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1. Materials and methods

1.1 Materials

Metals

Nickel(I) bromide ethylene glycol dimethyl ether (NiBr2-dme, 97%) was purchased from Millipore Sigma,
stored in a Np-filled glovebox, and used as received. Manganese powder (-140 + 325 mesh, 99.6%) was
purchased from Alfa Aesar, stored in a N»-filled glovebox.

Ligands

Ligands L5-L8 were synthesized according to literature procedures'. All other ligands were purchased from
commercial suppliers and used without purification.

Solvents

Tetrahydrofuran (THF) and dichloromethane (DCM) were purified by passage through activated alumina
and molecular sieves in a solvent purification system (Inert Corporation) and stored in a N»-filled glovebox.
N,N-dimethylisobutylamide (DMIB) and other amide solvents were purchased from Millipore Sigma, stored
in a N»-filled glovebox, and used as received.

Alkyl iodides

All alkyl iodides were synthesized according to literature procedures or purchased from commercial
suppliers and used without purification.

Other reagents

4-(Dimethylamino)pyridine (DMAP, 99%) was purchased from Alfa Aesar. 2,2'-Dipyridyl carbonate was

purchased from ChemImpex International and used without further purification.

1.2 Methods

NMR Spectroscopy

'"H-NMR and proton-decoupled '*C-NMR (!*C{'H}) spectra were acquired on a 500 MHz Avance
spectrometer equipped with a DCH cryoprobe (Bruker) and 400 MHz Avance spectrometer equipped with a
BBFO probe (Bruker), proton-decoupled '’F-NMR (*°F{'H}) spectra were acquired on a 400 MHz Avance
spectrometer equipped with a BBFO probe (Bruker). NMR chemical shifts are reported in ppm and are
referenced to CDCl; at 7.26 ppm (‘H NMR) and 77.16 ppm (3*C {!H} NMR), or C¢Ds at 7.16 ppm (‘"H NMR)

and 128.06 ppm ('*C {'H} NMR) ppm and are noted as such. Coupling constants (J) are reported in Hertz.
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Gas Chromatography

GC analyses were performed on an Agilent 7890A GC equipped with dual DB-5 columns (20 m x 180 pum
% 0.18 pum), dual FID detectors, and hydrogen as the carrier gas. A sample volume of 1 pL was injected at a
temperature of 300 °C and a 100:1 split ratio. The initial inlet pressure was 20.3 psi but varied as the column
flow was held constant at 1.8 mL/min for the duration of the run. The initial oven temperature of 50 °C was
held for 0.46 min followed by a temperature ramp of 65 °C/min up to 300 °C. The total run time was 5.0
min and the FID temperature was 325 °C.

Supercritical Fluid Chromatography Mass Spectrometry (SFC/MS)

SFC/MS analyses were performed on a Waters Acquity UPC? equipped with Acquity UPC? PDA (A = 190-
410 nm) and Acquity QDa Detector. The eluent was mixtures of CO»/MeOH or CO,/i-PrOH. Daicel Dcpack
SFC columns were used for separations: IA-3/IF-3/IC-3 (3 mm ID x 150 mm L, 3 um PS), MeOH in scCO;
(v =0.8 mL/min) or i-PrOH in scCO; (v = 0.6 mL/min), 40 °C, 2200 psi; SFC-B (4.6 mm ID x 150 mm L,
5 um PS), MeOH in scCO, v = 2 mL/min, 40 °C, 1500 psi.

High-Performance Liquid Chromatography (HPLC)

HPLC analyses were performed with isolated materials on a Waters €2695 separations module with 2998
PDA detector and Daicel Chiralpak columns, HPLC grade i-PrOH and hexanes were used as mobile phase.
Chromatography

Chromatography was performed on silica gel (EMD, silica gel 60, particle size 0.040-0.063 mm) using
standard flash techniques, on a Biotage Isolera One (detection at 254 nm and 280 nm, on Sfar Duo columns).
Products were visualized by UV, PMA stain, or fractions were analyzed by SFC/MS with Daicel Dcpack
SFC-B columns.

High Resolution Mass Spectrometry

Mass spectrometry data was collected on a Thermo Q Exactive Plus (thermofisher.com) via flow injection
with electrospray ionization or via ASAP-MS (asap-ms.com) by the chemistry mass spectrometry facility at
the University of Wisconsin — Madison. The purchase of the Thermo Q Exactive Plus in 2015 was funded

by NIH (National Institutes of Health) Award 1S10 OD020022 to the Department of Chemistry.
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2. Optimization of stereoretentive decarbonylative cross coupling

x mol% Ni/L o)
Redudant
O\CO py T I~ >"0Bz L O\/\/OBZ + WOBZ + 0Bz
N 2"y Solvent N goc OBz
Boc Temp. Boc 0
1,99% ee 2 (y equiv) 3 4 5

Procedure for condition optimization

In an N; filled glovebox, to a vial (4 mL) containing a PTFE-coated stirbar was added the appropriate Ni
salt, ligand, and solvent (0.5 mL). This mixture was stirred at rt for 10 min. To this vial was added the pyridyl
ester, alkyl iodide, and reductant. The vial was closed with a threaded cap fitted with a PTFE septum before
being removed from the glovebox. The vial was placed on a hotplate in a reaction heating block, and the
reaction mixture was heated and stirred (800 RPM). After the specified reaction time, the vial was removed
from the hotplate, and allowed to cool to rt, 1,3,5-trimethoxybenzene (TMB) was added as internal standard
for GC analysis and the mixture was diluted with ethyl acetate (3 mL). A portion (0.2 mL) of the resulting
mixture was passed through a pad of silica gel, and the pad was washed with ethyl acetate (5 mL). The
filtration was analyzed by GC (calibrated GC yield vs 1,3,5-trimethoxybenzene as internal standard) and
SFC (e.r. vs the corresponding racemic samples as references). e.r. = enantiomeric ratio; e.e. = [(% of major
enantiomer) - (% of minor enantiomer)] / [(% major enantiomer) + (% minor enantiomer)]; e.s. = [(e.e. of

product)/(e.c. of starting material)]x100%.
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Table S1. Summary of optimization

NiBry-dme (20 mol%)
L5 (20 mol%)
Mn (3.0 equiv)

QCOzPy + " oBz

Boc THF:DMIB (10:1) N
40°C,6h Boc
1, 0.2 mmol, 99.5:0.5e.r. 2, 2.5 equiv 3

Entry Deviations from above reaction conditions yield (%) er

1 None 77 98:2

2 1.5 equiv of 2 49 91.5:18.5

3 THF as solvent 30 97:3

4 DMA instead of DMIB 24 92.5:7.5

5 60 °C 50 98:2

6 Zn instead of Mn 26 87.5:22.5

7 TDAE instead of Mn 0 nd

8 20 mol% NiBr,-dme, 24 mol% BUPyPz 80 (78% isolated) 99:1

9 10 mol% NiBry-dme, 12 mol% ®BUPyPz 66 98:2

10 no Mn 0 nd

1" no ligand 10 60:40

12 no NiBry-dme 0 nd

Table S2. Effect of ligands
NiBry:dme (20 mol%)
ligand (24 mol%)
Mn (3.0 equiv) O\/\/OBZ OBz
Q\Cozpy + I/\/\OBZ S (10 1) N + N

Boc : : Boc
1, 0.2 mmol 40°C,6h oee °
99.5:05 er. 2(25 equiv) 3 4

L1, trace
1 remains unreactive

tBu

=

|
D
N\

L5, 80%, 99:1 e.r.
99% e.s., with 3% 4

L g .
\‘ \N ‘\ \‘

L2, 21%, 86:14 e.r.
73% e.s., 60% 1 recovery

L6, 57%, 96.5:3.5e.r.
94% e.s., with 3% 4

L3, 42%, 98:2 e.r.
97% e.s., with 10% 4

tBu

N ",‘}tBu
N\

L7, 664%, 96.5:35e.r.
94% e.s., with 4% 4

NS

-
N\

L4, 51%, 97:3 e.r.
95% e.s., with 4% 4

Me

L8, 53%, 94.5:55e.r.
90% e.s., with 5% 4

S4



Table S3. Effect of reductants

NiBry-dme (20 mol%)
L5 (20 mol%)

reductant (3.0 equiv O\/\/OBZ OBz
QCOzPy Bzo N CcEmG0ead) N MY
Boc THF:DMIB (10:1) Noc Boc O
1,0.2 mmol 225 equiv) 40°C,6h s 4
99.5:05e.r. -~ equiv
entry reductant 3 (%) e.r. of 3 (%) 4 (%)
Zn 26 82.5:17.5 3
Mn 77 98:2 3
TDAE 0 nd 0
TMS-pyrazine? 12 nd 0
no reductant 0 nd 0
81 ,4-bis(trimethylsilyl)-1,4-dihydropyrazine.
Table S4. Effect of Solvent
NiBry-dme (20 mol%)
L5 (20 mol%) oB
Mn (3.0 equiv) O\/\/ z OBz
Q‘cozPy Bz~ " N MY
Boc solvent Boc Boc O
102 | 40°C,6h
, 0.2 mmol .
99505er. 2(25 equiv) 3 4
entry solvent 3 (%) e.r. of 3 (%) 4 (%) o
A -Me
1 THF:DMA (25:1) 48 87.5:12.5 4 FsCo N
Me
2 THF:DMTFA (25:1) 34 85:15 - DMTFA
3 THF:DMB (25:1) 37 95:5 3 0
.Me
N
. . . Me
4 THF:DMIB (25:1) 47 98:2 5
DMB
5 THF:DMIB (10:1) 77 98:2 3
(0]
6 THF:DMIB (5:1) 58 96:4 3 Me%NfMe
|
Me Me
7 THF only 30 97:3 8 DMIB
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Table S5. Effect of varying the equivalents of alkyl iodide

NiBry-dme (20 mol%)
L5 (20 mol%)

Mn (3.0 equiv OBz OBz
Boc THF:DMIB (10:1) Noc Boc O
40°C,6h
1, 0.2 mmol . '
99.5:05e.r. 2 (x equiv) 3 4
entry X equiv of 2 3 (%) e.r. of 3 (%) 4 (%)
1 15 42 91.5:8.5 4
2 2.5 77 98:2 3
3 3.0 78 98:2 3
Table S6. Effect of temperature
NiBr,-dme (20 mol%)
L5 (20 mol%)
& PN Mn (3.0 equiv) O\/\/OBZ OBz
COPy * BzO I *OON
N 2 . . N
Boc THF:DMIB (10:1) Boc Boc O
temp. 6 h
1, 0.2 mmol .
99505 e.r. 2(25 equiv) 3 4
entry temp. (°C) 3 (%) e.r. of 3 (%) 4 (%)
1 30 15 91:9 5
2 40 77 98:2 3
3 50 66 97.5:2.5 4
4 60 50 98:2 5
Table S7. Effect of catalyst loading
NiBry-dme (x mol%)
L5 (y mol%)
; OBz OBz
Mn (3.0 equiv) O\/\/
Q‘cozpy + B Y ————— N *OON
Boc THF:DMIB (10:1) Boc Boc O
102 | 40°C,6h
, U.Z2 mMmo .
99.5:05 e.r. 2(25equiv) 3 4
entry X y 3 (%) e.r. of 3 (%) 4 (%)
1 20 20 77 98:2 4
2 15 15 73 97.5:2.5 5
3 10 10 65 97.5:2.5 3
4 10 12 66 98:2 5
52 20 24 80 (78% isolated) 99:1 3
6 20 30 71 99:1 3

21,7-diphenylheptan-4-one 5 was observed as CO trapping product in 65% isolated yield.
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Table S8. Comparison of different radical precursors

NiBr,:dme (20 mol%)
L5 (24 mol%)

(0] .
N ‘ X + Alkyl—X Mn (3.0 equiv) O‘Alk |
Boc 0 N~ THF/DMIB = 10:1 N y
. . ) Boc
1, 1.0 equiv 2.5 equiv 40°C,6h
Ph_~ ‘ Ph o 0
radical precursor BzO | BzO Br Ph._~_Nx PhMO/N
BF4 Ph o)
standard condition 78%, 99:1 e.r. 12%, 96:4 e.r. 39%, 94.5:55e.r. trace
99% e.s. 93% e.s. 90% e.s.
optimized condition as above 58%, 92:8 e.r. 23%, 98:2 e.r.® 15%, 75:25 e.r.2
(deviation from above) 85% e.s. 97% e.s. 51% e.s.
(with 1.0 equiv of Nal) (with DMIB as solvent) (with DMIB as solvent)

aNMR yield using 1,3,5-trimethoxybenzene as internal standard

Table S9. Optimization of cross-coupling with a-hydroxy acid derivatives

NiBry-dme (20 mol%)
L (24 mol%)

ODmc Mn (3.0 equiv) ODmc
e T e R A
Ph COOPy I NPhth solvent Ph NPhth
40°C,12h
0.2 mmol 2.5 equiv 69
99.5:05e.r.
entry L solvent isolated yield (%) er
1 L4 THF:DMIB (20:1) 65 99.5:0.5
2 L5 THF:DMIB (20:1) 66 99.5:0.5
3 L7 THF:DMIB (20:1) 58 99.5:0.5
4 L8 THF:DMIB (20:1) 63 99.5:0.5
52 L5 THF 58 99.5:0.5
6 LS THF:DMIB (10:1) 55 99.5:0.5

Dmc, dimethylcarbamyl. ®Reaction time was 24 h.
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3. Mechanism investigation

3.1 Stoichiometric oxidative addition and decarbonylation

= =
D “ N lCI‘
. P & TMS-CI /NN co </:;}1 N
Ni(cod), + "N ’}‘:\> + ST TCOPy ————  \oN—Ni—Cl = \_oN—N=CO
N= Ts THF _co
0] NTs 0] NTs
6 L4 7
A B
CcO -CO
= | racemize =z
\N in_ ~ |
</:I}I \ solution / N l}l
—=N—Ni—Cl D —N—Ni—Cl
H slow
(S)-8 < NTs (R)-8 NTs
48%
X-ray structure
Two possible pathways for racemization of alkyl nickel complexes: of ()-8
(N\N'/X JBH elimination N\N'/X Ni-H insertion (N\N'/X
- ! —_— P I— £ P I/,
N t"‘)F’G NTH N 'EN)PG
—
Ni (1) Ni (1) CNPG Ni (1)
<N\ X homolysis N_ X radical rebound N_ X
Ni ( _Ni —_— . ( _Ni,,

N t"‘)F’G = Nleonps T N EN)PG

Ni (Il) Ni (1) b Ni (I1)

In an N filled glovebox, Ni(cod), (55.0 mg, 0.2 mmol) and L4 (29.0 mg, 0.2 mmol) were dissolved in THF
(3 mL) in a 20 mL vial containing a PTFE-coated stirbar. The resulting deep blue (L.4)Ni(cod) solution was
stirred for 5 min at rt and cooled to 0 °C. To another 20 mL vial was added pyridyl ester 7 (79.3 mg, 0.2
mmol), THF (2 mL), and TMSCI (21.7 mg, 0.2 mmol). The resulting mixture was added to the solution of
(L4)Ni(cod) in the vial at 0 °C. The solution was stirred at rt for 5 min. The resulting red mixture was filtered,
and the filtrate was collected in a 20 mL vial as a red solution. To the red solution was added pentane (5 mL),
red precipitates were formed and removed by filtration (10-micron PE fritted filter), the red solid and filtrate
were collected separately in two vials.

The red solid (23.9 mg) was washed by pentane (3%5 mL) and dried under reduced pressure. NMR analysis
indicates that complex 8 and A were in ~1:1 ratio. '"H NMR of complex A (500 MHz, CsDs) 6 8.40 (d, J =
5.3 Hz, 1H), 7.86 (d, J="7.8 Hz, 2H), 7.71 — 7.63 (m, 1H), 7.63 — 7.55 (m, 1H), 7.25 - 7.20 (m, 1H), 7.07 —
6.98 (m, 1H), 6.74 (d, J = 8.0 Hz, 2H), 6.32 — 6.24 (m, 1H), 5.81 — 5.67 (m, 1H), 5.46 (dd, J=9.0, 3.6 Hz,

1H), 3.83 —3.76 (m, 1H), 3.27 — 3.15 (m, 1H), 2.90 — 2.66 (m, 1H), 1.85 (s, 3H), 1.82 — 1.70 (m, 1H), 1.53
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(dt,J=12.9,5.7 Hz, 1H), 1.17 - 1.09 (m, 1H).

To the filtrate was added pentane (10 mL), yellow precipitates were rapidly formed and filtered. At this
time, the solids were washed with pentane (3%x10 mL) before they were dried under vacuum to give the
desired product complex 8 as yellow solid (45.0 mg, 48% yield). '"H NMR of complex 8 (500 MHz, CsDs)
6 8.81 (d, J=5.4 Hz, 1H), 8.29 (d, J = 7.8 Hz, 2H), 8.02 — 7.98 (m, 1H), 7.98 — 7.96 (m, 1H), 7.27 — 7.20
(m, 2H), 6.91 (d, /= 7.8 Hz, 2H), 6.19 — 6.12 (m, 1H), 5.95 - 5.81 (m, 1H), 3.82-3.71 (m, 1H), 3.41 —3.28
(m, 1H), 3.12 - 2.97 (m, 1H), 2.19 — 2.06 (m, 1H), 1.89 (s, 3H), 1.85 — 1.80 (m, 1H), 1.58 — 1.43 (m, 1H),
1.18 — 1.05 (m, 1H). BC{'H} NMR (126 MHz, C¢D¢) 5 148.7, 145.8, 142.8, 141.1, 140.2, 134.3, 129.6,
128.8, 128.7, 121.5, 110.3, 109.5, 49.0, 37.8, 34.7, 24.4, 21.2. Further purification of complex A by
recrystallization was unsuccessful. QNMR revealed ~90% purity for complex A. The major impurity was
identified as acyl nickel complex B (~10%, see '*CO insertion experiment for further evidence). '"H NMR
of complex B (500 MHz, C¢Ds) 6 8.49 (d, J= 5.4 Hz, 1H), 7.88 (d, J = 7.9 Hz, 2H), 7.76 — 7.69 (m, 1H),
7.27-17.21 (m, 1H), 7.15-7.10 (m, 1H), 6.79 — 6.75 (m, 1H), 6.74 (d, /= 8.2 Hz, 2H), 6.28 — 6.22 (m, 1H),
5.75 - 5.66 (m, 1H), 5.51 (dd, J=9.0, 3.7 Hz, 1H), 3.92 — 3.79 (m, 1H), 3.27 — 3.18 (m, 1H), 2.82 - 2.74
(m, 1H), 1.85 (s, 3H), 1.80 — 1.74 (m, 1H), 1.53 — 1.49 (m, 1H), 1.28 — 1.17 (m, 1H).

These results indicate that complex 8, A, and B were formed by the oxidative addition of 2-pyridyl ester
7 with Ni(cod),, the decarbonylation and CO reinsertion are reversible at room temperature.

Growing single crystals of (R)-8 in Et,O/pentane at -30 °C resulted in the formation of orange single
crystals suitable for X-ray diffraction analysis. (R)-8 and (S)-8 were found in 1:1 ratio by X-ray diffraction
analysis. This data indicates that complex (R)-8 could slowly racemize in the solution when growing the
crystals, such process might be attributed to the reversible B-hydride elimination-insertion or homolysis-
radical rebound mechanisms. Further mechanistic investigations appear to rule out radical pathways and

provide clear evidence for reversible B-hydride elimination and alkene coordination.
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3.2 BCO insertion equilibrium

- 4 @
~ ‘ N \N cr

/N "“ 3co </:’\\j ’\\l excess '3CO </:N l®
N—Ni—Cl — | \=N—Ni—Cl - /N—l\‘li—”’CO
13 13
NTs O//Cws O//Cws
(R)-8 putative intermediate C

In a nitrogen-filled glovebox, a screw-cap NMR tube was charged with (R)-8 (4.6 mg, 10 umol, 1.0 equiv)
and C¢Ds (0.4 mL). The tube was sealed with a rubber septum, and the initial NMR spectra were recorded.
Then *CO (1 mL, ~40 pmol, ~4.0 equiv) was injected into the tube with a microsyringe. The tube was
occasionally shaken, and the reaction was occasionally monitored by NMR. The '"H NMR spectrum showed
full conversion of complex 8 after 5 min. The '3C{'H} NMR spectrum showed new peaks at 247.4 and 191.8
ppm, corresponding to the Ni-acyl and Ni-'*CO on '*C-labeled Ni-acyl complex C, respectively. '"H NMR
(500 MHz, CsDs) 6 8.56 — 8.30 (m, 1H), 7.87 (d, J = 7.8 Hz, 2H), 7.73 (s, 1H), 7.30 (s, 1H), 7.10 (s, 3H),
6.74 (d, J = 7.9 Hz, 2H), 6.65 (s, 1H), 6.22 (d, J = 7.6 Hz, 1H), 5.73 (s, 1H), 5.58 — 5.41 (m, 1H), 3.78 (s,
1H), 3.32 - 3.12 (m, 1H), 2.77 (s, 1H), 1.85 (s, 3H), 1.79 (s, 1H), 1.53 (s, 1H), 1.06 (s, 1H). 3C{'H} NMR
(126 MHz, CsDs) 6 247.4, 191.8, 147.1, 146.0, 144.5, 142.7, 140.4, 136.9, 129.7, 121.7, 110.7, 109.5, 67.8
(d, J = 16.9 Hz), 49.6, 29.9, 24.6, 21.1. The NMR spectra matched with the impurity B found in a
stoichiometric oxidative addition reaction. Together with the stoichiometric decarbonylative oxidative
addition experiments, this data reveals that decarbonylation of acyl nickel complexes and CO coordination-

insertion of alkyl nickel complexes are fast and reversible.
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3.3 Comparison of the stoichiometric and catalytic decarbonylative cross coupling

3.3.1 Stoichiometric and catalytic decarbonylative cross coupling of N-Ts proline 2-pyridyl ester

7
|
</:N ’T‘ Mn (3.0 equiv) O\/\/OBZ
=N—Ni—Cl + 17" 0Bz N
THF/DMIB = 10:1 5
8 NTs 2, 2.5 equiv 40°C,6h

9, 43%, 72:28 e.r.
45% e.s.

Stoichiometric cross coupling of 8 with 2: In a nitrogen-filled glovebox, a 4 mL vial was charged with 8
(46.4 mg, 0.1 mmol, 1.0 equiv), 2 (72.5 mg, 0.25 mmol, 2.5 equiv), Mn (16.5 mg, 0.3 mmol, 3.0 equiv),
THF/DMIB (10:1, 0.5 mL), and a PTFE-coated stirbar. The vial was sealed tightly with a screw cap fitted
with a PTFE septum before being removed from the glovebox. The vial was placed on a hotplate in a reaction
heating block, and the reaction mixture was stirred (800 RPM) at 40 °C for 6 h. After the specified reaction
time, the reaction mixture was removed from the hotplate, and allowed to cool to rt, diluted with ethyl acetate
(4 mL), and passed through a pad of silica gel. The vial and pad were washed with ethyl acetate (4 mL). The
filtrate was concentrated in vacuo. The crude product was analyzed by NMR and SFC with 1,3,5-
trimethoxybenzene as internal standard, B-hydride eliminated, protonated, and cross-coupling products were
detected. The filtrate was concentrated in vacuo and purified by column chromatography to give the desired

product 9 in 43% isolated yield (72:28 e.r., 45% e.s.).

NiBry-dme (20 mol%)
L4 (24 mol%),

& Mn (3.0 equiv) O\/\/OBZ
N TCOPy  + BzOT T

N
Ts THF:DMIB (10:1) Ts

7,99.505er. 2 (2.5 equiv) 40°C,6h 9,14%, 98:2 e.r.
97% e.s.

Catalytic decarbonylative cross coupling of 7 with 2: In a nitrogen-filled glovebox, to a vial containing a
PTFE-coated stirbar was added NiBr2-dme (6.2 mg, 0.02 mmol), L4 (3.5 mg, 0.024 mmol), and THF/DMIB
(10:1, 0.5 mL). This mixture was stirred at rt for 10 min. To this vial was added 7 (34.6 mg, 0.1 mmol, 1.0
equiv), 2 (72.5 mg, 0.25 mmol, 2.5 equiv), and Mn (16.5 mg, 0.3 mmol, 3.0 equiv). The vial was closed with
a threaded cap fitted with a PTFE septum before being removed from the glovebox. The vial was placed on
a hotplate in a reaction heating block, and the reaction mixture was stirred (800 RPM) at 40 °C for 6 h. After
the specified reaction time, the reaction mixture was removed from the hotplate, and was allowed to cool to
rt, diluted with ethyl acetate (2 mL), and passed through a pad of silica gel. The vial and pad were washed
with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was purified by column

chromatography to give the desired product 9 in 14% isolated yield (98:2 e.r., 97% e.s.).
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3.3.2 Observation of the decomposition of complex 8

= I > 0Bz
~ | 2 (2.5 equiv)
</:ry 'T‘ Mn (3.0 equiv) O\/\/OBZ / \ / \}
=N—Ni—ClI B N + N + N
THF, rt, 5 min THF/DMIB = 10:1 Uy N N
8 NTs 40°C.6h 9, trace 31% 35%

In a nitrogen-filled glovebox, a 4 mL vial was charged with 8 (46.4 mg, 0.1 mmol, 1.0 equiv), THF (0.5 mL),
and a PTFE-coated stirbar, the resulting mixture was stirred at rt for 5 min. After that, to the mixture was
added 2 (72.5 mg, 0.25 mmol, 2.5 equiv), Mn (16.5 mg, 0.3 mmol, 3.0 equiv), and DMIB (50 pL). The vial
was sealed tightly with a screw cap fitted with a PTFE septum before being removed from the glovebox.
The vial was placed on a hotplate in a reaction heating block, and the reaction mixture was stirred (800 RPM)
at 40 °C for 6 h. After the specified reaction time, the reaction mixture was removed from the hotplate, and
allowed to cool to rt, diluted with ethyl acetate (4 mL), and passed through a pad of silica gel to remove
excess Mn and insoluble salts. The vial and pad were washed with ethyl acetate (4 mL). The crude mixture
was analyzed by SFC, B-hydride eliminated and protonated side products were detected. The filtrate was
concentrated in vacuo. The residue was analyzed by NMR with 1,3,5-trimethoxybenzene as internal standard,
protonated and B-hydride eliminated side products were detected in 31% and 35% yield, respectively. Only

trace amount of 9 was detected by NMR.

3.3.3 X-type ligand effect of stoichiometric cross coupling of N-Ts proline 2-pyridyl ester
BzO”
Ni(cod), (1.0 equiv)

L4 (1.0 equiv) 2(25 equi\{)
& TMSCI (x equiv) NiLx _— €O & Mn (3.0 equiv) OBz
N TCOPy — = S ONLX | T Ny
T

N
Ts THF, rt, 5 min Ts o co s THF/DMIB=10:1  Ts
7 40°C,6h 9
L = PyPz, X = OPy, Cl
Entry x equiv of TMSCI yield (%) er. e.s.
1 0 13 97.5:2.5 97
2 1.0 10 79.5:20.5 60

Step-wise stoichiometric decarbonylative cross coupling with or without TMSCL: In an N, filled
glovebox, Ni(cod): (55.0 mg, 0.2 mmol) and L4 (29.0 mg, 0.2 mmol) were dissolved in THF (1 mL) in a 4
mL vial containing a PTFE-coated stirbar. The resulting deep blue (L.4)Ni(cod) solution was stirred for 5
min at rt and cooled to 0 °C. To this vial was added pyridyl ester 7 (69.3 mg, 0.2 mmol) and TMSCI (21.7
mg, 0.2 mmol, for the condition with 1.0 equiv of TMSCI, entry 2 only). The resulting solution was stirred
at rt for 5 min before adding 2 (145 mg, 0.5 mmol, 2.5 equiv), Mn (33 mg, 0.6 mmol, 3.0 equiv), and DMIB

(100 pL). The vial was sealed tightly with a screw cap fitted with a PTFE septum before being removed from
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the glovebox. The vial was placed on a hotplate in a reaction heating block, and the reaction mixture was
stirred (800 RPM) at 40 °C for 6 h. After the specified reaction time, the reaction mixture was removed from
the hotplate, and allowed to cool to rt, diluted with ethyl acetate (4 mL), and passed through a pad of silica
gel to remove excess Mn and insoluble salts. The vial and pad were washed with ethyl acetate (4 mL). The
filtrate was concentrated in vacuo. The residue was purified by column chromatography to give the desired
product 9. The reaction without TMSCI formed compound 9 in 13% yield (97.5:2.5 e.r.,, 97% e.s.); the
reaction with 1.0 equiv of TMSCI formed compound 9 in 10% yield (79.5:20.5 e.r., 60% e.s.). This data
indicates that Cl anion greatly affects the enantiospecificity of stoichiometric decarbonylative cross coupling.

3.3.4 Stoichiometric and catalytic decarbonylative cross coupling of N-Boc proline 2-pyridyl ester

<_>‘co P ~ | 7
E 2Py ~ “ ‘ 2 (2.5 equiv) OBz
1 S - co o N wn 3 equ) S~
_ N

Ni(cod), + L4 —— N—Ni—OPy N—Ni—OPy Boc 3

THF:DMIB (10:1)
o) NBoc Stoichiometric  22%, 80:20 e.r.
D E NBoc condition 61% e.s.

putative intermediates, unable to isolate

Catalystic 51%, 97:3 e.r.
condition 95% e.s.

Step-wise stoichiometric decarbonylative cross coupling of 1 with 2: In an N filled glovebox, Ni(cod)»
(55.0 mg, 0.2 mmol) and L4 (29.0 mg, 0.2 mmol) were dissolved in THF (1 mL) in a 4 mL vial containing
a PTFE-coated stirbar. The resulting deep blue (L4)Ni(cod) solution was stirred for 5 min at rt and cooled to
0 °C. To this vial was added pyridyl ester 1 (58.4 mg, 0.2 mmol). The resulting solution was stirred at rt for
5 min before adding 2 (145 mg, 0.5 mmol, 2.5 equiv), Mn (33 mg, 0.6 mmol, 3.0 equiv), and DMIB (100
pL). The vial was sealed tightly with a screw cap fitted with a PTFE septum before being removed from the
glovebox. The vial was placed on a hotplate in a reaction heating block, and the reaction mixture was stirred
(800 RPM) at 40 °C for 6 h. After the specified reaction time, and allowed to cool to rt, 1,3,5-
trimethoxybenzene (TMB) was added as internal standard for GC analysis and the mixture was diluted with
ethyl acetate (3 mL). A portion (0.2 mL) of the resulting mixture was passed through a pad of silica gel to
remove excess Mn and insoluble salts, and the pad was washed with ethyl acetate (5 mL). The filtration was
analyzed by GC (calibrated GC yield vs 1,3,5-trimethoxybenzene as internal standard) and SFC (e.r. vs the
corresponding racemic samples as references), giving the desired product 3 in 22% GC yield (80:20 e.r., 61%
e.s.). Ketone 4 was observed as the major side product in 27% GC yield. In comparison, the corresponding

catalytic condition (c.f. Table S2) gave the desired product 3 in 51% GC yield (97:3 e.r., 95% e.s.).
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3.4 B-hydride elimination of deuterium-labeled 2-pyridyl ester

L~ 97%D %D
D, 97% D Ni(cod); (1.0 equiv) D= 96%
Q_XD/ PyPz (L4, 1.0 equiv) ®—§\ - 95% D
N~ ~COyPy THF, 1t, 12 h N~ D
Boc Boc
10 11, 58%

p-hydride elimination under the stoichiometric condition: In an N; filled glovebox, Ni(cod): (55.0 mg,
0.2 mmol) and L4 (29.0 mg, 0.2 mmol) were dissolved in THF (2 mL) in a 4 mL vial containing a PTFE-
coated stirbar. To this vial was added pyridyl ester 10 (68.4 mg, 0.2 mmol). The vial was sealed tightly with
a screw cap fitted with a PTFE septum, and the solution was stirred at rt for 12 h. After that, the mixture was
diluted with ethyl acetate (2 mL) and passed through a pad of silica gel. The vial and pad were washed with
ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was purified by column
chromatography to give the product zert-butyl 1H-indole-1-carboxylate-2,3-d, (11) (colorless oil, 25.2 mg,
58% yield). "H NMR (500 MHz, CDCl3) § 8.24 — 8.09 (m, 1H), 7.62 (s, 0.05H), 7.60 — 7.54 (m, 1H), 7.36 —
7.29 (m, 1H), 7.28 — 7.21 (m, 1H), 6.58 (s, 0.04H), 1.69 (s, 9H). *C{'H} NMR (126 MHz, CDCl;) & 149.9,

135.3, 130.6, 125.7 (t, Jcp = 27.5 Hz), 124.3, 122.7, 121.0, 115.3, 107.0 (t, Jcp = 26.6 Hz), 83.7, 28.3.

23
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Fig. S5. 'H NMR (500 MHz, CDCl;) spectrum of 11
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0,
-~ 97%D NiBry-dme (20 mol%) 96%D 98%D

by - 97%D “74 (§40mol%) D Dy _9T%D
D P ""0Bz n (3.0 equiv) \ + D
CO,Py THF/DMIB = 10:1 N~ D N
Boc 40°C,6h Boc 95% D Boc OBz

10 2, 2.5 equiv 11, 60% NMR yield 12, 7% NMR yield

p-hydride elimination under the catalytic conditions In a nitrogen-filled glovebox, to a vial containing a
PTFE-coated stirbar was added NiBr,-dme (12.4 mg, 0.04 mmol, 20 mol%), L4 (7.0 mg, 0.048 mmol, 24
mol%), and THF/DMIB (10:1, 0.5 mL). This mixture was stirred at rt for 10 min. To this vial was added 10
(68.4 mg, 0.2 mmol, 1.0 equiv), 2 (145.0 mg, 0.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv).
The vial was closed with a threaded cap fitted with a PTFE septum and stirred (800 RPM) at 40 °C for 6 h.
After the specified reaction time, the reaction mixture was removed from the hotplate, and was allowed to
cool to rt, diluted with ethyl acetate (2 mL), and passed through a pad of silica gel to remove excess Mn and
insoluble salts. The vial and pad were washed with ethyl acetate (2 mL). The filtrate was concentrated in
vacuo. The residue was purified by column chromatography to give the desired product 11 in 60% NMR
yield (39.1 mg, colorless oil, mixture with propyl benzoate as impurity), and cross-coupling product 12 in
7% NMR vyield (6.4 mg, colorless oil, mixture with 4-oxoheptane-1,7-diyl dibenzoate (5) as impurity).
NMR yields were corrected by integration ratio. tert-butyl (2R,3S)-2-(3-(benzoyloxy)propyl)indoline-1-
carboxylate-2,3-d2 (12). "H NMR (500 MHz, CDCl3) § 8.09 —7.97 (m, 2H), 7.80 — 7.40 (br, 1H, overlapped),
7.60 —7.50 (m, 1H), 7.48 — 7.38 (m, 2H), 7.22 — 7.06 (m, 2H), 6.99 — 6.90 (m, 1H), 4.62 — 4.42 (m, 0.03H),
433 (t,J=6.2 Hz, 2H), 3.39 — 3.27 (m, 0.07H), 2.81 — 2.68 (m, 1H), 1.94 — 1.87 (m, 1H), 1.86 — 1.71 (m,

3H), 1.55 (s, 9H). HRMS (ESI) m/z (M+H)" calcd for C23H26D2NO4": 384.2138, found: 384.2131.
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3.5 Radical clock experiments

3.5.1 Catalytic radical clock experiments

NiBry-dme (20 mol%)
L5 (24 mol%)

NHBoc Mn (3.0 equiv NHBoc
\ N . ( quiv) l;lHBoc ons * E
"c0,py THEDMIB = 101 S 082 OW\JOBZ
. 12h 14, 83%, 88:12 e.r
13,991 er. 2, 2.5 equiv ’ 78% e‘s o 15, not detected

In a nitrogen-filled glovebox, to a vial containing a PTFE-coated stirbar was added NiBr;-dme (12.4 mg,
0.04 mmol, 20 mol%), L5 (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (10:1, 0.5 mL). This mixture
was stirred at rt for 10 min. To this vial was added 2-pyridyl ester 13 (64.1 mg, 0.2 mmol, 1.0 equiv), alkyl
iodides 2 (145.0 mg, 0.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed with
a threaded cap fitted with a PTFE septum before being removed from the glovebox. The reaction mixture
was stirred (800 RPM) at rt for 12 h. After the specified reaction time, the reaction mixture was diluted with
ethyl acetate (2 mL), and passed through a pad of silica gel to remove excess Mn and insoluble salts. The
vial and pad were washed with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was
purified by column chromatography to give the direct cross-coupling products 14 in 83% isolated yield. All
the coupling products were collected, no radical cyclization products were detected, see Section 3.5.3 for
proposed mechanism. (S)-4-((tert-butoxycarbonyl)amino)non-8-en-1-yl benzoate (14) (colorless oil, 60.0
mg, 83% yield, 88:12 e.r., 78% e.s.). "H NMR (500 MHz, CDCls) § 8.08 — 8.03 (m, 2H), 7.61 — 7.53 (m,
1H), 7.50 — 7.41 (m, 2H), 5.86 — 5.73 (m, 1H), 5.09 — 4.99 (m, 1H), 4.99 — 4.92 (m, 1H), 4.45 — 4.07 (m,
1H), 4.34 (t, J= 6.6 Hz, 2H) 3.72 — 3.44 (m, 1H), 2.14 — 2.01 (m, 2H), 1.93 — 1.76 (m, 2H), 1.71 — 1.61 (m,
1H), 1.53 —1.35 (m, 5H), 1.46 (s, 9H). *C{'H} NMR (126 MHz, CDCl3) § 166.7, 155.8, 138.6, 133.0, 130.5,
129.7, 128.4, 114.8, 79.1, 65.0, 50.4, 35.2, 33.7, 32.3, 28.5, 25.5, 25.3. HRMS (ESI) m/z (M+H)" calcd for
C21H3NO4 ™ 362.2326, found: 362.2319. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO;, v = 0.6 mL/min, 40 °C, 2200 psi, tR (minor)

=7.060 min (12%), tR (major) = 7.280 min (88%).
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NiBry:dme (20 mol%)

L5 (24 mol%) NHBoc

NHB NHBoc
3 1P0C Mn (3.0 equiv)

NHP 4+ >~ NMOBZ + E>‘ "
= | OBz = OBz
w THF/DMIB = 10:1 /

@)
t,12h 14, 14% NMR yiel 9 i
. . , yield 15, 28% NMR yield
16,>99.5.0.5¢exr. 2,25 equiv racemic racemic, cis:trans = ~5:1

Catalytic reaction: In a nitrogen-filled glovebox, to a vial containing a PTFE-coated stirbar was added
NiBrz-dme (12.4 mg, 0.04 mmol, 20 mol%), L5 (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (10:1, 0.5
mL). This mixture was stirred at rt for 10 min. To this vial was added NHP ester 16 (77.6 mg, 0.2 mmol, 1.0
equiv, >99.5:0.5 e.r.), alkyl iodides 2 (145.0 mg, 0.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0
equiv). The vial was closed with a threaded cap fitted with a PTFE septum before being removed from the
glovebox. The reaction mixture was stirred (800 RPM) at rt for 12 h. After that, the reaction mixture was
diluted with EtOAc (2 mL), and passed through a pad of silica gel to remove excess Mn and insoluble salts.
The vial and pad were washed with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc). The combined mixture of 14 and 15 was collected
and analyzed by NMR and SFC. The NMR analysis indicated that cross-coupling products 14 and radical
cyclization product 15 were formed in 1:2 ratio. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID % 150
mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO», v = 0.6 mL/min, 40 °C, 2200 psi, tR (14) =
7.096 min (19.1%), 7.322 min (19.8%); tR (cis-15) = 8.914 min (25.2%), 9.177 min (24.4%); tR (trans-15)
=9.509 min (5.7%), 10.127 min (5.9%). Further purification of 15: The mixture of 14 and 15 was dissolved
with acetone (5 mL) and transferred to a 20 mL vial charged with a PTFE-coated stirbar and KMnOj (50
mg). The resulting mixture was stirred at rt for 2 h. After that, the reaction mixture was diluted with ethyl
acetate (5 mL), and passed through a pad of silica gel. The vial and pad were washed with EtOAc (10 mL).
The filtrate was concentrated in vacuo. The residue was further purified by column chromatography to give
the cyclization product 15 as colorless oil (22.0 mg, 28% NMR vyield, cis:trans = 5:1, with ~2% of 14 as
impurity). The ratio of diastereomers refers to the characteristic peaks (6 4.0 ppm for cis-1,2-disubstituted
cyclopentyl, § 3.5 ppm for trans-1,2-disubstituted cyclopentyl, see Section 3.5.3 for proposed mechanism)>>.
The NMR yields were corrected by integration ratio. 4-(2-((fert-butoxycarbonyl)amino)cyclopentyl)butyl
benzoate (15) '"H NMR (500 MHz, CDCl3) § 8.17 —7.95 (m, 2H), 7.67 — 7.51 (m, 1H), 7.47 — 7.39 (m, 2H),
4.44 — 425 (m, 1H), 4.31 (t, J = 6.7 Hz, 2H), 4.04 (br, 0.83H, cis isomer), 3.56 (br, 0.17H, trans isomer),
2.12 - 1.73 (m, 5H), 1.72 — 1.57 (m, 2H), 1.54 — 1.47 (m, 4H) 1.44 (s, 9H), 1.33 — 1.17 (m, 2H). HRMS

(ESI) m/z (M+H)" caled for C21H3,NO4": 362.2326, found: 362.2319.
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3.5.2 Stoichiometric radical clock experiments

Ni(cod), (1.0 equiv)

NHBoc PyPz (L4, 1.0 equiv) NHBoc NHBoc NHBoc
- B B + N . 3
NN NN
“ CO.Py THF, rt, 10 min “ H/D I:>\ O—\
then D,O H/D H/D
13,991 err. $34, 43% NMR yield

. § . )
45% D cis-S35, not detected  trans-S35, 15% NMR yield

In an N filled glovebox, Ni(cod), (55.0 mg, 0.2 mmol, 1.0 equiv) and L4 (29.0 mg, 0.2 mmol, 1.0 equiv)
were dissolved in THF (2 mL) in a4 mL vial containing a PTFE-coated stirbar. To this vial was added pyridyl
ester 13 (64.1 mg, 0.2 mmol, 1.0 equiv). The resulting solution was stirred at rt for 10 min before adding
D,0 (0.2 mL, 10 mmol, 50 equiv). 1,3,5-trimethoxybenzene was added as internal standard and the mixture
was diluted with EtOAc (2 mL) and passed through a pad of silica gel. The vial and pad were washed with
EtOAc (2 mL). The filtrate was concentrated in vacuo. The residue was analyzed by NMR. Protonated and
deuterated product S34 were observed in 43% NMR yield with 45% deuterium incorporation. The
cyclization product trans-S35 was observed in 15% NMR yield, but the cis- isomer was not detected. The
NMR data matched reported spectra®. The trans diastereoselectivity indicates a Ni-C insertion mechanism,

which distinguishes this reaction from radical pathways, see Section 3.5.3 for proposed mechanism.
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Fig. S14. NMR analysis of S34 and S35
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NHBoo  Niteod) (1.0 equiv) _NHBoc

= PyPz (L4, 1.0 i .
NN NP FyPz (44, 1.0 equv) , 115 36, 10% yield
I THE 1t 12 h /\b cis:trans = ~5:1

racemic

16,>99.5:0.5 e.r.
In an N filled glovebox, Ni(cod), (27.5 mg, 0.1 mmol, 1.0 equiv) and L4 (14.5 mg, 0.1 mmol, 1.0 equiv)
were dissolved in THF (1 mL) in a 4 mL vial containing a PTFE-coated stirbar. To this vial was added NHP
ester 16 (38.8 mg, 0.1 mmol, 1.0 equiv). The resulting solution was stirred at rt for 12 h. The mixture was
diluted with ethyl acetate (2 mL) and passed through a pad of silica gel to remove the nickel salts. The vial
and pad were washed with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was
purified by column chromatography to give the dimerization products S36 in 10% isolated yield (3.8 mg,
colorless oil). The product contains mixture of diastereomers, the ratio of cis:trans = ~5:1 refers to the
characteristic peaks (6 4.0 ppm for cis-1,2-disubstituted cyclopentyl, & 3.5 ppm for trans-1,2-disubstituted
cyclopentyly>>. HRMS (ESI) m/z (M+H)" caled for CxHaiN,O4™: 397.3061, found: 397.3056. This
comparison experiment showed that the NHP ester formed cis- cyclization product by radical pathway, see

Section 3.5.3 for proposed mechanism.
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Fig. S15. NMR analysis of S36
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3.5.3 Proposed mechanism for the radical clock experiments

radical
pathway NHBoc NHBoc NHBoc
(R = NPhth) @\ Clg O’
\ 3
free radical cis, major trans, minor
NHBoc [Ni]
A N
= CO,R
13, R=Py
16, R = NPhth NHBoc NHBoc
N. v&
- _Ni N_,
2e” OA N \/ <N/NI
pathway
(R = Py) nickel alkyl trans only

NHBoc NHBoc

- <1R O:/,,,/R

cis, major trans, minor

NHBoc

R ——
R

trans only

Under both stoichiometric and catalytic conditions, reactions with NHP ester formed radical cyclization

product with cis- products as the major diastereomer. This is consistent with the fact that the cyclization of

1-substituted hex-5-enyl radicals afford mainly cis-disubstituted products*>. In sharp contrast, the reactions

with 2-pyridyl esters resulted in no radical cyclization product. Moreover, the cyclization with 2-pyridyl

esters under the stoichiometric condition formed the trans-diastereomer stereoselectively. This data supports

a classic organometallic migratory insertion mechanism: the oxidative addition and decarbonylation

sequence forms the key nickel alkyl species, which could coordinate with the terminal alkene, the subsequent

insertion of Ni-C to alkene affords the trans-disubstituted product stereoselectively®®. These results clearly

exclude the possibility of potential reversible nickel-carbon homolysis to form a carbon-centered radical.
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3.6 Data establishing concurrent formation of product and CO trapping product

NiBr,-dme (20 mol%)

L5 (24 mol%) o
O\ Mn (3.0 equiv) O\/\/OBZ OBz
NTTCOPy  * 17 "T0Bz N +
Boc THF:DMIB (10:1), 40 °C Boc OBz
reaction time = x min d bonviati duct co . duct
1,99505er. 2 (2.5 equiv) ecamonyigive produc "app'gg produc
entry X GC yield of 3 (%) GC yield of 5 (%)
1 20 18 25
2 60 40 46
3 120 61 71
4 360 80 83

In a nitrogen-filled glovebox, to 4 mL vials containing PTFE-coated stirbars was added NiBr,-dme (12.4 mg,
0.04 mmol, 20 mol%), LS (9.6 mg, 0.048 mmol, 24 mol%), Mn (0.6 mmol, 3.0 equiv), and THF/DMIB
(10:1, 0.5 mL), respectively. The mixture was stirred at rt for 10 min. To these vials were added 1 (58.4 mg,
0.2 mmol, 1.0 equiv), 2 (145 mg, 0.5 mmol, 2.5 equiv). The vials were closed with threaded caps fitted with
a PTFE septum before being removed from the glovebox. The vials were placed on a hotplate in a reaction
heating block, and the reaction mixture was stirred (800 RPM) at 40 °C. The reaction mixture was allowed
to cool to rt after listed reaction time, diluted with ethyl acetate (2 mL), and passed through a pad of silica
gel to remove excess Mn and insoluble salts. The vial and pad were washed with ethyl acetate (2 mL). 1,3,5-
trimethoxybenzene (0.1 mmol) was added as internal standard for GC analysis. The residue was purified by
column chromatography, 4-oxoheptane-1,7-diyl dibenzoate (5) was isolated as a white solid (entry 4, 46.0
mg, 65%). '"H NMR (500 MHz, CDCl3) § 8.02 — 7.99 (m, 4H), 7.57 — 7.51 (m, 2H), 7.45 — 7.39 (m, 4H),
4.33 (t, J= 6.3 Hz, 4H), 2.60 (t, J = 7.2 Hz, 4H), 2.15 — 2.00 (m, 4H). *C{'H} NMR (126 MHz, CDCls) §
208.7, 166.6, 133.1, 130.3, 129.7, 128.5, 64.2, 39.3, 23.0. The NMR data matched reported spectra’. Based
on GC analysis, the yields of CO trapping product 5 (vs 1 as limiting reagent) increases in proportion to the

formation of decarbonylative product 3.
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3.7 Comparison of decarbonylation with decarboxylation
3.7.1 Decarbonylative cross coupling versus decarboxylative cross coupling of NHP esters with alkyl
iodides

NiBry-dme (20 mol%)
L5 (24 mol%)

R-L i R-L OBz
e} S Mn (3.0 equiv) ,—>\/\/
Q\« \Q * 1" 08:z Sy
Boc 0O N THF:DMIB (10:1)
40°C,6h

Boc
PyO ester 2, 2.5 equiv
NiBry-dme (20 mol%)
0 tpy (20 mol%)

R-L i R-L OBz
O~ Mn (3.0 equiv) M
% ’\}b + |/\/\OBZ kN
o

N e
Boc O DMA, 60 °C, 12 h

Boc

NHP ester 2, 2.5 equiv
(generated in-situ)

Entry Ester substrates Cross-coupling product yield (%) stereoselectivity
O\KO - O\/\/ o8z
1 \ 78 99:1eur.
N N
Boc O N Boc
1 2

13 50:50 e.r.

N
o
o
©)
(@)
Oy 2
3 o
[o]
o
o
@
N

w
=
)
P4
e}
=
()
z?
o
@
N
[0}
o
%
©
®
N
o

Boc O Boc
s12 49
o
o MOBZ
4 Me% N Me N 15 33:67 dr.
Boc oc
4
5 \ 54 98:2 d.r.
N
Boc 0O N/ Boc
s13
o 50
OBz
6 Q;)\Wo‘r}b %N 16 39:61dr.
N
Boc
(6] ol Boc

Decarbonylative cross coupling of 2-pyridyl esters following general procedure A (see section S5 for detail).
Decarboxylative cross coupling of NHP esters with alkyl iodides following a modified procedure in
previously reported literature'®: In a nitrogen-filled glovebox, to a vial containing a PTFE-coated stirbar was
added NiBry-dme (12.4 mg, 0.04 mmol, 20 mol%), tpy (L1, 9.3 mg, 0.04 mmol, 20 mol%), and DMA (1
mL). This mixture was stirred at rt for 2 h. To this vial was added the listed NHP ester (0.2 mmol, 1.0 equiv),

2 (145.0 mg, 0.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed with a
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threaded cap fitted with a PTFE septum before being removed from the glovebox. The vial was placed on a
hotplate in a reaction heating block, and the reaction mixture was stirred (800 RPM) at 60 °C for 12 h. After
the specified reaction time, the reaction mixture was allowed to cool to rt, diluted with ethyl acetate (2 mL),
and passed through a pad of silica gel to remove excess Mn and insoluble salts. The vial and pad were washed
with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was purified by column
chromatography to give the desired products.

3.7.2 Decarbonylative cross-coupling versus doubly decarboxylative cross coupling

= NiBry:dme (20 mol%)
N | i L5 (24 mol%) Me
N ] Mn (3.0 equiv
o . |\/\)L (3.0 equiv) 5 !
cbr Me THF:DMIB (10:1) Cbz”
nBu 40°C,6h nBu
PyO ester Alkyl iodide 81, x=25,57%,80:20d.r.
79,925:7.5d.r. 80 (x equiv) x =4.0, 74%, 86:14 d.r.

NiBry:dme (20 mol%)
L2 (20 mol%)

Qr\fo o o AgNO; (50 mol%) e
(e} (0] MgCl; (2 equiv)
N. gtllz q
0] + N )K/\)L \[O]/\/
0 N Y Me  NBu,BF, (0.2 M) oo™
ez \ © (+)Mg/(RVC hBu

4mA, 4.5F mol”
NHP ester | NHP ester I 81, 66%, cis:trans = 40:60

1.0 equiv 3.0 equiv

Decarbonylative cross coupling following general procedure A (see section S5 and S7 for detail). In a
nitrogen-filled glovebox, to a vial containing a PTFE-coated stirbar was added NiBr;-dme (12.4 mg, 0.04
mmol, 20 mol%), L5 (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (10:1, 0.5 mL). This mixture was
stirred at rt for 10 min. To this vial was added 2-pyridyl ester (0.2 mmol, 1.0 equiv), 80 (0.5 or 0.8 mmol,
2.5 or 4.0 equiv), and Mn (0.6 mmol, 3.0 equiv). The vial was closed with a threaded cap fitted with a PTFE
septum before being removed from the glovebox. The vial was placed on a hotplate in a reaction heating
block, and the reaction mixture was stirred (800 RPM) at 40 °C for 6 h. After the specified reaction time, the
reaction mixture was removed from the hotplate, and was allowed to cool to rt, diluted with ethyl acetate (2
mL), and passed through a pad of silica gel to remove excess Mn and insoluble salts. The vial and pad were
washed with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was purified by column
chromatography to give the desired products. Result of doubly decarboxylative cross coupling of NHP

esters was based on the reported literature!!.
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3.8 Mechanistic investigations into stereoablation

3.8.1 Experimental evidence on stereoablation

Table S10. Comparison experiments of stoichiometric and catalytic cross-coupling
Stochiometric condition:

Ni(cod), (1.0 equiv) R2 I >"0Bz
R? PyPz (L4, 1.0 equiv) " niox  =S© R? 2 (2.5 equiv) R?
: J—— 1 - B ——— e =
A~ R 1N OBz
R "COPy  THF, rt, 5 min /\C[)]/ co RUNWLX | quepmp=10q R
1.0 equiv L =PyPz, X = OPy 40°C,1h
Catalytic condition: . P TTTTTI e '
NiBr,-dme (20 mol%) ' ligand !
, L5 (24 mol%) P {Bu ;
R Mn (3.0 equiv) R2 ? N = !
: + N H A/ = -
A | OBz : : / N\/j .
R'>CO,Py THF/DMIB (02-0.4 M)  R">">-982 | NOON N
rt or 40 °C, 6-12 h : i
1.0 equiv 2 (2.5 equiv) R L4L5 _______ H
stochiometric catalytic : 2-pyridyl ester !

entry 2-pyridyl ester , i
yield (%) er. es. (%) yield (%) er. es. (%)

P
T
o)
o)
9]

. CO,P -
LN 2 P ™"co,Py

1 1 28 78:22 57 78 99:1 99 ! Boc i
H 1 87
2 7 9 98:2 97 14 98:2 97 .
1 O\ ODmc i
3 87 35 53:47 7 69 96535 94 E N CO,Py :
! Ts Ph CO,Py
4 91 40 99:1 98 65 99.5.05 >99 : 7 91 ,

Stoichiometric decarbonylative cross coupling followed a modified procedure without Mn: In an N; filled
glovebox, Ni(cod), (55.0 mg, 0.2 mmol, 1.0 equiv) and L4 (29.0 mg, 0.2 mmol, 1.0 equiv) were dissolved
in THF (1 mL) in a4 mL vial containing a PTFE-coated stirbar. The resulting deep blue (L4)Ni(cod) solution
was stirred for 5 min at rt. To this vial was added 2-pyridyl esters (0.2 mmol, 1.0 equiv). The resulting
solution was stirred at rt for 5 min before adding 2 (145 mg, 0.5 mmol, 2.5 equiv) and DMIB (100 pL). The
vial was sealed tightly with a screw cap fitted with a PTFE septum before being placed on a hotplate in a
reaction heating block, and the reaction mixture was stirred (800 RPM) at 40 °C for 1 h. The reaction mixture
was allowed to cool to rt after listed reaction time, diluted with ethyl acetate (2 mL), and passed through a
pad of silica gel to remove excess Mn and insoluble salts. The vial and pad were washed with ethyl acetate
(2 mL). 1,3,5-trimethoxybenzene was dissolved as internal standard for chiral SFC analysis. The filtrate was
concentrated in vacuo. The residue was analyzed by NMR. Note: Mn was not used in these stoichiometric
reactions to avoid the influence of Mn salts and the potential reduction of nickel alkyl species.

Data analysis and proposed mechanism: The stoichiometric reactions will have very fast oxidative
addition/decarbonylation, but radical generation is not enhanced at the same rate, resulting in more time for
the alkylnickel species to isomerize and decompose. As such, B-hydride elimination and reduction products
(Alkyl-H) were observed in all these reactions. The stoichiometric reaction of N-Boc proline 2-pyridyl ester

S33



(1) resulted in the product with lower e.s. than the catalytic reaction (Table S10, entry 1). This can be
attributed to radical formation (and, thus, radical capture) being faster under catalytic conditions, resulting
in less racemization/decomposition. In contrast, both the stoichiometric and catalytic reactions of N-Ts
proline 2-pyridyl ester (7) formed the product in low yield with high e.s. (Table S10, entry 2). We attribute
this to slow Ni-H reinsertion to the corresponding B-hydride elimination alkene side product. Acyclic amino
acids are also prone to B-hydride elimination, but the Ni-H reinsertion is faster, resulting in racemization
under stoichiometric conditions (slow radical capture) but stereoretention under catalytic conditions (fast
radical capture, Table S10, entry 3). Finally, the Ni-H reinsertion to the O-vinyl carbamate generated from
a-oxygenated acid 2-pyridyl ester 91 is slow, thus resulting in no loss of stereochemistry under both
stoichiometric and catalytic conditions (Table S10, entry 4). Our proposed mechanism appears below, and

additional experimental evidence is provided in the following sections.

reversible alkene coordination
(stereoablation)

| | | || |

B-hydride elimination Ni-H reinsertion

1 k i k R R Fz 1
R E 2 J D kp™! 1 ke’ R
- . R - . b . R - E .
Rz\)\ . ] K . R * k N -)\/Rz
Ni(L)X ke~ _Ni(L)X kp H-Ni(L)X D _Ni(L)X ke X(L)Ni
H H
kc | Alkyl* ke | Alkyl*
R R
R2 R?
\)\Alkyl AIkyl)\/
stereoretention decomposition stereoinversion

Effects of B-hydride elimination and Ni-H reinsertion on stereoablation:

(1) ke>>kg, fast radical capture over B-hydride elimination = high yield, high e.s. (catalytic condition)

(2) ke, ke™!, kp, kp™'>kc Ni-H reinsertion is favored = low e.s. (amino acids)

(3) kp>>kp™", Ni-H reinsertion is disfavored = high e.s. (alpha-oxygenated acids)

Core conclusion: control of the rate of radical generation is key to obtaining high e.s. as well as high yield.

Fig. S16. Proposed mechanism of stereoablation

S34



3.8.2 Decarbonylative cross-coupling of 1-(zert-butyl) 2-(pyridin-2-yl) (S)-indoline-1,2-dicarboxylate
NiBry-dme (20 mol%)

L5 (24 mol%)
Mn (3.0 equiv)
Qj\ + 1"0Bz : Q_> Q_>\/\/ G
CO,Py

N THF/DMIB = 10:1
Boc 40°C,6h Boc Boc
, . 11-H 12-H, 7% NMR yield
10-H,99.5:05 e 2,25 equiv 66% NMR yield 97:3er, 95% e-s.

In a nitrogen-filled glovebox, to a vial containing a PTFE-coated stirbar was added NiBr,-dme (12.4 mg,
0.04 mmol, 20 mol%), L5 (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (10:1, 0.5 mL). This mixture
was stirred at rt for 10 min. To this vial was added 10-H (68.1 mg, 0.2 mmol, 1.0 equiv), 2 (145.0 mg, 0.5
mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed with a threaded cap fitted
with a PTFE septum and stirred (800 RPM) at 40 °C for 6 h. After the specified reaction time, the reaction
mixture was removed from the hotplate, and was allowed to cool to rt, diluted with ethyl acetate (2 mL), and
passed through a pad of silica gel to remove excess Mn and insoluble salts. The vial and pad were washed
with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was purified by column
chromatography to give the desired product 11-H in 66% NMR yield (40.8 mg, colorless oil, mixture with
propyl benzoate as impurity), and cross-coupling product 12-H in 7% NMR yield (6.3 mg, colorless oil,
mixture with 4-oxoheptane-1,7-diyl dibenzoate (5) as impurity). NMR yields were corrected by integration
ratio. tert-butyl 1H-indole-1-carboxylate (11-H) 'H NMR (500 MHz, CDCls) § 8.20 — 8.14 (m, 1H), 7.62
(d,J=3.8 Hz, 1H), 7.60 — 7.52 (m, 1H), 7.36 — 7.29 (m, 1H), 7.28 — 7.21 (m, 1H), 6.58 (d, /= 3.8 Hz, 1H),
1.69 (s, 9H). tert-butyl (R)-2-(3-(benzoyloxy)propyl)indoline-1-carboxylate (12-H) '"H NMR (500 MHz,
CDCl3) 6 8.12 — 7.99 (m, 2H), 7.89 — 7.66 (m, 1H), 7.75 — 7.45 (br, 1H, overlapped), 7.47 — 7.38 (m, 2H),
7.22 —7.06 (m, 2H), 7.01 — 6.87 (m, 1H), 4.62 — 4.42 (m, 1H), 4.33 (t,J= 6.3 Hz, 2H), 3.39 — 3.27 (m, 1H),
2.80-2.70 (m, 1H), 1.95 - 1.87 (m, 1H), 1.86 — 1.71 (m, 3H), 1.55 (s, 9H). HRMS (ESI) m/z (M+H)" calcd
for C23H2sNO4™: 382.2013, found: 382.2007. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 um PS), gradient from 3% to 20% MeOH in scCO», tR (minor) = 7.996 min (3.0%), tR (major) =
8.274 min (97.0%).

Compound 10-H was prone to B-hydride elimination, but the cross-coupling product 12-H was formed in
high e.s., indicating that a fast -hydride elimination but slow Ni-H reinsertion process would result in low

yield but high enantiospecificity
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3.8.3 Competition experiment of Ni-H reinsertion

NiBry-dme (20 mol%)
L5 (24 mol%)

NHBoc Mn (3.0 equiv) NHBoc NHBoc

, A - 1
*17"0Bz * BocHNT ——————— + M
Ph” " Co,Py z THF/DMIB = 10:1  Ph B2 7 e OBz
rt, 12 h
87,99.5:05e.r. 2, 2.5 equiv 92, 1.0 equiv 51, 58%, 93:7 e.r. 93, <2%
87% e.s.
NiBr,-dme (20 mol%)
L5 (24 mol%)
ODmc PPN P Mn (3.0 equiv) ODmc NHBoc @
+ OBz * BocHN™ ™ +
Ph CO.Py “ THF/DMIB = 10:1  Ph OBz Me)\/\/OBZ
rt, 12 h
91,99.5:05e.r. 2, 2.5 equiv 92, 1.0 equiv 94, 55%, 99:1 e.r. 93, 10%

99% e.s.
Comparison of acyclic amino acid 2-pyridyl ester with a-oxygenated acid 2-pyridyl ester: In a nitrogen-
filled glovebox, to a vial containing a PTFE-coated stirbar was added NiBr,-dme (12.4 mg, 0.04 mmol, 20
mol%), LS (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (10:1, 1 mL). This mixture was stirred at rt for
10 min. To this vial was added 2-pyridyl ester 87 or 91 (0.2 mmol, 1.0 equiv), alkyl iodides 2 (145.0 mg, 0.5
mmol, 2.5 equiv), tert-butyl vinylcarbamate 92 (28.6 mg, 0.2 mmol, 1.0 equiv), and Mn (33.0 mg, 0.6 mmol,
3.0 equiv). The vial was closed with a threaded cap fitted with a PTFE septum before being removed from
the glovebox. The reaction mixture was stirred (800 RPM) at rt for 12 h. After the specified reaction time,
the reaction mixture was diluted with ethyl acetate (2 mL), and passed through a pad of silica gel to remove
excess Mn and insoluble salts. The vial and pad were washed with ethyl acetate (2 mL). The filtrate was
combined and concentrated in vacuo. The residue was analyzed by NMR and chiral SFC with 1,3,5-
trimethoxybenzene as internal standard and purified by column chromatography. NMR yields are shown.
(S)-4-((tert-butoxycarbonyl)amino)pentyl benzoate (93) 'H NMR (500 MHz, CDCI3) § 8.06 — 8.01 (m,
2H), 7.58 = 7.52 (m, 1H), 7.47 — 7.40 (m, 2H), 4.33 (t, /= 6.3 Hz, 2H), 4.46 — 4.04 (m, 1H), 3.72 (s, 1H),
1.90 — 1.73 (m, 2H), 1.61 — 1.51 (m, 2H), 1.44 (s, 9H), 1.15 (d, J = 6.6 Hz, 3H). 3C{'H} NMR (126 MHz,
CDCl3) 6 166.7, 155.5, 133.0, 130.5, 129.7, 128.5, 79.3, 64.9, 46.5, 34.0, 28.6, 25.6, 21.5. HRMS (ESI) m/z
(M+H)" caled for C17H26NO4™: 308.1856, found: 308.1853. (R)-4-((dimethylcarbamoyl)oxy)-6-
phenylhexyl benzoate (94) '"H NMR (500 MHz, CDCl3) § 8.06 — 8.02 (m, 2H), 7.60 — 7.52 (m, 1H), 7.47 —
7.41 (m, 2H), 7.30 — 7.25 (m, 2H), 7.21 — 7.15 (m, 3H), 4.96 — 4.88 (m, 1H), 4.33 (t, /= 6.4 Hz, 2H), 2.91
(s, 3H), 2.89 (s, 3H), 2.75 — 2.61 (m, 2H), 2.02 — 1.92 (m, 1H), 1.92 — 1.80 (m, 3H), 1.80 — 1.73 (m, 2H).
BC{'H} NMR (126 MHz, CDCl3) § 166.7, 156.6, 141.9, 133.0, 130.5, 129.7, 128.5, 128.5, 128.4, 126.0,
744, 64.9, 36.6, 36.3, 35.9, 31.9, 31.1, 24.8. HRMS (ESI) m/z (M+H)" caled for C22HsNO4™: 370.2013,

found:370.2006. SFC analysis: Daicel Chiralpak [A-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 1%
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to 3% MeOH in scCO, tR (minor) = 7.671 min (1%), tR (major) = 8.065 min (99%).

Only a <2% yield of Ni-H reinsertion product 93 was detected in the reaction with 87 (eq 1), but a 10% yield
of 93 was observed from the reaction with 91 (eq 2). This data is consistent with the hypophysis that -
hydride elimination is possible for both substrates, but Ni-H reinsertion of acyclic N-alkenyl carbamate (j3-
hydride elimination product of acyclic amino acid derivatives) is more favorable than O-alkenyl carbamate
(B-hydride elimination product of a-oxygenated acid 2-pyridyl ester).

A series of competition experiments using different concentrations of O-tert-butyl N-vinylcarbamate (92)
were conducted (Fig. S19) and in both cases an increase in crossover product 93 was observed with additional
92. Corrected SFC yields with 1,3,5-TMB as internal standard are shown. As the amount of 92 added was
increased from 0.2 equiv to 3.0 equiv, the yield of 93 increased from 0.5% to 2.4% in the reactions with 87.
In the reactions with 91, As the amount of 92 added was increased from 0.2 equiv to 3.0 equiv, the yield of
93 increased from 1.5% to 16%. These results indicate that -hydride elimination is possible for both amino
acid and a-oxygenated acid 2-pyridyl esters, but the B-hydride elimination product of the former exhibits

slower dissociation and/or faster Ni-H reinsertion than the latter with alkenyl carbamate moieties.
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NiBry-dme

NHBoc PN L5, Mn NHBoc NHBoc
Ph/\/\COZPy + OBz + BocHN™ ™ m’ Ph/\/\/\/OBZ + Me OBz
87 (1 equiv) 2 (2.5 equiv) 92 (x equiv) 51 93
NiBry-dme
ODmc . I/\/\OBZ NN L5, Mn ODmc o * NHBoc o8y
Ph CO,Py THEDMIB PP Me
91 (1 equiv) 2 (2.5 equiv) 92 (x equiv) 94 93
reaction with 87 reaction with 91
entry X
yield (%) of 93  yield (%) of 51 er. e.s. (%) yield (%) of 93  yield (%) of 94 er. e.s. (%)
1 0.2 0.5 57 93.5:6.5 88 15 56 99.5:0.5 99
2 0.5 1 58 93:7 87 5 53 99.5:0.5 99
3 1 1.6 58 93:7 87 10 55 99.5:0.5 99
4 2 1.8 56 93:7 87 14 54 99.5:0.5 99
5 3 24 54 92.5:7.5 86 16 52 99.5:0.5 99

Condition: 2-pyridyl ester (0.2 mmol, 1.0 equiv), alkyl iodide (2.5 equiv) NiBry,-dme (20 mol%), L5 (24 mol%), Mn (3.0 equiv),
THF/DMIB (10:1, 0.2 M), rt, 12 h. SFC yield using 1,3,5-trimethoxybenzene as internal standard are shown.

20
m  with 87
® with 91 °
15}
= [ ]
R
P
« 10+ ]
s}
o
0
>
5r ®
[ ]
o . u L
0 | | L I I
0 1 2 3
X equiv of 92

Proposed mechanism:

B-hydride elimination reversible alkene coordination (stereoablation)

Ni-H reinsertion

R1 — Ph
R’ ke J ko R ko'
/\)\ Ph/\//\ ‘——1‘ * Kk R1\//
; -1 i - mmmm-mm-o-- !
Ph Ni(L)X ke H/N|(L)X kp " H-NILX | D NiLX
R A ‘ H
R' = NHBoc, ODmc
Z>NHBoc
92
. o _ NHBoc I >"oBz 2
Increasing [92] results in higher yield of 93
Me™ "Ni(L)X

kE-1 R1
ke X(L)Ni)\/\Ph
NHBoc
0B
Me z

93

Fig. S19. Competition experiment of Ni-H reinsertion with different concentrations of zert-butyl

vinylcarbamate
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NiBr,:dme (20 mol%)
L5 (24 mol%)

O\ Mn (3.0 equiv) O\/\/OBZ NHBoc
N TCOPy + 17 ""0Bz + BocHNT N N G @3)

— 10 N OBz
Cbz THF/DMIB = 10:1 Cbz Me

) ) 40°C,6h
S$1,995.05e.r. 2, 2.5 equiv 92, 1.0 equiv 22, 60%, 92:8 e.r. 93, 6%

85% e.s.

NiBry:dme (20 mol%)
L5 (24 mol%)

{ \5 Mn (3.0 equiv) OBz O«\% OBz
O\CO P + |/\/\OBZ + + /\/ 4)
N2 N THF/DMIB = 10:1 N N
oc :
z 40°C. 6 h Cbz Boc
S$1,995:05e.r. 2, 2.5 equiv 95, 1.0 equiv 22, 51%,92.5:75e.r. 3, <2%
86% e.s.

Comparison of N-vinyl carbamate with N-Cbz-2-pyrroline: In a nitrogen-filled glovebox, to a vial
containing a PTFE-coated stirbar was added NiBr2-dme (12.4 mg, 0.04 mmol, 20 mol%), L5 (9.6 mg, 0.048
mmol, 24 mol%), and THF/DMIB (10:1, 1 mL). This mixture was stirred at rt for 10 min. To this vial was
added 2-pyridyl ester S1 (65.3 mg, 0.2 mmol, 1.0 equiv), alkyl iodides 2 (145.0 mg, 0.5 mmol, 2.5 equiv),
tert-butyl vinylcarbamate 92 (28.6 mg, 0.2 mmol, 1.0 equiv) or N-Boc 2-pyrrolines 95 (33.8 mg, 0.2 mmol,
1.0 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed with a threaded cap fitted with a
PTFE septum before being removed from the glovebox. The reaction mixture was stirred (800 RPM) at
40 °C for 6 h. After the specified reaction time, the reaction mixture was diluted with ethyl acetate (2 mL),
and passed through a pad of'silica gel to remove excess Mn and insoluble salts. The vial and pad were washed
with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was analyzed by NMR and
chiral SFC with 1,3,5-trimethoxybenzene as internal standard and purified by column chromatography. NMR
yields are shown. The yield of crossover product 93 (eq 3) was higher than cross-over product 3 (eq 4),
indicating that dissociation of substrate and Ni-H reinsertion of 92 (B-hydride elimination product of acyclic

amino acid derivatives) is more favorable than 95 (B-hydride elimination product of proline derivatives).

NiBry:dme (20 mol%)
L5 (24 mol%)

Mn (3.0 equiv) NHBoc
BocHN X + | “"0p, oz
THF/DMIB = 10:1 Me
) ) 40°C,6 h
92, 1.0 equiv 2, 2.5 equiv 94 trace

NiBry-dme (20 mol%)
L5 (24 mol%)

) Mn (3.0 equiv) OBz
N + 17"08: (i~ ©

= : N
Boc THF/DMIB = 10:1 N

40°C,6 h
93, 1.0 equiv 2, 2.5 equiv 3, trace

Control experiments: In a nitrogen-filled glovebox, to a vial containing a PTFE-coated stirbar was added
NiBr2-dme (12.4 mg, 0.04 mmol, 20 mol%), LS (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (10:1, 1

mL). This mixture was stirred at rt for 10 min. To this vial was added alkyl iodides 2 (145.0 mg, 0.5 mmol,
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2.5 equiv), tert-butyl vinylcarbamate 92 (28.6 mg, 0.2 mmol, 1.0 equiv, eq 5) or N-Boc 2-pyrrolines 93 (33.8
mg, 0.2 mmol, 1.0 equiv, eq 6), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed with a threaded
cap fitted with a PTFE septum before being removed from the glovebox. The reaction mixture was stirred
(800 RPM) at 40 °C for 6 h. After the specified reaction time, the reaction mixture was diluted with ethyl
acetate (2 mL), and passed through a pad of silica gel to remove excess Mn and insoluble salts. The vial and
pad were washed with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was analyzed
by NMR and chiral SFC with 1,3,5-trimethoxybenzene as internal standard, NMR yields are shown.

In both reactions (eq 5 and eq 6), the coupling products 94 and 3 were formed in trace yield, the major
product was dimerization of alkyl iodide (hexane-1,6-diyl dibenzoate).

3.8.4 Protecting group effect on a-oxygenated acid 2-pyridyl esters in cross-coupling

Table S11. Protecting group effect of a-oxygenated acid derivatives

NiBry-dme (20 mol%) Bu
L5 (24 mol%) —
OPG Mn (3.0 equiv) OPG /j
7N
PP 17" NpPhth A~ _NPhth NI
Ph CO,Py THF (0.2 M), 40°C,48h  Ph L5
i ) PG
entry PG yield (%) er o 0 0
1 Ac 33 99:1 \%LMe \%ktBu %K@?
2 Piv 35 98:2
-A Pi -AdC
3 AdC 42 99.5:0.5 ¢ v
0 O Me e}
4 DMPAC 35 >99.5:0.5 Ph Me
N-
5 TMBz 30 99:1 !
Me Me Me Me Me
6 Dmc 58 >99.5:0.5 -DMPAc -TMBz -Dmc

In a nitrogen-filled glovebox, to a vial (4 mL) containing a PTFE-coated stirbar was added NiBr, dme (12.4
mg, 0.04 mmol, 20 mol%), L5 (9.6 mg, 0.048 mmol, 24 mol%), and THF (1 mL). This mixture was stirred
at rt for 10 min. To this vial was added 2-pyridyl esters (0.2 mmol, 1.0 equiv), 2-(3-iodopropyl)isoindoline-
1,3-dione (157.5 mg, 0.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed
with a threaded cap fitted with a PTFE septum before being removed from the glovebox. The vial was placed
on a hotplate in a reaction heating block, and the reaction mixture was stirred (800 RPM) at 40 °C for 48 h.
After the specified reaction time, the mixture was diluted with ethyl acetate (2 mL) and passed through a
pad of silica gel to remove excess Mn and insoluble salts. The vial and pad were washed with ethyl acetate
(2 mL). The filtrate was concentrated in vacuo. The residue was purified by column chromatography to give
the desired products. Isolated yields are shown. All a-oxygenated acid 2-pyridyl esters with different

protecting groups provided high e.s. with variable yields.
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4. Synthesis and characterization of starting materials

D, o NHBoc
O = (o)
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R (o] N N \ Boc \ / (0] N~
Boc O N~/ N
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19 MeO NHBoc NHBoc ODme
NS < O O
ve N MeO ° [ ©/\/\’( ) Ph |
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Fig. S20. Pyridyl esters used in this study.

S5 and S6 were synthesized following the reported literature'2. All other pyridyl esters were synthesized by
reactions of the corresponding carboxylic acids with di(pyridin-2-yl) carbonate following general procedure.
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General Procedure for synthesis of pyridyl esters

o | X o @ DMAP o = |
+ - =
AIkyl)kOH PN DCM S

Alkyl” ~07 N

A round-bottom flask was charged with carboxylic acid (1.0 equiv), di(pyridin-2-yl) carbonate (1.2 equiv),
N,N-dimethylaminopyridine (DMAP) (0.2 equiv), and DCM (resulting in a 1.0 M solution of carboxylic
acid). The mixture was stirred vigorously with a magnetic stirbar for 30 min at rt. The reaction mixture was
concentrated under reduced pressure, and the residue was purified by column chromatography on silica gel
eluting with hexanes/EtOAc to afford the pyridyl esters. Note that the ester products may contain small
amounts of N-acylpyridinone as side products. Similar products have been reported in the literature'®, the
ratio depends upon the substrate.
O\WO@

e § N
1-(tert-butyl) 2-(pyridin-2-yl) (S)-pyrrolidine-1,2-dicarboxylate (1) (10 mmol scale, colorless oil, 2.1 g,
72% yield, 99.5:0.5 e.r.). '"H NMR (500 MHz, CDCl;, two rotamers) § 8.40 — 8.31 (m, 1H), 7.79 — 7.69 (m,
1H), 7.22 - 7.15 (m, 1H), 7.14 — 7.00 (m, 1H), 4.48 (m, 1H), 3.62 — 3.52 (m, 1H), 3.50 — 3.38 (m, 1H), 2.41
—2.28 (m, 1H), 2.27 — 2.18 (m, 1H), 2.08 — 2.00 (m, 1H), 1.96 — 1.85 (m, 1H), 1.44 (s, 9H). *C {'H} NMR
(126 MHz, CDCl3, two rotamers) & 171.3, 171.3, 158.1, 157.9, 154.6, 153.8, 148.8, 148.5, 139.6, 122.2,
122.1, 116.7, 116.1, 80.4, 80.1, 59.3, 59.2, 46.8, 46.5, 31.0, 29.9, 28.5, 28.5, 24.6, 23.8. HRMS (ESI) m/z
(M+Na)" calcd for CisHaoNaNaO4™: 315.1315, found: 315.1311. [a]*°=-72.8 (c 1.6, CHCI;). SFC analysis:
Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 pum PS), gradient from 3% to 40% i-PrOH in scCO,, v =

0.6 mL/min, 40 °C, 2200 psi, tR (major) = 6.700 min (99.5%), tR (minor) = 7.285 min (0.5%).

O\WO@

IO G

Pyridin-2-yl tosyl-L-prolinate (7) '"H NMR (500 MHz, CDCl3) (10 mmol scale, white solid, 2.3 g, 66%
yield, 99.5:0.5 e.r.). 6 8.43 — 8.38 (m, 1H), 7.86 — 7.78 (m, 6H), 7.37 — 7.31 (m, 2H), 7.27 — 7.23 (m, 1H),
7.22 -7.18 (m, 1H), 4.50 — 4.45 (m, 1H), 3.63 —3.54 (m, 1H), 3.39 — 3.30 (m, 1H), 2.43 (s, 3H), 2.34 - 2.26
(m, 1H), 2.25 —2.17 (m, 1H), 2.15 - 2.05 (m, 1H), 1.88 — 1.77 (m, 1H). *C{'H} NMR (126 MHz, CDCls)
5 170.4, 157.8, 148.5, 143.9, 139.7, 134.9, 129.9, 127.6, 122.4, 116.6, 60.6, 48.7, 31.0, 24.9, 21.6. HRMS
(ESI) m/z (M+H)" caled for C17H1sN204S*: 347.1060, found: 347.1054. [0]*° = -50.4 (¢ 1.0, CHCl3). m.p.
(°C): 86-87. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to
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40% i-PrOH in scCO,, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 12.194 min (99.5%), tR (minor) =

13.314 min (0.5%).

L~ 97%D
Dy 97%D

QI o~

1-(tert-butyl) 2-(pyridin-2-yl) indoline-1,2-dicarboxylate-2,3-d, (10, cis-deuterium substituted isomer)
A 25 mL round bottom flask was charged with a magnetic stirbar, 1-(tert-butyl) 2-methyl 1H-indole-1,2-
dicarboxylate (1.0 g, 3.6 mmol, 1.0 equiv), 5 wt% Pd/C (200 mg), and EtOD (10 mL). The mixture was
evacuated and refilled with D, before it was stirred for 12 h at rt under an atmosphere of D> (balloon). After
the reaction was complete until judged by TLC, the mixture was diluted with ethyl acetate (10 mL) and
passed through a pad of silica gel. The pad was washed with ethyl acetate (10 mL).The filtrate was
concentrated under reduced pressure in a 100 mL round bottom flask. The residue was dissolved in THF (5
mL) and the vessel was charged with a magnetic stirbar, LiOH (120 mg, 5 mmol), and H>O (5 mL). The
mixture was stirred vigorously at rt for 4 h. At this time, the mixture was acidified with 1 N HCI(20 mL).
The aqueous layer was extracted with EtOAc (3 X 10 mL), the combined organic layer was dried over MgSQa,
and concentrated under reduced pressure. The resulting residue was used directly in the general procedure
for pyridyl ester synthesis to afford the title compound as a white solid (0.91 g, 74% yield, racemic). 'H
NMR (500 MHz, CDCl3, two rotamers) & 8.43 — 8.35 (m, 1H), 8.02 — 7.42 (m, 1H), 7.86 — 7.71 (m, 1H),
7.25-7.18 (m, 2H), 7.17—-7.03 (m, 2H), 6.99 — 6.95 (m, 1H), 5.11 (m, 0.03H), 3.65 (m, 0.03H) 3.40 (s, 1H,
win =5.3 Hz at 24 °C), 1.64 — 1.54 (m, 9H). *C {'"H} NMR (126 MHz, CDCls, two rotamers) § 169.9, 157.8,
152.8,151.6, 148.8, 142.7,141.7,139.7,128.7, 128.2, 128.1, 127.6, 125.1, 124.6, 122.8, 122.4, 116.5, 116.0,
114.8, 82.7, 81.9, 60.2 (t, Jcp = 26.3 Hz), 32.3 (t, Jcp = 24.8 Hz, major rotamer), 31.7 (t, Jop = 25.0 Hz,
minor rotamer), 28.4. HRMS (ESI) m/z (M+NH4)" calcd for C19H22D2N204": 360.1887, found: 360.1887.

m.p. (°C): 87-91.

<

1-(tert-butyl) 2-(pyridin-2-yl) (S)-indoline-1,2-dicarboxylate (10-H) (I mmol scale, white solid, 0.28 g,
82% yield, 99.5:0.5 e.r.). '"H NMR (500 MHz, CDCl;, two rotamers) & 8.48 — 8.25 (m, 1H), 8.02 — 7.44 (m,

1H), 7.77 (t, J = 7.8 Hz, 1H), 7.23 — 7.17 (m, 2H), 7.16 — 7.05 (m, 2H), 6.99 — 6.94 (m, 1H), 5.23 — 5.01 (m,
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1H), 3.72 - 3.56 (m, 1H), 3.41 (dd, J = 16.7, 4.9 Hz, 1H), 1.65 — 1.53 (m, 9H). *C{'H} NMR (126 MHz,
CDCls, two rotamers) 6 169.9, 157.7, 152.8, 151.6, 148.8, 148.5, 142.6, 141.6, 139.7, 128.7, 128.1, 128.0,
127.7, 125.0, 124.5, 122.8, 122.4, 116.5, 116.0, 114.8, 82.7, 81.9, 60.5, 32.7, 31.8, 28.4. HRMS (ESI) m/z
(M+Na)" calcd for C19H20N2NaO4": 363.1315, found: 363.1307. [a]*°= -48.5 (c 1.0, CHCI5). M.P. (°C): 87-
91. SFC analysis: Daicel Chiralpak IA-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to
40% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (minor) = 2.167 min (< 0.5%), tR (major) =

2.296 min (> 99.5%).

NHBoc
MO@

O N~
pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)hept-6-enoate (13) (1.5 mmol scale, colorless oil, 0.33 g,
69% yield, 99:1 e.r.). "H NMR (500 MHz, CDCls) 5 8.41 — 8.37 (m, 1H), 7.83 — 7.71 (m, 1H), 7.23 (dd, J =
7.3, 4.9 Hz, 1H), 7.10 (d, J = 8.2 Hz, 1H), 5.88 — 5.68 (m, 1H), 5.13 — 4.89 (m, 3H), 4.63 — 4.33 (m, 1H),
2.19 - 2.09 (m, 2H), 2.06 — 2.00 (m, 1H), 1.87 — 1.77 (m, 1H), 1.64 — 1.55 (m, 2H), 1.46 (s, 9H). 3C{'H}
NMR (126 MHz, CDCl3) 6 171.3, 157.8, 155.5, 148.7, 139.7, 138.0, 122.4, 116.4, 115.4, 80.2, 53.8, 33.3,
32.0, 28.4, 24.8. HRMS (ESI) m/z (M+H)" caled for C17H2sN>O4": 321.1809, found: 321.1806. [a]*°=-7.5
(c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to
40% MeOH in scCO», v = 0.6 mL/min, 40 °C, 2200 psi, tR (minor) = 4.346 min (1.0%), tR (major) = 4.773

min (99.0%).

1,3-dioxoisoindolin-2-yl (S)-2-((tert-butoxycarbonyl)amino)hept-6-enoate (16) A 100 mL round-bottom
flask was charged with (S)-2-((tert-butoxycarbonyl)amino)hept-6-enoic acid (316 mg, 1.3 mmol, 1.0 equiv),
2-hydroxyisoindoline-1,3-dione (303 mg, 1.3 mmol, 1.0 equiv), 1-ethyl-3-(-3-dimethylaminopropyl)
carbodiimide hydrochloride (273 mg, 1.43 mmol, 1.1 equiv), N,N-dimethylaminopyridine (DMAP) (16 mg,
0.13 mmol, 0.1 equiv), and DCM (10 mL). The mixture was stirred vigorously with a magnetic stirbar for 6
h at rt. The reaction mixture was concentrated under reduced pressure, and the residue was purified by
column chromatography on silica gel eluting with hexanes/EtOAc to afford the NHP ester (1.3 mmol scale,
colorless oil, 0.41 g, 81% yield, >99.5:0.5 e.r.). '"H NMR (500 MHz, CDCl3) § 7.92 — 7.85 (m, 2H), 7.82 —
7.76 (m, 2H), 5.90 — 5.73 (m, 1H), 5.16 — 4.88 (m, 3H), 4.81 — 4.63 (m, 1H), 2.25 — 2.08 (m, 2H), 2.08 —
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1.95 (m, 1H), 1.93 — 1.81 (m, 1H), 1.66 — 1.59 (m, 2H), 1.47 (s, 9H). 3C{'H} NMR (126 MHz, CDCl;) &
169.6, 161.6, 155.0, 137.9, 135.0, 129.0, 124.2, 115.5, 80.7, 52.0, 33.2, 32.5, 28.4, 24.3. HRMS (ESI) m/z
(M+H)" caled for C20HasN2O6": 389.1703, found: 389.1707. [a]** = -8.6 (c 1.0, CHCI3). m.p. (°C): 88-91.
SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 1% to 10% MeOH in

scCOa, v=0.6 mL/min, 40 °C, 2200 psi, tR (minor) = 8.481 min (< 0.5%), tR (major) =9.805 min (> 99.5%).

nBu
1-benzyl 2-(pyridin-2-yl) (2R,5R)-5-butylpyrrolidine-1,2-dicarboxylate (79) (10 mmol scale, colorless
oil, 2.6 g, 68% yield, 92.5:7.5 d.r.). Diastereomeric ratio (d.r.) was determined by SFC analysis. 'H NMR
(500 MHz, CDCl3, two rotamers) 6 8.42 — 8.32 (m, 1H), 7.81 — 7.72 (m, 0.5H), 7.68 — 7.61 (m, 0.5H), 7.40
—7.27 (m, 5H), 7.23 = 7.17 (m, 1H), 7.16 (d, J = 8.2 Hz, 0.5H), 6.61 (d, J = 8.3 Hz, 0.5H), 5.25 — 5.10 (m,
2H), 4.69 — 4.55 (m, 1H), 4.07 — 3.91 (m, 1H), 2.44 — 2.35 (m, 1H), 2.32 — 2.22 (m, 1H), 2.09 — 1.78 (m,
3H), 1.54 — 1.43 (m, 1H), 1.38 — 1.22 (m, 4H), 0.95 — 0.79 (m, 3H). *C{'H} NMR (126 MHz, CDCls, two
rotamers) 6 171.4, 171.3, 158.0, 157.8, 155.2, 154.3, 148.6, 148.5, 139.6, 139.5, 136.7, 128.6, 128.5, 128.1,
128.1, 128.0, 122.2, 116.7, 116.2, 67.3, 67.2, 60.4, 59.9, 59.7, 58.9, 34.2, 33.7, 30.2, 29.5, 29.2, 28.7, 28.2,
22.8,22.6, 14.2, 14.1. HRMS (ESI) m/z (M+H)" calcd for C22H27N>04": 383.1965 found: 383.1962. [a]*’ =
-34.8 (¢ 1.0, CHCIs). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from
3% to 20% i-PrOH in scCO2, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 12.062 min (92.5%), tR (minor)

= 11.489 min (7.5%).

MeO NHBoc
MeO © ‘ N

0 N~
pyridin-2-yl (R)-2-((tert-butoxycarbonyl)amino)-3-(3,4-dimethoxyphenyl)propanoate (83) (2 mmol
scale, white solid, 595 mg, 74% yield, 97.5:2.5 e.r.). 'H NMR (500 MHz, CDCls, two rotamers) & 8.41 —
8.37 (m, 1H), 7.82 - 7.76 (m, 1H), 7.28 — 7.21 (m, 1H), 7.04 (d, /= 8.1 Hz, 1H), 6.91 — 6.86 (m, 1H), 6.84
—6.79 (m, 2H), 5.06 — 4.96 (m, 1H), 4.90 — 4.78 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.31 — 3.20 (m, 2H),
1.43 (s, 9H). BC{'H} NMR (126 MHz, CDCl;) & 170.4, 157.8, 155.3, 149.2, 148.7, 148.4, 139.8, 128.1,

122.5,121.8, 116.5, 112.8, 111.4, 80.3, 56.0 (2C, overlapped), 54.7, 37.7, 28.4. HRMS (ESI) m/z (M+Na)"

caled for Co1HasN2NaOg™: 425.1683, found: 425.1677. [a] = -21.3 (¢ 1.0, CHCLs). m.p. (°C): 89-93. SFC
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analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 pum PS), gradient from 3% to 40% i-PrOH in

scCO,, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 7.144 min (97.5%), tR (minor) = 7.659 min (2.5%).

NHBoc

YD

O N~
pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)-4-phenylbutanoate (87) (10 mmol scale, white solid,
2.3 g, 65% yield, 99.5:0.5 e.r.). 'H NMR (500 MHz, CDCl;, two rotamers) & 8.44 — 8.36 (m, 1H), 7.85 —
7.75 (m, 1H), 7.33 — 7.28 (m, 2H), 7.26 — 7.18 (m, 4H), 7.07 (d, /= 8.1 Hz, 1H), 5.25 — 4.87 (m, 1H), 4.69
—4.33 (m, 1H), 2.90 — 2.76 (m, 2H), 2.40 — 2.33 (m, 1H), 2.19 — 2.07 (m, 1H), 1.47 (s, 9H). *C{'"H} NMR
(126 MHz, CDCls, two rotamers) & 171.2, 157.8, 155.5, 148.8, 140.8, 139.7, 128.7, 128.6, 126.4, 122.5,
116.4, 80.3, 53.7, 34.4, 31.9, 28.5. HRMS (ESI) m/z (M+Na)" caled for C20H24N>2NaO4": 379.1628, found:
379.1626. [a]*° = +8.5 (¢ 1.0, CHCI3). m.p. (°C): 84-87. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID
x 150 mm L, 3 pum PS), gradient from 3% to 30% i-PrOH in scCO;, v = 0.6 mL/min, A = 255.4 nm, 40 °C,

2200 psi, tR (major) = 6.948 min (99.5%), tR (minor) = 6.283 min (0.5%).

v

Cbz o N7

1-benzyl 2-(pyridin-2-yl) (S)-pyrrolidine-1,2-dicarboxylate (S1) (10 mmol scale, colorless oil, 2.2 g, 67%
yield, 99.5:0.5 e.r.). "H NMR (500 MHz, CDCls, two rotamers) § 8.41 — 8.34 (m, 1H), 7.81 —7.73 (m, 0.5H),
7.69 —7.60 (m, 0.5H), 7.40 — 7.36 (m, 2H), 7.35 - 7.28 (m, 3H), 7.23 - 7.17 (m, 1H), 7.17 = 7.11 (m, 0.5H),
6.62 — 6.56 (m, 0.5H), 5.30 — 5.08 (m, 2H), 4.65 — 4.54 (m, 1H), 3.74 — 3.64 (m, 1H), 3.62 — 3.51 (m, 1H),
2.45 —2.35 (m, 1H), 2.35 — 2.26 (m, 1H), 2.14 — 2.05 (m, 1H), 2.02 — 1.90 (m, 1H). *C{'H} NMR (126
MHz, CDCl;, two rotamers) & 171.0, 170.9, 157.9, 157.7, 155.1, 154.3, 148.6, 148.5, 139.6, 139.6, 136.8,
136.6, 128.6, 128.6, 128.3, 128.1, 128.1, 127.9, 122.3, 116.7, 116.2, 67.4, 67.2, 59.6, 59.1, 47.2, 46.7, 31.0,
30.0, 24.6, 23.7. HRMS (ESI) m/z (M+Na)" calcd for C1sHisN2NaO4*: 349.1159, found: 349.1156. [a]* = -
53.7 (c 1.2, CHCI3). SFC analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from
3% to 40% i-PrOH in scCO,, v = 0.6 mL/min, A = 255.4 nm, 40 °C, 2200 psi, tR (major) = 14.240 min

(99.5%), tR (minor) = 16.378 min (0.5%).

O/~
\
N
Boc O N

5-(tert-butyl) 6-(pyridin-2-yl) (S)-5-azaspiro[2.4]heptane-5,6-dicarboxylate (S2) (5 mmol scale,
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colorless oil, 1.1 g, 69% yield, 99.5:0.5 e.r.). "H NMR (500 MHz, CDCl;, two rotamers) & 8.41 — 8.33 (m,
1H), 7.81 — 7.71 (m, 1H), 7.23 — 7.17 (m, 1H), 7.16 (d, J = 8.1 Hz, 0.5H), 7.06 (d, J = 8.1 Hz, 0.5H), 4.68
(dd, J=8.5,4.4 Hz, 0.5H), 4.62 (dd, J= 8.5, 4.2 Hz, 0.5H), 3.49 — 3.36 (m, 2H), 2.41 (dd, J=12.9, 8.6 Hz,
0.5H), 2.34 (dd, J=12.9, 8.5 Hz, 0.5H), 2.17 — 2.05 (m, 1H), 1.47 (s, 4.5H), 1.45 (s, 4.5H), 0.73 — 0.53 (m,
4H). BC{'H} NMR (126 MHz, CDCl;, two rotamers) § 171.0, 170.8, 158.1, 158.0, 154.5, 153.8, 148.8,
148.5,139.5,139.5,122.2,122.1, 116.7, 116.0, 80.4, 80.1, 59.8, 59.6, 54.3, 53.8, 39.1, 38.1, 28.5, 28.5, 21.0,
20.3,12.2,12.1,9.4,9.2. HRMS (ESI) m/z (M+Na)" caled for C17H»N>NaO4": 341.1472, found: 341.1466.
[0]2°=-37.9 (¢ 1.0, CHCl5). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pum PS), gradient
from 3% to 40% i-PrOH in scCO,, v = 0.6 mL/min, A = 255.4 nm, 40 °C, 2200 psi, tR (major) = 5.803 min

(99.5%), tR (minor) = 6.199 min (0.5%).

O ~
N \ Y

Boc o0 N
1-(tert-butyl) 2-(pyridin-2-yl) (S)-4-methylenepyrrolidine-1,2-dicarboxylate (S3) (10 mmol scale,
colorless oil, 1.9 g, 63% yield, 99.5:0.5 e.r.). '"H NMR (500 MHz, CDCls, two rotamers) & 8.41 — 8.32 (m,
1H), 7.82 - 7.71 (m, 1H), 7.24 — 7.16 (m, 1H), 7.13 (d, J = 8.1 Hz, 0.5H), 7.04 (d, /= 8.1 Hz, 0.5H), 5.08 —
4.96 (m, 2H), 4.70 (dd, J=9.5, 3.6 Hz, 0.5H), 4.63 (dd, /= 9.6, 3.4 Hz, 0.5H), 4.17 — 4.05 (m, 2H), 3.15 —
3.01 (m, 1H), 2.92 — 2.86 (m, 1H), 1.46 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 170.7,
170.6,157.9,157.7,154.5,153.7, 148.8, 148.5, 143.0, 141.9, 139.6, 139.6, 122.3, 122.2, 116.6, 116.0, 108.6,
108.4, 80.7, 80.5, 59.2, 58.9, 51.0, 50.7, 36.7, 35.8, 28.4, 28.4. HRMS (ESI) m/z (M+Na)" calcd for
C16H20N2NaO4™: 327.1315, found: 327.1309. [a]** = -30.1 (c 1.0, CHCls). SFC analysis: Daicel Chiralpak
IF-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO», v = 0.6 mL/min, 40 °C,
2200 psi, tR (major) = 8.448 min (99.5%), tR (minor) = 9.943 min (0.5%).
o]
‘a%e

o\
Boc N/

1-(tert-butyl) 2-(pyridin-2-yl) (S)-azetidine-1,2-dicarboxylate (S4) (10 mmol scale, white solid, 1.7 g, 61%
yield, 99:1 e.r.). 'H NMR (500 MHz, CDCls, two rotamers) & 8.44 — 8.37 (m, 1H), 7.83 — 7.77 (m, 1H), 7.25
—7.21 (m, 1H), 7.18 = 7.08 (m, 1H), 4.85 (dd, J=9.2, 5.3 Hz, 1H), 4.15 - 4.06 (m, 1H), 4.01 —3.92 (m, 1H),
2.69 —2.58 (m, 1H), 2.49 — 2.38 (m, 1H), 1.44 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) &
169.4,157.6,155.2, 148.6,139.6, 122.3,116.2, 80.3, 60.4, 47.3, 28.3, 20.3. HRMS (ESI) m/z (M+Na)" calcd
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for C14H1sN2NaO4™: 301.1159, found: 301.1153. [a]*°=-82.0 (¢ 1.6, CHCl3). m.p. (°C): 71-73. SFC analysis:
Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 20% i-PrOH in scCO,, v =

0.6 mL/min, 40 °C, 2200 psi, tR (major) = 5.285 min (99%), tR (minor) = 4.907 min (1%).

0 S
\ Y

Boc 6 N
1-(tert-butyl) 2-(pyridin-2-yl) (S)-4,4-difluoropyrrolidine-1,2-dicarboxylate (S5) (10 mmol scale,
colorless oil, 2.1 g, 64% yield, 99.5:0.5 e.r.). "H NMR (500 MHz, CDCls, two rotamers in 1:1 ratio) & 8.43
—8.32 (m, 1H), 7.83 — 7.74 (m, 1H), 7.26 — 7.18 (m, 1H), 7.14 (d, J = 8.2 Hz, 0.5H), 7.06 (d, J = 8.2 Hz,
0.5H), 4.80 — 4.66 (m, 1H), 3.92 — 3.80 (m, 2H), 2.91 — 2.77 (m, 1H), 2.78 — 2.65 (m, 1H), 1.46 (s, 9H).
BC{'H} NMR (126 MHz, CDCl;, two rotamers) § 169.1, 169.0, 157.6, 157.5, 153.8, 153.0, 148.8, 148.6,
139.8,139.7, 126.1 (t, Jcr = 249.1Hz), 125.5 (t, Jcr = 249.0 Hz), 122.6, 122.5, 116.4, 115.9, 81.8, 81.5, 57.3,
56.9, 53.3 (t, Jcr = 31.9 Hz), 52.8 (t, Jcr = 32.0 Hz), 38.5 (t, Jcr = 25.8 Hz), 37.6 (t, Jcr = 25.7 Hz), 28.3,
28.2. F{!H} NMR (377 MHz, CDCls, two rotamers in 1:1 ratio) & -98.5 (d, Jgr = 234.1 Hz, 0.5F, rotamer
a), -99.7 (d, Jrr = 234.1 Hz, 0.5F, rotamer a), -99.5 (d, Jrr = 234.3 Hz, 0.5F, rotamer b), -100.2 (d, Jrr =
234.3 Hz, 0.5F, rotamer b). HRMS (ESI) m/z (M+Na)" calcd for Ci4H;sF2NoNaO4™: 351.1127, found:
351.1120. [0]*°=-28.8 (c 1.1, CHCl3). SFC analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 um PS),
gradient from 3% to 40% i-PrOH in scCO», v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) =4.419 min (99.5%),
tR (minor) = 6.148 min (0.5%).

Ph,

3 ) ~
Boc o N7
1-(tert-butyl) 2-(pyridin-2-yl) (2S,4S)-4-phenylpyrrolidine-1,2-dicarboxylate (S8) (1.7 mmol scale,
colorless oil, 304 mg, 49% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis.
"H NMR (500 MHz, CDCls, two rotamers) & 8.42 (m, 1H), 7.84 — 7.77 (m, 1H), 7.36 — 7.31 (m, 2H), 7.27 —
7.26 (m, 1H), 7.26 — 7.23 (m, 3H), 7.20 (d, J = 8.1 Hz, 0.5H), 7.10 (d, J = 8.1 Hz, 0.5H), 4.80 — 4.73 (m,
0.5H), 4.71 —4.65 (m, 0.5H), 4.14 — 4.08 (m, 0.5H), 4.07 — 4.00 (m, 0.5H), 3.73 —3.64 (m, 1H), 3.54 — 3.48
(m, 0.5H), 3.46 — 3.40 (m, 0.5H), 2.68 — 2.62 (m, 1H), 2.50 (m, 1H), 1.50 (s, 4.5H), 1.49 (s, 4.5H). *C {'H}
NMR (126 MHz, CDCl3, two rotamers) 6 171.0, 171.0, 158.1, 157.9, 154.5, 153.7, 148.8, 148.5, 140.4,
140.3, 139.7, 128.8, 127.2, 122.4, 122.3, 116.7, 116.1, 80.7, 80.4, 59.5, 59.3, 53.3, 52.6, 42.6, 41.6, 37.9,
36.8,28.5, 28.5. HRMS (ESI) m/z (M+Na)" calcd for C24H24N>NaO4": 391.1628, found: 391.1619.
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1-(tert-butyl) 2-(pyridin-2-yl) (2S,4R)-4-phenylpyrrolidine-1,2-dicarboxylate (S9) (0.85 mmol scale,
colorless oil, 202 mg, 65% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis.
"H NMR (500 MHz, CDCls, two rotamers) & 8.43 — 8.38 (m, 1H), 7.84 — 7.75 (m, 1H), 7.35 — 7.31 (m, 2H),
7.30-7.27 (m, 3H), 7.25 - 7.20 (m, 1H), 7.22 (d, /= 7.3 Hz, 0.5H), 7.09 (d, J = 8.2 Hz, 0.5H), 4.68 — 4.54
(m, 1H), 4.19 —4.14 (m, 0.5H), 4.05 —3.96 (m, 0.5H), 3.56 — 3.39 (m, 2H), 2.93 - 2.78 (m, 1H), 2.44 - 2.29
(m, 1H), 1.50 (s, 4.5H), 1.49 (s, 4.5H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) & 171.0, 171.0,
158.1,157.9,154.4,153.6, 148.8, 148.5, 139.6, 139.4, 128.9, 128.8, 127.4, 127.4,127.3,122.3,122.2,116.9,
116.1, 80.9, 80.5, 59.8, 59.7, 53.4, 52.7, 44.1,43.2, 38.2, 37.1, 28.5, 28.5. HRMS (ESI) m/z (M+Na)" calcd

for C24H24N>NaOy4": 391.1628, found: 391.1622.

o) \ =

goc o N %
1-(tert-butyl) 2-(pyridin-2-yl) (2S,4R)-4-fluoropyrrolidine-1,2-dicarboxylate (S10) (10 mmol scale,
white solid, 1.6 g, 52% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis. 'H
NMR (500 MHz, CDCls, two rotamers) & 8.40 — 8.32 (m, 1H), 7.77 (m, 1H), 7.25 - 7.19 (m, 1H), 7.19 —
7.15 (m, 0.5H), 7.09 — 7.04 (m, 0.5H), 5.35 — 5.26 (m, 0.5H), 5.25 — 5.14 (m, 0.5H), 4.75 — 4.58 (m, 1H),
4.03 —3.78 (m, 1H), 3.73 — 3.55 (m, 1H), 2.83 — 2.64 (m, 1H), 2.48 — 2.22 (m, 1H), 1.46 (s, 9H). *C{'H}
NMR (126 MHz, CDCls, two rotamers) 6 170.6, 157.8, 157.6, 154.3, 153.6, 148.8, 148.4, 139.7, 122.4,
122.3,116.7, 115.9, 91.97 (d, Jcr = 178.8 Hz), 90.38 (d, Jcr = 179.4 Hz), 81.2, 80.9, 77.4, 76.9, 57.9, 57.8,
53.40 (d, Jcr = 22.7 Hz), 53.14 (d, Jcr = 22.6 Hz), 37.65 (d, Jcr = 22.8 Hz), 36.59 (d, Jcr = 22.8 Hz), 28.4,
28.4. YF{'H} NMR (377 MHz, CDCls, two rotamers) & -176.6, -177.4. m.p. (°C): 106-107. HRMS (ESI)

m/z (M+H)" calcd for C15H20FN,O4": 311.1402, found: 311.1392.

F
}HO\
N l\\l/

Boc 0O

1-(tert-butyl) 2-(pyridin-2-yl) (2S,4S)-4-fluoropyrrolidine-1,2-dicarboxylate (S11) (10 mmol scale,
white solid, 1.7 g, 55% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis. 'H
NMR (500 MHz, CDCls, two rotamers) & 8.40 — 8.35 (m, 1H), 7.80 — 7.70 (m, 1H), 7.23 — 7.16 (m, 1H),
7.15-7.11 (m, 0.5H), 7.09 — 7.03 (m, 0.5H), 5.34 — 5.29 (m, 0.5H), 5.24 — 5.20 (m, 0.5H), 4.78 (d,J=9.8
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Hz, 0.5H), 4.69 (d, J = 9.8 Hz, 0.5H), 3.86 (m, 1H), 3.78 — 3.61 (m, 1H), 2.80 — 2.67 (m, 1H), 2.59 —2.37
(m, 1H), 1.46 (s, 9H). 3C{'H} NMR (126 MHz, CDCl;, two rotamers) & 169.9, 169.6, 157.9, 157.8, 154.0,
153.7, 148.7, 148.6, 139.6, 139.5, 122.3, 122.2, 116.5, 116.2, 92.25 (d, Jcr = 177.7 Hz), 91.35 (d, Jcr = 177.1
Hz), 80.9, 80.7, 57.8, 57.6, 53.34 (d, Jor = 24.3 Hz), 53.07 (d, Jor = 24.1 Hz), 37.61 (d, Jor = 22.1 Hz), 36.63
(d, Jor = 21.9 Hz), 28.4, 28.3. F{'H} NMR (377 MHz, CDCls, two rotamers) & -172.5, -172.7. m.p. (°C):

111-113. HRMS (ESI) m/z (M+H)" caled for C15sHaoFN,O4": 311.1402, found: 311.1390.

o} ==

Me \
N

Boc 0O N~/

1-(tert-butyl) 2-(pyridin-2-yl) (2S,5S)-5-methylpyrrolidine-1,2-dicarboxylate (S12) (4 mmol scale,
colorless oil, 0.86 g, 70% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis. 'H
NMR (500 MHz, CDCl3, two rotamers) & 8.42 — 8.33 (m, 1H), 7.81 — 7.71 (m, 1H), 7.24 — 7.17 (m, 1H),
7.16 (d, J=8.7 Hz, 0.5H), 7.07 (d, J = 8.1 Hz, 0.5H), 4.58 — 4.49 (m, 0.5H), 4.49 — 4.43 (m, 0.5H), 4.11 —
4.06 (m, 0.5H), 4.00 — 3.93 (m, 0.5H), 2.39 — 2.30 (m, 1H), 2.28 — 2.21 (m, 1H), 2.13 - 2.04 (m, 1H), 1.74
—1.67 (m, 1H), 1.45 (s, 9H), 1.33 — 1.29 (m, 3H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) § 171.6,
158.2,158.0, 154.4, 153.5, 148.8, 148.5, 139.5, 122.2,122.1, 116.7, 116.1, 80.3, 80.0, 60.3, 54.4, 54.3, 32.6,
31.9,29.0, 28.5, 28.3, 28.1, 20.6, 20.0. HRMS (ESI) m/z (M+H)" calcd for C16H23N>04": 307.1652, found:

307.1647.

0 =
\ Y

Boc 6 N
1-(tert-butyl) 2-(pyridin-2-yl) (2S,3aS,7aS)-octahydro-1H-indole-1,2-dicarboxylate (S13) (5 mmol scale,
white soild, 1.4 g, 81% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis. 'H
NMR (500 MHz, CDCl3, two rotamers) 6 8.44 — 8.36 (m, 1H), 7.83 — 7.73 (m, 1H), 7.25 - 7.17 (m, 0.5H),
7.20 (d, J=8.3 Hz, 1H), 7.10 (d, J= 8.1 Hz, 0.5H), 4.52 — 4.41 (m, 1H), 3.94 — 3.85 (m, 0.5H), 3.82 - 3.71
(m, 0.5H), 2.45 — 2.30 (m, 1H), 2.32 — 2.21 (m, 2H), 2.25 — 1.96 (m, 2H), 1.80 — 1.72 (m, 1H), 1.71 — 1.63
(m, 2H), 1.51 — 1.49 (m, 1H), 1.46 (s, 9H), 1.35 — 1.28 (m, 1H), 1.21 — 1.11 (m, 1H). BC{'H} NMR (126
MHz, CDCl;, two rotamers) 6 171.7, 171.6, 158.3, 158.0, 154.3, 153.4, 148.8, 148.5, 142.0, 139.6, 134.4,
122.2,122.1,120.6, 116.9, 116.1, 107.4, 80.3, 79.9, 59.5, 59.3, 57.6, 57.4, 37.4, 36.7, 32.8, 31.6, 28.6, 28.5,
28.0, 27.7, 26.1, 26.0, 23.9, 23.8, 20.7, 20.6. m.p. (°C): 118-120. HRMS (ESI) m/z (M+Na)" calcd for

Ci9H26N2NaO,4': 369.1785, found: 369.1778.
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NHBoc
: o ‘ N
O N~

pyridin-2-yl (tert-butoxycarbonyl)-L-phenylalaninate (S14) (10 mmol scale, waxy solid, 2.5 g, 73% yield,
96:4 e.r.). '"H NMR (500 MHz, CDCl3, two rotamers) & 8.41 — 8.35 (m, 1H), 7.77 — 7.71 (m, 1H), 7.31 — 7.28
(m, 2H), 7.25 —7.12 (m, 4H), 6.98 (d, J = 8.1 Hz, 1H), 5.06 (m, 1H), 4.89 — 4.62 (m, 1H), 3.35 - 3.26 (m,
1H), 3.25 — 3.17 (m, 1H), 1.39 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 170.2, 157.7,
155.2, 148.7, 139.7, 135.8, 129.6, 128.8, 127.3, 122.4, 116.4, 80.2, 54.7, 38.1, 28.4. HRMS (ESI) m/z
(M+Na)" calcd for C19H22N2NaO4™: 365.1472, found: 365.1470. [a]*°=+20.1 (c 1.0, CHCIs). SFC analysis:
Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO, v =

0.6 mL/min, 40 °C, 2200 psi, tR (major) = 8.389 min (96%), tR (minor) = 8.847 min (4%).

Cl
; O NHBoc
Cl o} ‘ N

O N~
pyridin-2-yl  (S)-2-((tert-butoxycarbonyl)amino)-3-(4-((2,6-dichlorobenzyl)oxy)phenyl)-propanoate
(S15) (5 mmol scale, white solid, 1.6 g, 62% yield, 96:4 e.r.). 'H NMR (500 MHz, CDCl;, two rotamers) &
8.44 —8.38 (m, 1H), 7.82 - 7.75 (m, 1H), 7.35 (d, /= 8.1 Hz, 2H), 7.27 — 7.20 (m, 4H), 7.03 (d, /= 8.1 Hz,
1H), 6.99 (d, J = 8.6 Hz, 2H), 5.25 (s, 2H), 5.12 — 4.99 (m, 1H), 4.90 — 4.62 (m, 1H), 3.33 — 3.18 (m, 2H),
1.43 (s, 9H). BC{'H} NMR (126 MHz, CDCl;, two rotamers) & 170.3, 158.2, 157.7, 155.3, 148.7, 139.7,
137.1,132.2,130.7,130.5, 128.6, 128.6, 128.4, 122.4,116.4, 115.3, 80.2, 65.3, 54.8,37.3, 28.4. HRMS (ESI)
m/z (M+Na)" caled for CosHasC1oN2NaOs™: 539.1111, found: 539.1104. []*° = +21.1 (¢ 1.0, CHCl3). m.p.
(°C): 140-143. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to
40% i-PrOH in scCO,, v =0.6 mL/min, 40 °C, 2200 psi, tR (major) = 13.598 min (96%), tR (minor) =13.339

min (4%).

MeO NHBoc
o ~
0 N~

pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoate (S16) (5 mmol scale,
white solid, 1.35 g, 72% yield, 99:1 e.r.). '"H NMR (500 MHz, CDCls, two rotamers) & 8.42 (dd, J = 5.0, 2.0
Hz, 1H), 7.81 — 7.76 (m, 1H), 7.24 (dd, /= 7.3, 4.9 Hz, 1H), 7.23 — 7.17 (m, 2H), 7.04 (d, /= 8.2 Hz, 1H),

6.90 — 6.83 (m, 2H), 5.06 — 4.94 (m, 1H), 4.88 — 4.73 (m, 1H), 3.79 (s, 3H), 3.32 — 3.17 (m, 2H), 1.43 (s,
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9H). 3C{'H} NMR (126 MHz, CDCls, two rotamers) § 170.4, 159.0, 157.8, 155.3, 148.8, 139.7, 130.7,
127.7,122.5,116.4,114.3,80.2, 55.4, 54.9,37.3, 28.4. HRMS (ESI) m/z (M+Na)" calcd for Co0H24N>NaOs "
395.1577, found: 395.1572. [a]**=+18.8 (¢ 1.0, CHCIl;). m.p. (°C): 90-93. SFC analysis: Daicel Chiralpak
IC-3 3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO3, v = 0.6 mL/min, 40 °C,

2200 psi, tR (major) = 9.222 min (99%), tR (minor) = 10.488 min (1%).

HN\ NHBoc
@J\/\ﬂ/ol\
O N~

pyridin-2-yl (tert-butoxycarbonyl)-L-tryptophanate (S17) (5 mmol scale, white solid, 1.3 g, 68% yield,
97:3 e.r.). '"H NMR (500 MHz, CDCls, two rotamers) & 8.58 (s, 1H), 8.43 — 8.35 (m, 1H), 7.76 — 7.67 (m,
1H), 7.65 (d, J=7.8 Hz, 1H), 7.32 (d, /= 8.1 Hz, 1H), 7.22 — 7.15 (m, 3H), 7.15 - 7.07 (m, 1H), 6.92 (d, J
= 8.1 Hz, 1H), 5.26 — 5.13 (m, 1H), 5.02 — 4.84 (m, 1H), 3.54 — 3.40 (m, 2H), 1.44 (s, 9H). *C{'H} NMR
(126 MHz, CDCl;, two rotamers) & 170.7, 157.8, 155.5, 148.5, 139.7, 136.3, 127.8, 123.5, 122.4, 122.1,
119.6,118.8,116.5,111.4,109.5, 80.2, 54.8, 28.4,27.7. HRMS (ESI) m/z (M+Na)" calcd for C2H23N3NaO4":
404.1581, found: 404.1579. [a]**=-18.9 (¢ 1.0, CHCl3). m.p. (°C): 42-45. SFC analysis: Daicel Chiralpak
IC-3 3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO, v = 0.6 mL/min, 40 °C,

2200 psi, tR (major) = 7.490 min (97%), tR (minor) = 7.684 min (3%).

NHBoc

MeWOG

O N~
pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)butanoate (S18) (10 mmol scale, waxy solid, 2.0 g, 71%
yield, 98.5:1.5 e.r.). '"H NMR (500 MHz, CDCls, two rotamers) & 8.43 — 8.31 (m, 1H), 7.87 — 7.68 (m, 1H),
7.23 -7.18 (m, 1H), 7.07 (d, J= 8.2 Hz, 1H), 5.30 —4.76 (m, 1H), 4.67 —4.14 (m, 1H), 2.14 — 1.95 (m, 1H),
1.95 - 1.77 (m, 1H), 1.43 (s, 9H), 1.05 (t,J = 7.5 Hz, 3H). *C{'H} NMR (126 MHz, CDCls, two rotamers)
8 171.2, 157.8, 155.5, 148.7, 139.7, 122.4, 116.4, 80.1, 54.9, 28.4, 25.8, 9.8. HRMS (ESI) m/z (M+Na)"
caled for Ci14H2oNNaOs™: 303.1315, found: 303.1310. [0]*® = -14.3 (¢ 1.0, CHCl;). SFC analysis:
Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to 25% i-PrOH in scCO, v =

0.6 mL/min, 40 °C, 2200 psi, tR (major) = 5.281 min (98.5%), tR (minor) = 5.581 min (1.5%).

S53



NHBoc
iPr/:ﬁ( Oj/\j

O N~
pyridin-2-yl (tert-butoxycarbonyl)-L-valinate (S19) (10 mmol scale, colorless oil, 2.3 g, 78% yield, 99:1
e.r.). 'HNMR (500 MHz, CDCl3) § 8.49 — 8.33 (m, 1H), 7.82 — 7.74 (m, 1H), 7.25 — 7.22 (m, 1H), 7.09 (d,
J=8.1 Hz, 1H), 5.18 —4.72 (m, 1H), 4.55 - 4.29 (m, 1H), 2.45-2.31 (m, 1H), 1.47 (s, 9H), 1.11 (d, /= 6.9
Hz, 3H), 1.05 (d, J = 6.9 Hz, 3H). *C{'H} NMR (126 MHz, CDCl;) § 170.9, 157.9, 155.8, 148.8, 139.7,
122.4, 116.4, 80.2, 58.9, 31.5, 28.5, 19.3, 17.7. HRMS (ESI) m/z (M+Na)" calcd for CisH2N>NaO4':
317.1472, found: 317.1466. [a]**=-7.9 (c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO>, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major)

= 6.403 min (99%), tR (minor) = 5.970 min (1%).

NHBoc
tBu/fﬁ( Oj/\j

0 N~
pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoate (S20) (10 mmol scale, waxy
solid, 2.5 g, 81% yield, 99:1 e.r.). 'H NMR (500 MHz, CDCls, two rotamers) & 8.43 — 8.36 (m, 1H), 7.82 —
7.74 (m, 1H), 7.25 - 7.20 (m, 1H), 7.08 (d, J = 8.1 Hz, 1H), 5.31 — 4.84 (m, 1H), 4.47 —4.11 (m, 1H), 1.46
(s, 9H), 1.13 (s, 9H). 3C{'H} NMR (126 MHz, CDCls, two rotamers) & 170.4, 157.9, 155.7, 148.8, 139.6,
122.4, 116.5, 80.1, 62.0, 35.2, 28.5, 26.8. HRMS (ESI) m/z (M+Na)" calcd for Ci6H24N2NaO4": 331.1628,
found: 331.1622. [a]** = -8.7 (¢ 1.0, CHCl3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO», v = 0.6 mL/min, 40 °C, 2200 psi, tR (major)

= 6.065 min (99%), tR (minor) = 5.166 min (1%).

NHBoc
MeOWOG

0 N~
pyridin-2-yl N-(tert-butoxycarbonyl)-O-methyl-L-serinate (S21) (10 mmol scale, waxy solid, 2.5 g, 84%
yield, 90.5:9.5 e.r.). 'H NMR (500 MHz, CDCls, two rotamers) & 8.44 — 8.36 (m, 1H), 7.84 — 7.74 (m, 1H),
7.25-7.22 (m, 1H), 7.12 (d, J= 8.2 Hz, 1H), 5.52 — 5.38 (m, 1H), 4.75 — 4.53 (m, 1H), 4.03 (dd, J=9.6,
2.9 Hz, 1H), 3.74 (dd, J=9.9, 3.4 Hz, 1H), 3.42 (s, 3H), 1.46 (s, 9H). *C{'H} NMR (126 MHz, CDCl;, two
rotamers) 6 169.2, 157.8, 155.6, 148.7, 139.7, 122.4, 116.4, 80.3, 72.5, 59.6, 54.4, 28.4. HRMS (ESI) m/z
(M+Na)" caled for C14H20N2NaOs™: 319.1264, found: 319.1259. [a]**=-6.3 (c 1.0, CHCIs). SFC analysis:
Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO, v =
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0.6 mL/min, 40 °C, 2200 psi, tR (major) = 9.187 min (90.5%), tR (minor) = 10.863 min (9.5%).

NHBoc

fBuO._~__0O
\/T)( @

pyridin-2-yl N-(tert-butoxycarbonyl)-O-(ter-butyl)-L-serinate (S22) (10 mmol scale, waxy solid, 2.8 g,
83% vyield, 90:10 e.r.). 'H NMR (500 MHz, CDCl;, two rotamers) & 8.43 — 8.34 (m, 1H), 7.84 — 7.73 (m,
1H), 7.25 - 7.20 (m, 1H), 7.12 (d, J= 8.9 Hz, 1H), 5.51 — 5.13 (m, 1H), 4.77 — 4.43 (m, 1H), 4.03 (dd, J =
9.0, 3.1 Hz, 1H), 3.70 (dd, J = 9.3, 3.0 Hz, 1H), 1.47 (s, 9H), 1.20 (s, 9H). *C{'"H} NMR (126 MHz, CDCls,
two rotamers) & 169.5, 158.0, 155.7, 148.7, 139.5, 122.3, 116.4, 80.2, 73.8, 62.3, 54.7, 28.5, 27.5. HRMS
(ESI) m/z (M+Na)" calcd for C17H26N2NaOs*: 361.1734, found: 361.1728. [a]**=-6.2 (c 1.0, CHCI;). SFC
analysis: Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 pm PS), gradient from 3% to 40% i-PrOH in

scCOa, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 7.074 min (90%), tR (minor) = 9.678 min (10%).

NHBoc

Me (0] N

: \
OBn O N~

pyridin-2-yl O-benzyl-N-(tert-butoxycarbonyl)-L-threoninate (S23) (10 mmol scale, colorless oil, 3.1 g,
80% yield, 95.5:4.5 d.r.). Diastereomeric ratio (d.r.) was determined by SFC analysis. "H NMR (400 MHz,
CDCls, two rotamers) 6 8.42 — 8.38 (m, 1H), 7.79 — 7.70 (m, 1H), 7.38 — 7.27 (m, 5H), 7.26 — 7.17 (m, 1H),
7.01 (d, J=8.2 Hz, 1H), 5.47 — 5.09 (m, 1H), 4.65 (d, J=11.5 Hz, 1H), 4.61 (dd, /=9.7, 2.4 Hz, 1H), 4.54
(d, J=11.5 Hz, 1H), 4.45 — 4.36 (m, 1H), 1.46 (s, 9H), 1.34 (d, J = 6.3 Hz, 3H). *C{'H} NMR (101 MHz,
CDCls, two rotamers) 6 169.6, 157.9, 156.2, 148.7, 139.6, 138.0, 128.5, 128.0, 127.9, 122.3, 116.4, 80.2,
74.8, 71.4, 58.7, 28.4, 16.6. HRMS (ESI) m/z (M+Na)" calcd for C»H26N2NaOs": 409.1734, found:
409.1728. [0]*® = -12.5 (¢ 1.0, CHCl;). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 pm PS), gradient from 3% to 40% i-PrOH in scCO,, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major)

= 5.605 min (95.5%), tR (minor) = 5.855 min (4.5%).

NHBoc
O
Y
O N~
pyridin-2-yl (tert-butoxycarbonyl)-L-methioninate (S24) (10 mmol scale, waxy solid, 1.9 g, 58% yield,

99:1 e.r.). '"H NMR (400 MHz, CDCls, two rotamers) & 8.43 — 8.37 (m, 1H), 7.85 — 7.76 (m, 1H), 7.26 — 7.21

(m, 1H), 7.1 (d,J= 8.1 Hz, 1H), 5.31 — 4.91 (m, 1H), 4.85 — 4.39 (m, 1H), 2.77 — 2.60 (m, 2H), 2.44 — 2.27
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(m, 1H), 2.20 — 2.06 (m, 4H), 1.45 (s, 9H). *C{'H} NMR (101 MHz, CDCls, two rotamers) & 170.8, 157.7,
155.5, 148.8, 139.8, 122.5, 116.4, 80.4, 53.1, 31.9, 30.1, 28.4, 15.6. HRMS (ESI) m/z (M+Na)" calcd for
C15sH2N2NaO4S™: 349.1192, found: 349.1187. [a]*°=-11.6 (c 1.0, CHCI3). SFC analysis: Daicel Chiralpak
IF-3 3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in scCO,, v = 0.6 mL/min, 40 °C,

2200 psi, tR (major) = 8.209 min (99%), tR (minor) = 9.620 min (1%).

NHBoc
tBuOMO ‘ N
O O N~

5-(tert-butyl) 1-(pyridin-2-yl) (tert-butoxycarbonyl)-L-glutamate (S25) (10 mmol scale, colorless oil, 3.2
g, 84% yield, 99:1 e.r.). '"H NMR (500 MHz, CDCl;, two rotamers) § 8.43 — 8.37 (m, 1H), 7.84 — 7.74 (m,
1H), 7.26 — 7.21 (m, 1H), 7.11 (d, J= 8.1 Hz, 1H), 5.27 — 4.87 (m, 1H), 4.69 — 4.35 (m, 1H), 2.52 — 2.40 (m,
2H),2.39-2.28 (m, 1H), 2.20 —2.07 (m, 1H), 1.45 (s, 18H). *C {'H} NMR (126 MHz, CDCl;, two rotamers)
5172.1,170.8, 157.8, 155.6, 148.7,139.7, 122.5, 116.4, 81.0, 80.3, 53.6, 31.8, 28.4, 28.2, 27.5. HRMS (ESI)
m/z (M+Na)® calcd for C19H2sN2NaOg": 403.1840, found: 403.1834. [a]*® = -4.9 (¢ 1.0, CHCl3). SFC
analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% i-PrOH in

scCOa, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 8.066 min (99%), tR (minor) = 8.456 min (1%).

O  NHBoc

O
BuO ‘ A

O N~
4-(tert-butyl) 1-(pyridin-2-yl) (tert-butoxycarbonyl)-L-aspartate (S26) (10 mmol scale, waxy solid, 3.0
g, 82% yield, 93.5:6.5 e.r.). "H NMR (500 MHz, CDCls, two rotamers) & 8.43 — 8.35 (m, 1H), 7.83 — 7.75
(m, 1H), 7.25 - 7.21 (m, 1H), 7.12 (d, J=8.1 Hz, 1H), 5.66 — 5.11 (m, 1H), 4.94 — 4.57 (m, 1H), 3.08 (dd, J
=16.9, 5.1 Hz, 1H), 2.89 (dd, J = 16.9, 4.5 Hz, 1H), 1.46 (s, 18H, overlapped). *C{'H} NMR (126 MHz,
CDCls, two rotamers) 6 170.3, 169.9, 157.9, 155.5, 148.7, 139.7, 122.4, 116.4, 82.1, 80.4, 50.6, 38.2, 28.5,
28.2. HRMS (ESI) m/z (M+H)" calcd for CisH27N2O6": 367.1864, found: 367.1852. [a]** = -5.5 (c 1.0,
CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% i-
PrOH in scCO», v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 7.098 min (93.5%), tR (minor) = 9.669 min

(6.5%).
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NHBoc

CszN/M(O ~ ]

O Ny
pyridin-2-yl N6-((benzyloxy)carbonyl)-N2-(tert-butoxycarbonyl)-L-lysinate (S27) (10 mmol scale,
colorless oil, 3.6 g, 79% yield, 99:1 e.r.). '"H NMR (500 MHz, CDCl;, two rotamers) & 8.28 — 8.23 (m, 1H),
7.72 —7.65 (m, 1H), 7.25 - 7.19 (m, 5H), 7.12 - 7.06 (m, 1H), 7.00 (d, /= 8.1 Hz, 1H), 5.35 - 5.25 (m, 1H),
5.22-5.15 (m, 1H), 5.00 (s, 2H), 4.51 — 4.41 (m, 1H), 3.34 - 2.98 (m, 3H), 1.98 — 1.86 (m, 1H), 1.84 - 1.74
(m, 1H), 1.57 — 1.41 (m, 4H), 1.36 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) § 171.2, 157.7,
156.7, 155.6, 148.7, 139.7, 136.8, 128.6, 128.2, 128.1, 122.4, 116.4, 80.2, 66.7, 53.6, 40.3, 31.7, 29.1, 28 4,
22.1. HRMS (ESI) m/z (M+H)" calcd for Co4H3oN306": 458.2286, found: 458.2279. [a]** = -4.5 (c 1.0,
CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% i-
PrOH in scCO», v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 15.017 min (99%), tR (minor) = 15.372 min

(1%).

Synthesis of Dmc Protected Hydroxy Acid 2-pyridyl esters

By
PyO™ "OPy
OH CDI, MeCN ODmc LiBr, NEts, H,O ODmc cat. DMAP ODmc
R1J\COZR2 then NHMe, (THF solution) R1 CO,R2 MeCN R >CO,H DCM R >co,Py

R2= Me, Et
A 100 mL round bottom flask was charged with a-hydroxy ester (1.0 equiv, 10 mmol), carbonyl diimidazole
(1.5 equiv, 15 mmol), and MeCN (20 mL). The mixture was stirred with a magnetic stirbar for 1 h at rt before
dimethylamine (2.0 equiv, 20 mmol, 2.0 M solution in THF, 10 mL) was added dropwise to the flask. The
mixture was stirred for an additional 30 min at rt before it was concentrated in vacuo. The residue was
dissolved in DCM (40 mL), and the resulting solution was washed with 1 N HCI (3 x 10 mL). The aqueous
layer was extracted with additional DCM (20 mL). The combined organic layers were dried over MgSQO4
and concentrated in vacuo. The residue was dissolved in MeCN (30 mL) and transferred to a 100 mL round
bottom flask charged with a magnetic stirbar. To the resulting solution was added LiBr (10 equiv, 100 mmol),
triethylamine (3.0 equiv, 30 mmol), and H,O (3.0 equiv, 0.54 mL). The mixture was stirred vigorously at rt
for 12 h. The reaction mixture was diluted with EtOAc (20 mL) and H,O (20 mL), acidified with 1 N HCl
(60 mL), and extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over MgSO4 and
concentrated under reduced pressure. The residue was directly used in the general procedure for pyridyl ester

synthesis.
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ODmc

Ph O‘\
O N~

pyridin-2-yl (R)-2-((dimethylcarbamoyl)oxy)-4-phenylbutanoate (91) (10 mmol scale, white solid, 1.5 g,
46% yield, 99.5:0.5 e.r.). '"H NMR (500 MHz, CDCl3) & 8.46 — 8.32 (m, 1H), 7.83 — 7.71 (m, 1H), 7.33 —
7.27 (m, 2H), 7.25 - 7.18 (m, 4H), 7.12 (d, /= 8.2 Hz, 1H), 5.18 (dd, /= 8.1, 4.9 Hz, 1H), 2.97 (s, 3H), 2.95
(s, 3H), 2.93 — 2.82 (m, 2H), 2.45 — 2.30 (m, 2H). *C{'H} NMR (126 MHz, CDCl3) § 169.4, 157.7, 155.7,
148.6, 140.6, 139.6, 128.6, 128.6, 126.3, 122.3, 116.5, 72.6, 36.7, 36.1, 32.9, 31.6. HRMS (ESI) m/z
(M+Na)" caled for CisHaoN2NaO4™: 351.1315, found: 351.1311. [a]*°= 15.8 (¢ 1.0, CHCl3). m.p. (°C): 56-
60. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to
35% MeOH in scCO, v =0.6 mL/min, 40 °C, 2200 psi, tR (major) = 8.893 min (99.5%), tR (minor) = 9.272

min (0.5%).

OPiv

Ph o‘\

0 N~

pyridin-2-yl (R)-4-phenyl-2-(pivaloyloxy)butanoate (S28). A 100 mL round bottom flask was charged
with (R)-2-hydroxy-4-phenylbutanoic acid (1.8 g, 10 mmol, 1.0 equiv), pivaloyl chloride (1.2 g, 10 mmol,
1.0 equiv) and DCM (10 mL). The mixture was stirred with a magnetic stirbar for 2 days at rt. The reaction
mixture was concentrated under reduced pressure, and to the residue in the same flask was added di(pyridin-
2-yl) carbonate (2.59 g, 12 mmol, 1.2 equiv), N,N-dimethylaminopyridine (DMAP) (244 mg, 2 mmol, 0.2
equiv), and DCM (10 mL). The mixture was stirred vigorously with a magnetic stirbar for 30 min at rt. The
reaction mixture was concentrated under reduced pressure, and the residue was purified by column
chromatography on silica gel eluting with hexanes/EtOAc to afford the product (white solid, 1.6 g, 47%
yield, > 99.5:0.5 e.r.). "H NMR (500 MHz, CDCl3) & 8.45 — 8.33 (m, 1H), 7.83 — 7.72 (m, 1H), 7.34 — 7.28
(m, 2H), 7.25 — 7.20 (m, 4H), 7.08 (d, /= 8.1 Hz, 1H), 5.18 (dd, /= 7.8, 5.1 Hz, 1H), 2.97 — 2.87 (m, 1H),
2.87 —2.77 (m, 1H), 2.48 — 2.35 (m, 2H), 1.30 (s, 9H). C{'H} NMR (126 MHz, CDCl;) 5 178.1, 168.7,
157.6, 148.8, 140.4, 139.7, 128.7, 128.6, 126.5, 122.5, 116.4, 71.3, 38.9, 32.6, 31.5, 27.2. HRMS (ESI) m/z
(M+Na)" calcd for C20H23NNaO4™: 364.1519, found: 364.1515. m.p. (°C): 46-48. [a]*’= 4.3 (¢ 1.0, CHCI5).
m.p. (°C): 46-48. SFC analysis: Daicel Chiralpak IA-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 1%
to 10% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (minor) = 2.419 min (< 0.5%), tR (major) =

2.773 min (> 99.5%).
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ODmc

O
Me ‘ N

0 N~
pyridin-2-yl (R)-2-((dimethylcarbamoyl)oxy)propanoate (S29) (5 mmol scale, colorless oil, 0.85 g, 71%
yield, 99:1 e.r.). '"H NMR (500 MHz, CDCl3) § 8.41 — 8.31 (m, 1H), 7.81 — 7.71 (m, 1H), 7.23 — 7.16 (m,
1H), 7.16 — 7.08 (m, 1H), 5.22 (q, J = 7.1 Hz, 1H), 2.96 (s, 3H), 2.92 (s, 3H), 1.66 (d, J = 7.1 Hz, 3H).
BC{'H} NMR (126 MHz, CDCl3) § 170.0, 157.7, 155.7, 148.6, 139.6, 122.3, 116.5, 69.5, 36.6, 36.1, 17.1.
HRMS (ESI) m/z (M+H)" calcd for C1iHisN2O4™: 239.1026, found: 239.1024. [a]*°= 2.1 (¢ 1.0, CHCl5).
SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to 20% MeOH in

scCOa, v =0.6 mL/min, 40 °C, 2200 psi, tR (major) = 10.263 min (99.0%), tR (minor) = 10.808 min (1.0%).

ODmc
Me ~ O ‘ N
Me O N~

pyridin-2-yl (S)-2-((dimethylcarbamoyl)oxy)-3-methylbutanoate (S30) (10 mmol scale, pale yellow oil,
1.6 g, 60% yield, 97.5:2.5 e.r.). '"H NMR (500 MHz, CDCl3) & 8.43 — 8.32 (m, 1H), 7.79 — 7.72 (m, 1H),
7.22-7.17 (m, 1H), 7.13 (d, /= 8.1 Hz, 1H), 4.98 (d, /=4.5 Hz, 1H), 2.99 (s, 3H), 2.93 (s, 3H), 2.49 —2.40
(m, 1H), 1.16 — 1.10 (m, 6H). *C{'H} NMR (126 MHz, CDCl3) § 169.1, 157.8, 156.0, 148.6, 139.5, 122.3,
116.6, 77.6, 36.6, 36.0, 30.5, 19.0, 17.6. HRMS (ESI) m/z (M+H)" calcd for C13H19N2O4": 267.1339, found:
267.1334. [a]**=-0.5 (c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IA-3 (3 mm ID x 150 mm L, 3 pm PS),
gradient from 3% to 40% MeOH in scCO,, v =0.8 mL/min, 40 °C, 2200 psi, tR (major) = 1.346 min (97.5%),
tR (minor) = 1.564 min (2.5%).

ODmc

TBSO o N

\
O N~

pyridin-2-yl (R)-3-((tert-butyldimethylsilyl)oxy)-2-((dimethylcarbamoyl)oxy)propanoate (S31) (10
mmol scale, white solid, 2.1 g, 57% yield, 98.5:1.5 e.r.). 'H NMR (500 MHz, CDCls) § 8.43 — 8.34 (m, 1H),
7.77 (td, J=17.8, 2.0 Hz, 1H), 7.24 — 7.18 (m, 1H), 7.14 (d, /= 8.1 Hz, 1H), 5.35 (dd, /= 5.5, 3.0 Hz, 1H),
4.23 (dd,J=11.2,5.4 Hz, 1H), 4.12 (dd, J=11.2, 3.0 Hz, 1H), 3.01 (s, 3H), 2.95 (s, 3H), 0.90 (s, 9H), 0.10
(s, 3H), 0.09 (s, 3H). *C NMR (126 MHz, CDCl3) § 167.4, 157.7, 155.7, 148.7, 139.5, 122.3, 116.5, 74.8,
63.1, 36.7, 36.2, 25.9, 18.4, -5.3, -5.3. HRMS (ESI) m/z (M+Na)" caled for C17H2sN>NaOsSi*: 391.1660,
found: 391.1650. [a]**= 1.4 (¢ 1.0, CHCI3). m.p. (°C): 52-54. SFC analysis: Daicel Chiralpak IA-3 (3 mm
ID x 150 mm L, 3 um PS), gradient from 1% to 10% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR
(minor) = 2.601min (1.5%), tR (major) = 3.262 min (98.5%).

S59



cis-1-(4-methoxybenzyl) 2-(pyridin-2-yl -cyclopentane-1,2-dicarboxylate (S32) A 100 mL round bottom
flask was charged with a magnetic stirbar, cyclopentane-cis-1,2-dicarboxylic acid anhydride (1.40 g, 10
mmol, 1.0 equiv), 4-methoxybenzyl alcohol (PMB-OH, 1.38 g, 10 mmol, 1.0 equiv), pyridine (2.37 g, 30
mmol, 3.0 equiv), and DCM (10 mL). The mixture was stirred for 24 h at rt. The stirbar was removed and
reaction mixture was concentrated under reduced pressure. To this residue was added a magnetic stirbar,
di(pyridin-2-yl) carbonate (2.59 g, 12 mmol, 1.2 equiv), N,N-dimethylaminopyridine (DMAP) (244 mg, 2
mmol, 0.2 equiv), and DCM (10 mL). The mixture was stirred vigorously for 30 min at rt. The reaction
mixture was then concentrated under reduced pressure, and the residue was purified by column
chromatography on silica gel (hexanes/EtOAc). After concentration, the product was obtained as a colorless
oil (1.3 g, 37% yield). "H NMR (500 MHz, CDCI3) § 8.38 — 8.33 (m, 1H), 7.72 — 7.65 (m, 1H), 7.29 — 7.23
(m, 2H), 7.20 — 7.15 (m, 1H), 6.93 — 6.88 (m, 1H), 6.83 — 6.80 (m, 2H), 5.07 (s, 2H), 3.77 (s, 3H), 3.34 —
3.20 (m, 2H), 2.27 — 2.18 (m, 1H), 2.14 — 2.00 (m, 3H), 1.96 — 1.87 (m, 1H), 1.73 — 1.65 (m, 1H). 3C{1H}
NMR (126 MHz, CDCI3) § 173.9, 172.0, 159.6, 157.9, 148.5, 139.3,130.2, 128.1, 122.0, 116.7, 113.9, 66.5,
55.3, 47.2, 46.9, 29.3, 28.5, 23.9. HRMS (ESI) m/z (M+Na)" calcd for C2H» NNaOs": 378.1312, found:

378.1302.
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5. Characterization of cross-coupled products

General Procedure A (for proline derivatives)
NiBr,-dme (20 mol%) ' Bu
L5 (24 mo%) 3 _ =
Mn (3.0 equiv) R& QN

PG 0 _ THF/DMIB = 10:1 e ‘
1.0 equiv 2.5 equiv 40°C,6h ! L5

In a nitrogen-filled glovebox, to a vial (4 mL) containing a PTFE-coated stirbar was added NiBr,*dme (0.04
mmol, 20 mol%), L5 (0.048 mmol, 24 mol%), and THF/DMIB (10:1, 0.5 mL). This mixture was stirred at
rt for 10 min. To this vial was added 2-pyridyl esters (0.2 mmol, 1.0 equiv), alkyl iodides (0.5 mmol, 2.5
equiv), and Mn (0.6 mmol, 3.0 equiv). The vial was closed with a threaded cap fitted with a PTFE septum
before being removed from the glovebox. The vial was placed on a hotplate in a reaction heating block, and
the reaction mixture was stirred (800 RPM) at 40 °C for 6 h. After the specified reaction time, the reaction
mixture was removed from the hot plate and allowed to cool to rt. The resulting mixture was diluted with
ethyl acetate (2 mL), and passed through a pad of silica gel to remove excess Mn and insoluble salt. The vial
and pad were washed with ethyl acetate (2 mL). The filtrate was concentrated in vacuo. The residue was

purified by column chromatography to give the desired products.

General Procedure B (for acyclic amino acid derivatives)

NiBr,-dme (20 mol%) !
NHBoc L5 (24 mo%) , tBu

e Mn (3.0 equiv) NHBoc ; =S
R X +  Alkyl—lI Py : \ 7 P
/ﬁo( @ THF/DMIB = 10:1 or 5:1 R™ TAlkyl 3 N N
23°C,12hor6h !
1.0 equiv 2.5 equiv : L5

In a nitrogen-filled glovebox, to a vial (4 mL) containing a PTFE-coated stirbar was added NiBr>-dme (0.04
mmol, 20 mol%), L5 (0.048 mmol, 20 mol%), and THF/DMIB (10:1 or 5:1, 0.5 mL). This mixture was
stirred at rt for 10 min. To this vial was added 2-pyridyl esters (0.2 mmol, 1.0 equiv), alkyl iodides (0.5 mmol,
2.5 equiv), and Mn (0.6 mmol, 3.0 equiv). The vial was closed with a threaded cap fitted with a PTFE septum
before being removed from the glovebox. The vial was placed on a hotplate in a reaction heating block, and
the reaction mixture was stirred (800 RPM) at rt for 6 h (THF:DMIB = 5:1) or 12 h (THF:DMIB = 10:1).
After the specified reaction time, the mixture was diluted with ethyl acetate (2 mL) and passed through a
pad of silica gel to remove excess Mn and insoluble salt. The vial and pad were washed with ethyl acetate
(2 mL). The filtrate was concentrated in vacuo. The residue was purified by column chromatography to give
the desired products.
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General Procedure C (for a-oxygenated acid derivatives)

NiBry-dme (20 mol%)

ODme L5 (24 mo%) P By
o Mn (3.0 equiv) ODmc : - &S
R ¢ Alkyl—1 ! N 7N
0 N THF/DMIB = 20:1 R™ “Alkyl ! N N
40°C,12h !
1.0 equiv 2.5 equiv L5

In a nitrogen-filled glovebox, a vial (4 mL) containing a PTFE-coated stirbar was charged with NiBr2(dme)
(12.4 mg, 0.04 mmol, 20 mol%), LS (9.6 mg, 0.048 mmol, 24 mol%), and THF/DMIB (20:1, 1.0 mL). This
mixture was stirred at rt for 10 min. To this mixture was added the 2-pyridyl ester (0.2 mmol, 1.0 equiv),
alkyl iodide (0.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial was closed with a
threaded cap fitted with a PTFE septum before being removed from the glovebox. The vial was placed on a
hotplate in a reaction heating block, and the reaction mixture was stirred (800 RPM) at 40 °C for 12 h. After
this time, the mixture was diluted with ethyl acetate (2 mL) and passed through a pad of silica gel to remove
excess Mn and insoluble salts. The vial and pad were washed with additional ethyl acetate (2 mL). The
combined filtrate was concentrated in vacuo and the residue was purified by column chromatography to
afford the product.

N

Boc

tert-butyl (S)-2-(3-(benzoyloxy)propyl)pyrrolidine-1-carboxylate (3) (following general procedure A,
colorless oil, 52.0 mg, 78% yield, 99:1 e.r., 99% e.s.). 'H NMR (500 MHz, CDCl;, two rotamers) & 8.06 —
8.00 (m, 2H), 7.58 — 7.52 (m, 1H), 7.46 — 7.40 (m, 2H), 4.38 — 4.24 (m, 2H), 3.90 — 3.74 (m, 1H), 3.48 —
3.28 (m, 2H), 2.01 — 1.91 (m, 1H), 1.90 — 1.72 (m, SH), 1.68 — 1.63 (m, 1H), 1.51 — 1.47 (m, 1H), 1.44 (s,
9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 166.7, 154.8, 133.0, 130.5, 129.7, 128.5, 79.3, 65.1,
57.1, 46.7, 46.3, 31.5, 30.9, 30.2, 28.7, 25.8, 24.0, 23.2. HRMS (ESI) m/z (M+H)" caled for C19H2sNO4™:
334.2013, found: 334.2006. [0]*° = -48.5 (¢ 1.0, CHCIl;). Chiral HPLC condition: Daicel chiral AS-
H, isocratic 1% i-PrOH in hexanes, tR (major) = 11.624 min (99%), tR (minor) = 13.035 min (1%).
O\/\/OBZ
%

(S)-3-(1-tosylpyrrolidin-2-yl)propyl benzoate (9) (following general procedure A, waxy solid, 10.9 mg,
14% yield, 98:2 e.r., 97% e.s.). 'H NMR (500 MHz, CDCl3) & 8.08 — 8.02 (m, 2H), 7.74 — 7.69 (m, 2H), 7.59
—7.52 (m, 1H), 7.47 — 7.40 (m, 2H), 7.30 — 7.27 (m, 2H), 4.42 — 4.28 (m, 2H), 3.73 — 3.66 (m, 1H), 3.42 —
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3.35 (m, 1H), 3.29 — 3.17 (m, 1H), 2.41 (s, 3H), 2.00 — 1.91 (m, 1H), 1.89 — 1.81 (m, 2H), 1.82 — 1.73 (m,
1H), 1.72 — 1.60 (m, 2H), 1.58 — 1.54 (m, 2H), 1.53 — 1.46 (m, 1H). *C{'H} NMR (126 MHz, CDCl;) §
166.8, 143.4, 135.0, 133.0, 130.5, 129.8, 129.7, 128.5, 127.7, 64.9, 60.2, 49.1, 33.0, 31.0, 25.6, 24.3, 21.6.
HRMS (ESI) m/z (M+H)" calcd for C21H26NO4S™: 388.1577, found: 388.1573. [a]*°= -28.4 (c 1.0, CHCI5).
SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% MeOH in
scCOa, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 11.152 min (98%), tR (minor) = 13.185 min (2%).

N

Cbz

benzyl (S)-2-(3-(benzoyloxy)propyl)pyrrolidine-1-carboxylate (22) (following general procedure A,
colorless oil, 45.6 mg, 62% yield, 97.5:2.5 e.r., 96% e.s.). '"H NMR (500 MHz, CDCls, two rotamers) & 8.17
—7.90 (m, 2H), 7.58 = 7.51 (m, 1H), 7.47 — 7.39 (m, 2H), 7.39 — 7.27 (m, 5H), 5.18 — 5.07 (m, 2H), 4.46 —
4.17 (m, 2H), 4.03 — 3.83 (m, 1H), 3.56 — 3.35 (m, 2H), 2.04 — 1.65 (m, 7H), 1.58 — 1.45 (m, 1H). 3C{'H}
NMR (126 MHz, CDCl3, two rotamers) 6 166.6, 155.1, 137.2, 137.0, 132.9, 130.5, 130.4, 129.6, 128.5,
128.4, 127.9, 127.9, 66.8, 66.6, 65.0, 64.8, 57.7, 57.0, 46.7, 46.4, 31.3, 30.8, 30.7, 30.1, 25.7, 25.6, 23.9,
23.1. HRMS (ESI) m/z (M+H)" caled for CooHasNO4": 368.1856, found: 368.1850. [0]*° = -34.5 (c 1.0,
CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to
20% MeOH in scCO», v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 14.115 min (97.5%), tR (minor) =
14.851 min (2.5%).

O\/\/NMeTs
N

Boc

tert-butyl (S)-2-(3-((N,4-dimethylphenyl)sulfonamido)propyl)pyrrolidine-1-carboxylate 23)
(following general procedure A, white solid, 41.4 mg, 52% yield, 99:1 e.r., 99% e.s.). 'H NMR (500 MHz,
CDCls, two rotamers) 6 7.69 — 7.59 (m, 2H), 7.38 — 7.26 (m, 2H), 3.84 — 3.63 (m, 1H), 3.44 — 3.19 (m, 2H),
3.09 — 2.87 (m, 2H), 2.70 (s, 3H), 2.42 (s, 3H), 1.99 — 1.65 (m, 4H), 1.64 — 1.58 (m, 1H), 1.57 — 1.48 (m,
2H), 1.44 (s, 9H), 1.40 — 1.29 (m, 1H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 154.8, 143.4,
134.6, 129.8, 127.5, 79.3, 79.0, 57.0, 50.3, 46.6, 46.2, 34.9, 34.7, 31.9, 31.5, 31.0, 30.2, 28.7, 25.0, 24.5,
23.9, 23.2, 21.6. HRMS (ESI) m/z (M+H)" caled for C20H33N204S": 397.2156, found: 397.2153. [a]* = -
34.0 (¢ 1.0, CHCl3). m.p. (°C): 40-41. Chiral HPLC condition: Daicel chiral IC, isocratic 5% i-PrOH in

hexanes, tR (major) = 27.295 min (99%), tR (minor) = 24.665 min (1%).
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tert-butyl (R)-2-(3-(1,3-dioxoisoindolin-2-yl)propyl)pyrrolidine-1-carboxylate (24) (following general
procedure A, colorless oil, 61.5 mg, 86% yield, 99.5:0.5 e.r., >99% e.s.). '"H NMR (500 MHz, CDCl3, two
rotamers) & 7.87 — 7.75 (m, 2H), 7.72 — 7.61 (m, 2H), 3.84 — 3.56 (m, 3H), 3.41 — 3.20 (m, 2H), 1.96 — 1.84
(m, 1H), 1.85 — 1.50 (m, 6H), 1.45 — 1.26 (m, 10H). *C {'H} NMR (126 MHz, CDCls, two rotamers) & 168.4,
154.7,134.0, 133.9, 132.2, 123.2, 123.2, 79.1, 79.0, 56.9, 46.6, 46.2, 38.0, 37.9, 32.1, 31.6, 30.8, 30.0, 28.6,
25.7,25.5,23.9, 23.2. HRMS (ESI) m/z (M+H)" calcd for C20H27N204": 359.1965, found: 359.1960. [a]*’ =
-22.8 (¢ 1.0, CHCls). Chiral HPLC condition: Daicel chiral IC, isocratic 30% i-PrOH in hexanes, tR (major)

=15.035 min (99.5%), tR (minor) = 10.861 min (0.5%).

[\~ ANrobz
N

Boc

tert-butyl (R)-2-(3-(((benzyloxy)carbonyl)amino)propyl)pyrrolidine-1-carboxylate (25) (following
general procedure A, colorless oil, 45.0 mg, 62% yield, 99:1 e.r., 99% e.s.). '"H NMR (500 MHz, CDCl;, two
rotamers) & 7.40 — 7.26 (m, 5H), 5.28 — 4.67 (m, 3H), 3.88 — 3.58 (m, 1H), 3.43 — 3.10 (m, 4H), 1.93 — 1.65
(m, 4H), 1.64 — 1.56 (m, 1H), 1.55 — 1.45 (m, 2H), 1.45 (s, 9H), 1.37 — 1.22 (m, 1H). 3C{'H} NMR (126
MHz, CDCl;, two rotamers) 6 156.5, 154.8, 136.8, 136.7, 128.6, 128.2, 128.1, 79.2, 79.1, 66.7, 66.5, 56.8,
46.6, 46.2, 41.1, 41.0, 31.9, 31.5, 30.8, 30.2, 28.6, 26.9, 26.7, 23.8, 23.1. HRMS (ESI) m/z (M+H)" calcd
for CooH31N204": 363.2278, found: 363.2273. [a]** = -18.4 (c 1.0, CHCl3). Chiral HPLC condition: Daicel

chiral AS-H, isocratic 4% i-PrOH in hexanes, tR (major) = 7.228 min (99%), tR (minor) = 6.515 min (1%).

tert-butyl (S)-2-(3-([1,1'-biphenyl]-4-yloxy)propyl)pyrrolidine-1-carboxylate (26) (following general
procedure A, white solid, 58.6 mg, 77% yield, 98.5:1.5 e.r., 98% e.s.). '"H NMR (500 MHz, CDCl;, two
rotamers) & 7.58 — 7.54 (m, 2H), 7.54 — 7.50 (m, 2H), 7.44 — 7.39 (m, 2H), 7.33 — 7.28 (m, 1H), 6.99 — 6.93
(m, 2H), 4.09 —3.95 (m, 2H), 3.91 —3.77 (m, 1H), 3.49 — 3.26 (m, 2H), 2.03 — 1.77 (m, 6H), 1.74 — 1.65 (m,
1H), 1.58 — 1.50 (m, 1H), 1.48 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 158.7, 154.8,
141.0,133.7,128.8, 128.2, 126.8, 126.7, 114.9,79.3, 79.0, 68.1, 68.0, 57.2, 46.7, 46.3, 31.4, 31.0, 30.8, 30.2,
28.7,26.3,23.9, 23.2. HRMS (ESI) m/z (M+H)" calcd for C24H3,NO;": 382.2377, found: 382.2373. [0]*°=
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-18.9 (¢ 1.0, CHCI3). m.p. (°C): 68-69. Chiral HPLC condition: Daicel chiral IC, isocratic 3% i-PrOH in

hexanes, tR (major) =21.770 min (98.5), tR (minor) = 19.962 min (1.5).

L~

Boc
tert-butyl (S)-2-(3-(naphthalen-2-yloxy)propyl)pyrrolidine-1-carboxylate (27) (following general
procedure A, white solid, 47.6 mg, 67% yield, 99:1 e.r., 99% e.s.). 'H NMR (500 MHz, CDCls, two rotamers)
8 7.78 = 7.75 (m, 1H), 7.75 — 7.69 (m, 2H), 7.43 (t, J = 7.4 Hz, 1H), 7.35 - 7.31 (m, 1H), 7.16 — 7.11 (m,
2H), 4.20 — 4.02 (m, 2H), 3.96 — 3.76 (m, 1H), 3.53 — 3.26 (m, 2H), 2.02 — 1.79 (m, 6H), 1.76 — 1.66 (m,
1H), 1.64 — 1.52 (m, 1H), 1.49 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 157.1, 154.9,
134.7, 129.4, 129.0, 127.7, 126.8, 126.4, 123.6, 119.1, 106.7, 79.2, 68.0, 57.2, 46.7, 46.3, 31.5, 31.0, 30.8,
30.2, 28.7, 26.3, 23.9, 23.2. HRMS (ESI) m/z (M+H)" caled for C22H3oNO;3": 356.2220, found: 356.2216.
[0]°=-63.0 (¢ 1.5, CHCl3). m.p. (°C): 76-78. Chiral HPLC condition: Daicel chiral IC, gradient from 1%

to 3% i-PrOH in hexanes, tR (major) = 23.684 min (99%), tR (minor) = 22.878 min (1%).

COOBn

N

Boc NHBoc

tert-butyl (S)-2-((S)-4-(benzyloxy)-3-((tert-butoxycarbonyl)amino)-4-oxobutyl) pyrrolidine-1-
carboxylate (28) (following general procedure A, colorless oil, 60.7 mg, 66% yield, 99:1 d.r.). '"H NMR (500
MHz, CDCls, two rotamers) 6 7.41 — 7.26 (m, SH), 5.37 — 4.96 (m, 3H), 4.42 — 4.02 (m, 1H), 3.87 — 3.56
(m, 1H), 3.44 —3.27 (m, 1H), 3.26 — 3.18 (m, 1H), 1.90 — 1.57 (m, 6H), 1.54 — 1.46 (m, 1H), 1.43 (s, 9H),
1.42 (s, 9H), 1.29 — 1.19 (m, 1H). BC{'H} NMR (126 MHz, CDCls, two rotamers) & 172.6, 155.6, 155.4,
154.8, 135.5, 128.7, 128.5, 79.9, 79.3, 67.1, 56.9, 53.6, 46.6, 46.2, 30.9, 30.3, 29.5, 28.7, 28.4, 23.8, 23.2.
HRMS (ESI) m/z (M+H)" calcd for C2sH3oN206": 463.2803, found: 463.2794. [0]*°= -9.5 (c 1.0, CHCI5).
SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 15% MeOH in

scCO2, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 10.320 min (99%), tR (minor) = 10.694 min (1%).

(O @)

N\o”

QW@

tert-butyl (S)-2-(3-(phenylsulfonyl)propyl)pyrrolidine-1-carboxylate (29) (following general procedure
A, colorless oil, 40.2 mg, 57% vyield, 95.5:4.5 e.r., 92% e.s.). '"H NMR (500 MHz, CDCls, two rotamers) &

7.92 —7.84 (m, 2H), 7.70 — 7.61 (m, 1H), 7.59 — 7.51 (m, 2H), 3.78 — 3.55 (m, 1H), 3.42 — 3.20 (m, 2H),
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3.11 (q, J = 10.5 Hz, 2H), 1.94 — 1.84 (m, 1H), 1.81 — 1.73 (m, 3H), 1.70 — 1.62 (m, 2H), 1.61 — 1.53 (m,
1H), 1.40 (s, 9H), 1.39 — 1.33 (m, 1H). 3C{'H} NMR (126 MHz, CDCl;, two rotamers) & 154.8, 139.3,
133.8, 129.4, 128.2, 79.5, 79.2, 56.6, 56.3, 46.6, 46.2, 33.8, 32.9, 31.0, 30.0, 28.6, 23.9, 23.1, 19.8. HRMS
(ESI) m/z (M+H)" calcd for CisHosNO4S*™: 354.1734, found: 354.1728. [a]** = -21.0 (c 1.0, CHCl3). SFC
analysis: Daicel Chiralpak IA-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% MeOH in
scCOa, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 3.270 min (95.5%), tR (minor) = 2.830 min (4.5%).
(e
Coz

benzyl (R)-2-(pent-4-en-1-yl)pyrrolidine-1-carboxylate (30) (following general procedure A, colorless oil,
30.3 mg, 55% yield, 97:3 e.r., 95% e.s., with 7% 2-alkene side product). 'H NMR (500 MHz, CDCl;, two
rotamers) & 7.39 — 7.33 (m, 4H), 7.33 — 7.28 (m, 1H), 5.87 — 5.32 (m, 1H), 5.20 — 5.08 (m, 2H), 5.06 — 4.83
(m, 2H), 3.92 - 3.77 (m, 1H), 3.55 - 3.32 (m, 2H), 2.16 — 1.97 (m, 2H), 1.97 — 1.64 (m, 5H), 1.46 — 1.29 (m,
3H). BC{'H} NMR (126 MHz, CDCls, two rotamers) § 155.2, 155.0, 138.9, 138.7, 137.4, 137.2, 128.6,
128.0, 128.0, 127.9, 114.7, 66.8, 66.5, 58.1, 57.4, 46.7, 46.4, 34.2, 33.9, 33.8, 33.6, 30.8, 30.0, 25.8, 25.7,
24.0,23.2. HRMS (ESI) m/z (M+H)" caled for C17H24NO,": 274.1801, found: 274.1789. [a]**=-73.5 (¢ 1.6,
CHCI3). SFC analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 1% to
5% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 11.223 min (97%), tR (minor) = 11.582

min (3%).

N
%NCbz

tert-butyl  (S)-2-(1-((benzyloxy)carbonyl)azetidin-3-yl)pyrrolidine-1-carboxylate (31) (following
general procedure A, colorless oil, 34.6 mg, 48% yield, 99.5:0.5 e.r., >99% e.s.). 'H NMR (500 MHz, CDCl3,
two rotamers) 6 7.37 — 7.32 (m, 4H), 7.32 — 7.28 (m, 1H), 5.09 (s, 2H), 4.16 — 3.90 (m, 4H), 3.80 — 3.66 (m,
1H), 3.58 — 3.34 (m, 1H), 3.31 — 3.23 (m, 1H), 2.96 — 2.62 (m, 1H), 2.05 — 1.90 (m, 1H), 1.88 — 1.76 (m,
2H), 1.65 — 1.57 (m, 1H), 1.45 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 156.6, 155.3,
155.1, 136.9, 128.6, 128.1, 128.1, 80.2, 79.6, 66.7, 59.2, 53.7, 52.8, 51.5, 47.3, 46.9, 33.7, 28.9, 28.6, 28.1,
23.9, 23.1. HRMS (ESI) m/z (M+H)" calcd for C2H2oN,O4": 361.2122, found: 361.2115. [a]®*=-21.1 (c
1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to
15% MeOH in scCO», v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 18.876 min (99.5%), tR (minor) =

18.414 min (0.5%).
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tert-butyl (S)-6-(1-((benzyloxy)carbonyl)pyrrolidin-2-yl)-2-azaspiro[3.3]heptane-2-carboxylate (32)
(following general procedure A, colorless oil, 39.7 mg, 50% yield, 99.5:0.5 e.r., >99% e.s.). '"H NMR (400
MHz, CDCls, two rotamers) 6 7.43 — 7.28 (m, 5H), 5.10 (d, J = 3.3 Hz, 2H), 3.93 — 3.72 (m, 4H), 3.71 —
3.58 (m, 1H), 3.56 —3.39 (m, 1H), 3.39 — 3.31 (m, 1H), 2.30 — 1.96 (m, 4H), 1.81 (m, 4H), 1.63 — 1.51 (m,
1H), 1.42 (s, 9H). *C {'"H} NMR (101 MHz, CDCl;, two rotamers) § 156.4, 155.9, 155.6, 137.2, 136.8, 128.6,
128.5, 128.2, 128.0, 127.9, 79.3, 67.1, 66.7, 61.7, 61.0, 47.0, 46.8, 37.1, 36.1, 34.4, 33.9, 33.7, 29.1, 28.5,
28.2,23.9,23.1. HRMS (ESI) m/z (M+H)" caled for C23H33N204": 401.2435, found: 401.2426. [0]*°=-58.0
(c 1.2, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to
25% MeOH in scCO», v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 14.040 min (3%), tR (minor) = 14.687

min (25%).

At
Cbz

benzyl (S)-2-cyclopentylpyrrolidine-1-carboxylate (33) (following general procedure A, colorless oil,
25.4 mg, 46% yield, 97.5:2.5 e.r., 96% e.s.). '"H NMR (500 MHz, CDCl;, two rotamers) & 7.39 — 7.33 (m,
4H), 7.32 — 7.27 (m, 1H), 5.19 — 5.05 (m, 2H), 4.00 — 3.84 (m, 1H), 3.62 — 3.46 (m, 1H), 3.44 — 3.26 (m,
1H), 2.23 — 1.98 (m, 1H), 1.93 — 1.79 (m, 3H), 1.75 — 1.39 (m, 8H), 1.25 — 1.09 (m, 1H). *C{'H} NMR (126
MHz, CDCls, two rotamers) 8 155.7, 137.4, 128.5, 128.1, 127.9, 66.8, 66.6, 61.5, 60.9, 46.6, 44.3, 30.0, 29.3,
28.8, 28.5, 25.4, 25.2, 24.0, 23.2. [0]** = -76.5 (c 1.5, CHCl3). HRMS (ESI) m/z (M+H)" calcd for
C17H2aNO,": 274.1802, found: 274.1797. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 pm PS), gradient from 3% to 10% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) =
8.568 min (97.5%), tR (minor) = 8.810 min (2.5%).

N
Cbz

benzyl (S)-2-cyclohexylpyrrolidine-1-carboxylate (34) (following general procedure A, reaction
temperature 60 °C, colorless oil, 29.3 mg, 51% yield, 90.5:9.5 e.r., 82% e.s.). 'H NMR (500 MHz, CDCls,
two rotamers) & 7.40 — 7.32 (m, 4H), 7.32 — 7.28 (m, 1H), 5.24 — 5.14 (m, 1H), 5.14 — 5.00 (m, 1H), 3.84 —
3.70 (m, 1H), 3.63 — 3.46 (m, 1H), 3.36 — 3.23 (m, 1H), 1.83 — 1.76 (m, 4H), 1.75 — 1.69 (m, 2H), 1.68 —
1.53 (m, 4H), 1.24 — 1.05 (m, 3H), 1.05 — 0.86 (m, 2H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) &
155.6,155.4,137.4,137.3, 128.5, 127.9, 66.7, 66.6, 62.7, 62.0,47.2,46.9, 41.5, 40.7, 30.2, 27.9, 27.5, 26.7,
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26.7, 26.6, 26.4, 24.5, 23.8. HRMS (ESI) m/z (M+H)" calcd for Ci1sH26NO,": 288.1958, found: 288.1954.
[a]?°=-44.3 (¢ 1.0, CHCl3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient
from 3% to 10% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 8.998 min (90.5%), tR

(minor) = 9.251 min (9.5%).

JH
N U Nboc

tert-butyl 3-((S)-1-((benzyloxy)carbonyl)pyrrolidin-2-yl)-8-azabicyclo[3.2.1]octane-8-carboxylate (35)
(following general procedure A, colorless oil, 52.8 mg, 64% yield, 94.5:5.5 e.r.,, 90% e.s., >98:2 d.r.). 'H
NMR (500 MHz, CDCl3, two rotamers) & 7.38 — 7.33 (m, 4H), 7.33 — 7.28 (m, 1H), 5.31 — 5.12 (m, 1H),
5.12 -4.98 (m, 1H), 4.31 — 4.19 (m, 1H), 4.19 — 4.04 (m, 1H), 3.85 — 3.70 (m, 1H), 3.64 — 3.48 (m, 1H),
3.31 -3.21 (m, 1H), 2.68 — 2.18 (m, 1H), 1.94 — 1.74 (m, 5H), 1.70 — 1.63 (m, 2H), 1.50 (s, 3H), 1.46 (s,
9H), 1.36 — 1.28 (m, 2H). 3C{'H} NMR (126 MHz, CDCl;, two rotamers) & 155.3, 153.6, 137.2, 137.0,
128.6, 128.1, 128.0, 127.9, 79.1, 66.9, 66.6, 61.4, 60.8, 53.9, 53.8, 53.2, 53.0, 47.2, 47.0, 34.9, 34.0, 33.8,
31.6, 31.5, 31.0, 30.7, 28.6, 28.4, 27.8, 27.1, 26.4, 26.3, 24.5, 23.8. HRMS (ESI) m/z (M+H)" calcd for
C24H35N2047: 415.2591, found: 415.2584. [a]*°=-44.0 (c 1.0, CHCI;). SFC analysis: Daicel Chiralpak IC-
3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to 25% MeOH in scCO;, v = 0.8 mL/min, 40 °C,
2200 psi, tR (major) = 13.505 min (94.5%), tR (minor) = 13.971 min (5.5%).

Me

N
Cbz Me

benzyl (S)-2-isopropylpyrrolidine-1-carboxylate (36) (following general procedure A, THF:DMIB =20:1,
colorless oil, 26.4 mg, 53% yield, 96:4 e.r., 93% e.s.). 'H NMR (500 MHz, CDCl;, two rotamers) & 7.44 —
7.28 (m, 5H), 5.20 — 5.05 (m, 2H), 3.84 — 3.72 (m, 1H), 3.68 — 3.50 (m, 1H), 3.43 — 3.14 (m, 1H), 2.34 —
2.01 (m, 1H), 1.86 — 1.73 (m, 4H), 0.95 — 0.83 (m, 3H), 0.83 — 0.69 (m, 3H). *C{'H} NMR (126 MHz,
CDCls, two rotamers) 8 155.7, 155.4, 137.4, 137.2, 128.6, 127.9, 127.9, 66.8, 66.6, 63.2, 62.6, 47.4, 47.1,
30.9,30.1,26.7,25.8,24.5,23.8,19.6, 17.0, 16.9. HRMS (ESI) m/z (M+H)" caled for CisH2NO>": 248.1645,
found: 248.1641. [a]** = -72 (c 1.5, CHCl;). SFC analysis: Daicel Chiralpak OD-H (4.6 mm ID x 250
mm L, 5 um PS), gradient from 1% to 20% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) =

4.861 min (96%), tR (minor) = 5.054 min (4%).
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Boc
tert-butyl (R)-6-(3-(benzoyloxy)propyl)-5-azaspiro[2.4]heptane-5-carboxylate (37) (following general
procedure A, colorless oil, 52.5 mg, 73% yield, 98:2 e.r.,, >99% e.s.). 'H NMR (500 MHz, CDCls, two
rotamers) & 8.09 — 8.00 (m, 2H), 7.58 — 7.51 (m, 1H), 7.45 — 7.40 (m, 2H), 4.39 — 4.27 (m, 2H), 4.08 — 3.87
(m, 1H), 3.54 —3.33 (m, 1H), 3.13 -2.99 (m, 1H), 2.25 - 2.07 (m, 1H), 2.02 — 1.87 (m, 1H), 1.81 — 1.73 (m,
2H), 1.73 — 1.66 (m, 1H), 1.44 (s, 9H), 1.39 (d, J = 12.6 Hz, 1H), 0.64 — 0.47 (m, 4H). *C{'H} NMR (126
MHz, CDCls, two rotamers) & 166.7, 154.6, 133.0, 130.5, 129.6, 128.4, 79.3, 65.1, 58.1, 54.5, 53.9, 39.5,
38.7, 31.6, 31.0, 28.7, 25.9, 20.5, 19.8, 14.1, 7.8. [a]** = -16.0 (c 1.0, CHCl;). HRMS (ESI) m/z (M+H)"
caled for C21H30NO4": 360.2169, found: 360.2166. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 um PS), gradient from 3% to 10% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) =

10.123 min (98%), tR (minor) = 9.822 min (2%)).

tert-butyl (R)-2-(3-(benzoyloxy)propyl)-4-methylenepyrrolidine-1-carboxylate (38) (following general
procedure A, colorless oil, 33.8 mg, 49% yield, 94:6 e.1., 88% e.s.). 'H NMR (500 MHz, CDCl;, two rotamers)
5 8.07—7.97 (m, 2H), 7.58 — 7.50 (m, 1H), 7.48 — 7.37 (m, 2H), 5.05 — 4.92 (m, 2H), 4.38 — 4.25 (m, 2H),
4.15 - 3.96 (m, 2H), 3.88 — 3.74 (m, 1H), 2.83 — 2.62 (m, 1H), 2.33 — 2.20 (m, 1H), 1.79 — 1.66 (m, 3H),
1.57 — 1.48 (m, 1H), 1.45 (s, 9H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) & 166.7, 154.3, 145.5,
144.6, 133.0, 130.4, 129.6, 128.4, 107.8, 107.5, 79.6, 64.9, 56.7, 50.5, 50.0,37.9, 37.2, 31.3, 30.8, 28.6, 25.5.
HRMS (ESI) m/z (M+H)" caled for C20H2sNO4": 346.2013, found: 346.2008. [a]** = -32.3 (¢ 1.0, CHCl5).
SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), isocratic 5% MeOH in scCO», v =

0.8 mL/min, 40 °C, 2200 psi, tR (major) = 18.762 min (94%), tR (minor) = 15.283 min (6%).

F

F
N

Boc

tert-butyl (R)-2-(3-(benzoyloxy)propyl)-4,4-difluoropyrrolidine-1-carboxylate (39) (following general
procedure A, colorless oil, 24.4 mg, 33% vyield, 84:16 e.r., 69% e.s.). 'H NMR (500 MHz, CDCl;, two
rotamers) 6 8.05 —8.01 (m, 2H), 7.57 — 7.52 (m, 1H), 7.47 — 7.41 (m, 2H), 4.43 — 4.28 (m, 2H), 4.20 — 3.98
(m, 1H), 3.98 —3.70 (m, 1H), 3.67 — 3.57 (m, 1H), 2.59 — 2.42 (m, 1H), 2.21 —2.09 (m, 1H), 2.07 — 1.89 (m,
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1H), 1.80 — 1.73 (m, 2H), 1.70 — 1.63 (m, 1H), 1.45 (s, 9H). *C{'H} NMR (126 MHz, CDCl;, two rotamers)
8166.7,154.1,133.1, 130.4, 129.7, 128.5, 127.5 (Jcr = 243.5 Hz), 80.6, 64.6, 55.8, 53.5 (br, rotamers), 39.2
(br, rotamers), 31.0 (br, rotamers), 28.5, 25.4. YF{'H} NMR (376 MHz, CDCl;, two rotamers) -95.83 (d,
JFFgem = 234.3 Hz, 1F, two rotamers), -99.28 (d, Jrr-gem = 233.3, 1F, two rotamers). HRMS (ESI) m/z
(M+Na)" caled for C1oHasFoNNaO4™: 392.1644, found: 392.1638. [a]*°=-23.8 (c 1.0, CHCI3). SFC analysis:
Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO,, v =

0.8 mL/min, 40 °C, 2200 psi, tR (major) =4.200 min (84%), tR (minor) = 4.442 min (16%).

tert-butyl (R)-2-(3-(benzoyloxy)propyl)azetidine-1-carboxylate (40) (following general procedure A,
colorless oil, 20.1 mg, 31% yield, 97.5:2.5 e.r., 96% e.s.). 'H NMR (500 MHz, CDCls, two rotamers) & 8.07
—8.01 (m, 2H), 7.57 = 7.53 (m, 1H), 7.47 — 7.40 (m, 2H), 4.41 — 4.31 (m, 2H), 4.29 — 4.22 (m, 1H), 3.89 —
3.76 (m, 2H), 2.36 — 2.22 (m, 1H), 2.08 — 1.95 (m, 1H), 1.92 — 1.71 (m, 4H), 1.43 (s, 9H). *C{'H} NMR
(126 MHz, CDCl3, two rotamers) 8 166.7, 156.8, 133.0, 130.5, 129.7, 128.5, 79.4, 64.9, 61.8, 46.5, 32.3,
28.6, 24.4,22.0. HRMS (ESI) m/z (M+H)" calcd for C1sH26NO4": 320.1856, found: 320.1853. [a]*°=-20.5
(c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 3% to
20% i-PrOH in scCO;, v =0.6 mL/min, 40 °C, 2200 psi, tR (major) = 5.853 min (97.5%), tR (minor) =5.613

min (2.5%).

TBSO,

N

Cbz

benzyl (2R,4R)-2-(3-(benzoyloxy)propyl)-4-((tert-butyldimethylsilyl)oxy)pyrrolidine-1-carboxylate
(41) (following general procedure A, colorless oil, 43.5 mg, 44% yield, >98:2 d.r.). Diastereomeric ratio (d.r.)
was determined by NMR analysis. 'H NMR (500 MHz, CDCls, two rotamers) & 8.07 — 7.98 (m, 2H), 7.59 —
7.52 (m, 1H), 7.47 — 7.39 (m, 2H), 7.37 — 7.26 (m, 5H), 5.27 — 5.05 (m, 2H), 4.39 — 4.29 (m, 2H), 4.28 —
4.20 (m, 1H), 4.14 — 3.98 (m, 1H), 3.67 — 3.39 (m, 2H), 2.26 — 1.81 (m, 2H), 1.83 — 1.63 (m, 3H), 1.60 —
1.49 (m, 1H), 0.85 (s, 9H), 0.05 (s, 6H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) & 166.7, 155.6,
137.1, 137.0, 133.0, 130.5, 130.4, 129.7, 128.6, 128.5, 128.0, 127.9, 70.4, 69.9, 66.9, 66.7, 65.1, 64.9, 56.5,
55.8, 55.3, 55.0, 40.9, 40.2, 31.7, 31.0, 25.8, 25.3, 25.1, 18.1, -4.7. HRMS (ESI) m/z (M+H)" calcd for

C2sH40NOsSi*: 498.2670, found: 498.2665. [a]*°=-32.1 (¢ 1.0, CHCI5).
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Gz
benzyl (2R,4S)-2-(3-(benzoyloxy)propyl)-4-((tert-butyldimethylsilyl)oxy)pyrrolidine-1-carboxylate
(42) (following general procedure A, colorless oil, 47.2 mg, 47% yield, >98:2 d.r.). Diastereomeric ratio (d.r.)
was determined by NMR analysis. 'H NMR (500 MHz, CDCl;, two rotamers) & 8.08 — 7.99 (m, 2H), 7.58 —
7.51 (m, 1H), 7.42 (q, J = 7.2 Hz, 2H), 7.39 — 7.23 (m, 5H), 5.19 — 5.06 (m, 2H), 4.40 — 4.29 (m, 2H), 4.29
—4.22 (m, 1H), 4.01 — 3.89 (m, 1H), 3.82 — 3.62 (m, 1H), 3.32 - 3.23 (m, 1H), 2.20 — 1.96 (m, 2H), 1.86 —
1.67 (m, 4H), 0.86 (s, 9H), 0.05 (s, 6H). *C{'H} NMR (126 MHz, CDCls, two rotamers) § 166.7, 166.7,
155.1,155.0,137.1, 136.9, 133.0, 132.9, 130.5, 130.4, 129.7, 129.6, 128.6, 128.4, 128.4, 128.1, 128.0, 128.0,
71.2,70.5, 67.0, 66.8, 65.2, 65.0, 57.5, 56.8, 55.3, 55.0, 39.5, 38.9, 31.7, 31.1, 25.9, 25 .8, 25.7, 18.0, 4.7, -

4.8. HRMS (ESI) m/z (M+H)" calcd for CosH4oNOsSi*: 498.2670, found: 498.2669. [a]*’ = -21.1 (¢ 1.0,

CHCl).
TBSO,
N
Cbz
benzyl (2R,4R)-2-((1-(tert-butoxycarbonyl)azetidin-3-yl)methyl)-4-((tert-butyldimethyl-

silyl)oxy)pyrrolidine-1-carboxylate (43) (following general procedure A, colorless oil, 66.0 mg, 65%
yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis. 'H NMR (500 MHz, CDCls,
two rotamers) & 7.38 — 7.32 (m, 4H), 7.32 — 7.27 (m, 1H), 5.21 — 5.01 (m, 2H), 4.39 — 4.29 (m, 1H), 4.04 —
3.82 (m, 3H), 3.66 — 3.41 (m, 3H), 3.43 — 3.33 (m, 1H), 2.64 — 2.35 (m, 1H), 2.21 — 1.88 (m, 2H), 1.73 —
1.57 (m, 2H), 1.42 (s, 9H), 0.84 (s, 9H), 0.09 —0.01 (m, 6H). 3C{'H} NMR (126 MHz, CDCls, two rotamers)
5 156.4, 155.7, 137.0, 136.8, 128.6, 128.2, 128.0, 127.9, 79.2, 70.4, 69.9, 67.1, 66.8, 55.2, 54.9, 54.8, 54.7,
54.5, 41.1, 40.4, 40.2, 39.5, 28.5, 26.4, 26.2, 25.8, 18.0, -4.7, -4.8. HRMS (ESI) m/z (M+H)" calcd for

C27HasN205Si*: 505.3092, found: 505.3086. [a]*’=+12.7 (c 1.0, CHCl5).

TBSO,
N
Cbz
benzyl (2R,45)-2-((1-(tert-butoxycarbonyl)azetidin-3-yl)methyl)-4-((tert-butyldimethyl-

silyoxy)pyrrolidine-1-carboxylate (44) (following general procedure A, colorless oil, 64.1 mg, 63% yield,
95:5 d.r.). Diastereomeric ratio (d.r.) was determined by NMR analysis. 'H NMR (500 MHz, CDCls, two
rotamers) & 7.39 — 7.33 (m, 4H), 7.33 — 7.27 (m, 1H), 5.21 — 5.02 (m, 2H), 4.41 — 4.28 (m, 1H), 4.05 —3.77
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(m, 3H), 3.75 — 3.57 (m, 2H), 3.54 — 3.45 (m, 1H), 3.32 — 3.20 (m, 1H), 2.67 — 2.39 (m, 1H), 2.35 —2.10 (m,
1H), 2.08 — 2.00 (m, 1H), 1.95 — 1.83 (m, 1H), 1.70 — 1.58 (m, 1H), 1.42 (s, 9H), 0.87 (s, 9H), 0.05 (s, 6H).
BC{'H} NMR (126 MHz, CDCl, two rotamers) & 156.5, 156.4, 155.1, 155.0, 137.0, 136.7, 128.7, 128.6,
128.3, 128.1, 128.0, 79.2, 79.1, 71.4, 70.6, 67.2, 66.8, 56.0, 55.4, 55.4, 55.1, 54.7, 40.0, 39.8, 39.5, 39.1,
31.9, 28.8, 28.6, 26.6, 26.4, 25.9, 18.0, -4.7, -4.8. HRMS (ESI) m/z (M+H)" calcd for Ca7HasN2OsSi':

505.3092, found: 505.3088. [a]2°=-50.1 (c 1.0, CHCl;).

Ph,

U\/\/ o8
N
Boc

tert-butyl (2R,4S)-2-(3-(benzoyloxy)propyl)-4-phenylpyrrolidine-1-carboxylate (45) (following general
procedure A, colorless oil, 41.0 mg, 50% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by
NMR analysis. "H NMR (500 MHz, CDCls, two rotamers) & 8.08 — 8.03 (m, 2H), 7.59 — 7.52 (m, 1H), 7.47
—7.41 (m, 2H), 7.35 - 7.29 (m, 2H), 7.26 — 7.21 (m, 3H), 4.42 — 4.33 (m, 2H), 4.13 — 3.87 (m, 1H), 3.84 —
3.73 (m, 1H), 3.50 — 3.18 (m, 2H), 2.19 — 2.05 (m, 2H), 2.02 — 1.89 (m, 1H), 1.88 — 1.78 (m, 2H), 1.65 —
1.56 (m, 1H), 1.46 (s, 9H). 3C{'H} NMR (126 MHz, CDCls, two rotamers) & 166.7, 154.7, 141.5, 133.1,
133.0, 130.5, 130.4, 129.7, 128.7, 128.5, 127.3, 127.2, 126.9, 79.6, 79.4, 65.1, 65.0, 57.5, 53.5, 52.6, 42.2,
41.4,38.5,37.2,31.8,31.2, 28.6, 26.2. HRMS (ESI) m/z (M+H)" calcd for C,sH3,NO4": 410.2326, found:

410.2321. [a]**=-9.6 (c 1.0, CHCl5).

tert-butyl (2R,4R)-2-(3-(benzoyloxy)propyl)-4-phenylpyrrolidine-1-carboxylate (46) (following general
procedure A, colorless oil, 52.4 mg, 64% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by
NMR analysis. '"H NMR (500 MHz, CDCls, two rotamers) & 8.08 — 8.02 (m, 2H), 7.58 — 7.52 (m, 1H), 7.47
—7.41 (m, 2H), 7.36 — 7.29 (m, 2H), 7.26 — 7.22 (m, 3H), 4.43 — 4.28 (m, 2H), 4.21 — 3.83 (m, 2H), 3.29 -
3.16 (m, 2H), 2.60 — 2.48 (m, 1H), 2.36 — 2.02 (m, 1H), 1.85 — 1.74 (m, 3H), 1.73 — 1.62 (m, 1H), 1.48 (s,
9H). 3C{'H} NMR (126 MHz, CDCls, two rotamers) § 166.7, 154.7, 140.7, 133.0, 132.9, 130.5, 130.4,
129.6, 128.7, 128.4, 127.2, 126.9, 79.6, 79.4, 65.1, 65.0, 57.6, 57.3, 53.6, 52.7, 43.3, 42.8, 40.0, 39.6, 32.1,
31.1, 28.6, 25.0, 24.8. HRMS (ESI) m/z (M+H)" caled for CosH3NO4": 410.2326, found: 410.2321. [a]*’ =

-26.3 (¢ 1.0, CHCl).
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tert-butyl (2R,4R)-2-(3-(benzoyloxy)propyl)-4-fluoropyrrolidine-1-carboxylate (47) (following general
procedure A, colorless oil, 47.6 mg, 68% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by
NMR analysis. "H NMR (500 MHz, CDCls, two rotamers) & 8.06 — 8.00 (m, 2H), 7.60 — 7.51 (m, 1H), 7.47
—7.40 (m, 2H), 5.22 — 5.00 (m, 1H), 4.39 — 4.27 (m, 2H), 4.11 — 3.77 (m, 2H), 3.45 — 3.28 (m, 1H), 2.50 —
2.34 (m, 1H), 2.20 — 1.95 (m, 1H), 1.86 — 1.67 (m, 3H), 1.63 — 1.50 (m, 1H), 1.45 (s, 9H). *C{'H} NMR
(126 MHz, CDCls, two rotamers) 6 166.7, 154.9, 133.0, 130.4, 129.7, 128.5,91.62 (d, Jcr = 177.6 Hz), 79.9,
64.9, 55.6, 55.5, 53.32 (d, Jcr = 54.0 Hz), 38.68 (d, Jcr = 87.3 Hz), 31.7, 31.0, 28.6, 24.9, 24.7. YF{'H}
NMR (377 MHz, CDCl;, two rotamers) 8-177.1, -177.8. HRMS (ESI) m/z (M+H)" calcd for C19H27FNO4™

352.1919, found: 352.1922. [a]**=-24.3 (c 1.0, CHCl5).

tert-butyl (2R,4S)-2-(3-(benzoyloxy)propyl)-4-fluoropyrrolidine-1-carboxylate (48) (following general
procedure A, colorless oil, 41.2 mg, 59% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by
NMR analysis. '"H NMR (500 MHz, CDCl;, two rotamers) & 8.09 — 7.98 (m, 2H), 7.58 — 7.51 (m, 1H), 7.49
—7.32 (m, 2H), 5.36 — 5.04 (m, 1H), 4.43 —4.21 (m, 2H), 4.11 — 3.81 (m, 1H), 3.80 — 3.53 (m, 2H), 2.20 —
2.03 (m, 2H), 2.05 — 1.90 (m, 1H), 1.86 — 1.74 (m, 2H), 1.74 — 1.64 (m, 1H), 1.45 (s, 9H). *C{'H} NMR
(126 MHz, CDCl3, two rotamers) 6 166.7, 154.4, 133.0, 130.6, 129.7, 128.6, 128.5, 128.4, 93.14 (d, J =
175.7 Hz), 79.9, 64.9, 56.8, 53.32 (d, J = 35.9 Hz), 36.67 (d, J = 93.4 Hz), 31.6, 31.2, 28.6, 26.1. "F{'H}
NMR (377 MHz, CDCls;, two rotamers) & -169.2, -169.5. HRMS (ESI) m/z (M+Na)" caled for

C19H26FNNaO4": 374.1738, found: 374.1735. [0]*°=-8.7 (¢ 1.0, CHCl5).

tert-butyl (2S,5S)-2-(3-(benzoyloxy)propyl)-5-methylpyrrolidine-1-carboxylate (49) (following general
procedure A, colorless oil, 41.6 mg, 60% yield, >98:2 d.r.). Diastereomeric ratio (d.r.) was determined by
NMR analysis. "H NMR (500 MHz, CDCls, two rotamers) & 8.09 — 7.99 (m, 2H), 7.58 — 7.51 (m, 1H), 7.47
—7.38 (m, 2H), 4.36 — 4.27 (m, 2H), 3.97 — 3.65 (m, 2H), 2.09 — 1.84 (m, 3H), 1.84 — 1.71 (m, 2H), 1.70 —

1.60 (m, 1H), 1.60 — 1.55 (m, 1H), 1.50 — 1.39 (m, 1H), 1.44 (s, 9H), 1.21 (d,J = 6.2 Hz, 3H). *C{'H} NMR
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(126 MHz, CDClIs, two rotamers) & 166.7, 155.0, 133.0, 130.5, 129.6, 128.4, 79.1, 65.2, 58.3, 54.2, 32.5,
31.9, 29.6, 28.7, 25.9, 22.2. HRMS (ESI) m/z (M+H)" caled for C20H30NO4": 348.2169, found: 348.2165.

[0]2°=+8.7 (c 1.0, CHCls).

In comparison, cross coupling the corresponding NHP ester with alkyl iodide formed the desired product in

15% yield with 33:67 d.r. (diastereomeric ratio was determined by NMR analysis).

tert-butyl (2R,3aS,7aS)-2-(3-(benzoyloxy)propyl)octahydro-1H-indole-1-carboxylate (50) (following
general procedure A, colorless oil, 41.7 mg, 54% yield, 98:2 d.r.). Diastereomeric ratio (d.r.) was determined
by SFC analysis. 'H NMR (500 MHz, CDCls, two rotamers) § 8.07 — 7.99 (m, 2H), 7.57 — 7.51 (m, 1H),
7.46 —7.39 (m, 2H), 4.33 (t, /= 6.8 Hz, 2H), 3.91 — 3.63 (m, 2H), 2.42 — 2.11 (m, 2H), 2.04 — 1.84 (m, 2H),
1.82—-1.69 (m, 4H), 1.67 — 1.55 (m, 2H), 1.51 — 1.37 (m, 2H), 1.43 (s, 9H), 1.33 — 1.21 (m, 1H), 1.18 — 1.04
(m, 2H). BC{'H} NMR (126 MHz, CDCls, two rotamers) § 166.7, 154.8, 132.9, 130.6, 129.7, 128.4, 78.9,
65.2,57.8, 57.6, 36.2, 34.4, 33.8, 32.6, 29.5, 28.7, 26.2, 25.7, 24.3, 20.8. HRMS (ESI) m/z (M+H)" calcd
for C23H34NO4": 388.2482, found: 388.2477. [a]** = -21.1 (c 1.0, CHCls). SFC analysis: Daicel Chiralpak
IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO,, v = 0.8 mL/min, 40 °C,

2200 psi, tR (major) = 12.174 min (98%), tR (minor) = 12.626 min (2%).

In comparison, cross coupling the corresponding NHP ester with alkyl iodide formed the desired product in

16% yield with 39:61 d.r. (Diastereomeric ratio was determined by SFC analysis).

NHBoc

©/\/\/\/OBZ

(S)-4-((tert-butoxycarbonyl)amino)-6-phenylhexyl benzoate (51) (following general procedure B,
THF:DMIB = 10:1, reaction time = 12 h, white solid, 54.7 mg, 69% yield, 96.5:3.5 e.., 94% e.s.). '"H NMR
(500 MHz, CDCIs, two rotamers) 6 8.07 — 8.01 (m, 2H), 7.58 — 7.53 (m, 1H), 7.47 — 7.40 (m, 2H), 7.31 —
7.25 (m, 2H), 7.22 — 7.13 (m, 3H), 4.40 — 4.03 (m, 1H), 4.32 (t, /= 6.5 Hz, 2H), 3.92 — 3.43 (m, 1H), 2.78
—2.58 (m, 2H), 1.91 — 1.77 (m, 3H), 1.75 — 1.64 (m, 2H), 1.54 — 1.49 (m, 1H), 1.46 (s, 9H). *C {'"H} NMR
(126 MHz, CDCl;, two rotamers) 8 166.7, 155.8, 142.0, 133.0, 130.5, 129.7, 128.6, 128.5, 126.0, 79.3, 64.9,
50.5, 37.7, 32.5, 32.4, 28.6, 25.5. HRMS (ESI) m/z (M+H)" caled for C24H3NO4": 398.2326, found:
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398.2320. [a]*°=+15.4 (c 1.0, CHCl3). m.p. (°C): 86-88. Chiral HPLC condition: Daicel chiral AS-H, 5% i-

PrOH in hexanes, tR (major) = 8.770 min (96.5%), tR (minor) = 10.204 min (3.5%).

tert-butyl (S)-(6-((N,4-dimethylphenyl)sulfonamido)-1-phenylhexan-3-yl)carbamate (53) (following
general procedure B, THF:DMIB = 10:1, reaction time = 12 h, white solid, 50.4 mg, 55% yield, 96:4 e.r.,
93% e.s.). '"H NMR (500 MHz, CDCl;, two rotamers) & 7.73 — 7.60 (m, 2H), 7.32 — 7.28 (m, 2H), 7.29 —
7.24 (m, 2H), 7.20 — 7.14 (m, 3H), 4.45 — 4.01 (m, 1H), 3.77 — 3.40 (m, 1H), 3.05 — 2.89 (m, 2H), 2.68 (s,
3H), 2.71 - 2.65 (m, 1H), 2.64 — 2.56 (m, 1H), 2.41 (s, 3H), 1.86 — 1.71 (m, 1H), 1.69 — 1.52 (m, 4H), 1.44
(s, 9H), 1.43 — 1.35 (m, 1H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 155.9, 143.3, 142.0, 134.7,
129.7, 128.5, 128.5, 127.5, 126.0, 79.2, 50.4, 50.1, 37.9, 34.8, 32.8, 32.5, 28.5, 24.3, 21.6. HRMS (ESI) m/z
(M+H)" caled for CosH37N204S™: 461.2469, found: 461.2462. [a]**=+14.2 (c 1.0, CHCl3). m.p. (°C): 40-41.
Chiral HPLC condition: Daicel chiral OD-H, gradient from 5% to 40% i-PrOH in hexanes, tR (major) =

13.835 min (96%), tR (minor) = 15.404 min (4%).

NHBoc

Q/V\DE\NBOC

tert-butyl (S)-6-(1-((tert-butoxycarbonyl)amino)-3-phenylpropyl)-2-azaspiro[3.3]-heptane-2-
carboxylate (53) (following general procedure B, THF:DMIB = 5:1, reaction time = 6 h, colorless oil, 46.5
mg, 54% yield, 97:3 e.r., 95% e.s.). 'H NMR (500 MHz, CDCls, two rotamers) & 7.32 — 7.24 (m, 2H), 7.21
—7.13 (m, 3H), 4.30 - 3.97 (m, 1H), 3.89 (s, 2H), 3.82 - 3.76 (m, 1H), 3.76 — 3.71 (m, 1H), 3.64 —3.27 (m,
1H), 2.79 — 2.63 (m, 1H), 2.63 — 2.53 (m, 1H), 2.21 — 2.05 (m, 3H), 2.00 — 1.92 (m, 1H), 1.87 — 1.80 (m,
1H), 1.75 — 1.68 (m, 1H), 1.46 (s, 9H), 1.44 — 1.43 (m, 1H), 1.42 (s, 9H). *C{'H} NMR (126 MHz, CDCl;,
two rotamers) 6 156.4, 156.2, 142.0, 128.6, 128.5, 126.0, 79.4, 61.5, 54.7, 36.6, 36.3, 35.6, 35.2, 34.9, 33.8,
32.5, 28.5. HRMS (ESI) m/z (M+H)" calcd for CasH3oN204": 431.2904, found: 431.2895. [0]*°=+12.4 (c
1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to
10% MeOH in scCO», v =0.8 mL/min, 40 °C, 2200 psi, tR (major) = 15.726 min (97%), tR (minor) = 16.809

min (3%).
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NHBoc

oo

tert-butyl (S)-(1-cyclopentyl-3-phenylpropyl)carbamate (54) (following general procedure B,
THF:DMIB = 10:1, reaction time = 12 h, colorless oil, 27.0 mg, 45% yield, 77.5:22.5 e.r., 56% e.s.). 'H
NMR (500 MHz, CDCl3, two rotamers) & 7.30 — 7.23 (m, 2H), 7.21 — 7.13 (m, 3H), 4.46 — 4.04 (m, 1H),
3.61 = 3.24 (m, 1H), 2.77 — 2.67 (m, 1H), 2.61 (m, 1H), 1.93 — 1.80 (m, 2H), 1.75 — 1.66 (m, 2H), 1.65 —
1.55 (m, 3H), 1.54 — 1.49 (m, 2H), 1.46 (s, 9H), 1.29 — 1.16 (m, 2H). 3C{'H} NMR (126 MHz, CDCls, two
rotamers) ¢ 156.1, 142.5, 128.5, 128.5, 125.9,79.0, 54.7, 45.5,37.0, 32.6,29.9, 28.9, 28.6, 25.7, 25.4. HRMS
(ESI) m/z (M+Na)" caled for C1oH2oNNaO>*: 326.2091, found: 326.2086. [a]*°= +6.3 (c 1.0, CHCl3). SFC
analysis: Daicel Chiralpak IC-3 (3 mm ID % 150 mm L, 3 pum PS), gradient from 3% to 15% MeOH in

scCOa, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 4.182 min (77.5%), tR (minor) = 4.425 min (22.5%).

NHBoc
: OBz

(R)-4-((tert-butoxycarbonyl)amino)-5-phenylpentyl benzoate (55) (following general procedure B,
THF:DMIB = 5:1, reaction time = 6 h, white solid, 50.2 mg, 65% yield, 92.5:7.5 e.r., 92% e.s.). 'H NMR
(500 MHz, CDClIs, two rotamers) 6 8.06 — 7.94 (m, 2H), 7.58 — 7.53 (m, 1H), 7.47 — 7.39 (m, 2H), 7.30 —
7.25 (m, 2H), 7.23 — 7.16 (m, 3H), 4.49 — 4.21 (m, 3H), 4.04 — 3.62 (m, 1H), 2.89 — 2.71 (m, 2H), 1.96 —
1.85 (m, 1H), 1.85 — 1.75 (m, 1H), 1.73 — 1.63 (m, 1H), 1.50 — 1.42 (m, 1H), 1.41 (s, 9H). *C{'H} NMR
(126 MHz, CDCl3, two rotamers) & 166.6, 155.6, 138.1, 133.0, 130.5, 129.7, 129.6, 128.5, 128.4, 126.5, 79.3,
64.7, 51.5, 41.6, 30.8, 28.5, 25.6. HRMS (ESI) m/z (M+H)" caled for C23H3NO4": 384.2169, found:
384.2163. [a]*°=424.0 (c 1.0, CHCl3). m.p. (°C): 88-91. Chiral HPLC condition: Daicel chiral AS-H, 4% i-

PrOH in hexanes, tR (major) = 16.563 min (92.5%), tR (minor) = 13.958 min (7.5%).

Cl
; O NHBoc
Cl OBz

(R)-4-((tert-butoxycarbonyl)amino)-5-(4-((2,6-dichlorobenzyl)oxy)phenyl)pentyl benzoate (56)
(following general procedure B, THF:DMIB = 5:1, reaction time = 6 h, white solid, 74.3 mg, 67% yield,
97.5:2.5 er., 98% e.s.). '"H NMR (400 MHz, CDCl;, two rotamers) & 8.06 — 7.95 (m, 2H), 7.58 — 7.52 (m,
1H), 7.47 — 7.41 (m, 2H), 7.40 — 7.32 (m, 2H), 7.28 — 7.19 (m, 1H), 7.16 — 7.09 (m, 2H), 6.99 — 6.91 (m,

2H), 5.23 (s, 2H), 4.53 — 4.26 (m, 3H), 3.98 — 3.64 (m, 1H), 2.92 — 2.56 (m, 2H), 1.95 - 1.77 (m, 2H), 1.75
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—1.64 (m, 1H), 1.51 — 1.45 (m, 1H), 1.42 (s, 9H). *C{'H} NMR (101 MHz, CDCls, two rotamers) & 166.6,
157.6, 155.6, 137.1, 133.0, 132.3, 130.7, 130.5, 130.5, 130.4, 129.6, 128.5, 128.4, 114.9, 79.2, 65.3, 64.7,
51.5,40.6,30.6, 28.5,25.5. HRMS (ESI) m/z (M+H)" calcd for C30H34C1.NOs": 558.1809, found: 558.1800.
[0]°=+36.9 (c 1.0, CHCI3). m.p. (°C): 112-114. Chiral HPLC condition: Daicel chiral IC, isocratic 20% i-
PrOH in hexanes, tR (major) = 11.910 min (97.5%), tR (minor) = 9.889 min (2.5%). Growing single crystals
of 50 in ethyl acetate/hexanes by slow diffusion at rt resulted in the formation of colorless single crystals

suitable for X-ray diffraction analysis.

0
MeO NHBoc
: N

(0]

tert-butyl (R)-(5-(1,3-dioxoisoindolin-2-yl)-1-(4-methoxyphenyl)pentan-2-yl)carbamate (57) (following
general procedure B, THF:DMIB = 5:1, reaction time = 6 h, white solid, 62.8 mg, 72% yield, 97:3 e.r., 96%
e.s.). 'HNMR (500 MHz, CDCl;, two rotamers) & 7.88 — 7.77 (m, 2H), 7.74 — 7.65 (m, 2H), 7.10 — 6.99 (m,
2H), 6.83 — 6.70 (m, 2H), 4.44 — 4.06 (m, 1H), 3.86 — 3.76 (m, 1H), 3.74 (s, 3H), 3.65 (t,J = 7.1 Hz, 2H),
2.75-2.61 (m, 2H), 1.82 - 1.74 (m, 1H), 1.74 — 1.63 (m, 1H), 1.59 — 1.46 (m, 1H), 1.37 (s, 9H), 1.36 — 1.26
(m, 1H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 168.4, 158.2, 155.5, 134.0, 132.2, 130.5, 130.1,
123.3,113.9,79.1,55.3,51.5,40.5,37.8,31.4, 28.5, 25.4. HRMS (ESI) m/z (M+H)" calcd for CosH31N»Os "
439.2228, found: 439.2219. [a]**=+36.1 (c 1.0, CHCl3). m.p. (°C): 122-124. SFC analysis: Daicel Chiralpak
IC-3 (B3 mm ID % 150 mm L, 3 um PS), isocratic 10% MeOH in scCO;, v = 0.8 mL/min, 40 °C, 2200 psi, tR

(major) = 2.860 min (97%), tR (minor) = 2.420 min (3%).

HN \ NHBoc
@J\/\/\/OBZ

(R)-4-((tert-butoxycarbonyl)amino)-5-(1H-indol-3-yl)pentyl benzoate (58) (following general procedure
B, THF:DMIB = 5:1, reaction time = 6 h, white solid, 69.0 mg, 82% yield, 95:5 e.r., 96% e.s.). 'H NMR (500
MHz, CDCl3, two rotamers) & 8.26 (s, 1H), 8.06 — 7.94 (m, 2H), 7.64 (d, J= 7.9 Hz, 1H), 7.59 — 7.51 (m,
1H), 7.47 — 7.38 (m, 2H), 7.39 — 7.30 (m, 1H), 7.23 — 7.16 (m, 1H), 7.16 — 7.08 (m, 1H), 7.00 (s, 1H), 4.60
—4.37 (m, 1H), 4.30 (t, /= 6.5 Hz, 2H), 4.11 — 3.85 (m, 1H), 3.06 — 2.80 (m, 2H), 1.98 — 1.84 (m, 1H), 1.84
—1.80 (m, 1H), 1.77 — 1.66 (m, 1H), 1.53 — 1.34 (m, 1H), 1.45 (s, 9H). *C{'H} NMR (126 MHz, CDCl;,
two rotamers) & 166.7, 155.8, 136.3, 132.9, 130.5, 129.6, 128.4, 128.1, 122.8, 122.1, 119.5, 119.1, 112.0,
111.2,79.2, 64.9, 50.9, 31.1, 30.9, 28.5, 25.7. HRMS (ESI) m/z (M+H)" calcd for CosH31N,O4": 423.2278,
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found: 423.2272. [a]*°=+18.9 (c 1.0, CHCl3). m.p. (°C): 89-91. SFC analysis: Daicel Chiralpak IF-3 (3 mm
ID x 150 mm L, 3 pum PS), gradient from 3% to 15% MeOH in scCO», v = 0.8 mL/min, 40 °C, 2200 psi, tR
(major) = 14.457 min (95%), tR (minor) = 14.901 min (5%).
NHBoc

Me_~_~_ OBz

(S)-4-((tert-butoxycarbonyl)amino)hexyl benzoate (59) (following general procedure B, THF:DMIB =
5:1, reaction time = 12 h, colorless oil, 44.9 mg, 70% yield, 94.5:5.5 e.r., 92% e.s.). '"H NMR (500 MHz,
CDCls, two rotamers) 6 8.10 — 7.97 (m, 2H), 7.60 — 7.51 (m, 1H), 7.46 — 7.40 (m, 2H), 4.33 (t,J= 6.5 Hz,
2H), 4.31 — 4.17 (m, 1H), 3.62 — 3.42 (m, 1H), 1.90 — 1.72 (m, 2H), 1.70 — 1.59 (m, 1H), 1.59 — 1.50 (m,
1H), 1.44 (s, 9H), 1.42 — 1.28 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). *C{'H} NMR (126 MHz, CDCl;, two
rotamers) 6 166.7, 155.9, 133.0, 130.6, 129.7, 128.5, 79.2, 65.0, 51.9, 31.8, 28.6, 28.5, 25.5, 10.4. HRMS
(ESI) m/z (M+H)" caled for C1sH2sNO4"™: 322.2013, found: 322.2006. [a]*°=+24.1 (c 1.0, CHCl3). m.p. (°C):
78-80. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID X 150 mm L, 3 um PS), gradient from 3% to
15% MeOH in scCO;, v =0.8 mL/min, 40 °C, 2200 psi, tR (major) = 6.757 min (94.5%), tR (minor) =7.017

min (5.5%).

NHBoc

Me\'/\/\/OBZ

Me

(R)-4-((tert-butoxycarbonyl)amino)-5-methylhexyl benzoate (60) (following general procedure B,
THF:DMIB = 10:1, reaction time = 12 h, colorless oil, 56.3 mg, 84% yield, 92:8 e.r., 86% e.s.). 'H NMR
(500 MHz, CDClIs, two rotamers) 6 8.06 — 7.99 (m, 2H), 7.57 — 7.51 (m, 1H), 7.46 — 7.39 (m, 2H), 4.33 (t, J
=6.5 Hz, 2H), 4.33 (t, /= 6.5 Hz, 1H), 3.59 —3.31 (m, 1H), 1.92 — 1.82 (m, 1H), 1.82 — 1.75 (m, 1H), 1.76
—1.69 (m, 1H), 1.69 — 1.60 (m, 1H), 1.44 (s, 9H), 1.41 — 1.33 (m, 1H), 0.91 (d, /= 6.8 Hz, 3H), 0.88 (d, /=
6.8 Hz, 3H). *C{'H} NMR (126 MHz, CDCls, two rotamers) § 166.7, 156.1, 133.0, 130.5, 129.7, 128.5,
79.1,65.0,55.5,32.4,29.3,28.5,25.9,19.3, 17.7. HRMS (ESI) m/z (M+H)" caled for C19H30NO4": 336.2169,
found: 336.2164. [a]** = +21.3 (c 1.0, CHCl3). Chiral HPLC condition: Daicel chiral IC, 3% i-PrOH in
hexanes, tR (major) = 32.921 min (92%), tR (minor) = 21.512 min (8%).

l;lHBoc
tBu/\/\/OBZ

(R)-4-((tert-butoxycarbonyl)amino)-5,5-dimethylhexyl benzoate (61) (following general procedure B,
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THF:DMIB = 10:1, reaction time = 12 h, colorless oil, 25.8 mg, 37% yield, 76.5:23.5 e.r., 54% e.s.). 'H
NMR (400 MHz, CDCls, two rotamers) 6 8.11 — 7.97 (m, 2H), 7.58 — 7.52 (m, 1H), 7.48 — 7.39 (m, 2H),
434 (t,J=6.3 Hz, 2H), 4.31 — 4.02 (m, 1H), 3.51 - 3.16 (m, 1H), 1.98 — 1.83 (m, 1H), 1.83 — 1.74 (m, 2H),
1.44 (s, 9H), 1.24 — 1.14 (m, 1H), 0.90 (s, 9H). *C{'H} NMR (101 MHz, CDCls, two rotamers) & 166.7,
156.4, 133.0, 130.6, 129.7, 128.5, 79.1, 65.0, 58.8, 34.9, 28.6, 28.5, 27.1, 26.5. HRMS (ESI) m/z (M+H)"
caled for CaH:NOs™: 350.2326, found: 350.2320. [a]®*® = +9.8 (¢ 1.0, CHCI;). SFC analysis:
Daicel Chiralpak IF-3 (3 mm ID % 150 mm L, 3 um PS), gradient from 3% to 15% MeOH in scCO,, v =

0.8 mL/min, 40 °C, 2200 psi, tR (major) = 9.187 min (76.5%), tR (minor) = 9.630 min (23.5%).

NHBoc

MeOMO

tert-butyl (R)-(1-methoxy-5-(naphthalen-2-yloxy)pentan-2-yl)carbamate (62) (following general
procedure B, THF:DMIB = 5:1, reaction time = 6 h, waxy solid, 35.3 mg, 49% yield, 88:12 e.r., 94% e.s.).
"H NMR (500 MHz, CDCls, two rotamers) & 7.78 — 7.74 (m, 1H), 7.74 — 7.69 (m, 2H), 7.46 — 7.40 (m, 1H),
7.36 — 7.30 (m, 1H), 7.18 — 7.08 (m, 2H), 4.91 — 4.31 (m, 1H), 4.15 — 4.03 (m, 2H), 3.86 — 3.72 (m, 1H),
3.48 — 3.39 (m, 2H), 3.36 (s, 3H), 1.99 — 1.84 (m, 2H), 1.85 — 1.75 (m, 1H), 1.74 — 1.62 (m, 1H), 1.45 (s,
9H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) & 157.1, 155.8, 134.7, 129.5, 129.1, 127.8, 126.9,
126.4,123.6, 119.1, 106.8, 79.4, 74.8, 67.8, 59.3, 50.2, 29.1, 28.6, 26.1. HRMS (ESI) m/z (M+H)" calcd for
C21H30NO4™: 360.2169, found: 360.2165. [0]*°=+16.6 (c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3
(3 mm ID x 150 mm L, 3 um PS), gradient from 2% to 20% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200
psi, tR (major) = 9.187 min (88%), tR (minor) = 10.863 min (12%)).

NHBoc
tBUO\/\/\/OBZ

(R)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)pentyl benzoate (63) (following general procedure B,
THF:DMIB = 5:1, reaction time = 6 h, colorless oil, 26.5 mg, 35% yield, 90:10 e.r., 99% e.s.). 'H NMR (500
MHz, CDCl;, two rotamers) 6 8.07 — 8.01 (m, 2H), 7.58 — 7.52 (m, 1H), 7.48 — 7.39 (m, 2H), 4.86 — 4.69
(m, 1H), 4.43 —4.24 (m, 2H), 3.81 —3.50 (m, 1H), 3.43 —3.30 (m, 2H), 1.88 — 1.77 (m, 2H), 1.75 - 1.67 (m,
1H), 1.65—1.58 (m, 1H), 1.44 (s, 9H), 1.15 (s, 9H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) § 166.8,
155.8, 133.0, 130.6, 129.7, 128.5, 79.2, 72.9, 65.1, 63.3, 50.6, 28.8, 28.6, 27.6, 25.7. HRMS (ESI) m/z

(M+H)" calcd for C21H34NOs": 380.2432, found: 380.2426. [a]** = +17.1 (¢ 1.0, CHCIl;). SFC analysis:
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Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS), gradient from 1% to 5% MeOH in scCO,, v =
0.8 mL/min, 40 °C, 2200 psi, tR (major) = 10.071 min (90%), tR (minor) = 10.434 min (10%).
NHBoc

Me\v/K\//\N/OBz
6Bn

(4R,55)-5-(benzyloxy)-4-((tert-butoxycarbonyl)amino)hexyl benzoate (64) (following general procedure
B, THF:DMIB = 5:1, reaction time = 12 h, colorless oil, 47.0 mg, 55% yield, 96:4 d.r.). '"H NMR (400 MHz,
CDCls, two rotamers) 6 8.07 — 7.98 (m, 2H), 7.61 — 7.51 (m, 1H), 7.47 — 7.39 (m, 2H), 7.34 — 7.25 (m, 5H),
4.76 (d, J=9.8 Hz, 1H), 4.62 (d, /= 11.6 Hz, 1H), 4.38 (d, /= 11.5 Hz, 1H), 4.35 — 4.26 (m, 2H), 3.70 —
3.49 (m, 2H), 1.90 — 1.78 (m, 1H), 1.78 — 1.73 (m, 1H), 1.71 — 1.65 (m, 2H), 1.44 (s, 9H), 1.21 (d, /= 6.2
Hz, 3H). *C{'H} NMR (101 MHz, CDCls, two rotamers) & 166.7, 156.4, 138.5, 133.0, 130.6, 129.7, 128.5,
128.5,127.9, 127.8, 79.2, 75.6, 71.0, 65.0, 54.8, 29.7, 28.5, 25.8, 16.4. HRMS (ESI) m/z (M+H)" calcd for
C2sH34NOs™: 428.2432, found: 428.2426. [a]**=+15.5 (c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IA-
3@ mmID x 150 mm L, 3 um PS), gradient from 1% to 5% MeOH in scCO>, v = 0.8 mL/min, 40 °C, 2200
psi, tR (major) = 5.407 min (96%), tR (minor) = 5.918 min (4%).

l;lHBoc
MeS/N\//\\//\V/OBZ

(R)-4-((tert-butoxycarbonyl)amino)-6-(methylthio)hexyl benzoate (65) (following general procedure B,
THF:DMIB = 5:1, reaction time = 6 h, white solid, 50.7 mg, 69% yield, 92:8 e.r., 89% e.s.). 'H NMR (500
MHz, CDCls, two rotamers) 8 8.09 — 7.95 (m, 2H), 7.59 — 7.52 (m, 1H), 7.49 — 7.38 (m, 2H), 4.42 — 4.05
(m, 1H), 4.33 (t, J = 6.5 Hz, 2H), 3.82 — 3.55 (m, 1H), 2.59 — 2.46 (m, 2H), 2.09 (s, 3H), 1.92 — 1.74 (m,
3H), 1.69 — 1.59 (m, 2H), 1.55 — 1.49 (m, 1H), 1.43 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers)
5 166.7, 155.8, 133.0, 130.5, 129.7, 128.5, 79.4, 64.8, 50.1, 35.5, 32.2, 30.9, 28.5, 25.5, 15.8. HRMS (ESI)
m/z (M+H)" calcd for C19H30NO4S*: 368.1890, found: 368.1884. [a]*° = +19.0 (¢ 1.0, CHCI3). m.p. (°C):
57-58. SFC analysis: Daicel Chiralpak IF-3 (3 mm ID X 150 mm L, 3 pm PS), gradient from 3% to
20% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 7.194 min (92%), tR (minor) = 7.470

min (8%).

gHBoc

tBuOMOBz

0]

(R)-7-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-7-oxoheptyl benzoate (66) (following general
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procedure B, used L3 instead of LS, THF:DMIB = 5:1, reaction time = 12 h, colorless oil, 54.8 mg, 65%
yield, 96.5:3.5 e.r., 95% e.s.) versus (following general procedure B, using L5 as ligand, THF:DMIB = 10:1,
reaction time = 12 h, 53.9 mg, colorless oil, 64% yield, 92:8 e.r.). 'H NMR (500 MHz, CDCl;, two rotamers)
5 8.07 — 7.98 (m, 2H), 7.57 — 7.50 (m, 1H), 7.46 — 7.39 (m, 2H), 4.45 — 3.97 (m, 3H), 3.71 — 3.41 (m, 1H),
2.28 (t,J=17.4Hz, 2H), 1.93 = 1.73 (m, 3H), 1.68 — 1.57 (m, 2H), 1.54 — 1.47 (m, 1H), 1.43 (s, 9H), 1.42 (s,
9H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) 5 173.0, 166.7, 155.8, 133.0, 130.5, 129.7, 128.4, 80.5,
79.2,64.8,50.4,32.6,32.4,30.5,28.5,28.2,25.5. HRMS (ESI) m/z (M+H)" caled for C23H36NOs " 422.2537,
found: 422.2530. [a]*° = +24.5 (¢ 1.0, CHCl;3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 um PS), gradient from 3% to 25% MeOH in scCO,, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) =

7.019 min (96.5%), tR (minor) = 7.395 min (3.5%).

0 l;lHBoc
' OBz

BuO

(R)-6-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-6-oxohexyl benzoate (67) (following general
procedure B, THF:DMIB = 10:1, reaction time = 12 h, colorless oil, 43.2 mg, 53% yield, 86.5:13.5 e.r., 85%
e.s.) 'H NMR (500 MHz, CDCls, two rotamers) & 8.06 — 8.00 (m, 2H), 7.58 — 7.52 (m, 1H), 7.46 — 7.40 (m,
2H), 5.15 — 4.44 (m, 1H), 4.39 — 4.28 (m, 2H), 4.06 — 3.79 (m, 1H), 2.54 — 2.36 (m, 2H), 1.91 — 1.76 (m,
2H), 1.73 — 1.60 (m, 2H), 1.44 (s, 18H). *C{'H} NMR (126 MHz, CDCls, two rotamers) § 171.0, 166.7,
155.5, 133.0, 130.5, 129.7, 128.5, 81.2, 79.4, 64.8, 47.8, 40.7, 31.6, 28.5, 28.2, 25.8. HRMS (ESI) m/z
(M+H)" calcd for C2oH34NOg": 408.2381, found: 408.2376. [a]*° = +22.3 (¢ 1.0, CHCI3). Chiral HPLC
condition: Daicel chiral IC, isocratic 20% i-PrOH in hexanes, tR (major) = 7.325 min (86.5%), tR (minor) =
11.080 min (13.5%).

NHBoc
CbZHN/\/\/\/\/OBZ

(S)-8-(((benzyloxy)carbonyl)amino)-4-((tert-butoxycarbonyl)amino)octyl benzoate (68) (following
general procedure B, THF:DMIB = 10:1, reaction time = 12 h, 72.1 mg, white solid, 72% yield, 94.5:5.5 e.r.,
91% e.s.). 'H NMR (500 MHz, CDCls, two rotamers) & 8.07 — 7.99 (m, 2H), 7.58 — 7.51 (m, 1H), 7.47 —
7.40 (m, 2H), 7.37 — 7.32 (m, 4H), 7.32 — 7.28 (m, 1H), 5.08 (s, 2H), 4.91 — 4.55 (m, 1H), 4.39 — 4.01 (m,
3H), 3.71 — 3.40 (m, 1H), 3.26 — 3.08 (m, 2H), 1.87 — 1.75 (m, 2H), 1.66 — 1.58 (m, 1H), 1.54 — 1.31 (m,
7H), 1.43 (s, 9H). *C{'H} NMR (126 MHz, CDCls, two rotamers) & 166.7, 156.6, 156.0, 136.8, 133.0, 130.5,

129.7,128.6, 128.5,128.2,128.2,79.3, 66.7, 64.9, 50.3, 40.9, 35.4, 32.4, 29.8, 28.5, 25.5, 23.1. HRMS (ESI)
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m/z (M+H)" caled for CasH39N2O06": 499.2803, found: 499.2794. [a]**=+13.7 (¢ 1.0, CHCl3). m.p. (°C): 70-
71. Chiral HPLC condition: Daicel chiral AD, 20% i-PrOH in hexanes, tR (major) = 21.927 min (94.5%),

tR (minor) = 19.449 min (5.5%).

(0]
ODmc
Ph/\/k/\/N

0

(R)-6-(1,3-dioxoisoindolin-2-yl)-1-phenylhexan-3-yl dimethylcarbamate (69) (following general
procedure C, colorless oil, 52.4 mg, 66% yield, 99.5:0.5 e.r., >99% e.s.). 'H NMR (500 MHz, CDCl5) § 7.88
—17.78 (m, 2H), 7.74 — 7.64 (m, 2H), 7.26 — 7.21 (m, 2H), 7.15 (d, /= 7.6 Hz, 3H), 4.99 — 4.79 (m, 1H), 3.68
(d, J=7.0 Hz, 2H), 2.93 — 2.80 (m, 6H), 2.71 — 2.56 (m, 2H), 1.97 — 1.80 (m, 2H), 1.78 — 1.69 (m, 2H), 1.68
—1.58 (m, 2H). BC{'H} NMR (126 MHz, CDCl;) § 168.4, 156.5, 141.9, 134.0, 132.2, 128.4, 128.4, 125.9,
123.2, 74.2, 38.0, 36.5, 36.2, 35.9, 31.9, 31.8, 24.5. [a]**= -2.5 (¢ 1.0, CHCl3). HRMS (ESI) m/z (M+H)"
caled for C23H27N204": 395.1965, found: 395.1965. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 um PS), gradient from 3% to 20% MeOH in scCO,, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) =

14.016 min (> 99.5%), tR (minor) = 14.738 min (< 0.5%).

O
OPiv
Ph/\/'\/\/N

(0]

(R)-6-(1,3-dioxoisoindolin-2-yl)-1-phenylhexan-3-yl pivalate (70) (following general procedure C,
reaction was run in THF for 24 h, colorless oil, 30.2 mg, 37% yield, 98:2 e.r., 96% e.s.). '"H NMR (500 MHz,
CDCl3) 6 7.88 — 7.81 (m, 2H), 7.75 — 7.67 (m, 2H), 7.28 — 7.23 (m, 2H), 7.19 — 7.10 (m, 3H), 5.02 — 4.89
(m, 1H), 3.72 —3.65 (m, 2H), 2.68 — 2.51 (m, 2H), 1.93 — 1.79 (m, 2H), 1.75 — 1.67 (m, 2H), 1.67 — 1.59 (m,
2H), 1.21 (s, 9H). *C{'H} NMR (126 MHz, CDCl3) § 178.3, 168.5, 141.7, 134.0, 132.3, 128.6, 128.4, 126.1,
123.4,72.7,39.0,37.9, 36.1,31.8, 31.5, 27.4, 24.5. [0]*°= -4.2 (¢ 1.0, CHCl3). HRMS (ESI) m/z (M+NHy4)"
caled for CosH33N,04": 425.2435, found: 425.2434. SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150
mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO,, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) =

7.769 min (98%), tR (minor) = 8.235 min (2%).
BzO

DmcO H
Ph 0
H

(e}

(3aR,4R,5R,6aS)-4-((R)-2-((dimethylcarbamoyl)oxy)-4-phenylbutyl)-2-oxohexahydro-2 H-
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cyclopenta[b]furan-5-yl benzoate (71) (following general procedure C, colorless oil, 52.9 mg, 57% yield,
99:1 d.r., 98% e.s.). Diastereomeric ratio (d.r.) was determined by NMR analysis. "H NMR (500 MHz, CDCl5)
5 8.04 — 7.92 (m, 2H), 7.59 — 7.49 (m, 1H), 7.47 — 7.40 (m, 2H), 7.30 — 7.22 (m, 2H), 7.22 — 7.13 (m, 3H),
5.29-5.20 (m, 1H), 5.11 = 5.06 (m, 1H), 5.01 —4.93 (m, 1H), 2.92 (dd, /= 18.6, 10.9 Hz, 1H), 2.86 (s, 6H),
2.80 —2.73 (m, 1H), 2.73 — 2.62 (m, 2H), 2.48 (dd, /= 18.7, 2.8 Hz, 1H), 2.40 — 2.28 (m, 2H), 2.24 - 2.16
(m, 1H), 2.02 — 1.78 (m, 3H), 1.47 — 1.38 (m, 1H). *C{'H} NMR (126 MHz, CDCl3) § 177.1, 166.0, 156.3,
141.5, 133.3, 129.8, 129.8, 128.6, 128.5, 128.4, 126.1, 84.7, 81.1, 72.3, 49.8, 43.3, 38.6, 38.0, 36.8, 36.6,
36.6, 35.9, 31.9. [a]*° = -32.1 (¢ 1.0, CHCl3). HRMS (ESI) m/z (M+H)" calcd for C27H3,NOs": 466.2224,

found: 466.2225.

BzO

DmcO H
Ph 0
H

o

(3aR,4R,5R,6aS)-4-((S)-2-((dimethylcarbamoyl)oxy)-4-phenylbutyl)-2-oxohexahydro-2 H-

cyclopenta[b]furan-5-yl benzoate (72) (following general procedure C, colorless oil, 57.8 mg, 62% yield,
98:2 d.r., 96% e.s.). Diastereomeric ratio (d.r.) was determined by NMR analysis. "H NMR (500 MHz, CDCl5)
5 8.03 —7.95 (m, 2H), 7.58 — 7.51 (m, 1H), 7.47 — 7.41 (m, 2H), 7.30 — 7.22 (m, 2H), 7.20 — 7.12 (m, 3H),
5.23 - 5.18 (m, 1H), 5.12 — 5.03 (m, 1H), 4.85 — 4.75 (m, 1H), 2.91 (s, 3H), 2.88 (s, 3H), 2.85 — 2.69 (m,
3H), 2.67 — 2.58 (m, 1H), 2.41 — 2.26 (m, 3H), 2.19 — 2.11 (m, 1H), 2.02 — 1.93 (m, 1H), 1.93 — 1.85 (m,
1H), 1.77 — 1.70 (m, 1H), 1.68 — 1.60 (m, 1H). *C{'H} NMR (126 MHz, CDCl;) § 176.8, 166.1, 156.2,
141.4, 133.3, 129.8, 129.7, 128.6 (2C, overlapped), 128.5, 126.2, 84.5, 80.9, 73.1, 49.7, 43.2, 38.3, 37.9,
36.6, 36.1, 35.9 (2C overlapped), 31.8. [0]*° = -26.7 (¢ 1.0, CHCI5). HRMS (ESI) m/z (M+H)" calcd for

C27H3:NOg": 466.2224, found: 466.2227.

ODmc
Ph

NCbz

benzyl (R)-3-(1-((dimethylcarbamoyl)oxy)-3-phenylpropyl)azetidine-1-carboxylate (73) (following
general procedure C, colorless oil, 34.1 mg, 43% yield, 99:1 e.r., 99% e.s.). "H NMR (500 MHz, CDCls) §
7.34 —7.27 (m, 5H), 7.25 - 7.22 (m, 2H), 7.18 — 7.11 (m, 3H), 5.08 — 5.02 (m, 2H), 5.02 — 4.96 (m, 1H),
4.02-3.91 (m, 3H), 3.78 —3.69 (m, 1H), 2.88 (s, 3H), 2.84 —2.72 (m, 4H), 2.68 — 2.55 (m, 2H), 1.91 — 1.80
(m, 1H), 1.80 — 1.70 (m, 1H). *C{'H} NMR (126 MHz, CDCl3) § 156.5, 156.4, 141.4, 136.9, 128.6, 128.4,

128.1, 128.1, 126.2, 74.3, 66.7, 51.1, 36.7, 35.9, 34.3, 33.1, 31.8. HRMS (ESI) m/z (M+H)" caled for
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C23HaoN2047: 397.2122, found: 397.2115. [a]*°=-1.3 (c 1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3
(3 mm ID x 150 mm L, 3 um PS), gradient from 3% to 40% MeOH in scCO», v = 0.6 mL/min, 40 °C, 2200

psi, tR (major) = 10.775 min (99.5%), tR (minor) = 11.078 min (0.5%).

ODmc

NPhth
Me'

(R)-5-(1,3-dioxoisoindolin-2-yl)pentan-2-yl dimethylcarbamate (74) (following general procedure C,
colorless oil, 46.3 mg, 76% yield, 99:1 e.r., 99% e.s.). 'H NMR (500 MHz, CDCl3) § 7.88 — 7.76 (m, 2H),
7.73 —7.65 (m, 2H), 4.86 — 4.74 (m, 1H), 3.67 (t,J=7.1 Hz, 2H), 2.85 (s, 6H), 1.80 — 1.66 (m, 2H), 1.65 —
1.50 (m, 2H), 1.19 (d,J= 6.4 Hz, 3H). *C{'H} NMR (126 MHz, CDCl3) § 168.5, 156.4, 134.0, 132.2, 123.3,
71.2,38.0, 36.4, 35.9, 33.6, 24.7, 20.5. HRMS (ESI) m/z (M+H)" calcd for C16H21N204": 305.1496, found:
305.1494. [a]*°=-8.4 (¢ 1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 um PS),
gradient from 3% to 20% MeOH in scCO;, v = 0.6 mL/min, 40 °C, 2200 psi, tR (minor) = 10.263 min

(99.0%), tR (major) = 10.808 min (1.0%).

ODmc

Me\MNPhth

Me
(R)-6-(1,3-dioxoisoindolin-2-yl)-2-methylhexan-3-yl dimethylcarbamate (75) (following general
procedure C, colorless oil, 25.9 mg, 39% yield, 97.5:2.5 e.r., 99% e.s.). 'H NMR (500 MHz, CDCl3) § 7.88
—17.77 (m, 2H), 7.77 — 7.65 (m, 2H), 4.73 — 4.55 (m, 1H), 3.74 — 3.61 (m, 2H), 2.89 (s, 6H), 1.86 — 1.78 (m,
1H), 1.76 — 1.66 (m, 2H), 1.61 — 1.54 (m, 2H), 0.88 (d, J = 6.8 Hz, 6H). *C{'H} NMR (126 MHz, CDCl;)
5 168.5, 156.9, 134.0, 132.3, 123.3, 78.8, 38.1, 36.6, 35.9, 31.7, 28.8, 25.0, 18.7, 17.8. HRMS (ESI) m/z
(M+H)" caled for CisHasN2O4™: 333.1809, found: 333.1804. [a]*® = 3.6 (¢ 1.0, CHCI;). SFC analysis:
Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO,, v =

0.6 mL/min, 40 °C, 2200 psi, tR (minor) = 10.380 min (2.5%), tR (major) = 10.908 min (97.5%).

ODmc
850 _~_NPhth

(8)-1-((tert-butyldimethylsilyl)oxy)-5-(1,3-dioxoisoindolin-2-yl)pentan-2-yl dimethylcarbamate (76)
(following general procedure C, colorless oil, 43.5 mg, 50% yield, 98.5:1.5 e.r., 99% e.s.). 'H NMR (500
MHz, CDCl3) 8 7.90 — 7.78 (m, 2H), 7.78 — 7.64 (m, 2H), 4.84 — 4.69 (m, 1H), 3.70 (t, /= 7.0 Hz, 2H), 3.66

(dd, J=10.7, 4.8 Hz, 1H), 3.61 (dd, /= 10.7, 4.9 Hz, 1H), 2.88 (s, 6H), 1.82 — 1.60 (m, 4H), 0.84 (s, 9H),
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0.01 (s, 6H). *C{'H} NMR (126 MHz, CDCl;) § 168.5, 156.4, 134.0, 132.3, 123.3, 74.8, 64.3, 38.1, 28.2,
25.9,24.6, 18.3,-5.3, -5.4. HRMS (ESI) m/z (M+H)" calcd for C2,H3sN>05Si": 435.2310, found: 435.2308.
[0]*°=-6.4 (¢ 1.0, CHCI3). SFC analysis: Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient
from 3% to 20% MeOH in scCO, v = 0.6 mL/min, 40 °C, 2200 psi, tR (major) = 7.345 min (98.5%), tR

(minor) = 7.668 min (1.5%).

o

O/\@\
OMe

OBz

cis-3-(2-(((4-methoxybenzyl)oxy)carbonyl)cyclopentyl)propyl benzoate (77) (following general
procedure C, reaction was run in THF, 60 °C, colorless oil, 26.2 mg, 33% yield, >98:2 d.r.). Diastereomeric
ratio (d.r.) was determined by NMR analysis. '"H NMR (500 MHz, CDCl5) § 8.06 — 8.00 (m, 2H), 7.59 — 7.51
(m, 1H), 7.47 — 7.40 (m, 2H), 7.32 — 7.23 (m, 2H), 6.92 — 6.78 (m, 2H), 5.02 (q, J = 12.0 Hz, 2H), 4.19 (t, J
= 6.6 Hz, 2H), 3.77 (s, 3H), 2.93 — 2.82 (m, 1H), 2.16 — 2.06 (m, 1H), 2.00 — 1.90 (m, 1H), 1.90 — 1.66 (m,
5H), 1.63 — 1.51 (m, 1H), 1.51 — 1.39 (m, 2H), 1.36 — 1.25 (m, 1H).'3C NMR (126 MHz, CDCl;) § 175.5,
166.7, 159.7, 133.0, 130.6, 130.4, 129.7, 128.5, 128.4, 114.0, 65.9, 65.2, 55.4, 47.6, 43.8, 31.3, 28.6, 28.0,

27.7,24.0. HRMS (ESI) m/z (M+NH4)" calcd for C24H3:NOs": 414.2275, found: 414.2269.
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6. Scale-up stereoretentive decarbonylative cross coupling
NiBry-dme (10 mol%)

L5 (12 mol%)
O\ Mn (3.0 equiv) O\/\/O o
N~ TCOOPy + O N o
Boc >0 THF/DMIB = 10:1 Boc

40°C,12h
1,99.5.05eur 78 26

Procedure in 0.2 mmol scale with 10 mol% catalyst loading: In a nitrogen-filled glovebox, to a vial
containing a PTFE-coated stirbar was added NiBr,-dme (12.4 mmol, 10 mol%), L5 (9.6 mmol, 12 mol%),
and THF/DMIB (10:1, 0.5 mL). This mixture was stirred at rt for 10 min. To this vial was added 1 (58.4 mg,
0.2 mmol, 1.0 equiv), 78 (169.0 mg, 8.5 mmol, 2.5 equiv), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv). The vial
was closed with a threaded cap fitted with a PTFE septum before being removed from the glovebox. The
mixture was stirred (800 RPM) at 40 °C for 12 h. After the specified reaction time, the reaction mixture was
removed from the hotplate, and was allowed to cool to rt, diluted with ethyl acetate (2 mL), and passed
through a pad of silica gel to remove excess Mn and insoluble salt. The vial and pad were washed with ethyl
acetate (2 mL). The filtrate was concentrated in vacuo. The residue was purified by column chromatography

to give the desired products 26 as white solid (58.5 mg, 77%, 97.5:2.5 e.r., 95% e.s.).

Procedure in 3.4 mmol scale with 10 mol% catalyst loading: In a nitrogen-filled glovebox, to a flask
containing a PTFE-coated stirbar was added NiBr2-dme (104.9 mg, 0.34 mmol, 10 mol%), L5 (82.5 mg,
0.41 mmol, 12 mol%), and THF/DMIB (10:1, 10 mL). This mixture was stirred at rt for 30 min. To this flask
was added 1 (1.0 g, 3.4 mmol, 1.0 equiv), 78 (2.9 g, 8.5 mmol, 2.5 equiv), and Mn (561.0 mg, 0.6 mmol, 3.0
equiv). The flask was sealed with a rubber cap before being removed from the glovebox. The flask was
placed in oil bath, and the reaction mixture was stirred (800 RPM) at 40 °C for 12 h. After the specified
reaction time, the reaction mixture was removed from the oil bath, and was allowed to cool to rt, diluted with
ethyl acetate (30 mL), and passed through a pad of silica gel to remove excess Mn and insoluble salt. The
vial and pad were washed with ethyl acetate (30 mL). The filtrate was concentrated in vacuo. The residue
was purified by column chromatography to give the desired products 26 as white solid (928 mg, 71%,

97.5:2.5¢er.,95% e.s.).
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7. Synthesis of key intermediates for bioactive molecules

Synthesis of (+)-monomorine

This work
NiBr,-dme (20 mol%)
Q 1. nBuMgBr 0 L5 (24 mol%) Me
MeO 2. LiOH PyO Mn (3.0 equiv) ref.
o N/ e > N
_N 3. (Py0),CO _N o) Cbz” reductive
inati B
e S MR be ominaton e B0
S40 . 79,92.5:75d.r. . 81, x=2.5,57%, 80:20 d.r. (+)-monomorine
commercially 80 (x equiv) X = 4.0, 74%, 86:14 d.r. 82
available ' '
Route from selected literature
: Me .
NiBr,:dme (20 mol%) ‘", C‘/Q
1. nBuMgBr bpp (L2, 20 mol%) Z’/\/ \ eu
2. LiOH o AgNO; (50 mol%) cbr Me
3. NHPI, DIC NHP MgCl, (2 equiv) hBu Pd/C, H, 51%
s40 ———— + - . .
CbZ/N NBu,-BF, (0.2 M) Me 88%
nBu (+)Mg/(-)RVC N
4mA, 4.5 F mol” o N
o) 0 ez A, Me NBu
Me NHP 81, 66%, trans:cis = 60:40 (*)-monomorine
NHP = N-hydroxyphthalimide 82,37%

Synthesis of benzyl (2R,5S)-2-butyl-5-(4-oxopentyl)pyrrolidine-1-carboxylate (81) (Following general

procedure A, using 4 equiv of alkyl iodide, 50.8 mg, colorless oil, 74% yield, 86:14 d.r.) versus (Following

general procedure A, 39.5 mg, colorless oil, 57% yield, 80:20 d.r.). Diastereomeric ratio (d.r.) was determined

by SFC analysis. 'H NMR (500 MHz, CDCls, two rotamers) & 7.37 — 7.30 (m, 4H), 7.30 — 7.27 (m, 1H),

5.21 —4.99 (m, 2H), 3.87 — 3.67 (m, 2H), 2.53 — 2.22 (m, 2H), 2.14 — 2.00 (m, 3H), 1.97 — 1.80 (m, 3H),

1.72 - 1.39 (m, 5H), 1.34 — 1.16 (m, 6H), 0.92 — 0.78 (m, 3H). *C{'H} NMR (126 MHz, CDClL, two

rotamers) 6 209.1, 209.0, 208.8, 208.6, 155.5, 154.4, 154.2, 137.2, 128.5, 128.5, 128.2, 128.0, 127.9, 66.6,

66.5, 66.5, 59.2, 58.7, 58.6, 58.3, 58.1, 57.9, 57.4, 35.5, 35.1, 33.7, 33.6, 32.3, 32.1, 30.0, 29.9, 29.9, 29.8,

29.4,29.0,28.9,28.9,28.6,27.7,26.8,26.7,23.7,22.7,22.7,22.6,20.7,20.5, 14.2, 14.1, 14.1. HRMS (ESI)

m/z (M+H)" calcd for C21H3NO;": 346.2377, found: 346.2371. [a]*=+10.1 (c 1.0, CHCl;). SFC analysis:

Daicel Chiralpak IC-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to 15% MeOH in scCO,, v =

0.8 mL/min, 40 °C, 2200 psi, tR (major) = 10.738 min (86%), tR (minor) = 11.382 min (14%).

The literature route using an NHP ester provided 81 in 66% yield (1:1.5 cis/trans)'!.
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Synthesis of Schwarzinicine A

This work

MeomBoc
NiBr,-dme (20 mol%) MeO
MeO COOPy O NHR

L5 (24 mol%)

83,97.5:25eur. Mn (3.0 equiv) MeO
+ @
| OMe THF/DMIB = 5:1
23°C,12h 85, R = Boc
\/\©:OM6 68%, 95.5:4.5 e.r. 94% |: )
84 96% e.s. 85-H, R =

Route A from selected literature

Ar Pd catalyzed
C-H functionalization

Ar = 4-CF3CeH,

77% from 2-(3,4-
dimethoxyphenyl)
ethan-1-amine

Route B from selected literature

OMe
OMe

1. HCI then NH3
2. Pd/C, Hy

86, Schwarzinicine A
3. NaBH(OAc)3

e

90%, 99.5:0.5 e.r.
(3 steps)

78%, 97.5:2.5 e.r.

OMe
NaHMDS MeO O
OEt O~ OMe
OEt 62%
MeO
MeO NiCl,-glyme/chiral ligand
carbonyl O DMMS, EtOH Z
i KF, LiCl
66 reduction MeO o OMe iC Ph \N ‘\O)
MeO N OMe MeO Ph N~/
H \ chiral ligand 2
(0] B
MeO o aq. . N~ >: u
67%,99:1er., 7:1rr. MeO (0]

tert-butyl (S)-(1,4-bis(3,4-dimethoxyphenyl)butan-2-yl)carbamate (85) (following general procedure B,
THF:DMIB = 5:1, reaction time = 12 h, 60.1 mg, white solid, 68% yield, 95.5:4.5 e.r., 96% e.s.). 'H NMR
(500 MHz, CDCl3, two rotamers) & 6.82 — 6.74 (m, 2H), 6.71 — 6.62 (m, 4H), 4.42 — 4.03 (m, 1H), 3.91 —
3.80 (m, 1H), 3.84 (s, 12H), 2.79 — 2.61 (m, 3H), 2.61 — 2.52 (m, 1H), 1.86 — 1.71 (m, 1H), 1.62 — 1.51 (m,
1H), 1.42 (s, 9H). *C {'"H} NMR (126 MHz, CDCl;, two rotamers) § 155.6, 149.0, 148.9, 147.7,147.3, 134.5,
130.7, 121.6, 120.3, 112.7, 112.0, 111.4, 111.3, 79.2, 56.0, 56.0, 55.9, 51.3, 41.2, 36.4, 32.1, 28.5. HRMS
(ESI) m/z (M+H)" caled for CosH3sNNaOg': 468.2357, found: 468.2354. [a]*°=+19.7 (¢ 1.0, CHCl3). m.p.
(°C): 97-98. SFC analysis: Daicel Chiralpak IF-3 (3 mm ID x 150 mm L, 3 pm PS), gradient from 3% to
30% MeOH in scCO», v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) = 17.334 min (95.5%), tR (minor) =

16.977 min (4.5%).
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Synthesis of (S)-1,4-bis(3,4-dimethoxyphenyl)butan-2-amine (85-H) Boc-protected amine 75 was treated
with TFA in DCM at rt for 4 h. The resulting mixture was quenched with an aqueous NaOH solution. The
aqueous layer was extracted with DCM (3x5 mL). The organic layer was dried over Na,SO4 and
concentrated under reduced pressure in vacuo. The residue was purified by column chromatography to give
the deprotected products (S)-1-phenylhexan-3-amine (85-H) as white solid at 94% yield. 'H NMR (500
MHz, CDCl3, two rotamers) 6 6.79 — 6.75 (m, 1H), 6.74 — 6.71 (m, 1H), 6.71 — 6.62 (m, 4H), 5.12 (br, 2H),
3.84 -3.79 (m, 12H), 3.23 — 3.01 (m, 1H), 2.83 —2.76 (m, 1H), 2.77 — 2.64 (m, 2H), 2.65 — 2.56 (m, 1H),
1.87 — 1.63 (m, 2H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) & 149.1, 148.9, 147.9, 147.3, 133.8,
130.3, 121.3, 120.1, 112.4, 111.7, 111.4, 111.3, 55.9, 55.9 (2C, overlapped), 55.8, 52.4, 41.8, 36.9, 31.6.
HRMS (ESI) m/z (M+H)" caled for C20H2sNO4": 346.2013, found: 346.2008.

In route A, Pd-catalyzed enantioselective C-H activation afforded the chiral amine intermediate in 78% yield
with 97.5:2.5 e.r., which further underwent deprotection to give the key intermediate 85-H'*. In route B, Ni-
catalyzed enantioselective hydroamidation played a key role in synthesis of chiral amide intermediate on the

path to 86'°.

S8&9



Synthesis of FKBP12 ligand (ElteN420)

This work

NiBr,-dme (20 mol%) o
NHBoc L5 (24 mol%) NHR ; N
: Mn (3.0 equiv) : et :
©/\/\COOPV + I\/\CH3 ® ©/\/\/\CH3 77777 - HNAO (o]
THF/DMIB = 5:1 :

87,991 er. 88 23°C,6h

CH
89’ R = Boc ©/\/\/\ s
63%, 955 e.r. 92%

91% e.s. 89-H,R=H 90, FKBP12 ligand (ElteN420)

Route from selected literature

0
o G
H N
oTs 1. NaN3 NH, Ho o © : THKQ
HN S0

CHy ——

2. PdIC, H, o
CH,
DIC ©/\)\/\CH3
89-H 90

2 steps from

3-phenylpropionaldheyde
tert-butyl (R)-(1-phenylhexan-3-yl)carbamate (89) (Following general procedure A, THF:DMIB = 5:1,
reaction time = 6 h, 35.1 mg, colorless oil, 63% yield, 95:5 e.r., 91% e.s.). '"H NMR (500 MHz, CDCl;, two
rotamers) 6 7.31 — 7.25 (m, 2H), 7.22 — 7.13 (m, 3H), 4.44 — 3.96 (m, 1H), 3.73 —3.37 (m, 1H), 2.79 — 2.56
(m, 2H), 1.84 — 1.72 (m, 1H), 1.70 — 1.58 (m, 1H), 1.51 — 1.44 (m, 1H), 1.46 (s, 9H), 1.41 — 1.31 (m, 3H),
0.97 — 0.88 (m, 3H). *C{'H} NMR (126 MHz, CDCl;, two rotamers) & 155.9, 142.3, 128.5, 128.5, 125.9,
79.0, 50.5, 38.1, 37.8, 32.5, 28.6, 19.2, 14.1. HRMS (ESI) m/z (M+H)" caled for Ci7HsNO,": 278.21135,
found: 278.2110. [0]*® = +25.7 (¢ 1.0, CHCIl;). SFC analysis: Daicel Chiralpak IF-3 (3 mm ID x 150
mm L, 3 pm PS), gradient from 1% to 5% MeOH in scCO;, v = 0.8 mL/min, 40 °C, 2200 psi, tR (major) =
6.794 min (95%), tR (minor) = 7.166 min (5%).
Synthesis of (R)-1-phenylhexan-3-amine (89-H) Boc-protected amine 75 was treated with TFA in DCM at
rt for 4 h. The resulting mixture was quenched with an aqueous NaOH solution. The aqueous layer was
extracted with DCM (3x5 mL). The organic layer was dried over Na;SO4 and concentrated under reduced
pressure in vacuo. The residue was analysis by NMR (92% NMR yield using TMB as internal standard) and
purified by column chromatography to give the deprotected products as white solid. 'H NMR (500 MHz,
CDCl3) 6 7.22 — 7.17 (m, 2H), 7.15 — 7.07 (m, 3H), 2.80 — 2.63 (m, 4H), 2.62 — 2.52 (m, 1H), 1.75 — 1.66
(m, 1H), 1.64 — 1.52 (m, 1H), 1.44 — 1.32 (m, 2H), 1.33 — 1.20 (m, 2H), 0.83 (t, J = 6.8 Hz, 3H). *C{'H}
NMR (126 MHz, CDCl;, two rotamers) & 142.2, 128.5, 128.5, 125.9, 50.9, 39.6, 39.1, 32.5, 19.2, 14.2.

HRMS (ESI) m/z (M+H)" caled for C12HaoN™: 178.1590, found: 178.1589.
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In the original synthesis of ElteN420, the racemic key intermediate 89-H was prepared from the
corresponding aldehyde via grignard reaction, tosylation, nucleophilic substitution, and hydrogenation of the

azido group'®.
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8. Examples of unsuccessful substrates

Table S12. Unsuccessful alkyl iodides
NiBr,-dme (20 mol%)

OYO L5 (24 mol%) R By
: NG —
g T+ Akyl—X Mn (3.0 equiv) O\Au(w \ 7 N\/j
oC O N~ THF/DMIB = 10:1 Eloc N N
1.0 equiv 2.5 equiv 40°C,6h L5
(o}
I/\/\OH |4é |K}C02Et I%OEt
F F
no product detected no product detected no product detected trace
transesterification decomposition

of both substrates

Among alkyl iodides tested, the alkyl iodides bearing a free alcohol resulted in no product formation due to
transesterification to 2-pyridyl esters. Tert-Butyl iodide and Bicyclo[1.1.1]pentyl iodide are not suitable for
decarbonylative cross-coupling under these conditions. Ethyl 2,2-difluoro-2-iodoacetate was also tested,
however, only trace amount of cross-coupling product was detected, both substrates decomposed in the

reaction.

Table S13. Unsuccessful 2-pyridyl esters

NiBr,-dme (20 mol%)
R2 L5 (24 mol%)

tBu
RZ
Mn (3.0 equiv - ==
L5

THF/DMIB = 10:1

1.0 equiv 2.5 equiv 40°C,6h
Me
L. (s S
0 CO,P ' CO,P
o e My I
oc Boc Boc MeO derived from
Naproxen
no product detected no product detected 7% NMR yield trace, racemic
low conversion low conversion 97:3er, 94%e.s. fast p-H elimination
fast B-H elimination slow decarbonylation

Among 2-pyridyl esters tested, a 2-pyrrolidone carboxylic acid ester was not tolerated. A a-tertiary acid (o-
methyl proline) was found to be challenging because of slow oxidative addition and/or decarbonylation. A
2-pyridyl ester bearing an N-Boc indoline moiety provided low yield of cross-coupling product. B-hydride
elimination was observed as the major side reaction (and we used this in our studies on decomposition
pathways). A 2-pyridyl ester derived from Naproxen also resulted in a low yield of cross-coupling product
due to fast B-hydride elimination and/or slow decarbonylation, giving the corresponding ketone and alkene

compounds as the major side products.
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9. Crystal structure and crystallographic data

X-ray analysis of complex 8 Form I (CCDC reference code: 2516892)

Data Collection

A red crystal with approximate dimensions 0.046 x 0.074 x 0.063 mm? was selected under oil under ambient
conditions and attached to the tip of a MiTeGen MicroMount©. The crystal was mounted in a stream of cold
nitrogen at 100(1) K and centered in the X-ray beam by using a video camera.

The crystal evaluation and data collection were performed on a Bruker DS VENTURE PhotonlII four-
circle diffractometer with Cu Ka (A = 1.54178 A) radiation and the detector to crystal distance of 5.0 cm.

The initial cell constants were obtained from a 180° ¢ scan conducted at a 260 = 50° angle with an
exposure time of 2 seconds per frame. The reflections were successfully indexed by an automated indexing
routine built into the APEXS program. The final cell constants were calculated from a set of 7068 strong
reflections from the actual data collection.

The data were collected by using a half sphere data collection routine to survey reciprocal space to the
extent of a half sphere to a resolution of 0.78 A. A total of 21855 data were harvested by collecting 30 sets
of frames with 1.0° scans in ® and ¢ with exposure times of 1-36 sec per frame. These highly redundant
datasets were corrected for Lorentz and polarization effects. The absorption correction was based on fitting
a function to the empirical transmission surface as sampled by multiple equivalent measurements.
Structure Solution and Refinement
The diffraction data were consistent with the space groups P1 and P1. The E-statistics strongly suggested

the centrosymmetric space group P1 which yielded chemically reasonable and computationally stable

results of refinement.

A successful solution by direct methods provided most non-hydrogen atoms from the E-map. The
remaining non-hydrogen atoms were located with an alternating series of least-squares cycles and difference
Fourier maps. All non-hydrogen atoms were refined with anisotropic displacement coefficients. All hydrogen
atoms were included in the structure factor calculation at idealized positions and were allowed to ride on the
neighboring atoms with relative isotropic displacement coefficients. The asymmetric unit contains one
Ni(CgH7N3)(C11H14NSOz)C1 molecule.

Many crystals were screened, and the selected crystal proved to be a non-merohedral twin with an

approximate second component contribution of 8%. The twin components are related by a 179.1° rotation
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about the crystallographic a axis. The intensities from only the major domain were used, and the structure
refinement was conducted as a single crystal.

The final least-squares refinement of 254 parameters against 4165 data resulted in residuals R (based on F2
for I>20) and wR (based on F? for all data) of 0.0483 and 0.1356, respectively. The final difference Fourier
map contains a peak of residual electron density (ca. 1.09 e/A%) in the vicinity of atom Nil. This peak was
in a chemically unreasonable position and was considered noise.

Summary

Crystal Data for Ci9H21CIN4NiO,S (M =463.62 g/mol): triclinic, space group Pl (no. 2), a=9.1793(10) A,
b=9.7101(10) A, c = 11.7843(12) A, a = 95.272(7)°, B = 99.134(7)°, y = 104.780(7)°, V = 993.04(18) A°,
Z=2,T=100.00 K, p(Cu Ko)) =3.825 mm™!, Dcalc = 1.551 g/cm?, 7327 reflections measured (7.672° <20
< 158.816°), 4165 unique (Rint = 0.0247, Rgigma = 0.0364) which were used in all calculations. The final R,

was 0.0483 (I > 20(I)) and wR, was 0.1356 (all data).

S94



Crystal structure and crystallographic data

Fig. S21. Crystal structure of 8 Form I. The compound crystallizes as a racemate, thus the
enantiomer shown (C9—R) was chosen arbitrarily.

Table S14. Selected bond length angles for 8 Form 1.

Bond lengths [A]
Nil—Cl1 2.1809(7)
Nil-NI 2.003(2)
Nil-N3 1.8906(19)
Nil-C9 1.938(2)

Table S15. Selected angles for 8 Form I

Angles [°]
NI1-Nil-Cl1 94.02(6)
N3-Nil-Cll 175.19(6)
N3-Nil-Nl1 81.35(8)
N3-Nil-C9 95.03(9)
C9-Nil-Cl1 89.46(7)
C9-Nil-NI 173.76(9)

Tau-4 of the nickel complex 8 Form I

= 360;(1‘t+ﬁ) = 3600_(1751'1::“73'760) = 0.0784(8); 14 varies from 0 to 1, 0 for square planar, 1 for

T4
tetrahedral; o = bond angle (N3-Nil-Cl1), B = bond angle (C9-Nil-N1)'".
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Table S16. Crystal data and structure refinement

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
pre

v/

Volume/A3

Z

Pealeg/cm®
wmm'!

F(000)

Crystal size/mm’
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A~

Weix30b
Ni(CsH7N3)(Ci11H14NSO»)Cl
463.62

100.00

triclinic

Pl

9.1793(10)

9.7101(10)

11.7843(12)

95.272(7)

99.134(7)

104.780(7)

993.04(18)

2

1.551

3.825

480.0

0.074 x 0.063 x 0.046

Cu Ko (A = 1.54178)

7.672 to 158.816
J11<h<Il,-10<k<12,-14<1<14
21855

4165 [Rin = 0.0247, Reigma = 0.0364]
4165/0/254

1.038

R, = 0.0483, wRy = 0.1332

R; =0.0511, wR, = 0.1356
1.09/-0.35
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X-ray analysis of complex 8 Form II (CCDC reference code: 2516891)

Data Collection

A red crystal with approximate dimensions 0.171 x 0.019 x 0.029 mm® was selected under oil under ambient
and attached to the tip of a MiTeGen MicroMount©. The crystal was mounted in a stream of cold nitrogen
at 100(1) K and centered in the X-ray beam by using a video camera.

The crystal evaluation and data collection were performed on a Bruker Quazar SMART APEXII
diffractometer with Mo K, (A = 0.71073 A) radiation and the diffractometer to crystal distance of 5.0 cm.

The initial cell constants were obtained from three series of  scans at different starting angles. Each series
consisted of 12 frames collected at intervals of 0.5° in a 6° range about ® with an exposure time of 10 seconds
per frame. The reflections were successfully indexed by an automated indexing routine built into the APEXS
program. The final cell constants were calculated from a set of 4924 strong reflections from the actual data
collection.

The data were collected by using a half sphere data collection routine to survey reciprocal space to the
extent of a half sphere to a resolution of 0.80 A. A total of 27753 data were harvested by collecting 4 sets of
frames with 0.5° scans in ® and ¢ with exposure times of 191 sec per frame. These redundant datasets were
corrected for Lorentz and polarization effects. The absorption correction was based on fitting a function to
the empirical transmission surface as sampled by multiple equivalent measurements.

Structure Solution and Refinement
The diffraction data were consistent with the space groups P1 and P1. The E-statistics strongly suggested

the centrosymmetric space group P1 which yielded chemically reasonable and computationally stable

results of refinement.

A successful solution by direct methods provided most non-hydrogen atoms from the E-map. The
remaining non-hydrogen atoms were located with an alternating series of least-squares cycles and difference
Fourier maps. All non-hydrogen atoms were refined with anisotropic displacement coefficients. All hydrogen
atoms were included in the structure factor calculation at idealized positions and were allowed to ride on the
neighboring atoms with relative isotropic displacement coefficients.

The asymmetric unit contains two Ni(CgH7N3)(C11H1aNSO,)Cl molecules with similar geometries. A rigid
bond restraint was applied to C17 and C18 to yield chemically reasonable anisotropic displacement
coefficients. An idealized geometry constraint was applied to the C13—C18 aromatic six-membered ring to
yield chemically reasonable carbon to carbon bond distances.
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The final least-squares refinement of 495 parameters against 8036 data resulted in residuals R (based on
F? for I>20) and wR (based on F? for all data) of 0.0591 and 0.1464, respectively. The final difference Fourier
map contains a peak of residual electron density (ca. 1.24 ¢/A%) in the vicinity of atom Nila. This peak was
in a chemically unreasonable position and was considered noise.

Summary

Crystal Data for Ci9H21CIN4NiO,S (M =463.62 g/mol): triclinic, space group Pl (no. 2), a=17.704(4) A,
b=13.687(8) A, c=19.250(10) A, a = 101.753(11)°, B = 98.91(2)°, y = 91.516(14)°, V= 1959.8(18) A°,
Z=4, T=100.00 K, p(Mo Ka) = 1.256 mm™', Dcalc = 1.571 g/cm?®, 27753 reflections measured (2.19° <
20 < 52.804°), 8036 unique (Rin = 0.0815, Rgigma = 0.0839) which were used in all calculations. The final

Ry was 0.0591 (I > 20(I)) and wR> was 0.1464 (all data).
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Crystal structure and crystallographic data

Fig. S22. Crystal structure of 8 Form II. The compound crystallizes as a racemate, thus the enantiomers
shown (C9—-S and C9A-S) are chosen arbitrarily.

Table S17. Selected bond length angles for 8 Form II.

Bond lengths [A] Bond lengths [A]
Nil-Cl1 2.1733(17) NilA-CI1A 2.1669(19)
Nil-N1 1.999(4) NilA-N1A 1.997(4)
Nil-N3 1.886(4) NilA—N3A 1.901(4)
Nil—C9 1.937(6) NilA-—C9A 1.918(5)

Table S18. Selected angles for 8 Form I1

Angles [°] Angles [°]
NI1-Nil-Cl1 93.45(12) N1A-NilA-CI1A 92.99(12)
N3-Nil-Cl1 173.13(14) N3A-NilA-CI1A 173.08(12)
N3-Nil-NI1 81.70(17) N3A-NilA-N1A 81.66(16)
N3-Nil-C9 95.9(2) N3A-NilA-C9A 96.4(2)
C9-Nil-Cl1 88.94(17) C9A-NilA-CI1A 89.12(18)
C9-Nil-N1 177.6(2) C9A-NilA-N1A 176.85(19)

Tau-4 of the nickel complex 8 Form II

_ 360°—(a+pB) _ 360°-(173.13°+177.6°)
141° 141°

360°—(173.08°+176.85°)
141°

= 0.0657(17) and

= 0.0714(16); 14 varies

from 0 to 1, O for square planar, 1 for tetrahedral; oo = bond angle (N3-Nil—CI1 or N3A-NilA-CIl1A), g =

bond angle (C9-Nil-N1 and C9A-NilA-N1A)"".
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Table S19. Crystal data and structure refinement

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pr°

v/°

Volume/A?

V4

Pealcg/cm’

w/mm’!

F(000)

Crystal size/mm’
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c ()]
Final R indexes [all data]

Largest diff. peak/hole / e A~

Weix30
Ni(CsH7N3)(C11H14NSO,)Cl
463.62

100.00

triclinic

Pl

7.704(4)

13.687(8)

19.250(10)

101.753(11)

98.91(2)

91.516(14)

1959.8(18)

4

1.571

1.256

960.0

0.171 x 0.029 x 0.019

Mo Ka (A=0.71073)

2.19 to 52.804
9<h<9,-16<k<17,-24<1<24
27753

8036 [Rint = 0.0815, Rsigma = 0.0839]
8036/1/495

1.022

R;=0.0591, wR> =0.1291
R;=0.1061, wR> = 0.1464
1.24/-0.49
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X-ray analysis of 56 (CCDC reference code: 2516893)

Data Collection

A colorless crystal with approximate dimensions 0.14 x 0.05 x 0.05 mm® was selected under oil under
ambient conditions and attached to the tip of a MiTeGen MicroMount©. The crystal was mounted in a stream
of cold nitrogen at 100(1) K and centered in the X-ray beam by using a video camera.

The crystal evaluation and data collection were performed on a Bruker D8 VENTURE PhotonlII four-
circle diffractometer with Cu Ko (A = 1.54178 A) radiation and the detector to crystal distance of 5.0 cm.

The initial cell constants were obtained from a 180° ¢ scan conducted at a 20 = 50° angle with the exposure
time of 1 second per frame. The reflections were successfully indexed by an automated indexing routine
built in the APEX6 program. The final cell constants were calculated from a set of 8009 strong reflections
from the actual data collection.

The data were collected by using the hemisphere data collection routine to survey the reciprocal space to
a resolution of 0.78 A. A total of 31133 data were harvested by collecting 34 sets of frames with 1.0° scans
in ® and ¢ with an exposure time 1-4 sec per frame. These highly redundant datasets were corrected for
Lorentz and polarization effects. The absorption correction was based on fitting a function to the empirical
transmission surface as sampled by multiple equivalent measurements.

Structure Solution and Refinement

The systematic absences in the diffraction data were consistent for the space groups P21 and P21/m. The E-
statistics strongly suggested the non-centrosymmetric space group P2, that yielded chemically reasonable
and computationally stable results of refinement.

A successful solution by intrinsic phasing provided most non-hydrogen atoms from the E-map. The
remaining non-hydrogen atoms were located in an alternating series of least-squares cycles and difference
Fourier maps. All non-hydrogen atoms were refined with anisotropic displacement coefficients. All
hydrogen atoms attached to carbon atoms were included in the structure factor calculation at idealized
positions and were allowed to ride on the neighboring atoms with relative isotropic displacement
coefficients.

The absolute structure was established by resonant scattering effects. The absolute configuration of atom
CI15is R.

The final least-squares refinement of 350 parameters against 5929 data resulted in residuals R (based on
F? for I>20) and wR (based on F? for all data) of 0.0242 and 0.0632, respectively. The final difference Fourier
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map was featureless.

Summary

Crystal Data for C3oH33NOsCl, (M =558.47 g/mol): monoclinic, space group P2;(no. 4),a=
5.2016(4) A, b=9.6332(9) A, c = 27.856(3) A, = 93.519(7)°, V= 1393.2(2) A%, Z= 2, T= 100 K, p(Cu
Ka) =2.425 mm™, Dcalc =1.331 g/ecm?, 31133 reflections measured (6.358° <20 < 158.464°), 5929 unique
(Rint = 0.0322, Rsigma = 0.0244) which were used in all calculations. The final Ry was 0.0242 (I > 2o(1))
and wR, was 0.0632 (all data).

Crystal structure and crystallographic data

Fig. S23. Crystal structure of 56
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Table S20. Crystal data and structure refinement

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pr°

y/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A~

Flack parameter

Weix38

C30H33NOsCl,

558.47

100

monoclinic

P2,

5.2016(4)

9.6332(9)

27.856(3)

90

93.519(7)

90

1393.2(2)

2

1.331

2.425

588.0

0.14 x 0.05 x 0.05

Cu Ka (A =1.54178)

6.358 to 158.464
-6<h<5,-12<k<12,-35<1<35
31133

5929 [Rine = 0.0322, Rsigma = 0.0244]
5929/1/350

1.073

R1=0.0242, wR; =0.0630
R1=0.0245, wR, = 0.0632
0.20/-0.17

0.007(4)
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10. NMR spectra

10.1 NMR spectra of coupling products

v
L1
8L |
6L 1
19'1 1
89'} 1
SLLA
9211
22717
6211
08't
og'i
18°L
mw.TW

ye'L T
mw._‘&

98'L
18'L

ze'e
zee
Zre~
RS
e
oge”/
e
v
kg
ey
vy
vy

€10ad0 9¢’L
<vL
evL
SvL
€5°L
G5 L
95, 7

€0'8
€0'8
0’8

0’8

(XA

OBz

Boc

= o'}

Hf
= feos

[ON%

= Isoz
< ot

FL0C

#/0'Z
660

Floe

<
o

T
9.0

T
105 10.0 95

f1 (ppm)

'H NMR (500 MHz, CDCL3) of 3

zTee
mm.mm/
TEETAN
198

1108 F
88°0¢
Tar
9z9v
899y~
5026 —
80°59
6159 A

€10a0 91 'LL

606~
L26L s

9¥'82lL
L9'62l W
0s0o€l
66CEl /

L8'¥SL —

€991 —

OBz

Boc

T T T T T T T T T T
180 170 150 140 120

110

190 160 130

230 220 210 200

f1 (ppm)

13C{'H} NMR (125 MHz, CDCL) of 3

S104



€10a0

¥0'C
90'¢C
L0¢C
60¢C

ov.N\
65°C
owNW
29¢

(4584
mm.vw
vevy

OBz

OBz

Fsoz

Fooz

Feoz

£3

Fos'1

1 (ppm)

'H NMR (500 MHz, CDCls) of 5

Loee —

0€'6e —

€CVv9 —

€10a09L’LL—

0s'8ct
mo.mNrW
og’oel 7
60'eel

y9'991 —

§9'80C —

OBz

OBz

10 200 190 180 170 160 150 140 130 120 110
1 (ppm)

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 5

S105



<

@

-
=

IN]
N
©

e

L€V ]
8ey
€1000 92'L
szW
62L
VLT
vl %
ov L]
vas
g2

OBz

JS6'L
%o.m

0}
H/Ee

)

-1.5

-1.0

T T T T
-0.5

10 05 0.0

T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

1 (ppm)

'H NMR (500 MHz, CDCls) of 9

ICHTAN
STYZ~
9s'sz”
66°0€
96'zE

L06V —

8109 —
€6'v9 —

CIOQOOT 2L

99'/¢) /
0g'8cl
cLect W

h,mmv\

9,°991L —

OBz

70 200 190 180 170 160 150 140 130 120 110 100 90 80

230 220 210 200

110 100 90

120

180

190

1 (ppm)

BC{'H} NMR (125 MHz, CDCl3) of 9

S106



0S'L
TSh
89'L |
L2
8L 1
6L}
08’1
1871

<
]
-
_

€1000 9Z'L
8zL
62L
62L
L
veL
o€
WL
L
2]
€52 ]
es. ]
€52

—

koL

%NNN

Feoz
Fse0
hoz

OBz

Cbz

Fooz

[Sh4

——— £/6°)

H/w .
I Ay

T T T T
90 85

10.0 9.5

T
10.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 22

€L0E
99°0¢
£8°0¢
62'LE
SYOv
vioy
86°9S \_
VLIS
S8'v9
mo.mov
mm.mo\

28:99

€10a0 9L’LL

88'/¢L
€6°LC)
ov'ech
16821

L9'6cL 1
mv.om_‘\
0s'0gL
Lezel
86'9¢€)
8lL’/gL
60°GSL —

19991 —

OBz

Cbz

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl3) of 22

S107



€10ad 9z’L \
62, W
LeL
vo'L—r
S9°L 7

SHLO®

O v v N+

NMeTs

Boc

)]
YV ELE

TN~

© OO« v
~ANNOM

*L0¢C
F90'¢C

€10a09l°LL

1 (ppm)

"H NMR (500 MHz, CDCls) of 23

S06.L>-
82'6L s

ze Lz~
srecL
65 VEL —

SeEeEYL —

y8'val —

NMeTs

Boc

100

110

1 (ppm)

20 210 200 190 180 170 160 150 140 130 120

230 220 210 200

13C{'H} NMR (125 MHz, CDCL) of 23

S108



€10d09¢°L —
L9°L
89°L
69°L
6L,
6LL
08,
18°L
18°L

A

Boc

DCM

T‘mw

09
= 6°0

1502
Yooz

1 (ppm)

"H NMR (500 MHz, CDCl5) of 24

aLez
98'€T
1¥'ST
9952
1582
z00e
¥8°0€
8g'LE
90z —
€68
L0°8e >
8L'9v
859~

689G —

€10a09l°LL

T6 62
mtmuv

zzezL
veseL
61281\
zeeet

oot/

LO9VSL —

cr'89l —

N
Boc

20 210 200 190 180 170 160 150 140 130 120 110 100

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl3) of 24

S109



oe’'L

[

~

=
—

€10ad 9z’L
8T’ L
62,
0g’L
Le'L
ceL
e’ L
€e’L
ve'L
SeL

NHCbz
|
L

Boc

(O8>

Hev

T
-05 -1.0 -1t

T
0.0

0.5

40 35 30 25 20 15 1.0

4.5

55

6.5

7.5

8.0

8.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 25

vi'ee
v8'ec
69'9¢
88'9¢
98¢
91°0¢
28°0€

Zs et
e6'1e”
860

6oLy
619 7
o
58'95 —

€699
om.mmv
€10a09l°LL

Ol'eL
m_..mww.

60'8¢l
8lL'ect W
.G'8cL
89'9¢L
¥8'9¢€) 7

8LYS)L ~
05961

NHCbz

Boc

10 200 190 180 170 160 150 140 130

230 220 210 200

120

170

180

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 25

S110



€51 geee

S \m g6'€c

SG'L )ﬁ v€'9¢
L

el o)

10 20 -3¢

-10

0

T
10

VL AL 08°0E -

mn.iw = z'9 B om.omw
yrLe

0 9T\

el o oLor

z8'L ) 16—
16°29
To.m 0

€1'89
. €10d0 m_‘.nh/
el | {00l [ o
~ ooz [

o
o
-~
i
|
|

S0'6L
gg6L 7

~
©
-

>

1 (ppm)

a8 vl —

"H NMR (500 MHz, CDCls) of 26

86'9
€100 92°L ~
62,7
og'L]
1L ]
zeL ] o "
2e'L ] °
or'L Lo

(o)

o
~
T T T
10.5 10.0 95 90

©o

[re]

~
T

T
11.0

1 (ppm)
S111

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

13C{'H} NMR (125 MHz, CDCL) of 26




€10a0

——

Boc

too'L
Isoz

Jroe
J00°'L
0}
10C
0'L

-1.0

T
-0.5

T
0.0

0.5

1.0

1.5

25

T T
50 45 40 35

1 (ppm)

T T T T T T
85 80 75 70 65 6.0 55

T
9.0

T
10.5 10.0 95

"H NMR (500 MHz, CDCl5) of 27

szee
€6'€T
om.mm/
0,82
t,omV
¥8°0€
mm.omN
05'LE
TAT AN
899/
8L/G6 —

96'L9 —

€10a0 9L LL~
Lz6L "

12901 —
L0'6LL
[KeXordt
.:.V,wm,v/
z28'9ZL
€L°/2VF
mo.mmr\
mv.mmr\
€L PEL

S8'vSl ~
60°LSL

Boc

|

|

20 210 200 190 180 170 160 150 140 130 120 110
1 (ppm)

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 27

S112



s
SL'G
al's
LG
0TS
zTs

€10a0 92°Z
ees]

———rm

—

vm.h%
ve'L

COOBn
NHBoc

Boc

0= oo
© ~ ®© 0 —

wmor
60

gLg

T
0.5

T
10.0

T
10.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 28

60,9 —

€100 912,

6C6L
€6'6L 4

6v'8¢l ~
0L'8ct 7
§g'sel —

9L'vS)
Ly'GSL W
AR 1]

6S°CLL —

COOBn
NHBoc

Boc

20 210 200 190 180 170 160 150 140 130 120 110 100

230 220 210 200

1 (ppm)

13C{'H} NMR (125 MHz, CDCL) of 28

S113



8¢l p

€100 91°LL

€C 6L
Sv'6L 4

o
0
Oy
T
5.0 .
1 (ppm)

91'8ZL ~
ovezt 7
R
Le'eeL —

"H NMR (500 MHz, CDCl5) of 29

vze [~ 08'vSl —

© 0
N
o o

—

383

£10a0 omi
ve'L

T
9.0

0

©

~
T

o
[©}
~
10.0 95

T
10.5

100

110
1 (ppm)

S114

120

130

140

150

13C{'H} NMR (125 MHz, CDCL) of 29

160

170

180

190

o)

)

Boc

230 220 210 200




e

=T

—

Cbz

——n

Me

Vi

side product (7%)

N
Cbz

-1.0

T
-0.5

T
0.0
«©
N~
v
N

T

1.0
o
(2}
[y}
5]

—

T
1.5
N
©
<

N

25

3.5

4.0

SOV~

€6'Lcl
mm.nwrw

45
1 (ppm)

10'8cl

EEE

rAVAS

ge'lel V. -
mm.wm_\\

v6'8€l

"H NMR (500 MHz, CDCls) of 30
:
[

6.0

c0'sSt
0z'ssh

7.0

6€ |

7.5

85
Cbz

20 110
1 (ppm)
S115

120

40 130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 30

20 210 200 190 180 170 160

230 220 210 200




Q
T
0.5
o
N
7~

N
©
1.0
(52}
0
N
%

A

1.5
~
©
)
©

T
20

T
25

ow.mm\

_ . 6165
Tm 0 99'99 7

€100 9L 2L

T
3.0

7567 ~
o8’

3.5

&
‘nm‘\‘v—v—mg‘!
)
©
<
40

4.5

ooz

o
(2]
[s]
T T
55 50
1 (ppm)

80'8¢Ct

100

110
1 (ppm)

S116

120

\"AZx-1e32
85'8¢l
v6'9€l —

T
6.0

T
6.5

"H NMR (500 MHz, CDCls) of 31

£0°SSb\

)
2
.

‘
7.0

. . ge'sGL -

s — {160 es951 /.

60°'S J ] /6°S

€1000 922
622
622 H
gL

T
80 75

o
~
8.5

0
™
'\u;
NCbz
9.0

N
Boc

T
10.5 10.0 95

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 31

180 170 160

NCbz
190

N
Boc

230 220 210 200




AR

<

-

N

_
e e

oeL
zeL
ee L
SeL

9€’L

€10ad 9z’L W

NBoc

Cbz

TRITENE
- N
— O OO

S

—=t00C

-——=1T90's

1 (ppm)

"H NMR (500 MHz, CDCls) of 32

90'ec
98'¢ec
AT
[4°R 14
80'6¢C
vh.mm/

CC.N\N\

orve %/
€1'9¢ 7
s’
L1097~
€0

€0°L9\
1919 —
.99 ~
wo,hm\

flaYalaWYRIN]

0c6L "

68'Lcl
_,o.wN_./
€T'8ct
hv.wN_\\
8G'8¢l
Nw.om_‘\
LLLEL
¥9'sSL

18'GSL
LE'9G) /

NBoc

Cbz

WA

WL

10 200 190 180 170 160 150 140 1:

130 120

140

180

190

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl3) of 32

S117



<

s}

(2}
e

—

€100 92'L
8z

W

W_woe
60

f6°0

—= ooz

Cbz

T
10.0

T
10.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 33

oL'ec
Lo've
61'G¢
34°14
Ly'8T~

€8'8¢C
oN.mN\
¥0°0€
9T vy ~
659

6°09

ww,_‘oV
0999 ~
mw.mo\

TIOQOI OF 22

c6'Le)

6182+
€6'8¢L
6€°LEL —

S9'6SL —

Cbz

10 200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 33

S118



n
—
-
_

~

©

-
|
nl

o ©
N~
R
—

o

©

-
-

8L'g

€10a0 922
8z
mmi
0L

Cbz

6'¢
L0°'C
L'y

201
Feor
zo'L

60
(V4

10.5 10.0 9.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

9.0

1 (ppm)

"H NMR (500 MHz, CDCl5) of 34

IO 9F 22

16221

vs'ezL ”
oc el
ovLEL >

SYSSL~
L9651 7

Cbz

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

13C{'H} NMR (125 MHz, CDCL) of 34

S119



<
3]
N
_
T T

TS

€100 922
62°L
oc'L
0€'L Y
LELA

Loy

=

v 81T
oozl
~zee

= b 8L'G

co’L
00’}

00'L
04

-1.0

T
-0.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 35

[e{e}e]e]

om.mi
€10a0 9122

L6l

mm.mmr
B.RPW
60°821
gsgzL 7
LO'LEL

it

Y9'egl ~
6T'sSL

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 35

S120



o
@
o
—
—

€000 922
8zL1
622
62L Y

L'e
0'€

- Foo't
=< 100’}
60

— —Teoz

Me

Cbz Me

— Feos

10 05

1.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.0

10.5 100 95

"H NMR (500 MHz, CDCl5) of 36

CToQD OF 22

88'/L¢cl

Me

Cbz Me

10 200 190 180 170 160 150 140 130 120 110
1 (ppm)

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 36

S121



6v°0
0S0
cso
250

=y

kNo_‘

€10a0

T —

= 06
= (ON%
-([46°}

- H/No._‘

Z0'L
<Hol
=tFe60

1 hee0
——<190'Z

OBz

Boc

w

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
1 (ppm)

10.5

"H NMR (500 MHz, CDCls) of 37

€1000 9L

826L

ev'ezL
po6el
mm.omrm
96'Z€1

09'vSL —

89'991 —

OBz

Boc

20 210 200 190 180 170 160 150 140 130 120 110 100

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 37

S122



mv.:
mv.:
05}
151
251
2S')
€271
7
9/'L
61°L
sc'c

gce

06

€10a0

STT

8z'¢

8c'¢c

18°€
18°€1
28'¢
78°€ 1§
8¢
8¢
G8'€
mo.v;
62V

om.v;

LEP A
[4504
(4584

€ey

86’V —

OBz

Boc

I A

b fe6z

FsoL

- Fo

ool

roLe

Foz

)

2 mv0e

*00'1

Fooz

i

1 (ppm)

"H NMR (500 MHz, CDCl5) of 38

8¥'Ge
09'8¢ \S

oc'Le 7
16°LE /
00°0S >
8v'09 4
GL'9S —

€69 —

€10a0 9L LL~
SG'6L

05201~
gL 017

€8zl
v9'62L A
vy ot

66°2ZEL /
Z9vPL ~
essrl

LEVSL —

L9991 —

OBz

Boc

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 38

S123



T

9y
€100 9T°2
ZrLy
evLf

StL
]

S

vSL

{

IR

OBz

Boc

700
260

66'L

1 (ppm)

"H NMR (500 MHz, CDCls) of 39

8€'GC —

05'8¢
G6°0€ 7
Lecee —

€59°€S
£€8'GS
Y9v9 ~

kel

0908 —

09'sel
mmNN_‘/
om.wN_\%

ov'ecl ¢
89'6¢C) x
ovoel \
Loegl

LOvSL —

G999 —

OBz

Boc

T T T T T T T T T T T T T T T T T T T T T T T T T
10 -20 -3C

-10

60 50 40 30 20 0

70

80

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 39

S124



-95.46
-95.57
-96.09
-96.19
-98.82
-99.12
-99.44
-99.74

-150

-160

170

-180

190 -20¢

T
-30

-40

T
-50

T
-60

70 80 -90 -100 -110 -120 -130 -140

1 (ppm)

F{'H} NMR (377 MHz, CDCl3) of 39

S125



€10a0 9z'L

ey L
eVl
Sv'L
mm‘hﬂ

L

H/w_\.m
26'¢
S leos

= Igg')

- o'l
0'C

OBz

Boc

e Y0 T
Re0L

Fo0¢

1 (ppm)

"H NMR (500 MHz, CDCls) of 40

66°LC ~
9€ve —
LG8C
8zze

ooy —
GL'19~
269 —

€10a0 9L LL~
6€6L

ov'8cl
L9'6¢l V
0s'0¢t
oo‘eel /

€8'9G1 —

04991 —

OBz

Boc

10 200 190 180 170 160 150 140 130 120 110

230 220 210 200

120

130

160

170

1 (ppm)

13C{'H} NMR (125 MHz, CDCL) of 40

S126



€1000 92°L
621
1EL 1
€€/
ve'L Y
GE LY
VL
VL )W
GP LA
€5
vm.m%
vS2 ]
652
652
95°L 1

——

OBz

TBSO,

Cbz

= ko'l
= lLue
-= oz

= Is6'L
_2 7860

=

—== fooz

T T T
9.0

100 95

10.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 41

0Ly —

6081
:.mm/
mm.mm/
€8'62—
20LE~>
erie’
£TOV~
£6'0v 7
96+

om.mmyr
28'6G ¥
tgag
88'v9

@o.mov
%.8\
26'99

£6'69

8€0L

€10ad09L°LL

88',clL
86°LC)
ov'8cl
1.G'8¢L
L9'62) T
ov.om_‘\
6¥0cl
PACKANY
00°LgL
viLeL
96'GG1 —

89'99) —

TBSO

OBz

Cbz

180 170 160 150 140 130 120 110
1 (ppm)

190

220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 41

S127



s
zL's
vi's
si'g
€1000 9L
9z'L
62°L1
LEL ]
zeL
zeL
€672
veL
ge'L 7

TBSOQ,

OBz

Cbz

By
Feoz

¥/6°0
®oo
Heo
Fo6°0
60
102

Fooz

8V
c0c

hee
HeL

T
9.0

10.0 9.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 42

€10a0 9L°LL
00'8ct
[4oR:143
s0'8ch
ov'8ch
[4 4143
1.G'8¢L
vo'ecl
0L'62k
vyoel
¥S'0€l
88'¢cel
96°¢el
g8'9¢L
90°LgL
€0°'g51
L0'GS) V

99'991
cL'99L V

TBSOQ,

OBz

Cbz

1l

10 200 190 180 170 160 150 140 130 120 110 100 90 8

-20

-10

80

180 170

190

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl3) of 42

S128



c0'0

#8°0 7
2N
€V’
€911
¥9') §
S9'L §
L9}
891
€6'L
S6'L
96°L
96°L

e

€100 92'Z ]
8z, ]
mmi
62'L
o0g'L
0g'L
Le's
ze'L
ve'L

=i

T

e —r T r

—

geL

NBoc

TBSO,

Cbz

809

10°L
[0k 4

15 10 05

2.0

25

4.0

4.5

6.5

7.0

7.5

T
9.0

10.0

1 (ppm)

"H NMR (500 MHz, CDCls) of 43

So'Ly
vSvs
99'vg
08'vS
Y6'vS
61°6S
8.°99
2L29

=~

¥6'69

g
€100 9L LL

YZ6L

18'L2)
[4oR:143
olL'8ch

NBoc

TBSQO

Cbz

10 200 190 180 170 160 150 140 130 120 110 100 90 80

120 110
1 (ppm)

130

140

230 220 210 200

13C{'H} NMR (125 MHz, CDCL) of 43

S129



500
180
erL |

-
©
-

—=

=

T r——

m—

1000 922 |
oeZ |
0€'L
0€'L

S.L
zeL

—

TBSOQ,

NBoc

Cbz

=

3

g

& <L
© O
o -

N
@ Qo
(o oNe]

1 (ppm)

"H NMR (500 MHz, CDCl5) of 44

8LV
Nh.v.uv
08l
g8'Ge
(3 4°T4
€9'9¢
G5'8¢
9.'8¢

061¢€
cL'ee
vmamHV
LL'6€
20°0%
0L'vS
LGS N\
8€'GS
v¥'GS
20'9S
8'99
22°/9

L,

€9'0L
evLL
€10a0 9L°LL
€L'6L
[XAYA

NBoc

TBSOQ,

N
Cbz

100 90

230 220 210 200 190 180 170 160 150 140 130 120 110
1 (ppm)

80

140 130 120

150

BC{'H} NMR (125 MHz, CDCl3) of 44

S130



e

/006

veL
vZL
YT L
TR
TR
TR
€1000 92°L
LEL
1e7L
1ELA
ze LY
ze LA
ze L
zeL

SA—

OBz

rio'L
¥S6°L

2 WM@.O
61

o8
=66l
=186l
60
€6}

T
0.5

1.0

15

2.0

0 55 50 45 40 35 30 25
1 (ppm)

6.0

: 5 90 85 80 75 70 65

10.0 95

10.5

"H NMR (500 MHz, CDCls) of 45

81'9¢
vw.wN/
mmémy

SZTE\
[4AVX>
8¥'8¢ V
oE'LY 7
qm.mv\
9525\
6v'€S
167257
96'¥9
mo.mov

€100 91°LL

Iv'6.~
95'6L s

OBz

T T T
80

100 90

10 200 190 180 170 160 150 140 130 120 110
1 (ppm)

140 130 120

150

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 45

S131



-
©
-

S~

08't | 31506 [~ a6
‘ L <
&7

18l _ wﬂwvm Fa 8cey
€81 _ O_‘ 2L2cS /

. n
7660 |« veLs T

& i
zz'e = . L
= feoe €100 922~
Zv6L~
es6s”

5%
< ™
fm
&
o
N
40

13014

16'92L
gelel
cr'ect
,9'8¢t

(5]
N
~
1 (ppm)

110
1 (ppm)
S132

120

S9'6¢Ct
mm.om_\\
ov'0ct
c6eel
oo‘eel
69°0¥1
0L¥SL —

: ©
£1000 922 | o

"H NMR (500 MHz, CDCl5) of 46

ol L9991 —

<
N
~
—
e

©

n

~
OBz

T
9.0

© 0
S o

© o

T

100 95

Boc

10.5

Ph

130

140

150

13C{'H} NMR (125 MHz, CDCL) of 46

160

170

180

OBz
190

Boc

230 220 210 200

Ph



Syl

121
zL

€10ad 9z’L /

302

€L

ey L /w

OBz

50T
0L
#20°C

0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0 -15 -2.0

10.0 95 9.0 85

10 05 0.0

15

80 75 70 65 6.0 55

1 (ppm)

"H NMR (500 MHz, CDCls) of 47

ol

Ly'8cL

110
1 (ppm)

120

9T B8Z

mm.omrm
So'eEl

88'vGl —

L9991 —

OBz

Boc

10 200 190 180 170 160 150 140 130

160 150

170

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 47

S133



o~ -~
- < -~
& o NG
o ©O N~ I~
N Y
F,
U\/\/OBZ
N
Boc
w J
100 105 110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 -185 -190 -195 -200
1 (ppm)

F{'H} NMR (377 MHz, CDCl3) of 47

S134



Sv'L

€100 9¢’L
3402
302
eVl
L4 A
€5°L
vS'L
96 L
€0'8
€0'8
€0'8
0’8
S0'8

va

OBz

Boc

L

0'¢
o'l

F00'¢C

00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

10.0 95

10.5

0.0 -05

0.5

1.5

20

3.5

4.0

5.5

7.5

9.0

1 (ppm)

"H NMR (500 MHz, CDCls) of 48

ol

sv'ect
8y'8¢l

69'6¢C1
gg'ogl
PACKANY \

3 44°1 e

04991 —

OBz

Boc

100 90

110
1 (ppm)

10 200 190 180 170 160 150 140 130 120

80

160 150

170

230 220 210 200

13C{'H} NMR (125 MHz, CDCL) of 48

S135



17711
~ 17777

,-169.16
X -169.47

E
2—>\/\/0 o

Boc

180 -185 -190 -195 -200

150 -155 -160 -165 -170 -175

120 125 -130 135 -140 -145
1 (ppm)

100 105 -110 -115

F{'H} NMR (377 MHz, CDCl3) of 48

S136



€10a0

oz’

0
]
-

=i

re}
2 O
-
—

OBz

Me

Boc

A e
<IN 0 OMm
ONO -~ 50
MO N™ M

¥0°0
06°L

F ooz

—J 961
260

Feel

00 -05 -1.0

0.5

156 10

2.0

25

4.0

45
1 (ppm)

6.0

6.5

7.0

7.5

9.0 8.0

10.0 9.5

"H NMR (500 MHz, CDCls) of 49

JAN A4
mw.mN”
ww.wm/
vw.mNW
88’'LE
Ly'ce \

SLvs
62857
91'69 ~.

€10a0 9L °LL~
90'6L

ev'8zL
poez
Nm.omrm
56zl

66'vSL —

cL 99l —

OBz

Me

Boc

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

13C{'H} NMR (125 MHz, CDCL) of 49

S137



@ ©
< <
- <
o
r——

[
N~
-
.
—

€10a0 92'L
ey Ly
€V'LY
A

90'L
M 66°0
=860

OBz

Me

Boc

from NHP ester

610l
S6°0
3 660
[4 %4
80'¢

e
G

T
9.0

9.5

10.0

1 (ppm)

'"H NMR (500 MHz, CDCl5) of 49 from decarboxylative cross coupling

€10a0 9L’LL
¥0'6L

L2991
G991 V

from NHP ester

10 200 190 180 170 160 150 140 130 120 1

110
1 (ppm)

120

170

180

230 220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 49 from decarboxylative cross coupling

S138



60°1 7
1L
Ly
1%
€LY
€LY
9T’}
621 1
PiAS
S¥L
Sl
Ly LN

~

A

-
§

L
L R U

- ©
Qo¥
- =
C

€10a0 9z'L |
3402

OBz

Boc

T
0.5

1.0

15

35 30 25 20

4.0

5 60 55 50 45 4
1 (ppm)

6.5

75 70

8.0

90 85

10.5 100 95

"H NMR (500 MHz, CDCls) of 50

9202
R.vm/
052
€292
6982\
G562~
85ze F
6L°€€
Lrbe
0Z'9¢

09'LS 7
28°LS /
2269 —

[llaYalaWe-YRIN]

€6'8L 7

zv'8zL
acaz
mm.omrm
v6'ZEL

SLYSL —

LL'99L —

OBz

Boc

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 50

S139



€1000 922
Ly
L]
ZrL
TrL]
£V L
vy L]
vy L
S¥' L
25 Ly
vS L
vs'L

OBz

Boc

6€C

pH
o m
8o
~ NN

= 00¢C

e
ro

1 (ppm)

"H NMR (500 MHz, CDCl3) of 50 from NHP esters (with Alkyl-H side product)

G692 |
88°/Z |
zr8z ]
Nm.o&
9L 0¢ |
.FO._W)

—

L6°LE
6LvE
60°GE
gv'Ge
05'9S
199G
80°LS
ge'LS
09'LS
60°G9
ON.mm:
€10a0 o_‘.hh;
om.mh;
€0'6L

ev'8zlL w

|
|

—r—r

o

OBz

Boc

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl5) of 50 from NHP esters (with Alkyl-H side product)

S140



S—

NHBoc

OBz

o
ro

1 (ppm)

"H NMR (500 MHz, CDCls) of 51

FXTAN
95°8Z ~
wze

ceze’
srie’

050§ —

26’9 —

[laYalaWeYRIN]

Le6L

mo.wm_\
mv.wmv /
96'8¢L

69'6Cl
Lg'ocl 7
Loeel

86°L¥L —

¥8'GGL —

LL'99L —

NHBoc

OBz

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl3) of 51

S141



SIWL 000"

ZrL
ZrL ] LS

\

60 [ 6Lve’s
68 2 182¢
=120 90°06
29’1 H/wmd L

o
©
-
|
s

- rio'e

o L
v@:m =ree0 [N
G9'L 1 \M 6'¢C
99'L Yooz @

[laYalaWe-YRIN]

8L'6L"

Sl d7 e
wn,v; ~ €60 [®

|
o] Jloso |©
S& = Tm 0 )
|

—

45
1 (ppm)

NHBoc T§
N Me
50
'"H NMR (500 MHz, CDCls) of 52

8

o
—

|

)

s}

©

110
1 (ppm)

S142

120

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 52

160

170

NHBoc Ts
N.
Me
00 190 180

230 220 210 200




—

€100 9¢’L
LZL
8c'L

62°L

NHBoc

NBoc

= vi6'eC
\“ H/QMAN

-1.0

00 -05

10 05

1.5

20

25

4.0

45
1 (ppm)

6.0

6.5

7.0

7.5

T
9.0

10.0 9.5

"H NMR (500 MHz, CDCls) of 53

vm.wN
wv.mm/
92°€€

88'vE
gl'ge %

19°GE i
GE'9E
9G°9¢
0LvS —
€519 —

flaYalaWeYRIN]

SE'6L

S0'9ZL \
L8zl
seezl

66°'LYL —

91961
9g'95L 7

NHBoc

NBoc

190 180 170 160 150 140 130 120 110
1 (ppm)

220 210 200

BC{'H} NMR (125 MHz, CDCl;) of 53

S143



SWL 00.0.7

0z'L
FAR
2211
vZ'L
9Z'L
ra%
8Z'L
or'L
671

0G"

—

NHBoc

fooe

e

1 (ppm)

"H NMR (500 MHz, CDCls) of 54

€1000 9lLL
668L

88'5Z1 \
8v'azL
esazt”

LGevl —

cL'9SL —

NHBoc

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 54

S144



Ly
ev'l
Sl
Sl
991 §
19°L 7§
891
691 §
691
0L}

127
08’1 \L
08'L
18l
18l
8L
28l
88'L
9/.¢C
LLCT
6.¢C
18¢C
€8'¢C

62V
(01504
[4584

6EY
orv”
8L
6L
0zL
1z
2z L
zT L
zz L
9T,
€1000 92°L
1T
1227
62L 7
YR
WL ,W
A\
v’ L
X
vS2 ]

e

NHBoc

OBz

Koo
©53509
OO

heL

o

1 (ppm)

"H NMR (500 MHz, CDCls) of 55

9562~
6v'8Z —
8.0
1G5 —

ov'LG —
LLY9 —

€10a0 9L LL~
826L

VA4
€v'8cl /
8y'8cl
96’621

mw.mN_\N
Sv'oct

@@.Nm_\\
oL'sel

66651 —

v9'991L —

NHBoc

OBz

10 200 190 180 170 160 150 140 130 120 110 100

230 220 210 200

110

150

180

190

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 55

S145



zrL Y
243
or'L 1
89'L 1
69} 1
0L} 1
1L
08l
z8')
€8°)
8L

8L
vLe
sLT
e
8LT
8LT
o€
ze V|
€€V |
Ly
€2°G |
¥6'9
v6'9
$6'9
96'9
16'9
2L
vi]
1zL
€z'L
€T,
sTL
€100 9Z'L ]
9z'L 1
g€°L7
97
L8727
WL
zrLA
ZrLA

s}
N
~

\

—r—

—

Cl

OBz

NHBoc

Cl

rer ol
E ¥0'L
= €Lec

e
OMANIDMN ™« ©
Sooc®00®
ANr-a+~ A~

0.5

1.0

T
5

1

0 35 30 25 20

4.0

4.5

0 65 60 55 50

7.0

7.5

5 9.0 85 80 7

10.0 9.5

10.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 56

vS'SZT
81’82 —
¥9:0¢ 7

€90 —
051G —
0L¥9~
82597

€10a0 9L °LL~
€26L7

mh.om_\
wN.va
PAKAN
L0°LgL

09'GG) ~
86 /5L

29991 —

Cl

NHBoc

OBz

Cl

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 56

S146



L0 [T sele”

05} o Ty L6 ~

TS T L ‘b —
et vaoe Fe 0s'ov
Nm.iﬁ Wﬁoe

oL r

(o}
691 ] o
: —=Tc6'L

o
~
-

=

€10a0 9L LL~
€L'6L"

] .
8Lk L'z
mww_ﬂ \llﬂmo_u.m

<] 60
89'C =
voe ] _ Tm.o

0
©
©

——

T
4.5

98°€ll —

1 (ppm)

9z'eZh \
sooet
Ly0gL
ozzel -
96eel

"H NMR (500 MHz, CDCls) of 57

o €6°6G1L ~
~ gzegl —

€v'89l —

€10a0 922
892 1
I
69/ 1
0421
0221
12z
6.2 -
owi
18
]
J

NHBoc

T
9.0

9.5

MeO
10.0

18°L
8L

110

S147

1 (ppm)

120

130

140

150

BC{'H} NMR (125 MHz, CDCl3) of 57

160

170

180

NHBoc
190

MeO
230 220 210 200




Sl <
LA

8t'L 1 LS
611 1

UL 0
€L ro
YL
IZ % o
SLL - e
9L} Y o oe 7
L2714
181
8L T
z8'L
z8'L
€8'L

=
L

- O
2
5
©
1]
-
®

¥6°0G —
2962 18'v9 —
) Frozle

fSlaYalaW-YRIN]

mNJJ

€T6L7

y Lozt
7 zgote

ZT Ll
vOZhE
€L6LL
€5°611 /
sozzl
z8'zel Ay
80°8Z1

vy'82L F
v9°621 N
ovoEl \
G6°ZEL

veoel

®
N
OBz
1 (ppm)

€10a0 92°/

NHBoc
'"H NMR (500 MHz, CDCl3) of 58

160
60°L+
66°0
€0'L
202 €991 —
80°L
00'L
66°L
G521 00°Lf

¥8'6GL —

< TN~ OO
NuIETIFTTOM
NNNMNMNNNS
| e
HN
|
|
|
| |
H M
e
T
8.0

8.5

~
i
N~
T
9.0

10.0

110

1 (ppm)

S148

120

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 58

160

170

0Bz
180

190

NHBoc

HN

230 220 210 200




> &
o

T
-2.C

<
@]
o

T

-1.5

-1.0

8e'L | 9€°0L —

T
-0.5

ST\
zs'8z

<
<
-

T

9G'8¢
8L'Le

N

.

-
T

1.0 05 0.0

€6'LG —

O v
n v
- <
S S
N
{
L
s T
0 O
]
< ©
- ™M
T
15

~— ©
[(elTe]
o2
‘"I\T‘
MﬂJ
g
©
o v
-
T

N

-

N
T

1069 —

0
Q©
-

L
T

[ laYalaWeYRIN]

9L6L"

181 —<F ool

- =F 11¢

1 (ppm)

8v'8cl
69'6C) V
gg'oel
66°CEl /

<

s}

<
T

€100 9Z'L |
zrL
TrL
vrL
LY
Sv'L Y

"H NMR (500 MHz, CDCls) of 59

G6'95L —

o)

N

~
_

T

|
el uv — W 02 v2'99L —
veL 00'L

¥ L0C

NI © O Wn
0NWwwwouw
NN~
NHBoc

Me. _~_~_0Bz
T T

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

S149

120

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 59

80 170 160

180

NHBoc
190

Me._~_~_0Bz

230 220 210 200




1870

o

NHBoc

OBz

Me

Me

7502
2001

*66°L

5 10 05

15

2.0

0 65 60 55 50 45 40 35 30 25 2
1 (ppm)

7.0

: 5 9.0 85 80 75

10.0 9.5

10.5

"H NMR (500 MHz, CDCls) of 60

SLLLN
L6l —
68'52\
Y582~
Le'62 7,
6e2€

9v'SG —
00'69 —

€10a0 9L °LL~
80°6L

@v.wmr
mm,mmvw
mm.omrm
96'Z€1

1961 —

0L'99L —

NHBoc

OBz

Me

Me

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 60

S150



TTE H/No.m L@ .

. - 25'8¢
4da\" = Foo'L wm.wNN B
¥606 | © €6'vE
921 e 102
L \w = 1001 [o

o

G8'85 — -
08'L 6679 — -

€10a0 9L LL~
90°6L

NN~
o oM
o m
R

i
|
|

Il
S0
N O

1 (ppm)

t..wmr
mm,mmvw
mm.omrm
96'Z€L

"H NMR (500 MHz, CDCls) of 61

€10a0 9z’
A2
. / 6€°991 —

N:W

L 3 .
o 20C |»

| — N zL99L —

mvsq Te6'L

ANNO W
oOmwww
O N~MNNN
NHBoc
tBu/\/\/OBZ
5 9.0

10.0 95

NHBoc
tBu/\/\/OBZ

10.5

20 110
1 (ppm)
S151

120

140 130

150

BC{'H} NMR (125 MHz, CDCl;) of 61

10 200 190 180 170 160

230 220 210 200




SY'L
69'L |
8Ll
8Ll
6.1 F
08l |
08l |
181
28l |
me:
061
06'L | H4CE'6
EfW gL

0.0

T
0.5

01’92\
9582 ~
oL'6z

1.0

15

z6°L A =Tt
mm_\w WNr.N

Mal

2.0

Y2 0s —

v6'L

ve'L 1265 —

25

T
3.0

3.5

ev'e .
. 0¢
ev'e
Fooy

e
¥S0¢

80V
J Tm 0

o

4.0

60t
oLy
oLy
Ly
Ly
WA
€L LT
€L LT
PLL
Gl
Gl L7

€1000 92°L
LEL1
1EL
ze LA
(A5
ze'L]

4.5

84901 —
oL6hL
S9o'ezl
mv.mmr/
18921
oL L2l
mo.mmr\
@v.mmr\
SLVEL

9e’e

6€°€ 0829 ~
ov'e : OLYLN
Lr'e [NlaYalaX-TRIN]
(44> o€ ) 1€°6L—

5.0
1 (ppm)

60 55

6.5

"H NMR (500 MHz, CDCls) of 62

ICETTRN
60251 7

7.0

- /90T
%00’}
0z
60

7.5

NHBoc
T T T T
9.0 85 80

10.0 9.5

i

NS

™~

~
T

10.5

110
1 (ppm)
S152

120

130

140

150

BC{'H} NMR (125 MHz, CDCl3) of 62

NHBoc
T T T T T
190 180 170 160

230 220 210 200




zLsT
85722\

. . 1582
it s 7
g | J228 o
L db
cl fg6°0

H/mOA_‘

o .
Fa 15°05 —

(o}
61 1 2 1260 —
08’ | 90597
18'L | LS LCXIAN
181 1002 91727

]
-]
-
=

€8l J 1961 |w 2T6L—
. Fes
va - Tm 0

Feve

re)
L9
80

———

o O
M~ m
<t M o™
L
———m

1

I l

o ®
<
T
5.0
1 (ppm)

sy'ezL
oL6
B.omrm
96'Z€L

(o}
€1000 92°L ©
42
4 A 12 G8'G5L —
evL
MWM - v,0C | w0 G/ 99l —
. N
e5. “ 0L
€5,
v L]
5521
§5°L

"H NMR (500 MHz, CDCls) of 63

=00°¢

|

N © O W
[To "ol Yo R Y]
’\;’\;'\_'\L
NHBoc
tBUO\/\/\/OBZ
90 85

110
S153

120
1 (ppm)

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 63

160

170

180

190

NHBoc

tBUO._~_~_ OBz

230 220 210 200




0Z'h 7
AR
vhL
99'L 1
891
041 1
VL
9/L'L 1
N
6L°1L 4
08'L
1871
281
65°€ |
6G°€
09°¢
19°€9
29°¢
v9'€
8C'¥
62V
mm.fﬁ
0€¥
AR A
mm,vH

(T

eep
e~
orv’
5«\
vo'y
sl
'y
STy
€100 922 |
121
8.1
821
6271
0€'L
1€

NHBoc

Me.__~_~_ OBz

OBn

/66
/506

6l
160
o'}

Fee1

0¢
2c0'L
0L
Wwwd

787G
T€0'C

"66°0

F00'¢C

-0.t

0.5

1 (ppm)

"H NMR (500 MHz, CDCl5) of 64

8¢9l —

6L'GZ
¥5'8Z ~
L9627

9L'vS —

10'S9~
YO'LL
0962

Sloa~ o1y

0z'6L"

€8'.¢cl
§g6°LC)
JA 4 141
0s'8ct
0L'62k
9G'0gl
PAKAN
LG'8€l

e

ge9gL —

€L991 —

NHBoc

Me._~_~_-OBz

OBn

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

1 (ppm)

13C{'H} NMR (125 MHz, CDCL) of 64

S154



el

3 L8

60

16'C

€1000 9¢°L
<y Ly

———

AR
evLy
vyL
GbL
€5
€521
vSL

T

e6'z
=_ Isoz

-~ [s60

%ho.m

1 (ppm)

"H NMR (500 MHz, CDCls) of 65

08'v9 —

€10a0 9L LL~
6€6L

8v'8cl
L9'6¢l V
syoel
coeel /

LL°GSL —

89991 —

NHBoc
Mes/\/\/\/OBZ

230 220 210 200 190 180 170 160 150 140 130 120 110

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 65

S155



N.v._\g
V'L
z9'L |
291
€9l 1
S9'L
8.1 7§
611
08’ 1§
181
28’1
Z8°L Y
€81
8L

e p—

€1000 922
WL
L
vrL
zs Lt
v LT
§5°L 7
108~
€08’

NHBoc

OBz

tBuO

JO9'LL
5 p0L
w 102

€ze

F ooz

[ 260
% ¥0'e

pig
o N
S o
~ N

F oz

1 (ppm)

"H NMR (500 MHz, CDCls) of 66

¥8'v9 —

100D 9424\
YZ'6L~
tg08”

sv'ect
99'6¢l V
Ly'0EL
Lecel /

08'GGl —

L9991 —
00°€Ll —

NHBoc

OBz

tBuO

10 200 190 180 170 160 150 140 130 120 110

230 220 210 200

130

170

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 66

S156



——

€100 92°L
ZvL
Tr L
€L
2
SPL
€572
€57
¥5' L7
652
GGL
562
95°L 1
95/ 1
1572 ]

o

W
i
ﬁ

L

B OBz

NHBoc

(0]

tBuO

=081
T 802
F oz

F ooz

F oo
I soz

880

b
oM
S o
— AN

= 007¢

<
o

1 (ppm)

"H NMR (500 MHz, CDCl5) of 67

LL'Ge
FN.DV/

gG'8¢

PAN R 7
SL0V —
SLLy—

9L'v9 —

£10aD 9L 22

6€ 6L —
zzie”

88zl
A
05°0€L m
zo'eel

1G'GGL —

04991 —
LO'LLL —

NHBoc

(0]

OBz

tBuO

230 220 210 200 190 180 170 160 150 140 130 120 1

110

120

170

180

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 67

S157



mm.:
9€'L 7
LE7) ]
€Vl
Ly
8L
6t} §
0S'L §
LG
2G°1
¥SL
8L’} )W
611
081
1871 IW
442
€8'L
ol'e
LL'E
6L°€
oze
(o584
ey
[484
[4584
€Y
%04
veY
80°G
€10a0 9z'L
62°L
62°L
0€'L
0€°L
1€L 1
1€°27
2e L
€€°L
veL
SELY
L2
v LA
€Y' LA

R

NHBoc

CbZHN/\/\/\/\/OBZ

i

—— g

fsioL
el
®eoz

Froz

% G6°0
% y0'e
% 160

Fzoz

H% co'L
€6°¢
10¢
00°'L
= 10%¢

T
8.5

T
9.0

100 9.5

1 (ppm)

"H NMR (500 MHz, CDCl5) of 68

06'%9 ~
6999 7

fSlaYalaW-YRIN]

9z6L"

VAN T4%
[44°143
ov'8ch

99'6¢C) \
8v'0¢El
ooeet
8L'9¢L

16'G5L
65951 7

04991 —

NHBoc

CbZHN/\/\/\/\/OBZ

10 200 190 180 170 160 150 140 130 120 110 A

230 220 210 200

100

110

140

150

180

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 68

S158



e ——

——

SZ'L1
€100 92°L

692
69 ]
oni
1L
08'L
182
z8'L
ze'L

€8°L

) /90T
- +00C
foez

roz

Fzo'9

Foo'L

___ vioe

— —\ "eoz

ODmc

T T
-2.C

-1.5

-1.0

115 11.0 105 10.0 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

10 05 0.0

1 (ppm)

"H NMR (500 MHz, CDCl5) of 69

LS
Nwem/
BS/
98'ge

&.wmw

6v°9¢ \

L6°LE

LavL~
€10ad0 9L LL T

ODmc

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -3C

-10

0

10

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 69

S159



9 .G6'8

€000 92°L 1
121
]
0L,
o
K.L
2u2 ]
zrL
€8,
€8,
v8'L

S8°L

OPiv

sC
== 1661

Roor

% 6502

=100l

re0'e
fzez
/802
=66'L

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1

-1.0

10 05 00 -05

1.5

1 (ppm)

"H NMR (500 MHz, CDCls) of 70

csve
@m.hN#
gg'le V.
18°L€E
19¢€ —
vm.mm\
€0'6¢

89¢L —

€10ad 9L°LL

seezl
@o.oﬁM
zvezL
sg'ezL
mm.mﬁ\
vO'vEL
soivr

ov'89L —

L2'8LL —

OPiv

0 -10 -20 -3

0

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

-10

20

30

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 70

S160



0.5

1.0

15

2.0

T
25
o)
S ®©
© ©
® o™
_——

T
3.0
N D
Qw
™ o
<+ ™
—

~
©
N

T
3.5

ceTL~

fSlaYalaWeYRIN]

T
-3C

-20

T T
-10

0

T
10

8018 —
L9v8

(o]

©

N
4.0

©
~
o
T
4.5

5.0
1 (ppm)

V160
fg60

N
@
o

T

55

olL'oct
_,v.wN_./
vm.wN_\W
6G'8¢CL

mm.mN_\\
ow.mmr\

T
6.0

[ee]
@
<
T
6.5

geeel
[4°Na43

929G —

"H NMR (500 MHz, CDCls) of 71

o ®
S o
o)
-
=
(S}

T
7.0

©©
I
0w
|
|

o .
N
T
7.5

~
N~
o
(e}
|
&
o
N
8.0

10991 —

eVLLL —

o
R
~
T
8.5

€100 92'Z ] -
9z 3
171
62,
L
evL
SvL
€52
€52
5gL
86,
008

BzO
DmcO
5 9.0

Ph
10.0 9.5

10.5

11.0

1 (ppm)

S161

DmcO
BC{'H} NMR (125 MHz, CDCl3) of 71

Ph

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20




Lok
- mrme
- = 1oL

- 20’}
- 201

€10a0 92°L
122
TrL
£vL ]
SR
€52
g2
g5/ ]
S5’/
86'L
862
86'L

66°L
00’8

— ye0e

S Rege

'J H:ouw
) H/oo L

2oz

5 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1

105 10.0 9.5

-0.5

0.0

0.5

1.0

15

3.0

5.0
1 (ppm)

7.0

7.5

9.0

"H NMR (500 MHz, CDCls) of 72

60°€L~
€10a0 9L’ LL~
2608 —
058~

gL'octk /
Sv'ech V.
85'8¢L

mh.mN_\\
mh.mmr\
geeel

34543 \
€295 —
80991 —

2891 —

0 -10 -20 -3

0

T T T T T T T T T T T T T T T T T T T T T T T
10

-10

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

1 (ppm)

BC{'H} NMR (125 MHz, CDCls) of 72

S162



————m

szL]
€1000 922 ]
wN,L
szL |
6L
6L
oeL
Le'L
zeL

ve'L

ODmc

Ph

NCbz

H\Oo.m
HH\/OO.N
10

05 00 -05 -1¢

1.0

15

30 25 20 1

3.5

0 65 60 55 50 45 40 3
1 (ppm)

7.0

00 95 90 85 80 75

10.0 95

10.5

"H NMR (500 MHz, CDCls) of 73

1299~
12V

fSlaYa laWeYRIN]

ODmc

Ph

NCbz

-20

190 180 170 160 150 140 130 120 110 100 90 80

-3C

-10

120 110 100 90

130

210 200

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 73

S163



@©
? ©
-
i

o 0
N o
< @

L2 I

€1000 922 |
1972

ODmc

NPhth

Me

wOoum

6l
oo

Feg

ac{or4

k60

¥€0'Z
Moz

1 (ppm)

"H NMR (500 MHz, CDCls) of 74

1502\
IRZAN
95°€e
06'5€
mm.omV
66

6L LL—
oL’ LL—

Leeect —
€2°CEL N\
66°€El ~

[A4° ]

S¥'89L —

ODmc

NPhth

Me

0 -10 -20 -3

0

T T T T T T T T T T T T T T T T T T T T T T T
10

-10

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 74

S164



@ ©
@ ©
co
T

-1.0

0

0

T
-0.5

©

Te}

o
—
T

9L L)
) 8.2%
65} =009 16T\
651 Y £8'82\

ﬁ H\wm. L oLLe
ﬁ —~= 102

H,,oo_‘

10 05 0.0

15

06'S€E >
wm.wm\
[A% 1

D

©

-~
L
T

2T ~Hoo

[sllaTalaXe1RIN]

0 -10 -20 -3

0

0 50 40 30 20 10

Feoz 8,8L7

|

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-

) ®
-
T

Foo'L

N
[ee}
-
——
‘N

1 (ppm)

ogect —
LECEL N\
66'€ct ~

"H NMR (500 MHz, CDCls) of 75

98'9G1 —

0c 6v'89L —

61

<X ™
© © ©
< T
|
ﬂj_l
T

99V
€1000 92°L |
69°L |
0L2L

NPhth

o

~

~
ODmc

-
~
~

Me

N -
® © ©
NNN
Me
T T

<

@

N~
T

1 (ppm)

S165

BC{'H} NMR (125 MHz, CDCl3) of 75

NPhth

ODmc
Me
Me

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60




> S
o
T

2.5

2.0

0
©
-1.5

9€'G- v.

€€°G-

©
©
-1.0

[oe]
©

T
-0.5

LE8L
6572\
06'62—
zzez”

10 05 0.0

=G6'S

N

i~

-
T

0L'8€ —

cL LY qumw.w

[

™~

-

__
T

['el

N

)

T
1.5

~ Foov

62'1v9 —

€8'V.L ~

T
-3C

-20

-10

0

10

20

60 50 40 30

€l0dO 91 2L

88'Z —— Feg’'s

1oe __J /580
zoe \w —== 1501

ok

1 (ppm)

©
> ©
[
—
T

fre0 zeeeL —
geZel\
00bEL ~

~
©
™
——

o
M~
o

T

"H NMR (500 MHz, CDCls) of 76

€v'9gL —

€100 922\ 05'89L —
892
692

o¢c
0'¢C

N o [}
~ N ©
NN N ~
—_— N
ODmc
NPhth
T T T T T

TBSO

11.0 10.5 100 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20

1 (ppm)

S166

BC{'H} NMR (125 MHz, CDCl;) of 76

NPhth
T T T T T

ODmc

TBSO
T T

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70




e

OMe

T

OBz

T
-3C

-20

-10

0

10

20

50 40 30

o
(o]
re
o
Fo
n
Fo
20ve
L2 v:NM
Ll 96'22
61 |w vo'8g/
4 og’Le
WMo.m ) 8Ler
H/moe N o’
60 [ 6E'GG ~
Foi
= GL'G9~
560 | o ~ 18597
-
CIIUOI IV 24
RG]
¥e6'c Q
o
F< a
el @)
<E N
<
: 3
I €0PLL —
Fest o o L8zl
) w mv.mﬁ/
[w© N~ L9°6TL ~
° I~ GE0EL
Fo = N@.omr\
96'ZEL
© Z
Lo -
k.., |o -
Nmm [~ crest”
¥82¢C 1 2,991~
10T 1o O'SLLA
00'
s61 1S
n
o
o
Fo
n
Fo
o
re
(o}
re

1 (ppm)

S167

BC{'H} NMR (125 MHz, CDCl;) of 77

OMe

OBz

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60




1801 LS 90'vh
€801 i R
G801 R
18701 LS $5°02
88°0 8902
0Z'1 ] o 09z
zT L Lo Loze
mN.:W sLze
(AR ° 89'¢€C £
VTl Fe [AACTAY
ST g9z f
scl kw vz
oz’ i 6582 1
Lz % ge'8z |
gz ° 88'8Z
ez Fa 8687 |
ocL ¥ mm.mm_w
e | © oL 6z |
et Fa z6'62 ﬁ
Fm: —_ qmumi
ze't | 5 ° % 2008
mmf Q Fe :m vL'2€e
09t | ° geze
29t | = 0 w 65°€€
€9t /z [ O 69°€€
£o'l 8 k 120 2 1058
oL ﬁ B L'l | o @) €5°GE
SOt Fs ~ - 9€'.G
: € N .
e s .% g 269
z6'L s = LE'8g
z6'L S 1585
€61 ) 9985
v6'L ‘M TOAN o < GL'6S
ol ﬁ = a4 8199 ﬁ
20T |0 = 1599
602 0 Z ¥9'99 ﬁ
e D €10009LLL
e ‘M — omsmj
orz 16221
z8e oL'szl %
0G| ) Lv'8ZL ]
oL's" © 05821 |
€100 922 L1 2gL]
mwsw Lo ETVSL |
8z'L LPSL
622 ;W ML Mmm.o 15°G51L -
mm.ﬁ lee [
62,
og'L
Nm.i Lo
el 85802
£eL] © 9,802
MMM_ o 86802
-] €1°602
ve'L | o
ve'L] LS
geL

J

110
1 (ppm)

S168

120

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 81

160

170

nBu
T
180

Cbz”
190

Me

230 220 210 200




e —

——

€100 9Z'.

ol

T
M~ O
o

M

- - ©

¥0'L
yo'e

68'¢ClL

% 960

v G6'E
00T

25

6.0

6.5

7.0

8.5

1 (ppm)

"H NMR (500 MHz, CDCl5) of 85

€6'8C —
vize
6€9¢€ —
oL’y —~

L2°LS
¥6'GS \S

€0'9S
G099

fSlaYalaW-YRIN]

€26L7

se vl
WA
%.mﬁ\
68vl

Loger )

20 210 200 190 180 170 160 150 140 130 120 110

230 220 210 200

130

140

170

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 85

S169



SL'L

8L ]

o
N~
o

—

cL's—

999
899
699
cL'9
V.9 —F
mﬁw\
LL°9
€10a0 9T’ L —

A

NH,
OMe
OMe

MeO
MeO

Feoz

ot
wnwnN~wmwo
[oNONoONe]

OO~ «—

Feizi

1 (ppm)

'H NMR (500 MHz, CDCl5) of 85-H

cLe
66'9€ —
L6y~

6¥'cS
Gg8'Gg
£€6'6S W
16°GS

€10a09lL’LL—

LELLL
8y LLL
eLLLL \
AT
LzozL 7T
lE12L
ZroeL —
L6€EL —

[44A4Y
G6°'LyL W
co'evl
€lL'evl \

NH,
O OMe
OMe

MeO
MeO

230 220 210 200 190 180 170 160 150 140 130 120 110

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 85-H

S170



-1.5 -2.(

©

©

T
-1.0

SLvl—
g6l —

T
-0.5

9L 1 8582~
$52€
oL LEN
508~

o'l - ¥ vie £5°0G —
ovu_; H\ oL'¢E
ov v/ﬁ H\@NO—.

VA2
ey ‘mw L1

~

®

-
T

]
3]
T

10 05 0.0

15

€1002-Q-LL

=] J0C soes”

v

©

-
—]

-
LL) - .
8.1 ] JF es0

[
~
-
m—

CHj3

L6'SZL
6v'8zL
os'ezL

NHBoc

€eerl —

"H NMR (500 MHz, CDCls) of 89

©

2 ©
o

T

©

2 ©
o
T

98'GG1 —

o
Il
—
n
o
o
T
70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

0Lc ——— 7 66¢
11T = X oz

<

©

(3}
T

-
i
<
T

6121
€190 922 ]
oz ]
@N.L
7L
8z'L
62,
62°L

100 95 90 85 80 75

120 110
1 (ppm)
S171

130

140

150

BC{'H} NMR (125 MHz, CDCl;) of 89

160

170

CH,
180

NHBoc
190

230 220 210 200




CHj3

Fl0€
0C
6l

o

H/ooe

¥S0°L

Fose

— Jze

J

oz

1 (ppm)

'H NMR (500 MHz, CDCl5) of 89-H

vl —
veel —

cgee ~
60°6€ \
656 —

160G —

€10a09L’LL —

L6'SZL
L8zl
os'eeL /

ggeyl —

NH

CHj3

10 200 190 180 170 160 150 140 130 120 1

230 220 210 200

110

140

180

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 89-H

S172



S
9l
44D

€100 9Z°L |
Zv LA
R
SvL
€57/
G2
vGL Y
R
GG LA
1672
527

€0'8
€08
0’8

¥0'8

T

NHBoc

OBz

Me

¥50'E
v80'6
oz
Feoz

[ok4
[oN%

g6l

0 05 00

1.0

1.5

5 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1
1 (ppm)

10.0 9.5

10.5 10

11.0

"H NMR (500 MHz, CDCls) of 93

Syor —

Y69 —

fSlaYalaW-YRIN]

ST6L”

88zl
so6zt
z50el m
Lo'eel

€6°6GL —

€L°99L —

NHBoc

OBz

Me

T T T T T T T T T T T
230 220 210 200 170 160 130 120

110

140

150

180

190

1 (ppm)

BC{'H} NMR (125 MHz, CDCl;) of 93

S173



8.1 7§ 8L'vC
28’1 § L0°LE
G6'LE N
€8°1 06'G€\
8L 0 8C'9¢€ N
A\ GG'9€

1)
. o
H\wo 4 €6'v9 —

eV v.L~

efOUO YL 22

FL0C

Foot 86°5Z1
zv'ezL
L8zl
05'8zL
19621 —
0508l
6621
61l —

0 0 I~
© © ©
N NN
|
| | [

T
50 45

1 (ppm)

"H NMR (500 MHz, CDCls) of 94

o ocl —

STWAN _J g0 [~ 95961
5 82T [
260C e 69'991 —
0L
002 [

€100 @Ni
9z'L

I

OBz

<
n
~
ODmc
T
90 85

Ph

10.5 10.0 95

T
110

1 (ppm)

S174

120

130

140

150

13C{'H} NMR (125 MHz, CDCL) of 94

160

170

OBz
T
190 180

ODmc

Ph

230 220 210 200
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11. Chiral SFC and HPLC analysis
11.1 SFC analysis of starting materials
o] &
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1-(tert-butyl) 2-(pyridin-2-yl) (S)-pyrrolidine-1,2-dicarboxylate (1)
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Minutes
Processed Channel Retentlpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 255.4 nm (PDA Spectrum (190-410)nm) 6.700 940025 4147392 99.28
2 | PDA Spectrum PDA 255.4 nm (PDA Spectrum (190-410)nm) 7.285 5860 30145 0.72
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3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Retention )
Processed Channel ) ) Height Area % Area
Time (min)
1 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 6.706 481924 2103088 55.49
2 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 7.279 335507 1686658 44 .51
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Pyridin-2-yl tosyl-L-prolinate (7)
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Minutes
Processed Channel R_etenhc_m Height Area % Area
Time (min)
1 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 12.194 185018 1368308 99.75
2 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 13.314 476 3386 0.25
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200 400 600 800 000 1200 14,00 1600 1800 20.00
Minutes
Processed Channel Retenthn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 12.243 566414 4301057 47.88
2 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 13.326 552636 4682672 52.12
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1-(tert-butyl) 2-(pyridin-2-yl) (S)-indoline-1,2-dicarboxylate (10-H)
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Minutes
Processed Channel Rfetentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 240.0 nm (PDA Spectrum (190-410)nm) 2.167 1307 4420 0.17
2 | PDA Spectrum PDA 240.0 nm (PDA Spectrum (190-410)nm) 2.296 818431 2674115 99.83
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Minutes
Retenti .
Processed Channel .e en |<?n Height Area % Area
Time (min)
1 | PDA Spectrum PDA 240.0 nm (PDA Spectrum (190-410)nm) 2.161 | 924797 2637302 49.82
2 | PDA Spectrum PDA 240.0 nm (PDA Spectrum (190-410)nm) 2.312 | 825175 2655974 50.18
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pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)hept-6-enoate (13)
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Retenti
Processed Channel .e en Ic.m Height @ Area @ % Area
Time (min)
1 | PDA Ch1 254nm@4.8nm -Compens. 4.346 2154 7544 0.83
2 | PDA Ch1 254nm@4.8nm -Compens. 4.773 | 240380 904588 99.17
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| o 2
0.008- ® N
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4.00 420 4.40 460 480 500 520 5.40 560
Minutes
Processed Channel I'-x"etentpn Height Area | % Area
Time (min)
1 | PDA Ch1 254nm@4.8nm -Compens. 4345 8151 28239 48.68
2 | PDA Ch1 254nm@4.8nm -Compens. 4778 7940 29775 51.32
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1,3-dioxoisoindolin-2-yl (S)-2-((tert-butoxycarbonyl)amino)hept-6-enoate (16)
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500 600 700 800 800 1000 1100
Minutes
Processed Channel R?etentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 8.481 132 1319 0.04
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 9.805 358667 2939836 99.96
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Processed Channel .e en pn Height  Area @ % Area
Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 8.588 48490 341905 49.34
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 9.846 41952 350986 50.66
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1-benzyl 2-(pyridin-2-yl) (2R,SR)-5-butylpyrrolidine-1,2-dicarboxylate (79)
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" 600 "800 1000 1200 1400 1600 1800 20,00
Minutes
Processed Channel Retentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 257.0 nm (PDA Spectrum (190-410)nm) 11.489 38225 370441 7.52
2 | PDA Spectrum PDA 257.0 nm (PDA Spectrum (190-410)nm) 12.062 | 473195 4555085 | 9248

Mass analysis

0.40. PDA Spectrum PD&Z 7 0nm (PDA Spectrum (190-410)nm)
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0.00 J A /{\
1.5x107 Peak #1 XIC - 11}{489 - QDa Positive Scan: 405.23 m/z
] Peak #2 XIC - 1062 - QDa Positive Scan: 405.20 m/z
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pyridin-2-yl (R)-2-((tert-butoxycarbonyl)amino)-3-(3,4-dimethoxyphenyl)propanoate (83)
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200 300 400 " 500 " 00 700 '8.00 " 900 " 10,00
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Processed Channel R_etenugn Height | Area @ % Area
Time (min)
1 | PDA Spectrum PDA 260.0 nm (PDA Spectrum (190-410)nm) 7.144 3770 19890 2.34
2 | PDA Spectrum PDA 260.0 nm (PDA Spectrum (190-410)nm) 7.659 122889 829595 97.66
Racemate
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B
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Minutes
Processed Channel Retentpn Height | Area | % Area
Time (min)
1 | PDA Spectrum PDA 260.0 nm (PDA Spectrum (190-410)nm) 7.179 85159 450036 48.04
2 | PDA Spectrum PDA 260.0 nm (PDA Spectrum (190-410)nm) 7.715 70658 486833 51.96
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pyridin-2-yl (S)-2-((tert-butoxycarbonyl)amino)-4-phenylbutanoate (87)
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Minutes
Retention .
Processed Channel ) ) Height Area % Area
Time (min)
1 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 6.283 2293 9810 0.45
2 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 6.948 443766 | 2194475 | 99.55
Racemate
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Processed Channel F.ietenm.)n Height | Area | % Area
Time (min)
1 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 6.378 27531 127487  49.81
2 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 7.062 26391 128447 50.19
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pyridin-2-yl (R)-2-((dimethylcarbamoyl)oxy)-4-phenylbutanoate (91)
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‘ Phwo N
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1 N
S
] [e>]
0001 — 2
200 4.00 6.00 8.00 10.00 1200 1400
Minutes
Processed
H o)
Channel Descr. RT Area Height | % Area
1| PDA Ch1 254nm@4.8nm -Compens. | 8.893 | 1054988 | 184198 99.45
2 | PDA Ch1 254nm@4.8nm -Compens. | 9.272 5808 850 0.55
(S)-enantiomer
o.so—f o
] &
Qmé T
0502 ‘
o.soé ‘ ODmc
1 ‘ - o
2 0407 PR
] | O N~
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] Ph °© “\ [
0.20+ 0O N~ ‘
1 N~ |
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] [ee] |
0.00] s
200 400 6.00 8.00 10.00 1200 1400
Minutes
Processed
H 0,
Channel Descr. RT Area Height | % Area
1 | PDA Ch1 254nm@4.8nm-Compens. | 8.897 14127 2535 0.35
2 | PDA Ch1 254nm@4.8nm -Compens. | 9.268 | 4022283 | 647756 99.65
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1-benzyl 2-(pyridin-2-yl) (S)-pyrrolidine-1,2-dicarboxylate (S1)

? g
0.25—: o\@g
] N =
. cbz o N Z |
0.207] Il
- |I
0.15 ‘
=) ] |
( i |
0.10] ' L) (o &
1 | N
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0.05{ | ©
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: | ©
OOO—: . —— e # L.Z‘._‘;\ ___._.._m..-_.. e
"800 "800 1000 1200 40 1800 1800 " 20,00
Minutes
Retenti
Processed Channel .e en pn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 261.8 nm (PDA Spectrum (190-410)nm) 14.240 213290 | 2505991 99.83
2 | PDA Spectrum PDA 261.8 nm (PDA Spectrum (190-410)nm) 16.378 441 4169 0.17
Racemate
D.1E—: o : -~ 5
. < =1
0147 L. o N = QL ), 0 &
] | o N y
: | ~  Cbz N
0.12] . l 0
] | .
0.107 | |
2 0.08] . I
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] | |
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D.DD_:_____________ —— e y—— ] —— ""'_&;‘ _.\;' - — : II- — T ";W"‘
600 800 1000 1200 1400 " 4800 2000
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Processed Channel Retenhgn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 261.8 nm (PDA Spectrum (190-410)nm) 14.251 131075 1519108 49.51
2 | PDA Spectrum PDA 261.8 nm (PDA Spectrum (190-410)nm) 16.330 116109 1548889 50.49
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5-(tert-butyl) 6-(pyridin-2-yl) (S)-5-azaspiro[2.4]heptane-5,6-dicarboxylate (S2)

: o
1.20 =
] 0/ ”l’
| \
1.00 N
] Boc O N~/ ‘
O.BOE ‘
2 060 |
] \
] ‘ s O \\
] ‘ N
0.20 g Boc \g e
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0.007 & ko E—
2.00 300 400 500 600 7.00 8.00 '9.00 1000 1100 12.00
Retention .
Processed Channel ) i Height Area % Area
Time (min)
1 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 5803 1034143 5138424 99.79
2 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 6.199 1833 10868 0.21
Racemate
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] o
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0.10 o) \\ TR
] N 8
f SR EE RaWEE
| \
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5 0.067 |‘ I
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0.04{ “ I
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0.007 S Ayl e S ]
200 300 400 500 800 700 800 900 1000 1100 1200
Minutes
Processed Channel R_etenhgn Height | Area | % Area
Time (min)
1 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 5719 93896 416911 51.02
2 | PDA Spectrum PDA 255.0 nm (PDA Spectrum (190-410)nm) 6.056 80425 400227 48.98
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1-(tert-butyl) 2-(pyridin-2-yl) (S)-4-methylenepyrrolidine-1,2-dicarboxylate (S3)

0.50
0.40] o - ?
, q \ 3
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] Boc N
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S5 1 |
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1 |
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| S
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3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
Processed Channel F?etennclm Height Area % Area
Time (min)
1 | PDA Ch1 254nm@4.8nm -Compens. 8.448 301201 1998848 99.93
2 | PDA Ch1 254nm@4.8nm -Compens. 9.943 164 1316 0.07
Racemate
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Processed Channel Retent|9n Height Area % Area
Time (min)
1 | PDA Spectrum PDA 254.0 nm (PDA Spectrum (190-410)nm) 8.448 92684 607688 4477
2 | PDA Spectrum PDA 254.0 nm (PDA Spectrum (190-410)nm) 9.887 91814 749561 55.23
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1-(tert-butyl) 2-(pyridin-2-yl) (S)-azetidine-1,2-dicarboxylate (S4)
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Processed Channel ) Height Area % Area
Time {min)
1 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 4.907 4768 21402 0.75
2 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) h 285 | 455374 2844839 9925
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Processed Channel ) i Height = Area | % Area
Time (min)
1| PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 4.868 | 126420 613215 49.23
2 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 5312 | 122910 | 632281 50.77
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1-(tert-butyl) 2-(pyridin-2-yl) (S)-4,4-difluoropyrrolidine-1,2-dicarboxylate (S5)
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Processed Channel Retentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 4419 613855 3366275 99.55
2 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 6.148 1974 15162 0.45
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Processed Channel Rgtentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 4.403 | 261106 1317071 59.55
2 | PDA Spectrum PDA 250.0 nm (PDA Spectrum (190-410)nm) 6.072 144773 894542 40.45
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pyridin-2-yl (tert-butoxycarbonyl)-L-phenylalaninate (S14)
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Time (min)
1 | PDA Spectrum PDA 254.0 nm (PDA Spectrum (190-410)nm) 1.408 136413 374265 50.27
2 | PDA Spectrum PDA 254.0 nm (PDA Spectrum (190-410)nm) 1.584 159403 370297 49.73
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pyridin-2-yl (R)-3-((tert-butyldimethylsilyl)oxy)-2-((dimethylcarbamoyl)oxy)propanoate (S31)
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1 | PDA Ch2 254nm@4.8nm -Compens. 2.601 1964 9832 1.30
2 | PDA Ch2 254nm@4.8nm -Compens. 3.262 99924 744076 98.70
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Time (min)
1| PDA Ch2 254nm@4.8nm -Compens. 2.530 183088 1139530 98.56
2 | PDA Ch2 254nm@4.8nm -Compens. 3.340 2998 16683 1.44
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11.2 SFC analysis of cross-coupling products

tert-butyl (S)-2-(3-(benzoyloxy)propyl)pyrrolidine-1-carboxylate (3)
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RT Area Height | % Area
1] 11.451 | 32432082 | 795409 | 4643
2| 13.110 | 37418480 | 860720 | 53.57
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Ts

(S)-3-(1-tosylpyrrolidin-2-yl)propyl benzoate (9) from stoichiometric reaction
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Processed Channel , . Height Area % Area
Time (min)
1 | PDA Spectrum PDA 228.9 nm (PDA Spectrum (190-410)nm) 11.126 617306 4686259 72.05
2 | PDA Spectrum PDA 228.9 nm (PDA Spectrum (190-410)nm) 13.119 | 179130 1817701 27.95
(S)-3-(1-tosylpyrrolidin-2-yl)propyl benzoate (9) from catalytic reaction
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Time (min)
1 | PDA Spectrum PDA 228.9 nm (PDA Spectrum (190-410)nm) 11.152 145139 1050493 97.83
2 | PDA Spectrum PDA 228.9 nm (PDA Spectrum (190-410)nm) 13.185 2518 23308 217
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Processed Channel Retentpn Height = Area @ % Area
Time (min)
1 | PDA Spectrum PDA 228.9 nm (PDA Spectrum (190-410)nm) 11.139 | 119788 854578 | 50.00
2 | PDA Spectrum PDA 228.9 nm (PDA Spectrum (190-410)nm) 13.134 | 81119 854648 | 50.00
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tert-butyl (R)-2-(3-(benzoyloxy)propyl)indoline-1-carboxylate (12-H)
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Time (min)
1 | PDA Ch1 254nm@4.8nm -Compens. 7.966 845 4956 2.85
2 | PDA Ch1 254nm@4.8nm -Compens. 8.274 26098 168853 97.15
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1 | PDA Ch1 254nm@4.8nm -Compens. 7.926 206895 1312095 49.88
2 | PDA Ch1 254nm@4.8nm -Compens. 8.243 200798 | 1318192 50.12
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benzyl (S)-2-(3-(benzoyloxy)propyl)pyrrolidine-1-carboxylate (22)
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1| PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 14115 | 222127 2298686 97.33
2 | PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 14.873 6817 63038 2.67
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Time (min)
1| PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 14.115 | 317660 2811471 49.99
2 | PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 14.851 | 303362 2812841 50.01
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tert-butyl (S)-2-(3-((N,4-dimethylphenyl)sulfonamido)propyl)pyrrolidine-1-carboxylate (23).

0.070
i O\/\/ NMeTs
N

0.060- Boc

27295

0.050]

0.040H

AU

0.030]

0.020

f \ NMeTs
‘.,,/\/

i N
0'01&: Boc

24.665

N\

\\\‘\\I‘\\Il\\\

| |
2200 2400 2600 2800 30.00

-
/

0.00(F: —— .-,,g_.g" e — S f =

|
0.00 2.00 4.00 6.00 8.00 10.00

I I
1200 1400 16.00 1800 2000
Minutes

RT Area | Height| % Area
1]124665| 62501 1176 0.96
2127295 | 6476476 | 70284 | 99.04

Racemic mixture

] O\/\/NMeTs
0.16 N
] Boc \
0.141 NMeTs < o
] ZN}.,,/\/ 3 -
0.12] Boc \ N l‘?
0.10- :‘-4:“
5 ] [ A
< 0.08]
0.06]
0.04
0.02] ‘ / \
I B S SN
[ [ 1 ‘ [ 1 [ ‘ 1 [ [ ‘ 1 [ [ I [ [ 1 ‘ [ [ 1 ‘ [ 1 [ ‘ [ 1 [ ‘ [ 1 [ ‘ 1 [ [ I [ [ [ I [ [ 1 ‘ [ 1 [ ‘ [ 1 [ ‘ 1 [ [

|
0.00 200 4.00 6.00 8.00 1000 1200 1400 1600 1800 20.00 2200 2400 2600 2800 30.00
Minutes

RT Area | Height | % Area
1|24.346 | 8063285 | 103510 | 44.83
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tert-butyl (R)-2-(3-(1,3-dioxoisoindolin-2-yl)propyl)pyrrolidine-1-carboxylate (24)
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tert-butyl (R)-2-(3-(((benzyloxy)carbonyl)amino)propyl)pyrrolidine-1-carboxylate (25)
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tert-butyl (S)-2-(3-([1,1'-biphenyl]-4-yloxy)propyl)pyrrolidine-1-carboxylate (26)
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tert-butyl (S)-2-(3-(naphthalen-2-yloxy)propyl)pyrrolidine-1-carboxylate (27)
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2| 23.600 | 5459510 | 156148 | 55.81
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COOBn

Noo NHBoc
tert-butyl (S)-2-((S)-4-(benzyloxy)-3-((tert-butoxycarbonyl)amino)-4-oxobutyl)pyrroli-dine-1-
carboxylate (28)
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Retention )
Processed Channel ) i Height Area % Area
Time (min)
1 | PDA Spectrum PDA 216.0 nm (PDA Spectrum (180-410)nm) 10.292 2886 21181 0.93
2 | PDA Spectrum PDA 216.0 nm (PDA Spectrum (190-410)hm) 10.624 241942 | 2247534 99.07
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Processed Channel Retentpn Height | Area | % Area
Time (min)
1 | PDA Spectrum PDA 216.0 nm (PDA Spectrum (190-410)nm) 10.320 | 33908 ' 296060 42.82
2 | PDA Spectrum PDA 216.0 nm (PDA Spectrum (190-410)nm) 10.694 44132 395370 57.18
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Time (min)
1| PDA Spectrum PDA 217.4 nm (PDA Spectrum (190-410)nm) 2.830 18489 54723 4.59
2 | PDA Spectrum PDA 217.4 nm (PDA Spectrum (190-410)nm) 3.270 242187 1138628 95.41
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1| PDA Spectrum PDA 217.4 nm (PDA Spectrum (190-410)nm) 2.823 81730 257725 4472
2 | PDA Spectrum PDA 217.4 nm (PDA Spectrum (190-410)nm) 3.284 68441 318540 55.28
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benzyl (R)-2-(pent-4-en-1-yl)pyrrolidine-1-carboxylate (30)
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1 | PDA Spectrum PDA 214.5 nm (PDA Spectrum (190-410)nm) 11.223 3710 27928 2.90
2 | PDA Spectrum PDA 214.5 nm (PDA Spectrum (190-410)nm) 11.582 94966 934079 97.10
Racemic mixture
0.14 <N>/\/§ <~
0.12 H - N
i Il L Cbz
0.10—: .
> 008 1.
< ] |
0.06-] ;| |
0.04—: | ‘
4 |1 |
0.02 J
I - — & :
0.00
3.00 4.00 5.00 6.00 7.00 8.00 9.0 1000 1100 1200 1300 1400  15.00
Minutes
Processed Channel Retentlgn Height Area % Area
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1 | PDA Spectrum PDA 214.5 nm (PDA Spectrum (190-410)nm) 11.121 | 112319 | 950043 47.90
2 | PDA Spectrum PDA 214.5 nm (PDA Spectrum (190-410)nm) 11.5617 | 101399 | 1033411 52.10
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tert-butyl (S)-2-(1-((benzyloxy)carbonyl)azetidin-3-yl)pyrrolidine-1-carboxylate (31)
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1 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 18.507 A 20396 251038 44 .97
2 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 18.903 | 24264 | 307206  55.03
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tert-butyl (S)-6-(1-((benzyloxy)carbonyl)pyrrolidin-2-yl)-2-azaspiro[3.3]heptane-2-carboxylate (32)
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1| PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 13.967 | 612873 | 5937634 49.94
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 14.580 | 586860 | 5951986 50.06
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benzyl (S)-2-cyclopentylpyrrolidine-1-carboxylate (33)
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benzyl (S)-2-cyclohexylpyrrolidine-1-carboxylate (34)
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tert-butyl 3-((S)-1-((benzyloxy)carbonyl)pyrrolidin-2-yl)-8-azabicyclo[3.2.1]octane-8-carboxylate (35)
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1| PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 13.458 38950 347796 50.05
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 13.935 36762 347036  49.95
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benzyl (S)-2-isopropylpyrrolidine-1-carboxylate (36)
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tert-butyl (R)-6-(3-(benzoyloxy)propyl)-5-azaspiro[2.4]heptane-5-carboxylate (37)
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1 | PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 9.822 20773 176434 1.80
2 | PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 10.123 H 960620 9615176 98.20
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1 | PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 9.820 | 1563991 1378111 48.33
2 | PDA Spectrum PDA 226.0 nm (PDA Spectrum (190-410)nm) 10.183 | 157534 | 1473377 51.67
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tert-butyl (R)-2-(3-(benzoyloxy)propyl)-4-methylenepyrrolidine-1-carboxylate (38)
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tert-butyl (R)-2-(3-(benzoyloxy)propyl)-4,4-difluoropyrrolidine-1-carboxylate (39)
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1 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 4200 460134 2470255 83.84
2 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 4442 86858 476300 16.16
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1 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 4248 85596 @ 430337 15.90
2 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 4482 448897 2276273 84.10
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tert-butyl (R)-2-(3-(benzoyloxy)propyl)azetidine-1-carboxylate (40)
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1 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) 5.613 15568 86886 6.60
2 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) 5.853 213427 | 1230197  93.40
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1 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) 5.526 243011 1221856 | 50.25
2 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) 5.764 232926 1209503 | 49.75
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tert-butyl (2R,3aS,7aS)-2-(3-(benzoyloxy)propyl)octahydro-1H-indole-1-carboxylate (50)
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1 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 12.174 418719 4544557 98.02
2 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 12.626 8317 91746 1.98

Mixture of diastereomers (from dual radical cross coupling of the corresponding NHP ester with alkyl

iodide)
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1 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 12.217 | 61098 = 645421 38.99
2 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 12.609 91316 1009758  61.01
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(S)-4-((tert-butoxycarbonyl)amino)-6-phenylhexyl benzoate (51)
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tertbutyl (S)-6-(1-(tert-butoxycarbonyl)amino)-3-phenylpropyl)-2-azaspiro[3.3]heptane- 2-
carboxylate (53)
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Retention .
Processed Channel ) ) Height Area % Area
Time (min)
1 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 15.762 4481 84963 3.07
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 16.656 | 193638 | 2678633  96.93
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Time (min)
1 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 15.726 265410 | 3835246 | 91.57
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 16.809 22440 | 353010 | 8.43

S276



NHBoc

70

tert-butyl (S)-(1-cyclopentyl-3-phenylpropyl)carbamate (54)
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1 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) | 4.182 | 97545 | 16097 77.56
2 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) | 4.425 | 28229 | 4646 22.44
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1 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 4167 70323 428441 22.32
2 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 4.409 223321 1490694 77.68
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(R)-4-((tert-butoxycarbonyl)amino)-5-phenylpentyl benzoate (55)
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(R)-4-((tert-butoxycarbonyl)amino)-5-(4-((2,6-dichlorobenzyl)oxy)phenyl)pentyl benzoate (56)
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tert-butyl (R)-(5-(1,3-dioxoisoindolin-2-yl)-1-(4-methoxyphenyl)pentan-2-yl)carbamate (57)
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(R)-4-((tert-butoxycarbonyl)amino)-5-(1H-indol-3-yl)pentyl benzoate (58)
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Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 14.457 21597 | 227034 5.20
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 14.901 358267 4136467 94.80
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1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 14.545 1449640 16390800 95.95
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 15.087 60827 692082 4.05
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(S)-4-((tert-butoxycarbonyl)amino)hexyl benzoate (59)
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1 | PDA Spectrum PDA 226.1 nm (PDA Spectrum (190-410)nm) 6.757 151891 953270  94.46
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1 | PDA Spectrum PDA 226.1 nm (PDA Spectrum (190-410)nm) 6.738 3179 20033 8.19
2 | PDA Spectrum PDA 226.1 nm (PDA Spectrum (190-410)nm) 6.995 | 32616 224432 91.81
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(R)-4-((tert-butoxycarbonyl)amino)-5-methylhexyl benzoate (60)
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(R)-4-((tert-butoxycarbonyl)amino)-5,5-dimethylhexyl benzoate (61)
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1 | PDA Spectrum PDA 228.0 nm (PDA Spectrum (190-410)nm) 9.187 | 41672 494137 2343
2 | PDA Spectrum PDA 228.0 nm (PDA Spectrum (190-410)nm) 9.630 | 121022 | 1614421 76.57
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1 | PDA Spectrum PDA 228.0 nm (PDA Spectrum (190-410)nm) 9.035 | 581814 | 7334021 74.04
2 | PDA Spectrum PDA 228.0 nm (PDA Spectrum (190-410)nm) 9.562 | 199383 2571825 25.96
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tert-butyl (R)-(1-methoxy-5-(naphthalen-2-yloxy)pentan-2-yl)carbamate (62)
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2 | PDA Spectrum PDA 268.0 nm (PDA Spectrum (190-410)nm) 8.187 99004 627617 81.80
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(R)-5-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)pentyl benzoate (63)
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2 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 10.434| 51083 | 509542 89.96
(S)-enantiomer
0 185 5
] NHBoc p
0.16-] t8uo._J_~_ 0Bz 1
0.14-
0.12- \‘i
0.107 [
0.08 R
0.064 | \
004—: | § NHBoc
T = BuO A _~_0OBz
0.02- | |
0.007 e —
) [ ‘ T [ | T [ | T T ‘ T T | [ T | T T ‘ [ T ‘ T [ T
6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
Minutes
Processed Channel Retentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 10.057 | 150941 1459877 90.05
2 | PDA Spectrum PDA 230.5 nm (PDA Spectrum (190-410)nm) 10.465| 15136 161298 9.95

S286



NHBoc
MeMOBz
6Bn

(4R,5S)-5-(benzyloxy)-4-((tert-butoxycarbonyl)amino)hexyl benzoate (64)

0.060]
0.050]
] 5
1 NHBoc <
0.040~ Me._~_~_-OBz ”"
E OBn |
0.030 [
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< ]
0020; | NHBoc
0207 “ MeMOBZ
B | OBn
0.010 o
] o
0.000] AT
o -
200 300 400 500 600 700 800 9.00 10.00 100 12.00
Minutes
Processed Channel Retent|9n Height  Area @ % Area
Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 5.407 40914 412719 96.26
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 5918 1444 16049 3.74
Mixture of diastereomers
0.087 NHBoc ©
1 Me OBz §
8 o
0.064 OBn ~
5 ] |
< I
0.04 ‘
4 | NHBoc
] [ Me. -~ OBz
: 12 i
0.02 ) OBn
4 I ©
] A
0.00- ——— 4 &E 7
200 300 400 500 600 700 800 900 1000 1100 1200
Minutes
Processed Channel Retentpn Height  Area % Area
Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 5.898 | 59474 | 567941 82.04
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 6.381 | 11603 | 124328 17.96
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r;lHBoc
Mes/\/\/\/OBZ

(R)-4-((tert-butoxycarbonyl)amino)-6-(methylthio)hexyl benzoate (65)

0.167
0.14
] IS4 I;lHBoc
012 J Mes” 0Bz
0101 l
2 0.08]
0.061 |
0-04*; NHBoc o8 3 “
002 MeS ’ "I‘ R
000 —— - _ " ._
200 300 400 ‘500 600 700 800 e00 1000
Minutes
Processed Channel Retenﬂgn Height = Area | % Area
Time (min)
1 | PDA Spectrum PDA 230.0 nm (PDA Spectrum (190-410)nhm) 7.194 10402 55109 8.14
2 | PDA Spectrum PDA 230.0 nm (PDA Spectrum (190-410)nm) 7.470 106951 622150 91.86
(S)-enantiomer
0.40-
1 NHBoc S
: MeS OBz ~
0.30 |
) ] :
2 ] ‘
0.207 /|
0.10] ‘ B NHBoc
] LT Mes N0
0.004 —— — — — o o o
200 300 400 500 600 700 " o0 " e00 10,00
Minutes
Retention .
Processed Channel ) i Height Area % Area
Time (min)
1 | PDA Spectrum PDA 230.0 nm (PDA Spectrum (190-410)nm) 7.167 | 297047 | 1651125 88.42
2 | PDA Spectrum PDA 230.0 nm (PDA Spectrum (190-410)nm) 7457 | 36919 216245 11.58
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NHBoc

tBuOMOBz

(o)

(R)-7-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-7-oxoheptyl benzoate (66)

0_20; NHBoc g
l tBuOY\/\/\/OBz ~
i o *
0151 .“‘
=) ] L
< 0.10 [
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0.05+ || NHBoc
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0.007 4—‘; : \_**** - I
e T e N B e T R A e T o T A e e
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00
Minutes
Retention )
Processed Channel ) ) Height = Area | % Area
Time (min)
1 | PDA Spectrum PDA 224.0 nm (PDA Spectrum (190-410)nm) 7.019 172309 956800  96.42
2 | PDA Spectrum PDA 224.0 nm (PDA Spectrum (190-410)nm) 7.395\ 6284 35499 3.58
(S)-enantiomer
0.08
1 § NHBoc
1 - BuO OBz
0.06 g
_ | (0]
) 1 I
< 0.04- [
] NHBoc o
0.02+ tBuO - OBz < ||
| Y\/\/\/ T |
7 0 | |
B s o e e T e e e e e e e e e e RS B e ey
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00
Minutes
Processed Channel R.’etennc?n Height | Area | % Area
Time (min)
1 | PDA Spectrum PDA 224.0 nm (PDA Spectrum (190-410)nm) 7.015 11850 | 68961 16.81
2 | PDA Spectrum PDA 224.0 nm (PDA Spectrum (190-410)nm) 7.400 56951 341284 83.19
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(e} NHBoc

fBuO OBz

(R)-6-(tert-butoxy)-4-((tert-butoxycarbonyl)amino)-6-oxohexyl benzoate (67)
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Area | Height

% Area
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2973315 | 199056
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2| 11.080
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13.70
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0.30-
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OBz
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OBz
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I ] I ]
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Minutes

RT

Area Height

% Area

1] 7.384

2727696 | 180423

19.10

2] 11.142

11555081 | 403062

80.90
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NHBoc

CbZHN/\/\/\/\/OBZ

(S)-8-(((benzyloxy)carbonyl)amino)-4-((tert-butoxycarbonyl)amino)octyl benzoate (68)

NHBoc N
, H 0Bz 2
I N N N by
0.20) CbzHN c\|1
0151
5 1
< 010
O.UE; NHBoc 2
! <t
] CbzHN oBz 3
ool B L. -
1 A JANVAY A
] ‘ ] ] ‘ ] ] ‘ ] ] ‘ ] ] ‘ ] ] ‘ ] ] ‘ ]
10.00 12.00 14.00 16.00 18.00 20.00 22,00 24.00
Minutes
RT Area | Height | % Area
1|19.449 | 478543 | 12789 5.54
2121927 | 8164419 | 188032 | 94.46
(R)-enantiomer
] S
0.301 NHBoc *
] CbzHN OBz o
0.25 :1‘,
020
2 0.15]
1 NHBoc
1 /\/\/\/\/
0107 CbzHN oBz
i n
] 3
0.05 =
i o~
0.00 e - : T
T [l ‘ [l [l | [l 1 ‘ [l 1 [l ‘ [l [l | 1 ‘ 1 [l ‘
10.00 12.00 14.00 16.00 18.00 20.00 22,00 24.00
Minutes

RT Area | Height | % Area

1119.392 | 9986782 | 256513 | 93.50

2]21995| 694433 | 16216 6.50
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O
ODmc
/\/k/\/ N
Ph

o

(R)-6-(1,3-dioxoisoindolin-2-yl)-1-phenylhexan-3-yl dimethylcarbamate (69)

] «©
0.167 =
] <
0.14 T
0.12-] l
] \
0.107 o y
5 1 ODmc ([
< o.os—: Ph N /| . o
g e} | obmc
0.06 ‘ :
E :Ph/\/\/\/N
0.04- [ o]
] | ‘ g
0.02- <
0.0 e =
600 700 800 900 1000 1100 1200 1300 1400 1500 1600  17.00
Minutes
Processed
H 0,
Channel Descr. RT Area Height | % Area
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 14.016 | 1158691 | 132143 99.70
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 14.738 3460 374 0.30
(S)-enantiomer
] <
0.35 IS
| e
0.30 | o =
] ODmc :/>
025 :‘Ph/A\V/A\V/”\V/N
] | 0
0.20- ‘
= ] I
< ] Il
0.157 I
] o) ||
0.10-] ODmc ‘
] PH/\V/L\/A\/Nié §
0.05- o ©
o.oo—f B DL N
600 700 800 900 1000 1100 1200 1300 1400 1500 1600  17.00
Minutes
Processed
H 0,
Channel Descr. RT Area Height | % Area
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 13.999 24124 2645 0.91
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 14.704 | 2628440 | 282528 99.09
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Ph

0

(R)-6-(1,3-dioxoisoindolin-2-yl)-1-phenylhexan-3-yl pivalate (70)

1 D
0.40- °
i N~
|
0.30-1 f
: |
] o ‘
2 OPiv I
0207 ~ A~
] Ph N I
i (o) [ o
0.101 ‘ QP
1 P S SN
R o}
1 || ©
0.00- WAL N
200 400 600 8.00 10.00 1200 1400
Minutes
Processed
1 0,
Channel Descr. RT Area Height | % Area
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 7.769 | 2465847 | 345621 98.21
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 8.235 45065 6183 1.79
(S)-enantiomer
1480*2 ©
1 i
1.60 P
1.407 I
1 I
1.20 I
1.00
1 o)
2 0501 | OPiv
e o N
0.60 O@ | o)
] OPiv
0407 /\/'\/\/N
] Ph =
0.201 0 ©
j N~
0.00 B U -
200 400 600 800 1000 1200 1400
Minutes
Processed . o
Channel Descr. RT Area Height | % Area
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 7.631 260650 27950 2.35
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) | 8.146 | 10846222 | 1481224 97.65
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ODmc

Ph
NCbz

benzyl (R)-3-(1-((dimethylcarbamoyl)oxy)-3-phenylpropyl)azetidine-1-carboxylate (73)

] ©
0.60- N
] S
] ODmc ‘l_
L Ph N
] NCbz |
0.40-]
= ]
= ]
0301 |
] || QDmc
0.20] | Ph '
] | /\/\C\NCbz
] | B
0.107] -
i — JN yASEO N
0.00
6.00 6.50 7.00 750 8.00 8.50 9.00 9.50 1000 1050 11.00 1150
Minutes
Processed Channel Retentlgn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 10.775 479616 3139796 99.72
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 11.078 1426 8792 0.28
(S)-enantiomer
0.22
] QDmC ?’o
0.20 . Q
Ph -
. /\/\C\NCbz“
0.18 |
0.167
0.14-]
=) ]
< 0.12-
0.101
0.08 ODme
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l Ph |
0.06 NCbz o |
0.04- [ N
0'0}77“%"’/"\”'\77'7 w"“i\"‘l‘ ‘|""\H"\'_“i\"'w“‘
6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50
Minutes
Processed Channel Retentpn Height = Area | % Area
Time (min)
1 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 10.784 1495 9017 0.94
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 11.084 142090 952229 99.06
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Racemic mixture

OBme
1 Ph
0.16 o =
] 2
] P~ it
0.14- s |
] |
0.12 N
2 ] ODmc A
0.10 Ph [ |
] NCbz
0.08
0.06-]
0.04] VR
1 - — JARE A
600 650 700 750 900 950 1000 1050 1100 1150
Minutes
Processed Channel Retentlgn Height = Area @ % Area
Time (min)
1 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 10.779 | 92235 592965 43.37
2 | PDA Spectrum PDA 214.0 nm (PDA Spectrum (190-410)nm) 11.076 | 116505 774271 56.63
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ODmc

Me NPhth

(R)-5-(1,3-dioxoisoindolin-2-yl)pentan-2-yl dimethylcarbamate (74)

0.35] §
5 S
0.307
0 255 ODmc
: ] Me NPhth
0.20
5 ]
< ]
0.15+ ‘ \‘
0 10—: | 9bme
ik A _~_NPhth
] © Me
0.05 3
] e
0.0(F: <& \\7#\\
200 400 6.00 8.00 ' 10.00 ' 12.00 ' 14.00
Retenti
Processed Channel Tir?:?nlwci):) Height Area % Area
1 | PDA Spectrum PDA 291.0 nm (PDA Spectrum (190-410)nm) 10.263 | 294302 2281083 99.10
2 | PDA Spectrum PDA 291.0 nm (PDA Spectrum (190-410)nm) 10.808 2683 20695 0.90
(S)-enantiomer
0.50
] S
i ©
f E
0-4&: [ QDmc
] “Me/\/\/NPhth
0.30 ‘\
7 |
> I
< i l
0.20
0 1(; ODmc © | ‘
0] Me/K/\/NPhth g |
0 0‘*: Ar—n -
2.00 ' 4.00 " 6.00 8.00 " 1000 12100 1400
Minutes
Processed Channel 'l?::?rt:i’:) Height Area % Area
1 | PDA Spectrum PDA 291.0 nm (PDA Spectrum (190-410)nm) 10.336 = 12739 84734 246
2 | PDA Spectrum PDA 291.0 nm (PDA Spectrum (190-410)nm) 10.692 388441 3366157 97.54
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QDmc

MeY\/\/NPhth

Me

(8)-6-(1,3-dioxoisoindolin-2-yl)-2-methylhexan-3-yl dimethylcarbamate (75)

o.so—:
0.40- ©
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500 600 700 800 900 1000 1100 1200 1300 1400 1500
Minutes
Processed
H 0,
Channel Descr. RT Area Height | % Area
1 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) | 10.380 45478 6091 2.46
2 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) | 10.908 | 1801400 | 227426 97.54
Racemate
0.20
0.18
0.16 R
1 e B!
0.14-] <c @
1 ODmc R © ODmc
0.12 Me\’/k/\/NPhth e 5 Mo A NPt
2 0.107 Me | T Me
0.08 ? Il
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0.04 |
0.027 | I
0004 R
500 600 700 800 900 1000 1100 1200 1300 1400 1500
Minutes
Processed
H 0,
Channel Descr. RT Area | Height | % Area
1 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) | 10.383 | 691583 | 93216 49.32
2 | PDA Spectrum PDA 218.0 nm (PDA Spectrum (190-410)nm) | 10.916 | 710605 | 90995 50.68
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ODmc
T8SO._J_~_NPhth

(S)-1-((zert-butyldimethylsilyl)oxy)-5-(1,3-dioxoisoindolin-2-yl)pentan-2-yl dimethylcarbamate (76)

1.00-
1 w0
Q
1 «
1 ODmc ~
0.807 TBSO\/k/\/NPhth
o.ecf
2
< J
0.40-
] ‘ | ODmc
0.20. I wTBSOMNPhth
4 | | 8
] LN
0.00- o
200 300 400 500 600 700 800 900 1000
Minutes
Processed Channel Retentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 7.345 795406 4771410 98.62
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 7.668 10912 66603 1.38
(R)-enantiomer
0.25- ~
7 [ce}
] S QDmc
0'20_: TBSO._~_~~_ NPhth
0.15{
5 ]
< 4
0.10+
0.05*_ ODmc ~ [
] TBso\/'\/\/NPhth 5
1 N~
ow — o
200 300 400 500 600 700 8.00 900 1000
Minutes
Processed Channel Retentpn Height Area % Area
Time (min)
1 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 7.377 3216 18296 1.42
2 | PDA Spectrum PDA 220.0 nm (PDA Spectrum (190-410)nm) 7.687 203906 1267037 98.58
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Me

_N
Cbz
nBu

benzyl (2R,5S)-2-butyl-5-(4-oxopentyl)pyrrolidine-1-carboxylate (81)

1007 Me 3
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| 0 N =
0.80] Cbz |
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400 600 800 10,00 1200 1400 1600 1800 20100
Minutes
Retention )
Processed Channel ) i Height Area % Area
Time (min)
1 | PDA Spectrum PDA 210.0 nm (PDA Spectrum (190-410)nm) 10.738 781883 6853941 85.90
2 | PDA Spectrum PDA 210.0 nm (PDA Spectrum (190-410)nm) 11.382 141271 1124604 14.10

Mass analysis

2.00 PDA Spectrum PDA 210.0 nm (PDA Spectrum (190-410)nm)
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=) ] 0 2 & 73]/\/
< 1.00 N © N
1 Cbz’ | & Cbz”
nBu :': E nBu
0400—_ _——=—= ,r:?/}‘A S
4x107- Peak #1 XIC - 10.738 - QDa Positive Scan: 368.21 m/z
1 Peak #2 XIC - 11.382 - QDa Positive Scan: 368.23 m/z
3 _
é 2107
0 T T T T T ”' L T T T
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
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MeO O NHBoc
MeO O OMe

OMe

tert-butyl (S)-(1,4-bis(3,4-dimethoxyphenyl)butan-2-yl)carbamate (85)
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1200 1300 1400 1500 " 1600 1700 " 1800 19.00 20,00
Minutes
Processed Channel R_’etentpn Height  Area | % Area
Time (min)
1 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 16.977 | 3527 31244 443
2 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 17.334 | 61762 673371 9557
Racemate
0.60]
0.50] 2 @ Mo O NHBoc
1 © N
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0.40] | |
] ":‘ i OMe
) ] ‘ | |
< 0301 A
: | : “I
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000 ' - A 7é Y
12.00 " t3loo 14.00 1500 16.00 17,00 18.00 19.00 '20.00
Minutes
Processed Channel F.Qetentn.)n Height Area % Area
Time (min)
1| PDA Spectrum PDA 210.0 nm (PDA Spectrum (190-410)nm) 16.892 377038 3965639 49.99
2 | PDA Spectrum PDA 210.0 nm (PDA Spectrum (190-410)nm) 17.259 | 363035 3967681 50.01
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NHBoc

©/\/\/\CH3

tert-butyl (R)-(1-phenylhexan-3-yl)carbamate (89)

0_070—: 2 NHBoc
1 o :
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Minutes
Retention .
Processed Channel ) i Height  Area % Area
Time (min)
1 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 6.649 3857 | 22941 4.93
2 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 6.980 56855 | 441956 95.07
(R)-enantiomer
0.10;
] NHBoc ,55
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0.02-] 1‘ T ©/\/\/\CH3
0.00] . R S a
300 350 400 450 500 550 600 650 700 750 800 850 900
Minutes
Processed Channel Retentpn Height  Area | % Area
Time (min)
1 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 6.794 80294 | 552622 84.80
2 | PDA Spectrum PDA 215.0 nm (PDA Spectrum (190-410)nm) 7.166 13488 | 99043 15.20
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ODmc

Ph

OBz

(R)-4-((dimethylcarbamoyl)oxy)-6-phenylhexyl benzoate (94)
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2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
Minutes
Processed Channel Rgtentpn Height | Area | % Area
Time (min)
1 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 7.642 50665 558342 99.21
2 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 8.126 467 4451 0.79
(S)-enantiomer
0.070-]
4 Y9
4 (e}
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2.00 300 400 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
Minutes
Processed Channel Retentlc?n Height Area | % Area
Time (min)
1 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 7.671 763 7337 1.11
2 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 8.065 50038 654770 98.89
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mixture of (R)- and (S)- enantiomers
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Retention .
Processed Channel , . Height Area @ % Area
Time (min)
1 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 7.655 44774 461103 37.29
2 | PDA Spectrum PDA 225.0 nm (PDA Spectrum (190-410)nm) 8.046 59372 775341 62.71

S303



12. References

10

11

12

13

14

15

Shavaleev, N. M., Scopelliti, R., Baranoff, E., Gritzel, M. & Nazeeruddin, M. K. Charged cyclometalated
iridium(II) complexes that have large electrochemical gap. Inorg. Chim. Acta 383, 316-319 (2012).
https://doi.org:https://doi.org/10.1016/j.ica.2011.10.052

Tsymbal, A. V., Bizzini, L. D. & MacMillan, D. W. C. Nickel Catalysis via SH2 Homolytic Substitution:
The Double Decarboxylative Cross-Coupling of Aliphatic Acids. J. Am. Chem. Soc. 144, 21278-21286
(2022). https://doi.org:10.1021/jacs.2c08989

Joosten, A., Lambert, E., Vasse, J.-L. & Szymoniak, J. Diastereoselective Access to trans-2-Substituted
Cyclopentylamines. Org. Lett. 12, 5128-5131 (2010). https://doi.org:10.1021/01102038x

RajanBabu, T. V., Fukunaga, T. & Reddy, G. S. Stereochemical control in hex-5-enyl radical cyclizations:
from carbohydrates to carbocycles. 3. J. Am. Chem. Soc. 111, 1759-1769 (1989).
https://doi.org:10.1021/ja00187a03 1

Tripp, J. C., Schiesser, C. H. & Curran, D. P. Stereochemistry of Hexenyl Radical Cyclizations with tert-
Butyl and Related Large Groups: Substituent and Temperature Effects. J. Am. Chem. Soc. 127, 5518-
5527 (2005). https://doi.org:10.1021/ja042595u

Kuang, Y. et al. Ni(I)-Catalyzed Reductive Cyclization of 1,6-Dienes: Mechanism-Controlled trans
Selectivity. Chem 3, 268-280 (2017). https://doi.org:https://doi.org/10.1016/j.chempr.2017.07.010

Goj, L. A. & Widenhoefer, R. A. Mechanistic Studies of the Cycloisomerization of Dimethyl
Diallylmalonate Catalyzed by a Cationic Palladium Phenanthroline Complex. J. Am. Chem. Soc. 123,
11133-11147 (2001). https://doi.org:10.1021/ja0108685

Perch, N. S. & Widenhoefer, R. A. Mechanism of Palladium-Catalyzed Diene
Cyclization/Hydrosilylation: Direct Observation of Intramolecular Carbometalation. J. Am. Chem. Soc.
126, 6332-6346 (2004). https://doi.org:10.1021/ja049806f

Shi, R. & Hu, X. From Alkyl Halides to Ketones: Nickel-Catalyzed Reductive Carbonylation Utilizing
Ethyl Chloroformate as the Carbonyl Source. Angew. Chem., Int. Ed. 58, 7454-7458 (2019).
https://doi.org:https://doi.org/10.1002/anie.201903330

Kang, K. & Weix, D. J. Nickel-Catalyzed C(sp3)-C(sp3) Cross-Electrophile Coupling of In Situ
Generated NHP Esters with Unactivated Alkyl Bromides. Org. Lett. 24, 2853-2857 (2022).
https://doi.org:10.1021/acs.orglett.2c00805

Zhang, B. et al. Complex molecule synthesis by electrocatalytic decarboxylative cross-coupling. Nature
623, 745-751 (2023). https://doi.org:10.1038/541586-023-06677-2

Huang, Z., Akana, M. E., Sanders, K. M. & Weix, D. J. A decarbonylative approach to alkylnickel
intermediates and  C(sp3)-C(sp3) bond formation. Science 385, 1331-1337 (2024).
https://doi.org:10.1126/science.abi4860

Wang, J., Cary, B. P, Beyer, P. D., Gellman, S. H. & Weix, D. J. Ketones from Nickel-Catalyzed
Decarboxylative, Non-Symmetric Cross-Electrophile Coupling of Carboxylic Acid Esters. Angew.
Chem., Int. Ed. 58, 12081-12085 (2019). https://doi.org:https://doi.org/10.1002/anie.201906000

Wang, M., Lu, J.,, Yu, Y, Li, Z. & Deng, L. Palladium-Catalyzed Enantioselective a-Alkenylation of
Alkylamines with Vinyl Bromides and Triflates. ACS Catal. 15, 14392-14402 (2025).
https://doi.org:10.1021/acscatal.5c04633

Lyu, X., Jeon, E., Seo, C., Kim, D. & Chang, S. Nickel-Catalyzed Asymmetric Homobenzylic
Hydroamidation of Aryl Alkenes to Access Chiral B-Arylamides. J. Am. Chem. Soc. 147, 8928-8938

S304



16

17

(2025). https://doi.org:10.1021/jacs.5c00867

Martina, M. R. et al. The Precise Chemical-Physical Nature of the Pharmacore in FK506 Binding Protein
Inhibition: ElteX, a New Class of Nanomolar FKBP12 Ligands. J. Med. Chem. 56, 1041-1051 (2013).
https://doi.org:10.1021/jm3015052

Yang, L., Powell, D. R. & Houser, R. P. Structural variation in copper(i) complexes with
pyridylmethylamide ligands: structural analysis with a new four-coordinate geometry index, t4. Dalton
Trans., 955-964 (2007). https://doi.org:10.1039/B617136B

S305





