75 10 125 15 17.5 20 225 min
mAUZ L3 (achiral ligand) g & N
100 ; . NG )
Signal 1: DAD1 B, Sig=265,4 Ref=360,100 -~ & g (\OD
] | & .
] (|8 © 2
80 Peak RetTime Type Width Area Height Area H?‘ EVSQ’
] #  [min] [min] [mAU*s] [mAU] % / “ I\
10 R Y Y s Py B | I \
] 1 12.261 MM 0.3081 1690.04175 91.41902 46.9464 ‘ \‘ ) \
40— 2 16.398 W 0.2278 151.18854  7.95283  4.1998 \ ©
: 3 18.645 MM 0.4420 1758.70618  66.30979 48.8538 2
20 @ /\A/
] Totals : 3599.93646 165.68164 \F
o T /xmm@h ——
T T | . — —
0 25 5 75 17 5 225 min
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4e
Chiralpak IB
55% MeCN/H50 with 0.5% formic acid, 1.000 mL/min, 25 °C, 265 nm

Analytical standard (observed as2.1:1 dr)
DAD1 B, Sig=265,4 Ref=360,100 (JH\JH-I-168 2020-08-28 15-50-09\002-0101.D)
mAU

30 Signal 1: DAD1 B, Sig=265,4 Ref=360,100

25 Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
203 - e [ I -mmmmeee I
15 1 27.442 BB 0.5113 695.95880 19.74136 34.6957
2 34.352 BV ©0.5276 319.23383 7.45437 15.9148
3 36.066 VB ©0.5401 323.55957 7.12051 16.1304
4 38.300 BB 0.6328 667.14160 12.74204 33.2591

2005.89380  47.05828 w \

o o
{ iy
{
§
H
07442
34,352
gse.ose
P 38.300

-5
-10+ \ T \ T \ \ \ T T
0 5 10 15 20 25 30 35 40 min|
ent-L2 (matched ligand)
DAD1 B, Sig=265,4 Ref=360,100 (JH\JH-I-168 2020-08-28 17-48-13\005-0301.D)
mAU - 3
] signal 1: DAD1 B, Sig=265,4 Ref=360,100 ©
100 . . .
] Peak RetTime Type Width Area Height Area
B #  [min] [min]  [mAU*s] [mAU] %
807 oo [ R [-emmnenes [-emmneenns [-eeneees \
] 1 25.609 BB 0.5151 3496.46143 104.83686 66.4179 3
60 - 2 31.903 BB 0.5870 1683.87280 41.53478 31.9864 =
] 3 33.549 MM 0.5736  23.47585 6.8215le-1  0.4459 o
40 4 35.924 MM 0.7962 60.52304  1.26698  1.1497 ,\c—jb R
] \\ o ) Q(?
1 Totals : 5264.33311 148.32077 2 X S
20+ O 5 0 Q,’b.'
] 0 @ 10
0; J// L'; J// \I\ 0’)?; 9 .
T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 min|
L2 (mismatched ligand)
DAD1 B, Sig=265,4 Ref=360,100 (JH\JH-I-168 2020-08-29 09-33-05\004-0201.D)
mAU signal 1: DAD1 B, Sig=265,4 Ref=360,100
15 Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % ‘bv
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, &)
125 [ I----1 \ \ \ | q .
1 25.647 MM 0.5975 159.93221  4.46118 23.2721 > ] N
10 2 31.930 MM 0.6456 61.10852  1.57745 8.8920 ~ S ) BV %
75 3 33.559 MM 0.7195 135.20224  3.13207 19.6736 3 N [ {'3?\?3?’
4 35.728 MM 0.8557 330.98367  6.44633 48.1622 o @Q’ = g\ 3 N
5 O\ [} ,b'm\?g@ \
25 687.22663  15.61704 A P /

0 5 10 15 20 25 30 35 40 min
L3 (achiral ligand)
DAD1 B, Sig=265,4 Ref=360,100 (JH\JH-I-168 2020-08-29 09-33-05\003-0101.D)
mAU Signal 1: DAD1 B, Sig=265,4 Ref=360,100
30 Peak RetTime Type Width Area Height Area \Q’b
#  [min] [min]  [mAU*s] [mAU] % N
i e R o oo [-oemeeee I 5 &
20 1 25.423 MM 0.5750 664.10345 19.24912 64.7226 O, o'b' o
2 31.689 MM 0.6592 256.20270 6.47765 24.9691 N?S {I’Q
15 3 33.424 MM 0.6630  29.05948 7.30548e-1  2.8321 ,r o °§) ) ™
10 4 35.690 MM 0.8432 76.71139 1.51627 7.4762 % ré'l/ 6_)% ,\'\\
< @°% o
5 Totals : 1026.07702  27.97359 mvse' Q @'1‘/% q';\
o+ S K
-5 L el
-10 5 T T T T T T T —T T T T T T T —
min|
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Me,
Me. | Me
(0] (0]
NN e Chiralpak IB
8 H un H 8 55% MeCN/H20 with 0.5% formic acid
EtO Ho on 1.200 mL/min, 25 °C, 265 nm
O O
af Unresolved pair of
enantiomers
mAU 7 %
1 Analytical standard: 1:1 er, 3.2:1 dr 2
500  signal 1: DAD1 B, Sig=265,4 Ref=360,100
400_: Peak RetTime Type Width Area Height Area
] #  [min] [min]  [mAU*s] [mAU] % Enantiomers
3004 ERREl EEEEEE [ REEEE [-mmmmmee- |-mmmmmeee- [=mmmme | ~
1 1 8.347 W 0.2300 3031.23022 203.27786 12.7017 g n
B 2 8.885 VB  0.2580 2802.76807 166.80965 11.7444 © I
200 3 13.887 VB 0.5543 1.80308e4  520.26886 75.5539 ©
100_2 Totals : 2.38648e4  890.35637
1 1 1
—_— —
0 2 4 6 8 10 12 14 16 18 min
mAU S ent-L2 (matched ligand, C-N)
50 8
1 Signal 1: DAD1 B, Sig=265,4 Ref=360,100 ©
40 . . . 3
E Peak RetTime Type Width Area Height Area
303 #  [min] [min] [mAU*s] [mAU] %
] -l [ R |--mmmmmees |=mmmmemee |--msn-- |
] 1 8.454 W  ©.2132 580.85229 41.51958 35.8185
20_; 2 8.920 MM  0.2406  7.11096 4.92647e-1  ©.4385
10 E 3 14.696 W ©.3411 1033.69226  36.20219 63.7430
Totals : 1621.65552  78.21442
0 L
B L e e L A e e o T s e e s e e T e I P T T
0 2 4 6 8 10 12 14 16 18 min|
L2 (mismatched ligand, C—N)
mAU 1 signal 1: DAD1 B, Sig=265,4 Ref=360,100
25 bx
4 Peak RetTime Type Width Area Height Area 'b%
20 ,: #  [min] [min] [mAU*s] [mAU] % ~ % GDQQ‘
F IRRRR EEEEEE R R [-mmmmmmee- |==mmmmee- [EREEREE | X S &
15 1 8.587 W  ©.2193 212.18388 13.96200 25.8508 0 <
] 2 9.147 W ©.1970 108.23438  6.61103 13.1864 N~ A
104 3 14.969 MM ©.6699 500.38382 12.44903 60.9628 [T N\
] = /
5] Totals : 820.80209  33.02206 “ | /\ /
1 WA
0P N e AA?,,M,‘W_J e
S e T B S S A —
0 2 4 6 8 10 12 14 16 18 min
mAU . X Q@ >
1 L3 (achiralligand) ﬁ & ;8; ‘{J\{\
80| Signal 1: DAD1 B, Sig=265,4 Ref=360,100 ﬁ Ny ﬁ ©
i | Q,‘b‘ } { Q’b'
1 Peak RetTime Type Width Area Height Area ‘?5 [
60 4 [min] [min]  [mAU*s] [maU] % | “ ( \
1 el [ R |-mmmmmmee- |=mmmmmee- [--mmme- | | [
40 | 1 8.748 MM  0.2408 1462.11951 101.19388 34.3806 | “ N ‘J \
] 2 9.339 MM 0.2517 102.90111  6.81294  2.4196 | qf.b | \
3 14.703 MM 0.4502 2687.72827  99.49307 63.1998 | ‘\ o '\0 [
20 |8 Fo
1 Totals : 4252.74889  207.49989 [ ] o / \
o Y 2 ¥, \ Y S G
—— T T T T
0 2 4 6 8 10 12 14 16 18 min
mAU |  ent-L4 (matched ligand, C-0) 3
- ~
80 ] Signal 1: DAD1 B, Sig=265,4 Ref=360,100 W
] v
] Peak RetTime Type Width Area Height Area H g
60— # [min] [min] [mAU*s] [mAU] % | \‘ <
B EEREEEE [ R I E e Dt |=-mmme-- | N
1 1 8.784 BV  ©.2384 1273.76648  83.29447 50.0576 } | ,/\
40 2 9.373 W  ©.2017 33.25444  1.98245 1.3069 ‘ | [
1 3 14.025 W  ©.3357 1237.57910  50.89295 48.6355 f \
20+ |
1 Totals : 2544.60002 136.16987 |
O{%_ﬁd__,—_,_.—,_‘_d
N L e e T B e L S o N e R

o

2 4 6 8
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13. Product Distribution: Macrocyclization of 3a, 3b and 3¢ (UPLC-MS Traces)

06-Aug-2020
08:29:03 1:32
JH-lI-251c-ovn . 2: Scan ES-
Crude reaction trace of 3a: 330 TIC
T 3.19e7
=]
064
5114 373 395
14877 1469.9

1

JH-lIl-251c-ovn

5

JH-lIl-251c-ovn

T
4.40

1: Scan ES+
0.64 330 _ TIC
5136 7366 1.63e8
3.20 346
8183 || 7367
352
224
296 310 | 38 399,
027 136 187 200 238 126?4‘ 322;93 7546 738\7/ . 7285 1960 g5 25234
o
L U ;SO /-4 LUSO S e. SWv o0 -

B s o A A A A s A A s A R\ A\ AR A A A A A A A S AL A A A R
040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

3: Diode Array

330 _ Range: 4.701e+1
2100 4a Time  Height Area Area%
296 948732  11759.63
1
40e t =330, 310 474019 6489.12
320 3
30e+1 346 0 28 628463 22
2 346 346 14479862 19536395 19.35
20e+1 2100 386 2914609 108959.91 1079
3.20 386 oligomers
1.0e+1 29 2100 219.0
rf 2200 i
LA A L s WA A A L) L A A L0 A w0 U ML MR AR A WARALAAS UM A LAML LM MAL Be Eu s sl e b va s aas R LTS
B L I A M R C A G CHME E A A
10.06:05  Crude reaction trace of 3b 2:25
JH-251c-on Y 2: Scan ES-
347 _ TIc
1 6.5667
]
072
0.19 5113
2228
0 by FrerrTT A ML kbt ks P T T T T T T

JH-I-251¢-ovn

020 040 060 080 100 120 140 ' 160 180 200 220 | 240 260 ' 280 ' 300 ' 320 340 360 380 & 400 420 440 '

1: Scan ES+
TIC

. 316 _
7225 451e8
333
7225
070 2.90 387
= 5135 405 3.52 763.0 3.94
0 306 2822 373 7 7150
718 o) 223 7245 U‘C’/ 4
e me N
L e s s e R A ] s A ] A8 ] s s L B M A s
020 040 060 080 100 120 140 180 180 200 220 240 280 280 300 320 | 540 360 380 400 420 440
JH-lI-251¢c-ovn 3: Diode Array
316 _ 4b Range: 5.626e+1
2100 _ Time  Height Area Area%
] t=2316 269 8478 6757 000
1 333 3'33 2389 12212 640?:} 24 2389
40e+1 e 3 2710 05
.2 9 333 34450828 453320.72 2041
387 7721803 87632094 3945
20e+1]
387 "
1 e 28 200  oligomers
2110
00l S rrr—————— A
020 040 060 080 100 120 140 ' 160 180 200 220 240 260 280 ' 300 320
24-Jul-2020 P
212020 Crude reaction trace of 3¢ 27
JH-lI-241c-ovn 2: Scan ES-
330 _ TIC
] 8004 1.17e7
=] o017
1 Jewae 322 oies Al 10 A2 44
067 200 362 2490
o2 5114 123 145 161 183 200 0% 23 28 276 284 gig50 3 (0 370 3391
1650 051 080 099 107 siso a7 saar 180 205 Fie 1780 26901750 ¥
165.0 1749
B A ot B i A s e s s e R sl s R Rk B i B s o S B sl R s e A R e M wak s
020 | 040 060 ' 080 100 120 140 160 180 | 200 | 220 240 | 260 280 300 320 340 360 380 400 420 440
JH-lI-241c-ovn 1: Scan ES+
353 _ TIC
] 2824 o.75¢7
402 412 2
065 330 386 2612 2612 427 2612
5135 8026 %13 %13
bl 276 321 M “/\/
R 1gs 209 225 233 260 106 285 303 2172
023 119 139 ST ieg 1992 1649 1551 2171 Jv“i’mﬁ%w
1547 0% 1550 st P AU RAp rha )
o~
10 il
020 | 040 060 080 100 120 140 160 ' 180 200 ' 220 240 ' 260 280 @ 300 320 360 | 380 400 | 420 | 440
JH-lII-241c-ovn 3: Diode Array
330 _ Range: 1.636e+1
22207 4 _ Time Area Area%
15841 t =330, 309 449549 113
E 322 8455.72 213
: seiate eoon
1.0e+14 4
l2 2604137 53728.18
E 294018 30516 25
5.0 414
309 322
] 220220 R WL .
oo] \_ oligomers

T T T T T T T ASM ALY w2
020 040 060 08 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440



S134

14. Product Distribution: Macrocyclization of Aminophenol 3f (UPLC-MS Traces)

NH,

Me Me
Me Me Me Me
CuBr (20 mol %)
ligand (40 mol %) j\ o j\ j\
KaPO, (4.4 equiv) L
Fs;C™ N N~ "CF; + FsC~ 'N N
1:2 DMF/MeCN, 45 °C, 15 h H un H o H
EtO (0] OH EtO o)
O O O O
4f 5f
93 7 er
Reaction executed followmg Procedure 8.
JH-II-301-ovn 3: Diode Array
Range: 2.875e+1
2.5e+14 — L - Time Height Area Area%
L = ent-L2 (C-N Match) 250 282041 429680 104
] TMG-D-Asp-Pro-Aib-D-Val-OLi 264 474343 674116 163
2.0e+14 27 5 9 4 4
E 291 781043 1138783 275
299 4872274 7109627 1715
1.5e+14 Af 310 283092 421891  1.02
] t 228%9, 299 321 9 1 0.45
S 210°0 S o s B
< 10e+14 336 1797694 3025911  7.30
31 (SM), . sf 339 114487 170018 041
E =273,11 £s2.91, 3.10 346 47342 691694 167
5.0 217.0 353 4345 05
336 0 4
] 250 264 210 218.0 365 372 365 499693 725473 175
219.0219.0 221.0222.0 368 45085 56870  0.14
0.04—— < 3018 073
prerr e T e T T T M A s s L ML L Uk st s sl s ek s e L e ey Time
020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 50
JH-II-294c-ovn L L3 (Achlral)
1
_Glv- “Area Area%
250411 | TMG-Gly-OH 1220881 1.92
3982770 627
1 33 2847
2.0e+14 026
13.08
1 0.94
31{SM)
1.5e+1 12278 4f
2 t =280, 3.00 , .
E 339 2732167 5415548 853
345 345 6890675 10027224 1579
1.0e+1 2921_292 340 2120 471252 8423 81 133
819 7 3
B L 339 377 5 vﬁu 5 )
50] 264 310 2170 | 361 2180 394 373 864334 1493087 235
250 213.0 2180 221.0 221.0 377 2808974 3740390  5.89
E f 218.0 e —3-5+——199 724332 114
S I | N | W S o —ieitds 183
) S M) M Ll o Rl A s A s A LA T A LA Ak L T T T T T AR RS G T e Tife
020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 50
JH-II-252¢-wu 3: Diode Array
L= L4 (C-OMatch) 275 Range: 8.552e+1
E . . 2130 Time Height Area Area%
8.0e+14 TMG-D-Asp-Pro-A|b-|_eu-OL| 251 15741763 25548669  5.75
265 10081761 15961591 359
7.0e+1 by
28 164 136138.42 3.06
60e4 2% 28363 2192 201
5.0e+1 293 250921.64 564
e+ 1
2
< 4.0e+1 346 3.15 10346.17 023
2100 322 3893880 139
3.0e+1 o 342 337 331 fU‘\ (.) Q\‘ 3.88
251 2100 2100 2100 371 ‘
zoent 210 268 331 2110 346 27321086 38601591  6.68
210.0 2100 353 5220663 11057027 249
1.0e+1 L 3 8: 8 89.75  6.39
0.0 errrrreni T T FrrrerTreT OARLASAL MR Sad uad Ml uass Msad uads L Lt — T T T T T 7 Time
020 040 060 080 100 120 140 160 180 200 220 240 260 "300 320 340 360 380 400 5.00
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3f (SM)
JH-II-293c-ovn . t=2.72 3: Diode Array
L =L2 (C-N Mismatch) 272 _ . gy RS 4132041
. . 210.0 ime eight rea  Area
35641 TMG-Asp-D-Pro-Aib-Val-OLi 248 2067076 3252833
E 262 2859188 5269299
300411 272 38083848 592038.00
3 291 2005166 3237715
2.5e+13 299 2893300 4372007 410
3 309 790336 1183973 111
2.0e+1 a 320 26334 021
2 t=279, 299 329 374261 12
15041 335 4703881 9242193 866
5f 345 2003959 4222236 3.96
1 0est 279 t=291, 309 370 526046 3574673 335
2130
¢ 335
5.0 i 248 262 299 400 2150 5
I 21502110 2130 2200 { i
00 (S A < 210
~—.
e T ‘ : T e e : T e s Time
020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 = 500



15. NMR Studies

15.1 VT-NMR Experiments™**
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T T 185 3.80 5
1 (ppm)

25 °C% g 40°Cc % g 60°C & g
4.2:1dr 3.8:1dr | 3.3:1dr | |
|
T T
85 3.80 375 f (me)370 3.65 3.60 85 3.80 1 o) 3.65 36 85 3.80 75 1 oo 7 3.65 36
80 °C .
2.9:1dr 3 3 100°C s ° ;240_1‘5” 5 g
7 26:1dr 7 T - ‘
|
|
T T o o

.00 4>4
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@

3.70

3.80

1 (ppm)

Figure S2. '"H NMR spectra of 4a and 4a’(H,) in DMSO-d; from 25-120 °C. a) VT-NMR
experiments were performed on a Agilent 500 MHz spectrometer in DMSO-ds. b) No
convergence is observed between two sets of peaks corresponding to H;. Change in ratio

between two diastereomers is observed.
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Figure S3. Full '"H NMR spectra of 4a and 4a’ in DMSO-d, from 25-120 °C. a) VT-NMR
experiments were performed on Agilent 500 MHz spectrometer in DMSO-ds. ¢) No
significant decomposition is observed.




15.2 Deuterium Incorporation in Methanol-dy:

CD,0D
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E%L%ééé

=10min Hy, Hx Hq, Hy
1.6dr
T T T T T T T T T T T T T T T T T
.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 -05

11 (ppm)

Figure S4. Full 'H NMR spectrum of 4a and 4a’ in methanol-d,.
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15.3 '"H NMR Spectra of 4a in Different NMR Solvents
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16. Crystallographic Data

Experimental

Low-temperature diffraction data (w-scans) were collected on a Rigaku MicroMax-007HF
diffractometer coupled to a Saturn994+ CCD detector with Cu Ko (A = 1.54178 A) for the
structure of 4a. The diffraction images were processed and scaled using Rigaku Oxford
Diffraction software (CrysAlisPro; Rigaku OD: The Woodlands, TX, 2015). The structure
was solved with SHELXT and was refined against F* on all data by full-matrix least squares
with SHELXL (Sheldrick, G. M. Acta Cryst. 2008, A64, 112—-122). All non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included in the model at
geometrically calculated positions and refined using a riding model. The isotropic
displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the
atoms to which they are linked (1.5 times for methyl groups). There are several sites for
disorder in this structure. The CF3 groups are disordered over two positions. All chemically
equivalent 1,2 and 1,3 distances in the disordered models were restrained to be similar.
Their atomic displacement parameters were also restrained to be similar. Two of the esters
were also disordered over two positions. The disordered C-O and C-C distances were
restrained to be similar. The full numbering scheme of compound 4a can be found in the
full details of the X-ray structure determination (CIF), which is included as Supporting
Information. CCDC number 2081828 (4a) contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

A Bayesian statistical analysis of the Bijvoet pairs suggest the model reported here is the
true model, with an exceedingly small probability of a model with the opposite chirality
or a racemic twin. This analysis was calculated with the PLATON software package
(A.L.Spek, Acta Cryst. 2009, D65, 148-155.).

Model as presented in the CIF

Space Group P2,
Wavelength 1.54184
Flack x .... -0.05(8)
Parsons z .. -0.03(7)
Bayesian Statistics

Student T v 12
Select Pairs 6773

0 Min 3.11°

0 Max 66.59°
P2(true) 1.000
P3(true) 1.000
P3(rac-twin) 0.7E-13
P3(false) 0.2E-49

G 1.0501
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G (su) 0.1347
Hoofty -0.03(7)
Inverted model

Space Group P21
Wavelength 1.54184
Flack x .... 1.05(8)
Parsons z .. 1.03(7)
Bayesian Statistics

Student T v 12
Select Pairs 6773

0 Min 3.11

0 Max 66.59
P2(true) 0.3E-49
P3(true) 0.3E-49
P3(rac-twin) 0.8E-13
P3(false) 1.000

G -1.0481
G (su) 0.1347
Hoofty 1.02(7)

Figure 1. The complete numbering scheme of 4a with 50% thermal ellipsoid probability
levels. The hydrogen atoms are shown as circles for clarity.



Table 1. Crystal data and structure refinement for 4a.

Identification code ~ 007b-21047

Empirical formula ~ C43 H45 F6 N3 06

Formula weight 813.82

Temperature 93(2) K

Wavelength  1.54184 A

Crystal system Monoclinic

Space group P2,

Unit cell dimensions a=9.83610(10) A a=90°.
b=22.6576(3) A B=102.3820(10)°.
c=18.7122(2) A v =90°.

Volume 4073.24(8) A3

Z 4

Density (calculated) 1.327 Mg/m3

Absorption coefficient 0.906 mm-1
F(000) 1704

Crystal size  0.200 x 0.200 x 0.020 mm3

Crystal color and habit colorless plate
DiffractometerRigaku Saturn 944+ CCD

Theta range for data collection 2.417 to 66.593°.
Index ranges -11<=h<=11, -26<=k<=26, -22<=1<=22
Reflections collected 123574

Independent reflections 14178 [R(int) = 0.0925]
Observed reflections (I > 2sigma(I)) 11671
Completeness to theta = 66.593° 100.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.90494
Solution method SHELXT-2014/5 (Sheldrick, 2014)
Refinement method SHELXL-2014/7 (Sheldrick, 2014)
Data / restraints / parameters 14178 /199 /1129
Goodness-of-fit on F21.015

Final R indices [I>2sigma(I)] R1 = 0.0559, wR2 = 0.1356
R indices (all data) R1=0.0723, wR2 =0.1474
Absolute structure parameter -0.05(8)

Largest diff. peak and hole  0.554 and -0.463 e.A-3
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