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Materials and Methods. Unless stated otherwise, reactions were conducted in flame-dried
glassware under an atmosphere of nitrogen, and commercially obtained reagents were used as
received unless otherwise specified. Anhydrous solvents were either freshly distilled or passed
through activated alumina columns, unless otherwise stated. Non-commercially available
substrates were synthesized according to known preparations or following protocols specified in
the Experimental Procedures. Prior to use in carbene generation or nickel-catalyzed reactions,
toluene (PhMe) was distilled over CaH» and degassed by five freeze pump thaw cycles. Prior to
use in carbene generation or nickel-catalyzed reactions, trifluorotoluene (PhCF3), tetrahydrofuran
(THF), 1,2-dimethoxyethane (DME), 1,4-dioxane (dioxane), and acetonitrile (MeCN) were passed
through an activated alumina column and degassed by five freeze-pump-thaw cycles.
Dichloromethane (CH2Cl,), diethyl ether (Et20), and triethylamine (NEt3) were passed through an
activated alumina column and ethanol (EtOH) was stored over activated 2A molecular sieves prior
to use. ~~Amyl alcohol (13) was distilled over KxCOs and stored over activated 2A molecular sieves
for 24 h prior to use. Additives were distilled and degassed prior to use in nickel-catalyzed
reactions unless otherwise noted: 1-butanol (14), n-butylamine (15), ¢-butylamine (16), N,N'-
dimethylethylenediamine (19), piperidine (20), morpholine (21), aniline (37), N,N-
dimethylaniline (38), 4-methylmorpholine (39), pyrrolidine (40), 2-methoxyethan-1-amine (41),
diisopropylamine (42), 1-methylpiperazine (43),2,6,6-tetramethyl piperidine (44), benzylamine
(45), diethylamine (17), and triethylamine (18). Diphenylamine (46) and triphenylamine (47) were
purified by flash chromatography on silica and then recrystallized prior to use. Piperazine (48) was
recrystallized prior to use. Phenol (49) and potassium carbonate (K2CO3) were obtained from
Acros Organics and used as received. Amine (S)-50 was purchased from Enamine Building Blocks
and used as received. Ammonium salt (S)-51 was purchased from Ambeed and used as received.
Amine (+)-52, amine (+)-53, L20, formaldehyde (37 wt% in H>O, 1.0 equiv), glyoxal (40 wt% in
H>0, 1.0 equiv), (£)-BINAP, concentrated HCI, potassium fert-butoxide (KO#-Bu), lithium tert-
butoxide (LiOt-Bu), sodium tert-pentoxide (NaOtz-amyl), lithium bis(trimethylsilyl)amide
(LiHMDS), potassium bis(trimethylsilyl)amide (KHMDS), sodium bis(trimethylsilyl)amide
(NaHMDS), potassium phosphate tribasic (K3POs), cesium carbonate (Cs2COs), methyl
chloroformate, pyridine, MgCly, tetrabutylammonium bromide (TBAB), dimethylacetamide
(DMA), thiophenol (PhSH), phenylsilane (PhSiH3), tetrabutylammonium fluoride (TBAF) (1.0 M
in THF), urea hydrogen peroxide TFA, BF3;*OEt,, n-butyllithium (n-BuLi, 2.4 M in hexanes),



Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles
Bulger et al.
Supporting Information— S3

allyIMgCl (2.0 M in THF), meta-chloroperoxybenzoic acid (m-CPBA), NaHCOs, and 4-
bromobenzenesulfonohydrazide were all purchased from Sigma-Aldrich and used as received.
amine (—)-54, amine (-)-55, amine (-)-56, acetic acid (AcOH), 1,2-dibromobenzene, LiAlH4,
triethyl orthoformate (CH(OE?)3), triphenylphosphine (PPhs), and acetyl chloride were obtained
from Thermofisher Scientific. Pdx(dba);, sodium fert-butoxide (NaOt-Bu), bis(1,5-
cyclooctadiene)nickel(0) (Ni(cod)z), Nil2, Zn® dust, 1,3-dicyclohexylbenzimidazolium chloride
(Benz-ICy*HCl), and iron(III) acetylacetonate (Fe(acac)s) were obtained from Strem Chemicals.
Di-tert-butyl azodicarboxylate (DBAD) and methyltriphenylphosphonium bromide (PPh;MeBr)
were obtained from CombiBlocks. Reaction temperatures at or above 23 °C were controlled using
an IKAmag temperature modulator, and unless stated otherwise, performed at room temperature
(approximately 23 °C). Thin-layer chromatography (TLC) was conducted with EMD gel 60 F2s4
pre-coated plates (0.25 mm for analytical chromatography and 0.50 mm for preparative
chromatography) and visualized using a combination of UV, anisaldehyde, and potassium
permanganate staining techniques. Silicycle Siliaflash P60 (particle size 40—63 gm) or Brockman
Grade activated neutral alumina (58A pore size) were used for flash column chromatography
unless otherwise specified. 'H-NMR and 2D-NOESY spectra were recorded on Bruker
spectrometers (at 500 and 600 MHz) and are reported relative to the residual solvent signal. Data
for 'TH-NMR spectra are reported as follows: chemical shift (8 ppm), multiplicity, coupling
constant (Hz), and integration. 3C-NMR spectra were recorded on Bruker spectrometers (at 125
and 150 MHz) and are reported relative to the residual solvent signal. Data for '*C-NMR spectra
are reported in terms of chemical shift (6 ppm) and, when necessary, multiplicity, and coupling
constant (Hz). "F-NMR spectra were recorded on Bruker spectrometers (at 282 MHz) and are
reported in terms of chemical shift (6 ppm), multiplicity, and integration. IR spectra were recorded
on a Perkin-Elmer UATR Two FT-IR spectrometer and are reported in terms of frequency
absorption (cm™'). ESI-TOF measurements were carried out in positive ionization mode on a
Waters LCT-Premier XE Time of Flight Instrument controlled by MassLynx 4.1 software (Waters
Corporation, Milford MA). The instrument was equipped with the Multi Mode lonization source
operated in the electrospray mode. A solution of Leucine Enkephalin (Sigma Chemical, L9133)
was used in the Lock-Spray to obtain accurate mass measurements. Samples were infused using

direct loop injection on a Waters Acquity UPLC system. GC-MS measurements were carried out
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using an Agilent Model 7693 Autosampler, 7890B Gas Chromatograph, and 7250 Q-TOF Mass
Selective Detector in the Electron lonization mode. Sample injection was carried out in split mode
with inlet temperature set to 280 °C. Separation was carried out on an Agilent HP5-MS column
with dimensions 30m x 250 pm x 0.25 um. Ultra High Purity Grade He (Airgas) was used as
carrier gas with the flow set to 1.1 mL/min in constant flow mode. The initial oven temperature
was set to 70 °C for 1 min followed by a 20 °C/min ramp to a final temperature of 300 °C which
was maintained for 4 min. A 3.0 min solvent delay was used. EI energy was set to 70 eV. The
MSD was set to scan the 50-500 m/z range. Data collection and analysis were performed using
Mass Hunter Acquisition and Qualitative Analysis software (Agilent). Optical rotations were
measured with a Rudolf Autopol III Automatic Polarimeter. Determination of enantiopurity was
carried out on a JASCO SFC (supercritical fluid chromatography) and an Agilent 1260 SFC using
Daicel ChiralPak IB N-3, IC, and ID columns. Data for SFC chromatograms are reported in
enantiomeric excess (ee). Diastereomeric ratios (dr) and regioisomeric ratios (rr) were determined

by 'H analysis of crude reaction mixtures.

Ligand salts L7,' L9, L10,° L11,° L12,* L133 and ligand 58> were synthesized according to known
literature procedures. Amides 6, 11, and 22 and indanones 9, 12, and 23 are known compounds.®
Nitrile oxide precursor 59 was synthesized according to a known procedure.” Spectral data

matched those reported in literature.

Experimental Procedures
A. Ligand Syntheses

General procedure 1 for the syntheses of imidazolium salts:
i. formaldehyde (1.0 equiv)
glyoxal (1.0 equiv)

R’NHZ AcOH (1.7 M), 60 °C, 1 h N N
> R@Y_ "R
(2.0 equiv) ii. 1:1 HCI (aq., 10% v/v): CH,Cl, clO
23°C,1h
60 L21

Imidazoliums L21. To a solution of amine 60 (2.0 equiv) in AcOH (1.7 M) was added
formaldehyde (37 wt% in H>O, 1.0 equiv) and glyoxal (40 wt% in H>O, 1.0 equiv). The reaction
was heated to 60 °C in a preheated aluminum block and stirred at this temperature for 1 h. The
reaction was then cooled to 23 °C and transferred to a round bottom flask containing a stir bar.
The mixture was diluted with CH>Cl, (50 mL) and aqueous HCI (10% v/v, 50 mL) was added.

The resulting biphasic mixture was stirred vigorously at 23 °C. After 1 h of stirring, the organic
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and aqueous layers were separated, and the aqueous layer was extracted with CH>Cl, (2 x 30 mL).
The combined organic layers were dried with MgSOs, filtered, and concentrated under reduced
pressure. The crude material was purified by flash chromatography to provide imidazoliums L21.
Any modification of the reaction conditions shown in the general procedure above are specified

in the following schemes.

i. formaldehyde (1.0 equiv)
Me glyoxal (1.0 equiv) Me Me

Me AcOH (1.7 M), 60 °C, 4 h Me o[/\ Me
Moo NH, > Moo NN a9
ii. 1:1 HCI (aq., 10% v/v): CH,Cl, ool e
23°C,1h (119
(2('2)6_’2;"') (33% yield)

Imidazolium (-)-L19. Followed a modified version of General Procedure 1 using (+)-53 (320 mg,
2.09 mmol, 2.0 equiv) by altering the reaction time in the first step to 4 h. Purification by flash
chromatography on silica (14:1 CH2Cl::MeOH) afforded imidazolium (-)-L19 (110 mg, 0.34
mmol, 33% yield) as an off-white powder. Imidazolium (-)-L19: Mp: >250 °C; Ry 0.09 (9:1
CH2C12:MeOH); 'H NMR (500 MHz, CDCls): & 11.30 (s, 1H), 7.22 (s, 2H), 5.07 (dd, J = 12.0,
2.8,2H), 2.54 (ddt, J=15.0, 11.4, 3.8, 2H), 1.96-1.87 (m, 3H), 1.84 (dd, /= 14.4, 4.8, 2H), 1.81—
1.74 (m, 1H), 1.68-1.59 (m, 2H), 1.49-1.38 (m, 2H), 1.14-1.03 (m, 8H), 0.97 (s, 6H), 0.96 (s,
6H); 3C NMR (125 MHz, CDCl3): 8 139.9, 120.7, 66.8, 51.1, 49.8, 44.8, 34.3, 28.3, 27.7, 20.0,
18.7, 13.8; IR (film): 3051, 2951, 2888, 1544, 1392 cm™!; HRMS-ESI (m/z) [M — Cl]" calcd for
C23H37N2", 341.2947; found 341.2957; [a]***p—-24.0° (¢ = 1.00, CH2CL).

i. formaldehyde (1.0 equiv)

glyoxal (1.0 equiv)
AcOH (1.7 M), 60 °C, 4 h [\
.uwNH, - "‘NVN
ii. 1:1 HCI (aq., 10% v/v): CH,Cl, ® clo
§

23°C,1h
(2.0 equiv) —)-,
(23% yield) )-L8

(+)-52
Imidazolium (-)-L8. Followed a modified version of General Procedure 1 using (+)-52 (300 mg,

2.25 mmol, 2.0 equiv) by altering the reaction time in the first step to 4 h. Purification by flash
chromatography on neutral alumina (50:3 EtOAc:i-PrOH — 1:1 EtOAc:i-PrOH) afforded
imidazolium (-)-L8 (89 mg, 0.26 mmol, 23% yield) as an off-white powder. Imidazolium (—)-L8:
Mp: 58 °C; Rr0.40 (9:1 CH2Cl:MeOH); 'H NMR (500 MHz, CDCl3): & 11.62-11.57 (m, 1H),
7.39-7.33 (m, 4H), 7.29-7.22 (m, 4H), 6.79 (d, J= 1.6, 2H), 6.53 (dd, J = 8.0, 5.4, 2H), 3.17 (ddd,
J=163,8.7,5.7, 2H), 3.07 (ddd, J = 16.3, 8.6, 5.8, 2H), 2.98 (dtd, J = 13.6, 8.7, 5.8, 2H), 2.28
(ddt, J = 13.6, 8.6, 5.7, 2H); *C NMR (125 MHz, CDCl3): & 144.3, 138.6, 138.2, 130.1, 127.9,
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125.7, 125.2, 119.5, 65.2, 34.7, 30.5; IR (film): 3042, 2949, 1630, 1547, 1459 cm™'; HRMS-ESI
(m/z) [M — CI]* caled for C21HaiN3*, 301.1705; found 301.1710; [o]?*5p—14.0° (c = 1.00, CH2CL).

MeO i. formaldehyde (1.0 equiv) MeO OMe
glyoxal (1.0 equiv)
AcOH (1.7 M), 60 °C, 3 h
- —\
NHz i, 1:1 HCI (aq., 10% v/v): CH,Cl, N N
23°C,1h )
Me Me Me
(2.0 equiv) (13% vyield) (-)-L16
(-)-54

Imidazolium (-)-L16. Followed a modified version of General Procedure 1 using (-)-54 (500 mg,
3.31 mmol, 2.0 equiv) by altering the reaction time in the first step to 3 h. Purification by flash
chromatography on neutral alumina (20:1 EtOAc:i-PrOH — 1:1 EtOAc:i-PrOH) afforded
imidazolium (-)-L16 (80 mg, 0.22 mmol, 13% yield) as a light-yellow solid. Imidazolium (-)-
L16: Mp: 79 °C; R, 0.35 (9:1 CH2Cl::MeOH); 'H NMR (500 MHz, CDCl3): 8 11.61-11.57 (m,
1H), 7.44-7.38 (m, 4H), 6.95-6.88 (m, 6H), 5.98 (q, J = 7.0, 2H), 3.80 (s, 6H), 2.01 (d, J = 7.0,
6H); 3°C NMR (125 MHz, CDCls): 8 160.3, 137.3, 129.7, 128.6, 119.4, 114.7, 59.5, 55.4,21.3; IR
(film): 3066, 2982, 1515, 1249, 1148 cm™!; HRMS-ESI (m/z) [M — Cl]" calcd for C21HasN>05",
337.1916; found 337.1923; [a]*“p—58.0° (¢ = 1.00, CH2Cl).

F. i. formaldehyde (1.0 equiv) F. F

glyoxal (1.0 equiv)

AcOH (1.7 M), 60 °C, 1 h
- =\

NHz i, 1:1 HCI (aq., 10% v/v): CH,Cl, NN
23°C,1h ®de
Me Me Me
(2.0 equiv) (24% yield) (-)-L17
(-)-55

Imidazolium (-)-L17. Followed General Procedure 1 using (-)-55 (535 mg, 3.84 mmol, 2.0
equiv). Purification by flash chromatography on neutral alumina (15:1 EtOAc:i-PrOH — 1:2
EtOAc:i-PrOH) afforded imidazolium (-)-L17 (160 mg, 0.46 mmol, 24% yield) as an off-white
solid. Imidazolium (-)-L17: Mp: 177-178 °C; R;0.15 (9:1 CH2Cl,:MeOH); 'H NMR (500 MHz,
CDCls): 6 11.75 (s, 1H), 7.55-7.48 (m, 4H), 7.13-7.06 (m, 4H), 7.02-6.96 (m, 2H), 6.07 (q, J =
7.0, 2H), 2.03 (d, J= 7.1, 6H); 1*C NMR (125 MHz, CDCl3): 8 163.3 (d, J = 249.1), 137.8, 133.7
(d,J=3.3),129.3(d,J=8.5),119.7,116.7 (d, J=21.9), 59.4, 21.3; F NMR (282 MHz, CDCl3):
8 —111.2 (m, 2F); IR (film): 3064, 2987, 1604, 1511, 1226 cm™'; HRMS-ESI (m/z) [M — CI]* caled
for CioH19F2N>*, 313.1516; found 313.1527; [a]**%p—36.0° (¢ = 1.00, CHClL).
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Me i. formaldehyde (1.0 equiv) Me Me
glyoxal (1.0 equiv)
AcOH (1.7 M), 60 °C, 1 h
- F_\—
NH2 ji. 1:1 HCI (aq., 10% v/v): CH,CI N
35 g i 10% VV): CHCLy ®\CI/@
Me ’ Me Me
(2.0 equiv) (25% yield) (-)-L18
(-)-56

Imidazolium (-)-L18. Followed General Procedure 1 using (-)-56 (500 mg, 3.70 mmol, 2.0
equiv). Purification by flash chromatography on neutral alumina (15:1 EtOAc:i-PrOH — 1:1
EtOAc:i-PrOH) afforded imidazolium (-)-L18 (160 mg, 0.46 mmol, 25% yield) as a white solid.
Imidazolium (-)-L18: Mp: 87-89 °C; R;0.45 (9:1 CH2Cl2:MeOH); '"H NMR (500 MHz, CDCl3):
d 11.61 (s, 1H), 7.33 (d, J = 8.0, 4H), 7.20 (d, J = 8.0, 4H), 6.96—6.92 (m, 2H), 6.00 (q, J = 6.9,
2H), 2.34 (s, 6H), 2.01 (d, J= 6.9, 6H); *C NMR (125 MHz, CDCl3): 8 139.6, 137.6, 134.9, 130.2,
127.2,119.7,59.8,21.4, 21.3; IR (film): 3060, 2982, 1614, 1546, 1150 cm™!; HRMS-ESI (m/z) [M
— CI]" caled for C21H2sN2", 305.2018; found 305.2033; [a]**'p—44.0° (c = 1.00, CH2Cly).

i. formaldehyde (1.0 equiv)

' glyoxal (1.0 equi'v)
ACOH (1.7 M), 60 °C, 1 h
NH N
2 ji. 1:1 HCI (aq., 10% v/v): CHZCIZ N N
Me 23°C,1h Cl@ Me

Me
(2-(03;021‘;") (35% yield) (+)-L 14

Imidazolium L14. Followed General Procedure 1 using (S)-50 (590 mg, 4.36 mmol, 2.0 equiv).
Purification by flash chromatography on neutral alumina (25:1 EtOAc:i-PrOH — 1:1 EtOAc:i-
PrOH) afforded imidazolium L14 (260 mg, 0.76 mmol, 35% yield) as a beige solid. Imidazolium
L14: Mp: 146-147 °C; R;0.10 (9:1 CH,Cl,:MeOH); 'H NMR (500 MHz, CDCl3): & 11.65 (s, 1H),
7.30-7.23 (m, 6H), 7.22-7.18 (m, 2H), 6.90-6.85 (m, 2H), 6.22 (q, J= 7.0, 2H), 2.36 (s, 6H), 2.04
(d, J=17.0, 6H); 3°C NMR (125 MHz, CDClz): § 138.2, 136.7, 135.8, 131.7, 129.5, 127.1, 125.8,
120.1,56.9, 21.7, 19.5; IR (film): 3064, 2981, 1629, 1544, 1462 cm™!; HRMS-ESI (m/z) [M - CI]*
caled for C21H2s5N2", 305.2018; found 305.2032; [a]*-*p+8.0° (¢ = 1.00, CH2Cl,).
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Synthesis of benzimidazolium salt L15:

i) NaOH (4.0 equiv)
® Et,0 (1.0 M), 23 °C, 2 h N
NH -
° ii) Pd,(dba)s (7 mol%) NH HN,,,
Me e CIO (2)-BINAP (14 mol%) Me Me

(3.1 equiv) 1,2-dibromobenzene (1.0 equiv) Me Me
NaO#-Bu (3.5 equiv) +)-61
(S)-51 PhMe (0.6 M), 130 °C, 48 h )
(64% yield)

Diamine (+)-61. To a flask containing a stir bar and (S)-51 (4.73 g, 27.6 mmol, 3.1 equiv) in Et,O
(27.6 mL, 1.0 M) was added aqueous 1.0 M NaOH (55 mL, 2.0 equiv). The resulting mixture was
stirred vigorously at 23 °C for 2 h. After this time, the organic and aqueous layers were separated
and the aqueous layer was extracted with Et;0 (2 x 30 mL). The combined organic layers were
dried with NaxSOs, filtered, and concentrated under reduced pressure. The resulting amine was
immediately transferred to a flame-dried 8-dram vial, secured with a septum cap, and purged with
an inlet needle using N> and an outlet needle open to air for 5 min. Subsequently, 1,2-
dibromobenzene (1.96 g, 8.29 mmol, 1.0 equiv) was added to the vial. A separate 50 mL pressure
tube containing a stir bar was fitted with a septum, flame-dried under reduced pressure, and
backfilled with N,. The 8-dram vial and pressure tube were then brought into a glovebox. In the
glovebox, Pdx(dba)z (529 mg, 0.578 mmol, 7 mol%), (£)-BINAP (720 mg, 1.16 mmol, 14 mol%),
and toluene (7 mL) were added to the pressure tube. The tube was sealed and prestirred for 15
minutes at 130 °C in a preheated aluminum block in the glovebox. After this time, the reaction
vessel was allowed to cool to 23 °C and the amine and 1,2-dibromobenzene mixture were
transferred to the reaction tube using toluene (7 mL, 0.6 M). Then, NaOz-Bu (2.78 g, 28.9 mmol,
3.5 equiv) was added to the pressure tube, which was then sealed and brought out of the glovebox.
The reaction was then heated to 130 °C in an oil bath and stirred at this temperature for 48 h. After
this time, the reaction was allowed to cool to 23 °C and was filtered over a pad of Celite, eluting
with EtOAc (250 mL). The eluate was concentrated under reduced pressure and the crude material
was purified by flash chromatography on silica (4:1 hexanes:CH>Cl, — 3:2 hexanes:CH>Cl,) to
afford diamine (+)-61 (1.83 g, 5.31 mmol, 64% yield) as a white solid. Diamine (+)-61: Mp: 94—
95 °C; Rr0.35 (4:1 CH2Cl2:MeOH); 'H NMR (500 MHz, CDCl3): § 7.51-7.45 (m, 2H), 7.20-7.11
(m, 6H), 6.56 (dt, J=9.5, 3.8, 2H), 6.30 (dt, /= 9.5, 3.8, 2H), 4.69 (q, J = 6.5, 2H), 3.72 (s, 2H),
2.46 (s, 6H), 1.54 (d, J = 6.5, 6H); 3*C NMR (125 MHz, CDCl3): § 143.0, 136.4, 134.6, 130.7,
126.7, 124.8, 119.2, 113.3, 50.1, 23.5, 19.2 (11 of 12 signals observed); IR (film): 3346, 3022,



Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles
Bulger et al.
Supporting Information— S9

2965, 1599, 1508 cm'; HRMS-ESI (m/z) [M + H]* caled for CasHaoNa*, 345.2331; found
345.2335; [a]*°p+308.0° (¢ = 1.00, CH,Cly).

QANH HN"-Q HCI (aq., conc.) (4.0 equiv) . Q’QVN"-Q
Me Me Me Me CH(OEt); (0.20 M), 80 °C, 4 h Me o cl© e Me

(+)-61 (58% yield) (-)-L15

Benzimidazolium (—)-L15. To a round bottom flask containing a stir bar was added diamine (+)-
61 (1.83 g, 5.31 mmol, 1.0 equiv), followed by CH(OEt); (26.6 mL, 0.20 M). Then, concentrated
aqueous HCI (12 M, 1.8 mL, 21.2 mmol, 4.0 equiv) was added to the reaction vial. The reaction
flask was fitted with an air condenser, which was capped with a septum that was pierced with a
needle and left open to air. The resulting reaction was heated to 80 °C in an oil bath and stirred for
4 h. After this time, the reaction was allowed to cool to 23 °C and the reaction mixture was loaded
directly onto a column and purification by flash chromatography on silica (EtOAc — 4:1
EtOAc:MeOH) affording an oily residue containing benzimidazolium (-)-L15. The resulting salt
was crystallized by solvent diffusion after transferring the oily residue to a vial and dissolving it
in MeOH (2 mL) followed by slow addition of Et;O (10 mL) down the side of the vial. The
resulting salt was allowed to crystallize over 14 h at —20 °C, after which, the mother liquor was
decanted and the crystals were washed with cold Et;O (10 mL), providing benzimidazolium (-)-
L15 (1.20 g, 3.08 mmol, 58% yield) as a white crystalline solid. Benzimidazolium (—)-L15: Mp:
234-235 °C; Ry 0.15 (9:1 CH2Cl:MeOH); '"H NMR (500 MHz, CDCl3): 8 12.37 (s, 1H), 7.39—
7.34 (m, 2H), 7.31-7.27 (m, 2H), 7.26-7.24 (m, 4H), 7.22-7.18 (m, 2H), 7.17-7.14 (m, 2H), 6.47
(q,J=6.9,2H), 2.43 (s, 6H), 2.31 (d, J = 6.9, 6H); 3C NMR (125 MHz, CDCI3): 6 143.4, 135.8,
135.6, 131.5, 131.2, 129.1, 127.2, 126.6, 125.8, 114.2, 56.6, 20.9, 19.6; IR (film): 3112, 2979,
1552, 1462, 1249 cm™!'; HRMS-ESI (m/z) [M — CI]* caled for CasH7N2*, 355.2174; found
355.2184; [a]***p—14.0° (¢ = 1.00, CH2Cly).
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B. Reaction Discovery

B.1 Ligand Optimization

General procedure 2 for ligand optimization
0

Bn Ni(cod), (15 mol%) o o)

-

; e 35 et
Boc o) - Me or O’ Me
t-amyl alcohol (3.0 equiv) (:éy ‘
RS N R PhMe (0.5 M), 60 °C, 24 h Me
R2 12 9

62
A flame-dried 1-dram vial containing a stir bar was charged with amide 62 (34.3 mg, 0.087 mmol,

1.0 equiv). The vial was brought into a glovebox and charged sequentially with Ni(cod) (3.6 mg,
0.013 mmol, 15 mol%), NHC salt (0.026 mmol, 30 mol%), NaOz-Bu (2.8 mg, 0.029 mmol, 33
mol%), toluene (0.18 mL, 0.5 M), and ¢t-amyl alcohol (29 pL, 0.26 mmol, 3.0 equiv). The vial was
then sealed with a Teflon-lined screw cap, removed from the glovebox, the gap between the cap
and the vial was sealed with electrical tape, and the vial was stirred at 60 °C for 24 h. After cooling
to 23 °C, the mixture was filtered through a plug of silica, eluting with EtOAc (10 mL). The eluate
was concentrated and then analyzed by '"H NMR using hexamethylbenzene as an external standard.
Purification by preparative thin layer silica chromatography (3:1 hexanes:EtOAc) afforded
analytical samples of indanones 12 or 9, which were then subjected to analysis by supercritical
fluid chromatography to determine enantiomeric excess.
The absolute stereochemistry shown for 12 and 9 is not necessarily representative of the major

enantiomer observed for all ligands examined.
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A range of ligands (see Figure S1 below for structures) were examined using General Procedure
2, and results of these reactions appear below in Table S1. Apart from L20, which is commercially
available, all chiral NHC salts in Table S1 were synthesized according to the procedures above or

using known procedures referenced in the Materials and Methods section.

St B Yl
Aol &' Qo

Et Et Me
L10 Me L12
L11
ol Hef 8L
MeO @m Me o6 Me Me oCl e Me
L13 L15

OMe F

et {5 7@»% fm@ 7@»@0. o

L19 Mé @BF4

Figure S1. NHC salts evaluated during asymmetric reaction development.
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Table S1. Ligand evaluation results. See Figure S1 above for NHC salts.

[0}
Boc - more o e or O
I, e s s % - O
R? 12 9
62
Entry NHC Salt Yield of 122 % eeof 12 | Yield of 9*° | % eeof 9
I L7 31% 1% 27% 26%
2 L8 16% 0% ND. ND.
3 L9 23% 39% 4% 58%
4 L10 17% 34% 2% 62%
5 L1l 0% ND. ND. ND.
6 L12 18% 62% 20% 84%
7 L13 17% 70% 16% 76%
8 L14 14% 74% 17% 85%
9 LI5 18% 75% 32% 88%
10 L16 10% 43% N.D. N.D.
1 L17 0% ND. ND. ND.
12 L18 2% 49% 7% 58%
13 L19 0% N.D. 0% N.D.
14 L20 0% ND. 2% 74%

?Yields determined via '"H NMR analysis using hexamethylbenzene as an external standard

Ligand optimization revealed that L.15 gave the best combination of yield and enantioselectivity

in the formation of products 12 and 9.
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B.2 Reaction optimization
General procedure 3 for optimization of reaction conditions with L.15

o
B L15 (30 mol%)
N Ni(cod), (15 mol%) o]
| base (XX mol%)
Boc - O’ Me
t-amyl alcohol (3.0 equiv)
Me X PhMe (0.5 M), 60 °C, 24 h
6 (+)-9

A flame-dried 1-dram vial containing a stir bar was brought into a glovebox and charged with L15
(0.030 mmol, 30 mol%) followed by base (0.030-0.040 mmol, 30-65 mol%). Then, Ni(cod)>
(0.015 mmol, 15 mol%) was added followed by 6 (0.060 mmol, 1.0 equiv). Subsequently, -amyl
alcohol (3 equiv) and toluene (0.5 M with respect to amide 6) were added to the reaction vial. The
vial was then sealed with a Teflon-lined screw cap, removed from the glovebox, the gap between
the cap and the vial was sealed with electrical tape, and the vial was stirred at the indicated
temperature for 24 h. After cooling to 23 °C, the mixture was filtered through a plug of silica,
eluting with EtOAc (10 mL). The eluate was concentrated under reduced pressure and
hexamethylbenzene was used as an external standard to determine 'H NMR yields.

Any modification of the reaction conditions shown in the general procedure above are specified.

Table S2. Evaluation of stoichiometric loading of NaO#-Bu with 6 and L15.
o

Bn _L 15 (30 mol%) o
\ NaGr B4 (X mait) e
oC e
t-amyl alcohol (3.0 equiv) B O’ ‘
Me” PhMe (0.5 M), 60 °C, 24 h
6 (+)-9
Entry | mol% | Yield of | Recovered 6*
(+)-9°
1 30 3% 88%
2 35 33% 46%
3 40 28% 36%
?Yields determined via '"H NMR analysis using hexamethylbenzene as an external standard
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Table S3. Variation of base employed with 6 and L15.

o}
[;]’Bn Nif(l)ﬁ)(: ?1?:)::(32%) 0
Boc base (35 mol%) . O’ Me
t-amyl alcohol (3.0 equiv)
Me” N PhMe (0.5 M), 60 °C, 24 h ‘
6 (+)-9
Entry Base Yield of | Recovered 6°
(+)-9°
1 NaOr-Bu 33% 46%
2 LiOr-Bu 1% 75%
3 KOt-Bu 31% 50%
4 NaOt¢-amyl 30% 35%
5 LiHMDS 0% 84%
6 KHMDS 41% 37%
7 NaHMDS 23% 54%
8 KoCO3 0% 97%
9 K;3POq4 0% 98%
10 Cs2CO3 0% 100%

?Yields determined via '"H NMR analysis using hexamethylbenzene as an external standard

In-situ generation of the free carbene did not lead to significant increase in yield or catalyst
turnover. Additionally, during our optimization efforts, we observed varying amounts of removal
of the Boc group from the amide starting material which through control reactions we found could
occur through the use of base, therefore, we sought to add the free carbene as a discrete reagent

and omit the use of base overall.

Generation of Free Carbene 10

Q KOt-Bu (1.4 equiv) Q
y ng:.. THF (0.07 M), 23 °C, 30 min " NYNI..
€ me Cl© pe Me ®  Me Me Me
10

(94% yield)

L15
Carbene 10. A flame-dried scintillation vial containing a stir bar was brought into a glovebox and

charged with L15 (145.6 mg, 0.37 mmol, 1 equiv) and KOz-Bu (58.5 mg, 0.52 mmol, 1.4 equiv).
Next, THF (5.3 mL, 0.07 M) was added. The vial was capped with a Teflon-lined screw cap and
stirred for 30 mins in the glovebox. The reaction was then eluted through a Celite plug with THF

(2 x 0.5 mL) and collected in a flame-dried scintillation vial. The solvent was removed under
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reduced pressure and a white residue was left on the sides of the vial. The material was then
dissolved in toluene, and then eluted through another Celite plug with toluene (2 x 0.5 mL), and
collected in a tared flame-dried scintillation vial in the glovebox. The solvent was removed under
reduced pressure, providing free carbene 10 (123.9 mg, 0.35 mmol, 94% yield) as a white solid
that was dissolved and stored in toluene (0.1 mg/pL) for ease of addition to reaction vials. Carbene
10: 'H NMR (500 MHz, toluene-ds): 8 7.40-7.34 (m, 2H), 6.96-6.89 (m, 6H), 6.84-6.79 (m, 2H),
6.73-6.68 (m, 2H), 5.66 (q, J = 6.9, 2H), 2.26 (s, 6H), 2.09 (d, J = 6.9, 6H); 3*C NMR (125 MHz,
toluene-ds): & 225.0, 141.8, 135.9, 134.8, 130.8, 127.3, 126.8, 126.1, 121.4, 110.7, 54.7,22.7, 19.2.

General procedure 4 for optimization of reaction conditions with free carbene 10

B 10 (XX mol%)
N-on Ni(cod); (XX mol%) o
I dditive (XX equi
Boc additive (XX equiv) o Me
solvent (0.5 M), temp, time ' ‘
§
Me
6 (+)-9

A flame-dried 1-dram vial containing a stir bar was brought into a glovebox and charged with a
solution of 10 (0.015-0.080 mmol, 15-80 mol%) in solvent (0.5 M with respect to amide 6). Then,
the Ni(cod) (0.015-0.040 mmol, 15-40 mol%) was added and the reaction was allowed to stir at
23 °C for 30 min. Subsequently, 6 (0.060 mmol, 1.0 equiv) and additive (0-3 equiv) were added
to the reaction vial. The vial was then sealed with a Teflon-lined screw cap, removed from the
glovebox, the gap between the cap and the vial was sealed with electrical tape, and the vial was
stirred at the indicated temperature for a given time. After cooling to 23 °C, the mixture was filtered
through a plug of silica, eluting with EtOAc (10 mL). The eluate was concentrated under reduced
pressure, and hexamethylbenzene was used as an external standard to determine '"H NMR yields.
In cases where SFC data were obtained, purification by preparative thin-layer chromatography
(benzene) afforded analytical samples of indanone 9, which were then subjected to analysis by
supercritical fluid chromatography to determine enantiomeric excess.

Any modification of the reaction conditions shown in the general procedure above are specified.
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Table S4. Solvent variation with 6 and 10.

0
N-Bn N(10d(;30(1n;o|%)|/) 0
| i(cod), mol%, Me
oee solvent (0.5 M), 60 °C, 24 h > O’ ‘
Me” N
6 (+)-9
Entry Solvent Yield of | Recovered 6*
(+)-9?
1 PhMe 10% 70%
2 PhCF3 7% 78%
3 THF 6% 83%
4 1,2- 8% 70%
Dimethoxyethane
5 1,4-Dioxane 4% 81%
6 Acetonitrile 0% 82%

Yields determined via 'H NMR analysis using hexamethylbenzene as an external standard

Table S5. Temperature variation with 6 and 10.

o)
N-B" . (10d()30(1n;ol%)l Y o
| i(cod), mol%, Me
oee PhMe (0.5 M), temp, 24 h > O’ ‘
Me N
6 (+)-9
Entry | Temp | Yield of | Recovered 6*
(+)-9*
1 40 °C 3% 72%
2 60 °C 10% 70%
3 80 °C 0% 79%
4 100 °C 2% 71%
5 120 °C 2% 53%
Yields determined via 'H NMR analysis using hexamethylbenzene as an external standard
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Table S6. Variation of catalyst stoichiometry with 6.

0
N-Bn 10 (XX mol%) 0
) Ni(cod), (XX mol%)
Boc - Me
PhMe (0.5 M), 60 °C, 24 h - O’
Me N
6 (+)-9
Entry | mol% of 10 | Ni(cod): mol% | Yield of Recovered 6*
(+)-9*
1 30 15 10% 70%
2 15 15 11% 62%
3 60 15 0% 80%
4 80 40 28% 40%

Yields determined via 'H NMR analysis using hexamethylbenzene as an external standard

Optimization attempts varying solvent, temperature, and catalyst loading did not improve the yield

of the reaction using the free carbene without any additive. Optimization was investigated using

alcohol and amine additives and select examples of these efforts are shown in tables S7-S9 below.

Optimized conditions were found using 1.0 equivalent of morpholine as an additive (see Table S9,

entry 3).

Table S7. Evaluation of alcohol additives with 6 and 10.

(o}
N,Bn
Ilaoc
Me N
6

10 (30 mol%)
Ni(cod), (15 mol%)
additive (3.0 equiv)

PhMe (0.5 M), 60 °C, time

i

(+)-9
Entry | Additive | Time | Yield of | Recovered 6*
(+)-9"
1 Me Me " 72 h 24% 62%
HO ©

13
2 HO/\M/\Me 72 h 27% 34%
3 ©/°“ 24 h 0% 82%

49

Yields determined via 'H NMR analysis using hexamethylbenzene as an external standard
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Table S8. Evaluation of acyclic amines additives with 6 and 10.

o
5 10 (30 mol%)
o e °
Boc additive (3.0 equiv) . Me
PhMe (0.5 M), 60 °C, 72 h ‘
\
Me
6

(+)-9
Entry Additive Yield of % ee of | Recovered 6*
B9 | (I
1 HZN/\/OMQ 12% N.D. O%
41
2 Me. N Me 10% N.D. 70%
42
3 HNT "M 4% N.D. 44%
15
4 We 42% N.D. 40%
)<Me
H,N” “Me
16
5 Me/\HAMe 39% N.D. 30%
17
6 Me” “N"Me 5% N.D. 84%
kMe
18
7 Me_NﬂN_Me 34% N.D. 11%
19
8 Hg«“@ 6% N.D. 31%
45
9 ©/N”2 40% 89% 59%
37
10 k,'\ 15% N.D. 85%
o
46
11 Me 13% N.D. 84%
Cr
47

Yields determined via 'H NMR analysis using hexamethylbenzene as an external standard
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Table S9. Evaluation of cyclic amine additives with 6 and 10.

10 (30 mol%)
Ni(cod), (15 mol%)
additive (3.0 equiv)

(o}
N,Bn
éoc
Me N
6

PhMe (0.5 M), 60 °C, 72 h

i

(+)-9
Entry Additive Yield of % ee of | Recovered 6*
39" | ()9
1 @ 23% N.D. 7%
20
2 H 42% 89% 0%
3 [ j 550p 88%P 0%
)
21
4 GIH 13% N.D. 0%
40
5 NH 36% N.D. 0%
IS
Me
43
6 NH 22% N.D. 0%
'S
48
7 Me N Me 30% 87% 80%
MeUMe
44
8 n-Me 13% N.D. 75%
oM
39

Yields determined via 'H NMR analysis using hexamethylbenzene as an external standard

PReaction run with 1 equiv of morpholine
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C. Syntheses of Heck Cyclization Substrates
C.1 Syntheses of Carbonate Reductive Coupling Partners

002H MeOZCO

1) LiAlH,4 (1.5 equiv)
Et,0 (0.4 M),0°C, 2 h

2) methyl chloroformate (2.0 equiv)
pyridine (3.0 equiv)
Me Me CH,Cl, (0.4 M), 23 °C, 48 h MeE Me

63 (71% yield, 2 steps) 64

Carbonate 64. To a solution of carboxylic acid 63 (2.5 g, 16.0 mmol, 1.0 equiv) in Et,0O (41 mL,
0.4 M) at 0 °C was added LiAlH4 (12 mL, 2 M in THF, 1.5 equiv) dropwise over 10 min via
syringe. After stirring for 2 h, deionized water (20 mL) was added dropwise over 5 min at 0 °C.
The resulting heterogeneous mixture was filtered through a plug of Celite, eluting with Et2O (100
mL), and the filtrate was diluted with deionized water (50 mL). The layers were separated and the
aqueous layer was extracted with E,,O (3 x 50 mL). The organic layers were combined, dried over
MgSOQ,, and concentrated under reduced pressure (100 mbar, at 23 °C) to afford the corresponding
alcohol, which was used in the subsequent step without further purification. To a solution of the
crude alcohol in CH,Cl, (41 mL, 0.4 M) was added pyridine (4.0 mL, 49.0 mmol, 3.0 equiv from
63). The reaction was cooled to 0 °C. After stirring for 5 min, methyl chloroformate (2.5 mL, 33.0
mmol, 2.0 equiv from 63) was added dropwise over 1 min. The reaction was allowed to warm to
23 °C. After stirring for 48 h, the reaction mixture was poured into brine (150 mL) and diluted
with CH,Cl, (100 mL). The layers were separated and the aqueous layer was extracted with CH,Cl,
(3 x 100 mL). The organic layers were combined, washed with 1 N HCI (50 mL), dried over
MgSO,, and concentrated under reduced pressure (100 mbar, at 23 °C). The crude mixture was
purified via flash chromatography on silica (95:5 hexanes:EtOAc) to afford carbonate 64 (2.3 g,
11.4 mmol, 71% yield, 2 steps) as a colorless oil. Carbonate 64: R;0.55 (9:1 hexanes:EtOAc); 'H
NMR (600 MHz, CDCl3): 8 5.72-5.68 (m, 1H), 4.53-4.51 (m, 2H), 3.78 (s, 3H), 2.07-2.00 (m,
2H), 1.85-1.81 (m, 2H), 1.39 (t, J = 6.4, 2H), 0.90 (s, 6H) *C NMR (125 MHz, CDCl3): 5 155.9,
131.0, 126.3,72.2, 54.7, 38.9, 35.1, 28.5, 28.1, 23.6; IR (film): 3018, 2958, 2852, 1750, 1266 cm™
!, HRMS-ESI (m/z) [M + H]" caled for Ci11H1903", 199.1334; found 199.1345.
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CO,Me 1) LiAlH, (1.5 equiv) Me0,CO
Et,0 (0.40 M),0 — 23°C,2 h
\ > S
2) methyl chloroformate (2.0 equiv)
o) pyridine (3.0 equiv) o
CH,Cl, (0.4 M), 23 °C, 36 h
65 66

(46% yield, 2 steps)
Carbonate 66. To a solution of methyl ester 65 (4.0 g, 28.0 mmol, 1.0 equiv) in Et,O (70 mL, 0.4
M) at 0 °C was added LiAlIH, (21.1 mL, 2 M in THF, 1.5 equiv) dropwise over 10 min via syringe.
After stirring for 2 h, deionized water (40 mL) was added dropwise over 5 min at 0 °C. The
resulting heterogeneous mixture was filtered through a plug of Celite eluting with Et2O (150 mL)
and the filtrate was diluted with deionized water (100 mL). The layers were separated and the
aqueous layer was extracted with E,,O (3 x 80 mL). The organic layers were combined, dried over
MgSOQ,, and concentrated under reduced pressure (100 mbar, at 23 °C) to afford the corresponding
alcohol, which was used in the subsequent step without further purification. To a solution of the
crude alcohol (1.0 equiv) in CH,Cl, (55 mL) was added pyridine (5.3 mL, 65.7 mmol, 3.0 equiv
from 65). The reaction was cooled to 0 °C. After stirring for 5 min, methyl chloroformate (3.4 mL,
43.8 mmol, 2.0 equiv from 65) was added dropwise over 1 min. The reaction was allowed to warm
to 23 °C. After stirring for 36 h, the reaction mixture was poured into brine (150 mL) and diluted
with CH,Cl, (100 mL). The layers were separated and the aqueous layer was extracted with CH,Cl,
(3 x 100 mL). The organic layers were combined, washed with 1 N HCI (50 mL), dried over
MgSO,, and concentrated under reduced pressure (100 mbar, at 23 °C). The crude mixture was
purified via flash chromatography on silica (95:5 hexanes:EtOAc) to afford carbonate 66 (1.8 g,
12.9 mmol, 46% yield, 2 steps) as a yellow oil. Carbonate 66: R;0.17 (9:1 hexanes:EtOAc); 'H
NMR (500 MHz, CDCl3): 6 5.83-5.77 (m, 1H), 4.55 (s, 2H), 4.17-4.13 (m, 2H), 3.83-3.80 (m,
2H), 3.79 (s, 3H), 2.17-2.10 (m, 2H); 3C NMR (125 MHz, CDCl3): § 155.8, 130.4, 125.2, 70.8,
65.1, 64.1, 55.0,26.0 ; IR (film): 2962, 2826, 2849, 1749, 1268 cm™'; HRMS-ESI (m/z) [M + Na]*
calced for CsHi204Na™, 195.0633; found 195.0644.
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C.2 Reductive Cross-Coupling of Imides and Carbonates

Nil, (10 mol%)

MeO,CO 58 (10 mol%) §-B" o
o pyridine (1.0 equiv) O \
MgCl, (1.0 equiv) B

TBAB (1.0 equiv)
Zn0 (2.0 equiv)
Me Me DMA (0.25 M), 60 °C, 16 h

(1.5 equiv) 58
6: (43% yield) Me  Me

w-=2
=1
+
Y
8
A/
(/ZI

26

Amide 26. A flame-dried 250 mL round bottom flask equipped with a large 3 cm football-shaped
stir bar was brought into a glovebox and charged with amide 67° (3.5 g, 8.00 mmol, 1.0 equiv),
ligand 58 (145 mg, 0.80 mmol, 10 mol%), Nil, (250 mg, 0.80 mmol, 10 mol%), MgCl, (726 mg,
8.00 mmol, 1.0 equiv), TBAB (2.58 g, 8.00 mmol, 1.0 equiv) and Zn° (1.1 g, 16.0 mmol, 2.0
equiv). The flask was removed from the glovebox, at which point DMA (32.0 mL, 0.25 M),
pyridine (647 pL, 8.0 mmol, 1.0 equiv), and carbonate 64 (2.38 g, 12.0 mmol, 1.5 equiv) were
added. The flask was quickly sealed with an air condenser and stirred at 60 °C for 16 h. After
cooling to 23 °C, the mixture was passed through a plug of silica gel eluting with 5:2
hexanes:EtOAc (150 mL) until TLC indicated the desired product had eluted. The volatiles were
removed under reduced pressure and the crude mixture was further purified by flash
chromatography on silica (99:1 hexanes:EtOAc) to yield amide 26 (1.5 g, 3.50 mmol, 43% yield)
as a colorless oil. Amide 26: R;0.55 (9:1 hexanes:EtOAc); 'H NMR (600 MHz, CDCls): & 7.43
(d, J=17.3,2H), 7.35-7.26 (m, 4H), 7.22-7.13 (m, 3H), 5.38-5.34 (m, 1H), 5.01 (s, 2H), 3.31 (s,
2H), 1.85-1.80 (m, 2H), 1.79-1.76 (m, 2H), 1.30 (t, J = 6.4, 2H), 1.11 (s, 9H), 0.87 (s, 6H); 13C
NMR (150 MHz, CDClIs, 23 of 24 signals observed): 8 172.4, 152.9, 138.4, 138.0, 137.5, 134.8,
129.7,129.4,128.5,128.4,127.5,126.4, 125.7, 123.3, 83.3, 48.1, 40.9, 39.5, 35.8, 28.6, 28 .4, 27.5,
26.1; IR (film): 2955, 2867, 1730, 1673, 1231 cm™'; HRMS-ESI (m/z) [M + Na]* caled for
C2sH3sNOsNa*, 456.2515; found 456.2519.



Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles
Bulger et al.
Supporting Information— S23

Nil, (10 mol%) o

58 (10 mol%) (o]]

o Me0O,CO pyridine (1.0 equiv) N
_Bn MgCl, (1.0 equiv) Boc | N,
l;l + X Z N
Boc TBAB (1.0 equiv) N ‘
0 i A
1 o Zn" (2.0 equiv) N
67 (1.2 equiv) DMA (0.25 M), 60 °C, 36 h

)
66 (48% yield) 24

\

58

Amide 24. A flame-dried 250 mL round bottom flask equipped with a large 3 cm football-shaped
stir bar was brought into a glovebox and charged with amide 67° (3.8 g, 8.70 mmol, 1.0 equiv),
ligand 58 (160 mg, 0.87 mmol, 10 mol%), Nil, (270 mg, 0.87 mmol, 10 mol%), MgCl, (83.0 mg,
8.70 mmol, 1.0 equiv), TBAB (2.80 g, 8.7 mmol, 1.0 equiv) and Zn° (1.1 g, 17.4 mmol, 2.0 equiv).
The flask was removed from the glovebox, at which point DMA (35.0 mL), pyridine (700 uL, 8.7
mmol, 1.0 equiv), and carbonate 66 (1.80 g, 10.0 mmol, 1.2 equiv) were added. The flask was
quickly sealed with an air condenser and stirred at 60 °C for 36 h. After cooling to 23 °C, the
mixture was passed through a plug of silica gel and eluted with 5:2 hexanes:EtOAc (150 mL) until
TLC indicated the desired product had eluted. The volatiles were removed under reduced pressure
and the crude mixture was further purified by flash chromatography on silica (99:1
hexanes:EtOAc) to yield amide 24 (1.7 g, 4.2 mmol, 48% yield) as a colorless oil. Amide 24: Ry
0.34 (95:5 benzene: MeCN; '"H NMR (500 MHz, CDCls): 6 7.43 (d, J = 7.3, 2H), 7.36-7.30 (m,
3H), 7.28 (overlapped with residual solvent peak, 1H), 7.24-7.13 (m, 3H), 5.39 (br s, 1H), 5.02 (s,
2H), 4.09-4.04 (m, 2H), 3.71 (t, J = 5.5, 2H), 3.37 (s, 2H), 2.00-1.91 (m, 2H), 1.12 (s, 9H), 13C
NMR (125 MHz, CDCl3): 6 172.3, 152.9, 138.4, 137.9, 136.4, 134.2, 130.2, 129.5, 128.6, 128.4,
127.6, 126.4, 126.0, 122.6, 83.5, 65.6, 64.5, 48.1, 40.4, 28.4, 27.6; IR (film): 3037, 2983, 2849,
1725, 1140 cm™'; HRMS-ESI (m/z) [M + Na]" calcd for CasHoNO4Na®, 430.1994; found
430.2018.
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D. Syntheses of Racemic Indanones (£)-25 and ()-27
o)

_Bn Ni(cod), (15 mol%) o)

N Benz-ICy-HCI (30 mol%)
é KHMDS (33 mol%) —
oc > o
t-amyl alcohol (3.0 equiv) Cy’ng‘Cy

PhMe (0.5 M), 60 °C, 24 h

~ (£)-25 1o
(29% vyield)
o Benz-ICy-HClI
24

Indanone ()-25. A flame-dried 1-dram vial containing amide 24 (35.0 mg, 0.086 mmol, 1.0
equiv) and a magnetic stir bar was sequentially charged with Benz-ICy*HCI (8.2 mg, 0.026 mmol,
30 mol%), Ni(cod)2 (3.5 mg, 0.013 mmol, 15 mol%), and KHMDS (6.0 mg, 0.030 mmol, 35 mol%)
in a glovebox. Subsequently, toluene (172 pL, 0.5 M) and then #-amyl alcohol (28.2 uL, 0.26
mmol, 3.0 equiv) were added. The vial was sealed with a Teflon-lined screw cap, removed from
the glovebox, the gap between the cap and the vial was sealed with electrical tape, and the vial was
stirred at 60 °C for 24 h. After cooling to 23 °C, the mixture was diluted with hexanes (1.0 mL)
and filtered through a plug of silica gel (10 mL of EtOAc eluent). Purification by preparative thin-
layer chromatography (95:5 benzene: MeCN) afforded indanone (£)-25 (5.0 mg, 0.025 mmol, 29%
yield) as a colorless oil. Indanone (£)-25: Ry 0.53 (95:5 benzene: MeCN); 'H NMR (500 MHz,
CDChL): 6 7.77 (d, J= 7.6, 1H), 7.62 (t,J = 7.6, 1H), 7.44 (d, J= 7.6, 1H), 7.40 (t, J= 7.6, 1H),
6.64 (d,J=6.1, 1H), 4.52 (d, J= 6.1, 1H), 4.44 (ddd, /= 10.9, 7.5, 3.0, 1H), 4.02 (ddd, J = 10.9,
7.5,3.0,1H),3.23 (d,J=17.1, 1H), 3.07 (d,J=17.1, 1H), 2.13-2.04 (m, 1H), 1.77 (ddd, J=13.9,
7.4, 3.0, 1H).!3C NMR (150 MHz, CDCl3): & 208.8, 151.8, 146.1, 135.5, 135.3, 127.9, 126.7,
124.8, 102.9, 63.1, 46.5, 43.2, 32.5; IR (film): 2916, 2849, 1712, 1641, 1250 cm™'; HRMS-ESI
(m/z) [M + H]" caled for C13H1302", 201.0916; found 201.0920.

o
_Bn Ni(cod), (15 mol%) o)
N Benz-ICy-HCI (30 mol%)
Boc NaOt-Bu (35 mol%) . ’6 Me
t-amyl alcohol (3.0 equiv) Me ~N& NS
PhMe (0.5 M), 60 °C, 24 h Cy ®\CI/@ Cy
(x)-27
(54% yield)
Benz-ICy-HCI
Me Me
26

Indanone ()-27. A flame-dried 1-dram vial containing amide 26 (40.2 mg, 0.093 mmol, 1.0
equiv) and a magnetic stir bar was sequentially charged with Benz-ICy*HCI (8.9 mg, 0.028 mmol,
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30 mol%), Ni(cod): (3.8 mg, 0.014 mmol, 15 mol%), and NaO#Bu (3.1 mg, 0.033 mmol, 35
mol%) in a glovebox. Subsequently, toluene (185 uL, 0.5 M) and then #-amyl alcohol (31 pL, 0.28
mmol, 3.0 equiv) were added. The vial was sealed with a Teflon-lined screw cap, removed from
the glovebox, the gap between the cap and the vial was sealed with electrical tape, and the vial was
stirred at 60 °C for 24 h. After cooling to 23 °C, the mixture was diluted with hexanes (1.0 mL)
and filtered through a plug of silica gel (10 mL of EtOAc eluent). The volatiles were removed
under reduced pressure. Purification by preparative thin-layer chromatography (95:5
benzene:MeCN) afforded indanone ()-27 (11.3 mg, 0.050 mmol, 54% yield) as a colorless oil.
Indanone (£)-27: Rr0.76 (95:5 benzene:MeCN; 'H NMR (600 MHz, CDCl3): 6 7.76 (d, J = 7.6,
1H), 7.59 (td, J= 7.4, 1.2, 1H), 7.43 (dt, J= 7.7, 0.9, 1H), 7.40-7.35 (m, 1H), 5.71 (dd, J = 9.9,
1.0, 1H), 5.30 (dd, /= 9.9, 1.0, 1H), 3.14-3.05 (m, 2H), 1.98 (ddd, J = 13.4, 10.8, 3.1, 1H), 1.81
(dddd, J=13.3, 7.1, 3.2, 0.8, 1H), 1.60-1.53 (m, 1H), 1.52-1.47 (m, 1H), 1.11 (s, 3H), 1.05 (s,
3H); *C NMR (150 MHz, CDCl3): 6 209.7, 152.6, 140.4, 136.0, 134.9, 127.6, 126.7, 125.9, 124.7,
51.6,42.2,34.2,31.5, 30.3, 30.2, 29.0; IR (film): 2991, 2962, 2852, 1710, 964 cm™!; HRMS-ESI
(m/z) [M + H]" calcd for Ci16H190", 227.1436; found 227.1450.

E. Scope of Methodology

General procedure 5 for the enantioselective nickel-catalyzed Mizoroki-Heck reaction

Ni(cod), (15 mol%)

N 10 (30 mol%) o
éoc morpholine (1.0 equiv) . RS
PhMe (0.5 M), 60 °C, 72 h Z “R! N _N-.
N Me . Me
Me Me
10

R3 R R?
R2 68

62
A flame-dried 1-dram vial containing a stir bar was brought into a glovebox and charged
sequentially with amide 62 (0.1 mmol, 1.0 equiv), Ni(cod): (4.1 mg, 0.015 mmol, 15 mol%), and
a solution of 10 (0.1 mg/uL in PhMe, 106 pL, 10.6 mg, 0.030 mmol, 30 mol%) in toluene (95 uL,
0.5 M total accounting for the volume of the carbene solution). The mixture was then prestirred
for 15 minutes in the glovebox at 23 °C. Then, morpholine (8.6 puL, 0.1 mmol, 1.0 equiv) was
added to the vial using a micropipette. The vial was then sealed with a Teflon-lined screw cap,
removed from the glovebox, the gap between the cap and the vial was sealed with electrical tape,

and the vial was stirred at 60 °C for 72 h. After cooling to 23 °C, the mixture was filtered through
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a plug of silica, eluting with EtOAc (10 mL). The eluate was concentrated under reduced pressure,

then purified by flash chromatography on silica to provide products 68.

o
Bn Ni(cod), (15 mol%)

N~ 10 (30 mol%)

1

Boc morpholine (1.0 equw) Me

~ PhMe (0.5 M), 60 °C, 72 h O ‘ NN~
Me Me e . Me Me
6 10

(54% yield, 88% ee) (+)-9

Indanone (+)-9. Followed General Procedure 5. Purification by preparative thin layer silica
chromatography (95:5 benzene:MeCN) afforded indanone product (+)-9 (54% yield, 88% ee,
average of two experiments) as a colorless oil. Spectral data match those previously reported.®

[0]?"°p +80° (¢ = 1.00, CH2CL).

Ni(cod), (15 mol%)
10 (30 mol%)

morpholine (1.0 equiv) Q
PhMe (0.5 M), 60 °C, 72 h N\/N"'
NBoc Me e - Me Me
10

36% yield, 88% ee
NBoc (36%y 6 ee) (+)-23

Indanone (+)-23. Followed General Procedure 5. Purification by preparative thin layer silica
chromatography (2:1 hexanes:EtOAc) afforded indanone product (+)-23 (36% yield, 88% ee,
average of two experiments) as a colorless oil. Spectral data match those previously reported.®

[o]?* 0D+14° (c = 1.00, CH,CL).

Ni(cod), (15 mol%)

10 (30 mol%)
morpholine (1.0 equiv) (:é@
> (o]
PhMe (0.5 M), 60 °C, 72 h NN
Me Me Me Me
10

(36% yield, 87% ee) (+)-25

Indanone (+)-25. Followed General Procedure 5. Purification by preparative thin layer silica
chromatography (95:5 benzene:CH3CN) afforded indanone product (+)-25 (36% yield, 87% ee,
average of two experiments) as a colorless oil. Spectral data match those previously reported in

Section D. [0]?4p +196° (¢ = 1.00, CH,CL).
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Ni(cod), (15 mol%)

n-Bn 10 (30 mol%) o Q

O éoc morpholine (1.0 equiv) . Me

PhMe (0.5 M), 60 °C, 72 h - O’é Me %NYNM(QNL
‘ (80% vyield, 54% ee) (+)-27 Me 10 Me

Me Me
26

Indanone (+)-27. Followed General Procedure 5. Purification by preparative thin layer silica
chromatography (95:5 benzene:MeCN) afforded indanone product (+)-27 (80% yield, 54% ee,
average of two experiments) as a colorless oil. Spectral data match those previously reported in

Section D. [a]*”'p+82° (¢ = 1.00, CH,Cl).
0

Ni(cod), (15 mol%)

N 10 (30 mol%) o
| morpholine (1.0 equiv,
PhMe (0.5 M), 60 °C, 72 h N Ni..
[ Me Me \/ Me
Me Me
10

41% vyield, 77% ee
Me @ivey ) (4)-12

Indanone (+)-12. Followed General Procedure 5. Purification by preparative thin layer silica
chromatography (3:1 hexanes:EtOAc) afforded indanone product (+)-12 (41% yield, 77% ee,
average of two experiments) as a colorless oil. Spectral data match those previously reported.®

[0]% %5 +18° (¢ = 1.00, CH2CL).

F. Synthetic Elaboration of Mizoroki-Heck Cyclization Product (+)-9

i. Fe(acac); (40 mol%)
PhSH (40 mol%) fo)
PhSiH; (4.0 equiv)
EtOH (0.1 M), 23°C, 25 h Me

ii. TBAF (25 equiv), 23 °C, 16 h

(87% yield) (+)-69
Indanone (+)-69. A flame-dried 1-dram vial containing a magnetic stir bar was charged with
indanone (+)-9 (30.0 mg, 0.12 mmol, 1.0 equiv) and Fe(acac); (17.0 mg, 48 umol, 40 mol%). The
vial was then secured with a septum cap and purged with an inlet needle using N> and an outlet
needle open to air for 5 min. Then, ethanol (1.2 mL, 0.1 M) was added to the vial and the mixture
was stirred for 2 min until homogenous. Subsequently, phenylsilane (59 pL, 0.48 mmol, 4.00

equiv), and thiophenol (0.50 M in n-propanol, 95 pL, 48 pmol, 40 mol%) were added sequentially.
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The reaction was allowed to stir at 23 °C under nitrogen for 25 h. After 25 h, TBAF (1.0 M in
THF, 0.86 mL, 3.0 mmol, 25 equiv) was added to the reaction to eliminate excess phenylsilane
and stirred at 23 °C under nitrogen for 16 h. After this time, the crude material was concentrated
under reduced pressure. Purification by preparative thin layer silica chromatography (95:5
benzene:MeCN) afforded product (+)-69 (22.9 mg, 0.10 mmol, 87% yield) as a colorless oil.
Indanone (+)-69: R;0.33 (benzene); '"H NMR (600 MHz, CDCl3) 6 7.73 (d, J= 7.7, 1H), 7.57 (t,
J=74,1H),743 (d,J=7.4,1H), 735 (t,J=7.4, 1H),3.21 (d,J=17.4, 1H), 2.69 (d, J= 174,
1H), 1.91-1.84 (m, 1H), 1.82-1.76 (m, 1H), 1.72 (tt, J=12.1, 3.2, 1H), 1.67-1.55 (m, 2H), 1.39—
1.33 (m, 1H), 1.31-1.17 (m, 5H), 1.09 (tt,J=12.8, 3.1, 1H), 0.98 (qd, /= 12.6, 3.6, 1H), 0.86 (qd,
J=12.6,3.6, IH); 3*C NMR (150 MHz, CDCl3): § 212.5, 153.5, 136.8, 134.8, 127.4, 126.5, 124.0,
52.6,44.5,37.6,28.1,27.6, 26.8, 26.6, 26.4, 23.0; IR (film): 2960, 2927, 2880, 2852, 1710 cm™*;
HRMS-ESI (m/z) [M + H]" calcd for Ci6H210%, 229.1587; found 229.1598. [a]*66p—60° (¢ = 1.00,
CHxCl).

fo) urea hydrogen peroxide (43 equiv) (0] (o} o
TFA (19 equiv) 0
Me BF3-OEt, (73 equiv) Me
> + Me
CH,Cl, (0.1 M), 0 — 23°C,16 h
(-)-29 (+)-70

(+)-69 (60% yield, 1.8:1 rr)
Lactones (-)-29 and (+)-70. To a solution of indanone (+)-69 (17.0 mg, 75 umol, 1 equiv) and
urea hydrogen peroxide (298 mg, 3.16 mmol, 43 equiv) in CH>Cl (1.1 mL, 0.1 M) at —0 °C was
added TFA (109 uL, 1.41 mmol, 19 equiv). After stirring for 10 min, BF3;*OEt; (671 uL, 5.44
mmol, 73 equiv) was added dropwise via syringe. The reaction was allowed to warm to 23 °C over
16 h. After stirring for 16 h, the reaction mixture was poured into deionized water (50 mL) and
diluted with CH,Cl, (50 mL). The layers were separated and the aqueous layer was extracted with
CH,Cl, (3 x 10 mL). The organic layers were combined, washed with saturated aqueous NaHCO3
(50 mL), dried over MgSQO,, and concentrated under reduced pressure (100 mbar, at 23 °C).
Purification by preparative thin layer chromatography (95:5 benzene:MeCN) afforded lactone
(-)-29 and lactone (+)-70, each as a colorless oil (11.0 mg, 45 pumol, 60% combined yield, 1.8:1
it determined by 'H NMR analysis of the crude reaction mixture). (-)-29: Rr0.66 (benzene); 'H
NMR (600 MHz, CDCI3): 6 7.26—7.22 (overlapped with residual solvent peak, 1H), 7.13 (d, J =
7.3, 1H), 7.07 (t,J= 7.3, IH), 7.00 (d, /= 8.2, 1H), 2.99 (d, /= 16.1, 1H), 2.78 (d, /= 16.1, 1H),
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1.80-1.70 (m, 2H), 1.69—1.64 (m, 1H), 1.63—1.59 (m, 2H), 1.57—1.50 (m, 1H), 1.22 (s, 3H), 1.17—
0.96 (m, 5H); 13C NMR (125 MHz, CDCls, 15 of 16 signals observed): § 173.0, 151.8, 128.4,
128.2, 124.4, 122.0, 116.0, 44.1, 40.3, 33.9, 27.8, 26.7, 26.6, 26.4, 19.6; IR (film): 2929, 2880,
2853, 1762, 1458 cm™'; HRMS-ESI (m/z) [M + HJ" caled for CisH2102", 245.1542; found
245.1553. [a]5p—10° (¢ = 1.00, CH2Cla). (+)-70: R;0.38 (benzene); 'H NMR (600 MHz, CDCls):
5 8.10-8.07 (m, 1H), 7.52 (td, J= 7.6, 1.2, 1H), 7.37 (t, J = 7.6, 1H), 7.21 (d, J= 7.6 1H), 3.18 (d,
J=16.4, 1H), 2.83 (d, J = 16.4, 1H), 2.04-1.97 (m, 1H), 1.88-1.77 (m, 3H), 1.71-1.64 (m, 2H),
130 (s, 3H), 1.25-1.02 (m, 5H); 13C NMR (125 MHz, CDCl3): 165.3, 138.3, 133.9, 130.1, 128.3,
127.5, 125.3, 85.6, 53.6, 47.1, 35.8, 27.7, 27.0, 26.6, 26.5, 21.9 3; IR (film): 2928, 2882, 2854,
1715, 1460 cm'; HRMS-ESI (m/z) [M + HJ" caled for CiHaiO5", 245.1542; found 245.1553.
[a]?55p +8° (¢ = 1.00, CHCly).

o__0 OH _OH
Me LiAlH, (1.5 equiv) _ Me
). EL,0 (0.03 M) i
(-)-29 0 °C, 30 min (+)-30
(quant. yield)

Diol (+)-30. To a solution of lactone (-)-29 (2.6 mg, 11 pumol, 1.0 equiv) in Et,0O (0.5 mL, 0.03
M) at 0 °C was added LiAlH, (8 pL, 2 M in THF, 16 umol, 1.5 equiv). After stirring for 30 min,
deionized water (5 mL) was added dropwise over 5 min at 0 °C. The resulting heterogeneous
mixture was filtered through a plug of Celite eluting with Et2O (10 mL) and the filtrate was diluted
with deionized water (10 mL). The layers were separated and the aqueous layer was extracted with
Et,0O (3 x 10 mL). The organic layers were combined, dried over MgSQO,, and concentrated under
reduced pressure (100 mbar, at 23 °C) to afford the corresponding diol (+)-30. Purification by
preparative thin layer silica chromatography (95:5 benzene:MeCN) afforded diol (+)-30 (2.6 mg,
11 umol, quant. yield) as a colorless oil. (+)-30: Ry 0.32 (95:5 benzene:MeCN); 'H NMR (600
MHz, CDCl3): 6 7.16-7.09 (m, 1H), 7.03—6.97 (m, 1H), 6.88 (d, J= 7.8, 1H), 6.85-6.79 (m, 1H),
345(,J=10.9, 1H),3.16 (d,/=10.9, 1H), 2.77 (d, J = 14.2, 1H), 2.59 (d, J = 14.2, 1H), 1.99—
1.92 (m, 1H), 1.89-1.82 (m, 1H), 1.81-1.75 (m, 1H), 1.74-1.62 (m, 3H), 1.51-1.43 (m, 2H), 1.23—
1.02 (m, 5H), 0.75 (s, 3H); *C NMR (150 MHz, CDCl3): & 156.1, 133.0, 127.9, 124.6, 120.0,
117.0, 66.3, 42.3, 41.2, 35.2, 29.9, 27.5, 27.23, 27.16, 26.8, 17.1; IR (film): 3208, 3000, 2925,
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2882, 2853 cm'; HRMS-ESI (m/z) [M + HJ* calcd for CiHasO2", 249.1855; found 249.1869.
[0]*3p +50° (¢ = 1.00, CHaCL).

OH _OH o
PPh; (1.5 equiv)
Me DBAD (1.5 equiv) _ Me
CH,CI, (0.07 M) (+)-31
(+)-30 10°C,3h

(quant. yield)
Chromane (+)-31. To a flame-dried 1-dram vial containing a stir bar was added diol (+)-30 (2.0
mg, 8.1 umol, 1 equiv), PPh3 (3.2 mg, 12 umol, 1.5 equiv), and DBAD (2.8 mg, 12 umol, 1.5
equiv). The vial was then secured with a septum cap and purged with an inlet needle using N> and
an outlet needle open to air for 5 min. Then, CH>Cl> (120 uL, 0.07 M) was added and the vial was
sealed with a Teflon-lined cap and cooled to 10 °C. The solution was allowed to stir at 10 °C for 3
h. After this time, the mixture was eluted through a pad of silica using CH2Cl> (10 mL), and the
eluate was concentrated under reduced pressure. Purification by flash chromatography on silica
(benzene) afforded chromane (+)-31 (1.9 mg, 8.2 umol, quant. yield) as a volatile, colorless oil.
Chromane (+)-31: R;0.61 (100% benzene); 'H NMR (600 MHz, CDCls): § 7.08 (t, J= 7.0, 1H),
7.01(d,J=7.0, 1H), 6.84 (t,J=7.0, 1H), 6.82—6.76 (m, 1H), 3.85 (s, 2H), 2.71 (d, J=15.9, 1H),
2.45(d,J=15.9, 1H), 1.83-1.72 (m, 4H), 1.70-1.63 (m, 1H), 1.28-1.03 (m, 6H), 0.89 (s, 3H); 13C
NMR (125 MHz, CDCl): 6 154.2, 130.4, 127.1, 121.9, 120.5, 116.3, 73.7, 43.3, 36.4, 33.7, 27.1,
27.03,26.96, 26.8, 26.6, 18.0; IR (film): 2968, 2926, 2879, 2853, 1230 cm™!; HRMS-ESI (m/z) [M
+ Na]* caled for CisH22ONa*, 253.1568; found 253.1664. [a]**%p +200° (¢ = 1.00, CH,Cl).

0
PPh;MeBr (2.4 equiv)
O’ Me n-BuLi (1.7 equiv)
‘ THF (0.2 M), 23°C, 2 h

(+)-9 (97% yield)

\

Olefin (-)-32. To a flame-dried 2-dram vial containing a stir bar was added PPhsMeBr (200 mg,
0.56 mmol, 2.4 equiv). The vial was then secured with a septum cap and purged with an inlet
needle using N and an outlet needle open to air for 5 min. Then, THF (610 pL, 0.2 M) was added,
followed by the dropwise addition of n-BuLi (2.4 M in hexanes, 152 pL, 1.7 equiv) over 1 min at
23 °C, resulting in an orange heterogeneous solution. The solution was allowed to stir at 23 °C for
1 h. Subsequently, indanone (+)-9 (55.6 mg, 0.22 mmol, 1.0 equiv) was dissolved in THF (500

pL) in a separate flame-dried 1-dram vial and was transferred via syringe to the reaction vial and
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added dropwise over 1 minute. The reaction was allowed to stir at 23 °C for 1 h. After this time,
the mixture was eluted through a pad of silica using CH>Cl> (10 mL), and the eluate was
concentrated under reduced pressure. Purification by flash chromatography on silica (pentanes)
afforded olefin (-)-32 (48.3 mg, 0.22 mmol, 97% yield) as a volatile, colorless oil. Olefin (-)-32:
Ry0.45 (9:1 hexanes:EtOAc); 'H NMR (600 MHz, CDCls): 6 7.49 (d, J= 7.0, 1H), 7.25-7.17 (m,
3H), 5.72-5.65 (m, 1H), 5.50 (s, 1H), 4.81 (s, 1H), 3.16 (d, /= 16.8, 1H), 2.69 (d, J = 16.8, 1H),
2.14-2.04 (m, 2H), 1.88-1.76 (m, 2H), 1.64—-1.55 (m, 2H), 1.54-1.46 (m, 2H), 1.29 (s, 3H); 13C
NMR (125 MHz, CDClz): 8 158.1, 144.3, 142.3, 140.7, 128.6, 126.6, 125.4, 121.1, 120.2, 102.9,
51.4,44.6,27.3,25.70, 25.66, 23.4, 22.8; IR (film): 3075, 2959, 2925, 2854, 1636 cm™!; GCMS-
EI (m/z) [M]" caled for Ci7Hao", 224.1565; found 224.1559. [a]**p-36° (¢ = 1.00, CH2CL,).

NEt; (2.0 equiv)
+ _N >
HO™ MeCN (0.1 M)
al 23°C,25h
(2.0 equiv) (79% yield, 5.3:1 dr)
59

(-)-34. To a flame-dried 1-dram vial was added sequentially olefin (-)-32 (21.8 mg, 0.092 mmol,
1.0 equiv), 59 (34.3 mg, 0.19 mmol, 2.0 equiv), MeCN (920 uL, 0.1 M), and NEt3 (25.7 uL, 0.19
mmol, 2.0 equiv). The vial was sealed with a Teflon-lined cap and stirred at 23 °C for 25 h. After
this time, the reaction was eluted through a pad of silica with EtOAc (10 mL), and the eluate was
concentrated under reduced pressure. Purification by preparative thin layer silica chromatography
(4:1 hexanes:EtOAc) afforded (-)-34 (30.4 mg, 0.081 mmol, 79% yield, 5.3:1 dr determined by
'"H NMR analysis of the crude reaction mixture) as an off-white foam. (-)-34: Ry 0.65 (3:1
hexanes:EtOAc); 'TH NMR (600 MHz, CDCls): & 7.77-7.71 (m, 1H), 7.39-7.34 (m, 1H), 7.32—
7.29 (m, 1H), 7.25-7.18 (m, 3H), 6.99 (td, /= 7.5, 0.9, 1H), 6.92 (d, J = 8.3, 1H), 5.75-5.66 (m,
1H), 3.81 (s, 3H), 3.75 (d, J=18.2, 1H), 3.22-3.12 (m, 2H), 2.69 (d, /= 15.2, 1H), 2.16-2.01 (m,
3H), 1.99-1.90 (m, 1H), 1.68-1.42 (m, 4H), 1.27 (s, 3H); 3*C NMR (150 MHz, CDCI3, 24 of 25
signals observed): 0 157.7, 156.3, 146.9, 141.9, 139.7, 131.2, 129.6, 128.2, 127.1, 124.9, 122.9,
122.4, 1209, 119.4, 111.5, 98.0, 56.7, 55.6, 46.1, 42.1, 25.9, 23.4, 22.6, 21.9; IR (film): 3042,
2922, 2854, 1600, 1253 cm™!; HRMS-ESI (m/z) [M + H]" caled for CosH2sNO»*, 374.2120; found
374.2134. [0]**?p—50° (¢ = 1.00, CH2Cl).
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The structure of (—)-34 was verified by 2D-NOESY, as the following interactions were observed:

BF3-OEt; (3.0 equiv)
allylMgCl (15.0 equiv)

>

PhMe (0.05 M)
—78°C,2h

(63% yield, 1.6:1 dr)

(-)-34 and (-)-71. A flame-dried 1-dram vial was charged with (-)-34 (28.5 mg, 0.068 mmol, 1.0
equiv) and toluene (1.0 mL) and cooled to —78 °C. BF30Et; (26.0 uL, 0.21 mmol, 3.0 equiv) was
then added and the reaction was allowed to stir at =78 °C for 1 h. Subsequently, a solution of
allylIMgCl (2.0 M in THF, 512 pL, 15.0 equiv) in toluene (0.95 mL) was prepared and added
slowly dropwise over 15 min to the reaction vial. The resulting solution was allowed to stir for 1
h and after this time, the reaction was quenched at —78 °C with saturated aqueous NaHCO3 (2 mL)
and slowly allowed to warm to 23 °C. The mixture was then diluted with Et,0O (2 mL) and
deionized water (2 mL). The organic and aqueous layers were separated, and the aqueous layer
was extracted with Et;0 (2 x 2 mL). The combined organic layers were dried with Na,SOs, filtered,
and concentrated under reduced pressure. Purification by preparative thin layer silica
chromatography (4:1 hexanes:EtOAc) afforded major diastereomer (—)-35 and minor diastereomer
(-)-71, each as colorless oils (19.4 mg, 0.044 mmol, 63% combined yield, 1.6:1 dr determined by
"H NMR analysis of the crude reaction mixture). (=)-35 (major): R;0.55 (5:1 hexanes:EtOAc); 'H
NMR (600 MHz, (CD3):S0): 8 7.65-7.54 (m, 2H), 7.29-7.20 (m, 3H), 7.20-7.15 (m, 1H), 7.04—
6.99 (m, 1H), 6.90 (td, J=7.5, 0.9, 1H), 6.18 (br s, 1H), 5.55 (ddt, /= 16.9, 10.1, 7.5, 1H), 5.24—
5.14 (m, 1H), 4.95-4.83 (m, 2H), 3.79 (s, 3H), 3.00-2.90 (m, 2H), 2.84 (d, /= 15.5, 1H), 2.70 (dd,
J=14.2,6.8,1H),2.63 (d,J=15.5, 1H), 2.46 (d, /= 14.0, 1H), 1.85-1.69 (m, 2H), 1.47-1.37 (m,
1H), 1.34-1.13 (m, 4H), 1.07-0.95 (m, 1H), 0.72 (s, 3H); *C NMR (150 MHz, (CD3),SO): &
156.5, 147.7,142.3, 142.0, 134.8, 132.2, 128.00, 127.95, 127.8, 126.6, 124.2, 122.3, 120.6, 119.8,
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117.4,111.7,97.7, 69.0, 55.3, 53.8, 47.9, 43.5, 40.6, 26.0, 25.0, 22.5, 21.6, 20.0; IR (film): 3359,
3071, 2928, 1601, 1235 cm™'; HRMS-ESI (/z) [M + H]" caled for C23sH34NO>", 416.2589; found
416.2595. [a]*'?p—62° (¢ = 1.00, CH2Cl,). (-)-71 (minor): Rr0.65 (3:1 hexanes:EtOAc); 'H NMR
(500 MHz, (CD3)2S0): 6 7.65-7.48 (m, 1H), 7.34-7.25 (m, 1H), 7.13-6.99 (m, 3H), 6.96—6.85
(m, 1H), 6.84-6.64 (m, 1H), 6.16-5.71 (m, 2H), 5.71-5.60 (m, 1H), 5.59-5.46 (m, 1H), 4.98-4.83
(m, 2H), 3.86-3.79 (m, 3H), 2.97-2.86 (m, 1H), 2.85-2.68 (m, 3H), 2.61-2.57 (m, 1H), 2.56-2.52
(overlapped with residual solvent peak, 1H), 2.12-1.97 (m, 2H), 1.58-1.21 (m, 9H); '*C NMR
(125 MHz, (CD3)2S0, 27 of 28 peaks observed): 6 156.6, 146.0, 142.8, 141.4, 134.4,131.0, 128.3,
128.2, 128.0, 126.1, 123.8, 122.6, 121.4, 120.1, 117.6, 111.8, 97.4, 69.0, 55.5, 54.9, 47.0, 43.5,
26.3,25.2,22.9,21.7,19.5; IR (film): 3075, 2928, 1600, 1436, 1236 cm™'; HRMS-APCI (m/z) [M
+ H]" calcd for C2gH34NO,*, 416.2589; found 416.2585. [a]**?p—42° (¢ = 1.00, CH2CL).

The structure of (—)-35 was verified by 2D-NOESY, as the following interactions were observed:

m-CPBA (1.5 equiv)
NaHCO; (3.0 equiv)

CH,Cl, (0.07 M)
0°C,2h

(83% yield, 2.2:1 dr)
(major)

(minor)
(-)-36 and (-)-72. A 1-dram vial containing a stir bar was charged with (-)-34 (13.3 mg, 0.033
mmol, 1.0 equiv) and CH>Cl, (490 uL, 0.07 M), and the solution was cooled to 0 °C. Then,
NaHCO; (8.3 mg, 0.098 mmol, 3.0 equiv), and m-CPBA (77 wt% purity, 11.0 mg, 0.049 mmol,
1.5 equiv) were added sequentially as solids in singular portions and the reaction was stirred for 2
hat 0 °C. After this time, the reaction was quenched with EtOAc (2 mL) and diluted with saturated
aqueous NaHCOs3 (2 mL). The organic and aqueous layers were separated, and the aqueous layer

was extracted with EtOAc (2 x 2 mL). The combined organic layers were dried with Na;SOs,

filtered, and concentrated under reduced pressure. Purification by preparative thin layer silica
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chromatography (4:1 hexanes: EtOAc) afforded unassigned diastereomers (-)-36 and (-)-72, each
as beige foams (11.3 mg, 0.027 mmol, 83% combined yield, 2.2:1 dr determined by 'H NMR
analysis of the crude reaction mixture). (-)-36 (major): Ry 0.50 (3:1 hexanes: EtOAc); 'H NMR
(600 MHz, CDCl3): 6 7.82 (dd, J= 7.6, 1.7, 1H), 7.39 (ddd, J = 8.3, 7.6, 1.7, 1H), 7.32-7.28 (m,
1H), 7.25-7.19 (m, 2H), 7.18-7.14 (m, 1H), 7.01 (td, J= 7.6, 0.9, 1H), 6.94 (d, J = 8.3, 1H), 3.98
(d, J=18.2, 1H), 3.83 (s, 3H), 3.51-3.46 (m, 1H), 3.28 (d, J = 18.2, 1H), 2.82 (d, J = 15.9, 1H),
2.55(d, J=15.9, 1H), 2.16-2.08 (m, 1H), 1.98 (dt, J = 15.6, 5.5, 1H), 1.85 (ddd, 15.6, 9.9, 5.4,
1H), 1.76 (dddd, J = 15.2, 8.7, 5.9, 3.0, 1H), 1.48-1.40 (m, 1H), 1.40-1.33 (m, 1H), 1.31 (s, 3H),
1.25-1.17 (m, 1H), 1.04 (dtdd, J=13.7,9.9, 5.4, 3.0, 1H); 3C NMR (150 MHz, CDCl3): 8 157.6,
155.7, 146.2, 138.9, 131.5, 129.5, 128.6, 127.5,125.1, 122.9,121.1, 119.1, 111.6, 97.4, 62.8, 57.1,
55.6, 54.7, 46.0, 39.3, 26.2, 25.7, 21.0, 19.1, 18.9; IR (film): 2994, 2936, 2861, 1600, 1251 cm™*;
HRMS-ESI (m/z) [M + H]" caled for C2sH2sNO3*, 390.2069; found 390.2071. [a]**°p —72° (¢ =
1.00, CH,Cly). (-)-72 (minor): R;0.55 (3:1 hexanes: EtOAc); 'H NMR (600 MHz, CDCl3): & 7.81—
7.75 (m, 1H), 7.40-7.33 (m, 1H), 7.31-7.26 (m, 1H), 7.24-7.18 (m, 2H), 7.18-7.12 (m, 1H), 6.99
(t,J=7.4,1H), 6.92 (d,J= 8.3, 1H), 4.29 (d, J = 18.8, 1H), 3.82 (s, 3H), 3.27 (d, J = 18.8, 1H),
3.09 (d, J=15.1, 1H), 2.99-2.92 (m, 1H), 2.37-2.28 (m, 2H), 2.05 (dt, J = 15.5, 5.2, 1H), 1.86—
1.76 (m, 1H), 1.65 (ddd, J = 15.5, 9.9, 5.2, 1H), 1.52-1.44 (m, 1H), 1.39-1.29 (m, 2H), 1.27 (s,
3H), 1.20-1.09 (m, 1H); 13C NMR (150 MHz, CDCl3): § 157.9, 156.2, 147.0. 138.1, 131.3, 129.6,
128.3,127.4,125.2,122.7,120.9, 119.2, 111.5, 97.1, 63.0, 55.6, 55.5, 54.2, 46.5, 38.0, 25.3, 25.1,
21.34, 21.26, 19.3; IR (film): 3029, 2934, 2854, 1600, 1253 cm™'; HRMS-ESI (m/z) [M + H]*
caled for C2sH2sNO3", 390.2069; found 390.2075. [a]***p—-94° (¢ = 1.00, CH2Cl,).
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The structure of (-)-36 was analyzed by 2D-NOESY, and the following interaction was

observed:

(-)-36
(major)

Attempts to assign the stereocenters at C2 and C3 were unsuccessful due to the free rotation
about the C—C bond between C1 and C2, which resulted in observation of NOESY correlations
with the H at C3 in both diastereomers. Efforts at obtaining an X-Ray crystal structure were
unsuccessful, therefore, the stereocenters at C2 and C3 remain unassigned. Nonetheless, the ability
to access isomers (—)-36 and (-)-72 in enantioenriched form demonstrates that complex structures

bearing multiple stereocenters are readily accessible from Mizoroki—Heck cyclization products.

G. Assignment of Absolute Stereochemical Configuration of Indanone (+)-9

Br

0 4-bromobenzenesulfono
hydrazide (5.0 equiv)

O’ Me acetyl chloride (10 equiv) Oxg—g
/
‘ EtOH (0.17 M) N—NH

0—-60°C,72h
(+)-9 O ! e
(7% yield) ’ ‘
(-)-28

Brosyl hydrazone (-)-28. A flame-dried 1-dram vial containing a stir bar was charged with (+)-9
(29.5 mg, 0.13 mmol, 1.0 equiv) followed by 4-bromobenzene-1-sulfonohydrazide (164 mg, 0.65
mmol, 5.0 equiv). Then, ethanol (1.86 mL, 0.07 M) was added and the vial was cooled to 0 °C.
Lastly, acetyl chloride (91.1 pL, 1.30 mmol, 10.0 equiv) was added slowly over 1 minute. The vial
was sealed with a Teflon-lined screw cap and then heated to 60 °C and allowed to stir for 72 h.
The reaction was allowed to cool to 23 °C and then EtOAc (1.0 mL) was added. The solution was
filtered through filter paper using a Buchner funnel and washed with EtOAc (1.0 mL). The solid
was discarded and the filtrate was concentrated under reduced pressure. Purification by preparative
thin layer silica chromatography (benzene) afforded product (-)-28 (28.3 mg, 0.062 mmol, 47%
yield) as a white solid.
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Crystals suitable for X-ray diffraction studies were obtained by recrystallization from hot
ethanol with the following procedure: (-)-28 (28.3 mg) was added to a scintillation vial along with
ethanol (1.2 mL, filtered through a 0.22 pum filter prior to use). The scintillation vial was heated to
75 °C for 5 min until the solid dissolved. The vial was allowed to cool slowly to 23 °C overnight
with a septum cap pierced with a vent needle open to air. After 16 h, clear crystals were found on
the bottom of the vial. The crystals of (—)-28 that were evaluated by X-ray had the same sign by
optical rotation ([a]**'p-294.0° (¢ = 1.00, CH2Cl,)) as the enantioenriched mixture observed after
chromatography (i.e., [a.]**°p—276.0°). Brosyl hydrazone (-)-28: Mp: 178-182 °C; R 0.65 (8:2
hexanes:EtOAc); 'H NMR (500 MHz, CDCls): & 8.55 (s, 1H), 7.88-7.81 (m, 2H), 7.70-7.60 (m,
3H), 7.34 (td, J= 7.4, 1.3, 1H), 7.30-7.23 (overlapped with residual solvent peak, 1H), 7.22-7.16
(m, 1H), 5.91-5.82 (m, 1H), 3.09 (d, J = 17.3, 1H), 2.77 (d, J = 17.3, 1H), 2.22-1.95 (m, 2H),
1.83-1.68 (m, 1H), 1.66—1.15 (m, 8H); *C NMR (125 MHz, CDCl3): § 163.0, 146.0, 139.2, 137.5,
137.0, 132.2, 131.2, 129.6, 128.3, 127.5, 125.5, 124.6, 122.5, 51.0, 45.8, 25.6, 25.0, 22.8, 22.2,
20.4; IR (film): 3206, 2928, 2858, 1574, 1355 cm!; HRMS-ESI (m/z) [M + H]" caled for
C22H24BrN202S*, 459.0742; found 459.0759; [a]**°p—276.0° (¢ = 1.00, CH2CL).

Crystal Structure Analysis for (-)-28

Diffraction intensities were collected at 100 K on a Bruker Smart ApexIl CCD diffractometer with
CuKa radiation, 1.54178 A. Absorption corrections were applied by SADABS.® All calculations
were performed by the SHELXL-2014 packages.” Deposition Number 2271421 contains the
supplementary crystallographic data for this paper. These data are provided free of charge by the
joint Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access

Structures service www.ccdc.cam.ac.uk/structures.

3
/

Figure S2: ORTEP representation of X-ray crystallographic structure of (—)-28
(CCDC Registry #2271421).
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Table S10. Crystal data and structure refinement for compound (—)-28.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

cu_garg2304 a

C22 H23 BrN2 02 S

459.39

100(2) K

1.54178 A

Monoclinic

P2y

a=9.5459(2) A o =90°.
b=19.1854(5) A B =93.0090(10)°.
c=11.56793) A v =90°.
2115.6509) A’

4

1.442 Mg/m?

3.728 mm '

944

0.18 x 0.04 x 0.04 mm?

3.826 to 69.613°.

-11<=h<=11, -22<=k<=23, -13<=I<=13
26366

7768 [R(int) = 0.0457]

99.8

Semi-empirical from equivalents

0.75 and 0.64

Full-matrix least-squares on F2
7768 /1/513

1.040

R1=10.0329, wR2 =0.0700
R1=0.0375, wR2=0.0712
-0.009(8)

n/a

0.796 and -0.497 ¢.A”
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SFC Data
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Table S4. SFC conditions and data.

Retention
Flow Enantiomeric
Compound Column Solvent Times
Rate (min) Ratio (er)
min
Daicel 10% 10.0
ChiralPak isopropanol . 6.96/8.21 50.5:49.5
IC/30°C in CO mi/min
° i CO2
Daicel 10% 10.0
ChiralPak isopropanol . 6.83/7.98 6.2:93.8
IC/30°C in CO ml/min
° in CO2
Daicel 15% 40
ChiralPak isopropanol . 4.93/5.66 49.9 :50.1
ID/30°C in CO ml/min
° i CO2
o Daicel 15% 40
Me/ ChiralPak isopropanol . ) 4.67/5.29 6.1:93.9
mL/min
(+)-23 NBoc ID/30°C in CO»
0 Daicel 10% 10.0
©:l§<jo ChiralPak | isopropanol | | 9.32/11.13 | 50.0:50.0
(2)-25 IC/30°C CO ml/min
%)~ ° in 2
o Daicel 10% 10.0
(D:‘on ChiralPak | isopropanol | | 9.34/11.18 | 93.6: 6.4
mL/min
(+)-25 IC/30°C in CO»
0 Daicel 10%
Me . : 10.0
O’G Ve ChiralPak isopropanol ' 6.05/6.53 50.3:49.7
mL/min
(2)-27 IC/30°C in CO
0 Daicel 10% 10.0
O (e ChiralPak | isopropanol | | 5.98/6.42 | 22.9:77.1
Me :
mL/min
(+)-27 IC/30°C in CO»
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o Daicel 10%
Me 10.0
ChiralPak isopropanol Lmi 4.25/4.79 49.9 :50.1
mL/min
()12 Me IC/30°C in CO»
0 Daicel 10%
Me ' 10.0
ChiralPak isopropanol Lmi 4.25/4.78 11.5:88.5
mL/min
(+)-12 Me IC/30°C in CO2
OH OH Daicel 10% s
me ChiralPak isopropanol . -1 9.91/14.37 50.1:49.9
(£)-30 ) mL/min
- IC/30°C in CO2
OH OH Daicel 10% s
Me ChiralPak isopropanol . ] 9.89/14.34 5.8:94.2
(+)-30 mL/min
IC/30°C in CO
Daicel 10% Ls
ChiralPak isopropanol . 4.41/4.67 50.7:49.3
mL/min
IBN-3/30°C in CO»
0 Daicel 10% s
me ChiralPak isopropanol . ) 4.51/4.79 94.1:5.9
(+)-31 ' mL/min
IBN-3/30°C in CO2
Daicel 20% Ls
ChiralPak isopropanol . 6.23/11.11 49.9 :50.1
mL/min
IC/30°C in CO
Daicel 20% Ls
ChiralPak isopropanol . 6.30/11.23 93.9:6.1
mL/min
IC/30°C in CO»
(major)
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(minor)

Daicel 10% Ls
ChiralPak isopropanol . 9.87/18.36 50.2:49.8
mL/min
IBN-3/30°C in CO2
Daicel 10% s
ChiralPak isopropanol . 9.88/18.52 93.9:6.1
mL/min
IBN-3/30°C in CO2
Daicel 30% Ls
ChiralPak isopropanol . 9.63/11.82 49.8 :50.2
mL/min
IC/30°C in CO
Daicel 30% Ls
ChiralPak isopropanol . 9.61/11.82 93.8:6.2
mL/min
IC/30°C in CO
Daicel 20% Ls
ChiralPak isopropanol . 12.82/17.89 | 50.0 : 50.0
mL/min
IC/30°C in CO»
Daicel 20% Ls
ChiralPak isopropanol . 12.77/17.76 93.8:6.2
mL/min
IC/30°C in CO»
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Chromatogram

60000 1DIN-ATM-2021-011rac-IC-10iPrOH-CH1

50000 2
40000

30000

Intensity [LV]

20000

10000

0.0 2.0 4.0 6.0 8.0 10.0
Retention Time [min]

Peak Information
#|Peak Name |CH|tR [min][Area [uV-sec]|Height [uV]| Area% [Height% | Quantity | NTP [Resolution| Symmetry Factor|Warning
1[Unknown 1 6.955 730939 58833|50.452| 54.709 N/A[6753 3.361 1.009
2| Unknown 1 8.205 717845 48706]49.548| 45.291 N/A|6497 N/A 1.026

Chromatogram

ATM-2023-@07-IC-10iPrOH-CH9

150000

100000

Intensity [pAU]

50000

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Retention Time [min]

Peak Information
Peak Name |CH [tR [min] |Area [uV-sec]|Height [uV]| Area% [Height%| Quantity | NTP [Resolution|Symmetry Factor|Warning
Unknown 9 6.833 162002 14575| 6.162] 7.500 N/A[7806 3.347 1.020
Unknown 9 7.980 2466920 179762(93.838| 92.500 N/A|7141 N/A 1.020

S[=[=




Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles

Bulger et al.
Supporting Information— S43

Chromatogram
80000 ASB-2022-087rac-ID15%iPrOH-CH1
2
60000
=
= 40000
Z
2
[
=
20000
\ \J
0 A i
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Retention Time [min]
Peak Information
[#]Peak Name|CHtR [min][Area [uV-sec][Height [uV]] Area% [Height%] Quantity] NTP [Resolution| Symmetry Factor|Warning|
1]Unknown [ 1| 4.930 867944 74973[49.907( 52.456]  N/A[4151 2.266 1.508
2[Unknown | 1| 5658 871182 67952[50.093| 47.544]  N/A[4468 N/A 1.423
(o}
Me
z
(+)-23 NBoc
Chromatogram
2 ASB-2022-266-1D15%iPrOH-CH1
80000
60000
5
=
Z
2 40000
[
=
20000
1
| Y
0 A A 'y
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Retention Time [min]
Peak Information
tR [min] | Area [uV-sec] [Height [uV]| Area% |Height% | Quantity [ NTP | Resolution | Symmetry Factor|Warning
[1]Unknown 4.670 101779 7178] 6.129] 7.464] N/A|2322 1.463 1.686
2[Unknown | 1| 5292 1558738 88987[93.871] 92.536]  N/A|2079 N/A[ 2.139
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(%)-25
Chromatogram

1 ATM-2022-159-rac-IC-10iPrOH-CH9
120000

100000 2
80000

60000

Intensity [pAU]

40000

20000

v
0 'A "

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Retention Time [min]

Peak Information

|#|Peak Name |CH|tR [min]| Area [uV-sec]|Height [uV]| Area% | Height%| Quantity | NTP_[Resolution|Symmetry Factor|Warning
1]Unknown [ 9 [ 9.320 1735406]  129569]50.000] 56.651 N/A[10494 4.292 0.986
2|Unknown | 9 | 11.127 1735387 99147]50.000] 43.349]  N/A| 8594 N/A 1.016

(+)-25
Chromatogram

1 ATM-2023-022-IC-10iPrOH-CH9
300000

250000
200000

150000

Intensity [pAU]

100000

50000

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Retention Time [min]

Peak Information

|#|Peak Name |CH|tR [min]| Area [uV-sec]|Height [uV]] Area% |Height%| Quantity| NTP_[Resolution|Symmetry Factor |Warning
1|Unknown 9 9.337 4124400 316946)93.554| 94.903 N/A|11266 4.548 1.025
2|Unknown 9| 11177 284158 17022| 6.446 5.097 N/A| 9466 N/A 1.033
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(o]
(X <w
Me
(x)-27
Chromatogram
ATM-2022-153-rac-IC-10iPrOH-CH9
200000
150000
§ 1
= 2
2 100000
c
2
=
50000
Y v
0 A i

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Retention Time [min]

Peak Information

|#|Peak Name |CH|tR [min]| Area [uV-sec]|Height [uV]]| Area% | Height%| Quantity | NTP |Resolution | Symmetry Factor|Warning
1|Unknown 9 6.050 1235985 122833(50.324| 52.344 N/A|7733 1.673 0.926
2|Unknown 9 6.530 1220048 111832[49.676] 47.656 N/A|7569 N/A 1.007
o}
(X <we
Me
(+)-27
Chromatogram
2 ATM-2023-014-IC-10iPrOH-CH9

300000 |

250000
— 200000
2
<<
=
£ 150000
=
£

100000 1

50000

0 v ¥

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Retention Time [min]

Peak Information
|#|Peak Name |CH|tR [min]| Area [uV-sec]|Height [uV]]| Area% | Height%| Quantity | NTP |Resolution | Symmetry Factor|Warning
1]|Unknown 9 5.983 933483 9021422.907| 23.052 N/A|7469 1.553 0918
2|Unknown 9 6.420 3141658 301141)|77.093| 76.948 N/A|8021 N/A 1.017
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(¢}
Me
(x)-12 Me
Chromatogram
1 ATM-2022-160-IC-10iPrOH-CH1
2
100000
S
=]
2 50000
g
=
A/ v
0 A A

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Retention Time [min]

Peak Information

|#|Peak Name |CH [tR [min] [Area [uV-sec]|Height [LV]| Area% |Height%| Quantity | NTP |Resolution | Symmetry Factor|Warning
1[Unknown [ 1] 4245 891091 123447[49.885] 53.408]  N/A[7385 2531 1.008
2|Unknown | 1 | 4.785 895191 107693[50.115] 46.592]  N/A[6905 N/A 1.010
(0}
Me
(+)-12 Me
Chromatogram
80000 2 ASB-2022-272-1C-10iPrOH-CH1
60000
= 40000
=
=y
[%2)
[=
£ 20000
[
= 1
v.yY
0 i A
-20000

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Retention Time [min]

Peak Information
|#|Peak Name|CH [tR [min]| Area [uV-sec]|Height [uV]| Area% | Height% | Quantity | NTP [Resolution|Symmetry Factor|Warning
1|Unknown [ 1| 4247 81956 11366[11.482] 13.034]  N/A[7371 2519 1.009
2[Unknown | 1 | 4780 631799 75841[88518] 86.966]  N/A|7115 N/A 1.023
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xto"

49909

Response [mAU]

10
Retention time [min]

Injection Results X

Peaks | summary

o # Name Signal description RT(min)~ Area (mAUs) Area% Height (mAU) | Height® | Amount Concentration | Starttime (min) | End time (min)
1 MWDIG,Sig=270,4 Ref=off 9908 463312 50136 38198 57.34 9552 10389

2 MWD1G Sig=270,4 Ref=off 14371 460791 29.862 28411 2266 14.002 14948

OH _OH
Me

(+)-30

DATH-075-diol-ge-IC-is0-10%IPA| MWD1G, Sig=270,4 Ref=off | ATH-075-diokes/Ciso-0PAGK

Response (MAU]

414338 *

99,888 *

10 1"
Retention time [min]

Injection Results X

Peaks | Summary

G # Name. Signal description RT(min)a Area (mAUs) Area% Height (mAU) | Height% | Amount Concentration | Starttime (min) | End time (min)
1 MWDIG Sig=2704 Ref=off 9.888 2292 5850 0.387 835 9.668 10128

2 MWDIG Sig=270,4 Ref=off 14338 69.080 94150 228 9165 13.940 14768
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()-31

I ATM-078-chromane-rac-1B-iso-101PA | MWD1D, Sig=230,4 Ref=off| ATM-076-chromane-rac-IB-s0-10PAdx

x102

14

Response(mAU]
44413
Q4673

02 04 06 08 10 12 14 16 18 20 22 24 26 28
Retention time [min]
Injection Results X

Peaks | summary

o # Name Signal description

< Area(mAUs)  Area% Height (mAU) | Height% | Amount Concentration | Starttime (min) | End time (min)
1 MWDI1D,Sig=230,4 Ref=off 2413 223789 50666 40954 5046 2166 4561

2 MWD1D,Sig=2304 Ref=off 4673 217909 29338 20212 4954 4561 2858

o

(+)-31

ATM-094-chromane-ee-1B-iso-10IPA| MWD1D, Sig=230,4 Ref=off| ATM-094-chromane-eslBiso-10PAd
x107 [Area reject

Response (mAU)

02 04 06 08 10 12 14 16 18 20 22 24 26 34 36 38 40 42 44 46 48 50 52 54 56 58 60

28 30 32
Retention time [min]
Injection Results X

[ Peaks | summary
T Name Signal description RT(MInIA Area(mAUs) | Area% | Height (mAU) | Height | Amount Concentration | Starttime (min) | End time (min)
1 MWD1D,Sig=2304 Ref-off 4511 %48 9145 w92 w97 2388 701

2 MWD1D,Sig=2304 Ref=off 4787 5871 5.855 1.00 603 4701 4801
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P ASB-069D1-rac-IC-is0-20%IPA | MWD1G, Sig=270,4 Ref=0ff | ASB-069D1-rac-IC-iso-20%PAdx

Q1111

Response[mAU]

7 8
Retention time min]

Injection Results X

Peaks | Summary

G * Name Signal description RT(min)~ Area (mAUs) Area% Height (mAU) | Height% | Amount Concentration | Starttime (min) | End time (min)

1 MWD1G Sig=2704 Ref=off 6232 293.453 49873 36520 6331 6028 6624

2 MWD1G,Sig=270,4 Ref=off 11111 294.943 50127 21166 36.69 10777 11576

(major)

P ASB-070D1-ee-IC-is0-20%IPA | MWD1G, Sig=270,4 Ref=off | ASB-070D1-ee-IC-iso-20%PAdx

46295

Response (mAU]

05

00 !

08

70 75 80
Retention time [min]

Injection Results X

[ sk | summany
o # Name Signal description RT (min) « Area (mAU-s) Area% Height (mAU) = Height% Amount Concentration Start time (min) End time (min)

1 MWD1G Sig=2704 Ref=off 6295 510868 93.865 64237 96.28 6058 6.697.

2 MWD1G Sig=270,4 Ref=off 11.229 33.389 6135 2.480 372 10976 11482
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(minor)

P ASB-090D2-rac-1B-is0-10%IPA | MWD1G, Sig=270,4 Ref=off | A SB-090D2-rac-IB-iso-10%PAdx
x102

Response[mAU]

19,865

18.364

1 2 3 4 5 6 7 8 9 10 " 12 13 14 15
Retention time [min]

Injection Results X

Peaks | Summary

C # Name Signal description RT(min)~ Area(mAUs) Area% Height (mAU) | Height% | Amount Concentration | Starttime (min) | End ime (min)

1 MWD1G Sig=270,4 Ref=off 9.865 344021 50170 32173 67.00 9,660 10312

2 MWD1G Sig=270,4 Ref=off 18.364 341686 29830 15848 33.00 17.995 18.994

(minor)

P ASB-070D2-¢e-IB-is0-10%IPA | MWD1G, Sig=270,4 Ref=off | ASB-070D2-¢e-IB-iso-10%PAdx

x102

19,881

Response(mAL]

418519

T2 3 4 s & 1 8§ s w0 mn_ 12 13w ®
Retention time [min]
Injection Results X

Peaks | summary

o # Name Signal description RT(min)~ Area(mAUs) Area% Height(mAU)  Height® | Amount Concentration | Starttime (min) | End time (min)
1 MWDIG,Sig=270,4 Ref=off 9881 533580 93.984 29428 96.44 9622 10294

2 MWD1G Sig=2704 Ref=off 18519 34393 6056 1827 356 18148 18920
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(major)

P ASB-082D2-rac-IC-iso-30iPrOH | MWD1B, Sig=254,4 Ref=off | ASB-082D2-rac-IC-is0-30P1OHdx
x10'

9.

411822

Response(mAU]

15
10
05
00 L Y
05
10
15

1 2 3 4 5 6 7 8 9 10

1 12
Retention time [min]

Injection Results X

[ Peaks | summary
o # Name Signal description RT(min) Area (mAUs) | Area% | Height(mAU) Height | Amount Concentration | Start tme (min) | End tme (min)

1 MWD18,Sig=254,4 Ref=off 9.631 680.050 49.820 60.217 5443 9267 10.060

2 MWD18,5ig=254,4 Ref=off 11822 684413 50160 50423 4557 11436 12297

MeO.

(major)

P ASB-083D2-e¢-IC-is0-30iPrOH | MWD1B,Sig=254,4 Ref=off | ASB-083D2-ee-IC-is0-30POHdx

x102 :

09

08

o7

Response [mAL]

[

04

03

02

Q11824 *

01

00

01

02

1 12
Retention time [min]

Injection Results X

Peaks | Ssummary

o # Name Signal description RT(min)a Area (mAUs) Area% Height (mAU) | Height%  Amount Concentration | Starttime (min) | End time (min)

1 MWD18,Sig=254,4 Ref=off 9613 1615767 93.857 122363 2467 9.296 10041

2 MWD18,Sig=254,4 Ref=off 11824 106.118 6.163 8127 533 11564 12087
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P ASB-082D1-rac-IC-iso-20iPrOH | MWD1B, Sig=254,4 Ref=off | ASB-082D1-rac-IC-is0-20P1OHx

xig2
o

12822

117,885

Response(mAL]

1 2 3 4 5 6 7 8 B 10 1 12 1

13 4 15
Retention time [min]

Injection Results X

Peaks | summary
o # Name Signal description RT(min)= Area(mAUs) | Area% | Height(mAU) | Height® | Amount Concentration | Start tme (min) | End time (min)
1 MWD1B,Sig=254,4 Ref=off 282 1349509 49999 96237 5747 12377 13285

2 MWD18,5ig=254,4 Ref=off 17.885 1349575 50001 71226 2253 17411 18415

MeO.

(minor)

P ASB-083D1-ee-IC-is0-20iPrOH | MWD1B, Sig=254,4 Ref=0ff | ASB-083D1-ee-IC-iso-20POHx

x102
16

12767

Response mAL]

><|17755‘

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Retention time ]
Injection Results X

Peaks | Summary

C # Name Signal description RT(min)~ Area(mAUs) Area% Height (mAU)  Height% | Amount Concentration | Starttime (min) | End time (min)

1 MWD18,5ig=254,4 Ref=off 12767 2107.617 93.769 151118 95.11 12288 13.407

2 MWD18,Sig=254,4 Ref=off 17.755 140042 6231 7770 489 17420 18111
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NMR Spectra
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Purified Product, 1H NMR

8 - DO N D OR NP UTONVOE DIV N ONNDO = N DD O D —
& § P BN Y AN, O, O RO DI AN BT
= & 30 LBLYHLBENLERNHVVVIRONBDLBO T X I
Current Data Parameters
NAME ASB-2023-000
XPNO 12
Me PROCNO 1
,_ \ Ez - Acqu\sité%réggﬁ?elers
ate.
Me N N, Me Time 1835h
Me— % . ~Me INSTRUM
PROBHD Z119248 0002(
ocCl 200
6553
)_L 19 SOLVENT CDCI3
NS 8
D! 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 26.59
Dw 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
S| 65536
SF 500.1300125 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T 1
1" 10 9 8 7 6 5 4 3 2 1 0 ppm
: : : 4 et
S IS IS KR ERREERE
= o o ol el il =l il ol o0l 0l 8
i Current Data Parameters
Purified product, 13C NMR NAME  ASB.2023-000
© © EXPNO 13
g & R £eR ggBgER  PAOCNO 1
3 & < SO YONOBO
- - © LA QAN = F2 Acquisition Paramelers
] FOUT TV e
Tlme
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
Tl 65536
Me Me SOLVENT CDCI3
o=\ £ 7
Me N N, Me SWH 31250.000 Hz
NS - z FIDRES 0.953674 Hz
Me— N Me AQ 10485760 sec
ecl RG 204.54
bw 16.000 usec
DE 28.00 usec
(_)-[_ 19 TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000
SFO2 500.1330008 MHZ
NUC2 1H
CPDPRG[2 waltzﬂi

PCPD2 80.00 u:
PLW2 13.! 50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
Sl 131072
SF 125.7577733 MHz
EM

WDW

SSB

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

<
8
‘ Current Data Parameters
NAME  DJN-2023-000-indana
PNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230512
Time 15.10 h
INSTRUM av500
’ -_ \ PROBHD Z119248_0002 (
PULPROG 230
NN o
@ N ﬁOLVENT CDCI3
Clo DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
(—)-L8 AQ 3.2767999 sec
RG 1214
bw 50.000 usec
DE 10.00 usec
TE .
D1 2.00000000 sec
TDO 1
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
| 65536
SF 500.1300131 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
J . )
T T T T T T T T T T T T T 1
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
9 2N (29 529 (g
= <<l lailla dlailal o
ﬁxﬁe@l DSTNParamelers "
: -2023-000-indan:
Purified product, 13C NMR Ot © 0 ® o EXPNO 11
QAN - QO - ? ey PROCNO 1
TOXSN IO D N ©w
IonsaNN S " ¥9
e © 0@ F2 - Acquisition Parameters
\ \/ \\ ’/ / ‘ ‘ Date_ 20230512
Time 1517 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30
TD
SOLVENT CDCI3
NS 64
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
— RG 204.54
bW 16.000 usec
N N DE 28.00 usec
I TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
CI@ TDO 1
SFO1 125.7722511 MHz
(_ )_ L8 NUC1 13C
P1 10.50 usec

PLW1 23.00000000 W

SFO2 500.1330008 MHz

NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

S| 131072

SF 125.7577726 MHz
EM

WDW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

0 ~ Current Data Parameters
3 eS8 RNIRI8cRIB/RNG 8 I8 NAME  DJN-ligandNMRs
- SYIITINNR9950003299 ~ S9 EXPNO 10
%‘Ww T v PROCNO Y
F2 - Acquisition Parameters
Date_ 20230512
Time 13.37 h
INSTRUM av500
PROBHD _7119248_0002 (
PULPROG 2930
OM ggLVENT 6553éaDc
13
MeO e NS 8
DS 0
SWH 10000.000 Hz
— FIDRES  0.305176 Hz
AQ 3.2767999 sec
N N RG 12.14
N I, DW 50.000 usec
oY o 10,00 uses
298.0
Me (4C) Me D1 2.00000000 sec
TDO 1
(-)-L16 SFO1  500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1  13.50000000 W
F2 - Processing parameters
] 65536
SF 500.1300127 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T 1
12 1 10 9 8 7 6 5 4 3 2 1 0 ppm
8 g |3 g o 3
=1 Sl |2 S| = S
= <l ld) o e b
i Current Data Parameters
Purified product, 13C NMR NAME  ASB-2023-000
2 288 §r o ° N i
S N go o < @ @
8 5 &8 23 %3 =
- - - = [rove) N F2 - Acquisition Parameters
‘ ‘ v ‘ ‘ ‘ ‘ Date_ 20230412
Time 18.57 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30
D
SOLVENT CDCI3
MeO OMe NS 128
DS 2
SWH 31250.000 Hz
FIDRES  0.953674 Hz
— AQ 1.0485760 sec
N N RG 204.54
1 DW 16.000 usec
" DE 28,00 usec
TE 298.0 K
M Clo Me D1 200000000 sec
e D11 0.03000000 sec
TDO 1
(-)-L16 SFO1  125.7722511 MHz
NUC1 13C
P1 10.50 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz

NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

S| 131072

SF 125.7577892 MHz
EM

WDW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified pro(d\‘uct, 1HNMR

& D6~ o ~ o oo Current Data Parameters
R QNI IE8I5uRIT 33 NAME  ASB-2023-000
- R RMNEREEE e EXPNO 18
= % r\\v\ \/v\)o W ‘i/“‘ PROCNO 1
F2 - Acquisition Parameters
Date_ 20230412
Time 19.01 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2g30
TD 65536
F SOLVENT CDCI3
NS 8
DS 0
SWH 10000.000 Hz
pre— FIDRES 0.305176 Hz
AQ 3.2767999 sec
N N RG 30.07
v 1, bw 50.000 usec
_Ilqg 10.00 :ésec
298.0
cio Me D1 200000000 sec
TDO 1
(_)_L 1 7 SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
| 65536
SF 500.1300123 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T 1
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
9 o) (0] w0 w0
= < ISl o @
" Current Data Parameters
Purified product, 13C NMR NAME  ASB-2023-000
© © Q=TRSO EXPNO 19
N RGN~ © R 2 PROCNO 1
< ol NOODDD OO @ «@
3 583333222 @ =
=3 PNl S =R e} N F2 - Acquisition Parameters
\ / \\/ V \ \/ Date_ 20230412
Time 19.08 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30
TD
SOLVENT CDCI3
F NS 128
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
- RG 204.54
bW 16.000 usec
N~ Nu. DE 28,00 usec
Y TE 298.0 K
Cl@ D1 2.00000000 sec
Me D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
(-)-L17 NUCT 13C
P1 10.50 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz

NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

S| 131072

SF 125.7577721 MHz
EM

WDW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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l“I%Currem Data Parameters
NAME  D.

JUN-ligandNMRs
20

EXPNO
F. PROCNO 1
F2 - Acquisition Parameters
Date_ 20230512
-_ Time 12.52
INSTRUM av300
PROBHD 5 mm PABBO BB-
N % N... PULPROG 2930
@ c|e D 13
SOLVENT CDCI3
Me Me NS s
DS 0
(-)-L17 SWH  75187.969 Hz
FIDRES 0.573639 Hz
AQ 0.8716288 sec
RG 3251
bw 6.650 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
= CHANNEL f1
P1 13.75 usec
PL1 -2.00 dB
PL1W 19.90535927 W
SFO1 282.4043550 MHz
F2 - Processing parameters
|
SF 282.4043550 MHz
WDW EM
SsSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T
120 100 80 60 40 ppm

2.000>—



Purified prodLéct, 1HNMR

11.61
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Me
Q’N N NI.,(
(¢[C)

Me
(-)-L18

7.339
7.323

L

7.205
7.189
6.940

<

6.022
6.008
5.994
5.980

——2.338

2.020

<

2.006
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Currenl Data Parameters
AME  ASB-

2023-000
EXPNO
PROCNO 1
F2- Acqu\smon Parameters
Date 230412
Tlme 19. 12 h
PHOBHD Z119248 0002(
PULF‘ROG Zg 30

65531

SOLVENT CDCI3
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3. 2767999 sec
RG
bw 50 000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
SFO1 500.1330008 MHz
NU 1H
P1 10.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
| 65536

SF 500.1300122 MHz

WDW EM

SSB 0
LB 0.30 Hz
GB 0
PC 1.00
J j JL,J .
T T T T T T T T T T
12 11 10 9 7 6 4 3 2 1 ppm
9 ofolg) - ) ()
= <I<lai o ol gl
" Currenl Data Parameters
Purified product, 13C NMR AME  ASB.2023-000
o o EXPNO 21
SN & = oo
DT ON O @ @ PROCNO 1
FEHBN = @ i
T T e b a F2- Acquwsmon Parame(ers
\ia Voo Bl
Time 19.15 h
INSTRUM av500
PROBHD 7119248 0002(
PULPROG 2gpg30
TD
Me Me SOLVENT CDCI3
NS 80
DS 2
SWH 31250.000 Hz
— FIDRES 0.953674 Hz
N AQ 1.0485760 sec
RG 204.54
NQ/ e oW 16.000 usec
®cio X e
Me Me D1 200000000 sec
D11 0.03000000 sec
(_)-[_ 18 TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577725 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 ppm
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Purified prodgct, 1HNMR

7.284
7.280
7.275
7.265
7.260
7.256
7.252
7.239
7.227
7.211
7197
6.869
6.867
6.244
6.230
6.217
6.203
—2.363
2.042

<
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Current Data Parameters
NAME  ASB-2023-000
EXPNO 14
PROCNO 1

2.028

F2 - Acquisition Parameters
)4

Date_ 20230412
Time 18.43 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2g30
TD 65536
SOLVENT CDCI3
NS 8

DS 0

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 26.59

bw 50.000 usec
DE 10.00 usec
TE 298.0 K

D1 2.00000000 sec
TDO 1

SFO1 500.1330008 MHz
NU 1H

P1 10.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
|

61

6.
6.061 =
6.086 —

0

65536
SF 500.1300128 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T 1
2 1 0 ppm

Current Data Parameters
NAME

135.78
—131.67
—129.46

127.14

125.82

120.14

X
~

138.24
136.70
56.88

Va

NVN"'

Me Me cio Me We
(+)-L14

1‘2 1‘1 1‘0

Purified product, 13C NMR

5§/N"' W

Me Me cie Me e
(+)-L14

ASB-2023-000
EXPNO 15
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230412
Time 18.45 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30

D
SOLVENT CDCI3
NS 33

—21.65
—T—19.53

SF
WDW
SSB
LB
GB
PC

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

DS 2

SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54

bW 16.000 usec
DE 28.00 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 125.7722511 MHz
NUC1 13C

P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters
S| 131072

125.7577750 MHz
EM

0
1.00 Hz
0

1.40



Purified product, 1H NMR

Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles

Bulger et al.
Supporting Information— S61

Current Data Parameter
NAME D

'S
85 I3988REB3L588323BR 2 8 28 JIN-2021-172-Proton
S e e s RN OOaaNNRee N 3 v EXPNO 10
F2 - Acquisition Parameters
Date_ 20210720
Time 17.58 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2g30
TD 65536
SOLVENT CDCI3
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 12.14
NH HN.,, oW 50.000 usec
DE 10.00 usec
Me Me 61 Me Me BE 298.0 K
- 1 2.00000000 sec
(+) TDO 1
SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
|
SF 500.1300122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
'U Lt
T T T T T T T T T 1
10 9 7 6 5 4 3 1 0 ppm
@ (g 10) (o 9 < ) 9
ol gl il o o 3 3|
" Current Data Parameters
Purified product, 13C NMR NAME  DJN-2021-172-Carbc
TN NO- © EXPNO 11
SmEORNNA q [ Qo PROCNO 1
DOYTOLGY D O pt o
feosiNT ¢ o @ o
Aol kol ol S N w N - F2 - Acquisition Parameters
‘ \ ‘ \ ‘ / ’ ‘ ‘ ‘ Date_ 20210720
Time 18.03 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30
TD
SOLVENT CDCI3
NS 64
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
NH HN.,, DW 16.000 usec
M M _l[gg 28.00 ksec
e e 298.0
- D1 2.00000000 sec
Me (+) 61 Me D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577740 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

I Current Data Parameters
NAME  DJN-2023-000-0-tol-be
EXPNO 10

PROCNO 1

2.304

12.37.
7.373
7.369
Ir7.363
2.318

_2.430
~

F2 - Acquisition Parameters

Date_ 20230512
Time 15.07 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2g30
TD 65536
SOLVENT CDCI3
NS 1
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 12.14
N~ _Nu. DW 50.000 usec
@\/ _Ilqg 10.00 :ésec
298.0
Me M cio Me D1 2.00000000 sec
e Me 00 1
(_)_L 15 SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
| 65536
SF 500.1300126 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
o SCREIR an
b il el il [l Slal
" Current Data Parameters
Purified product, 13C NMR NAME  ASB-2023-000
I R ) EXPNO 1
OhenmoOm e o 58 PROCNO 1
CBB - S FN O © o 1
MR RN R < S
—_rr e r e o) - F2 - Acquisition Parameters
\\N / /// / \ / Date_ 20230412
Time 18.30 h

INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30

b0l 65536
SOLVENT cocia
NS 88
DS 2
SWH 31250.000 Hz
FIDRES 0953674 Hz
N N-u. A 1.0485760 sec
Y RG 204,54
Me Me Cl e Me bW 16.000 usec

Q
DE 28.00 usec
Me TE 298.0 K

(—)-L 15 D1 2,00000000 sec

Di1  0.03000000 sec

TDO 1

SFO1 1257722511 MHz

NUC1 13C

P1 10.50 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz

NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

S| 131072

SF 125.7577892 MHz
EM

WDW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

Bulger et al.

Supporting Information— S63

Ot DO e 00 M~ YOO © = i CurrenlDalaParameiers
PBNOINANC- OSSR DR BT R AME DJN2023054carben
BENRORVVRBNNNDB DG QD &= 3 EXPNO
%W%‘“ “Q‘\\‘/“‘ PROCNO 1

F2- Acqu\smon Parameters
Date. 230504
Tlme 14. 15 h
PHOBHD Z119248 0002(
PULPROG 2g30
D 65531
SOLVENT Tol
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3. 2767999 sec
N . RG
bw 50 000 usec
DE 10.00 usec
Me Me TE 298.0 K
D1 2.00000000 sec
10 TD 1
SFO1 500.1330008 MHz
NU 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
|
SF 500.1300247 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
W M
T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 0 ppm
o (g ) <o)
ol lolailai o <l
i Currenl Data Parameters
Purified product, 13C NMR AME  DJN-: 2023 064-carbe!
) NOOOTNTO EXPNO
] harkakhsan = 53 PROCNO 1
< CBYONGO = O ~ XN
S TomsANNN = < oo
N T T T T e e 0 N F2- Acquwsmon Parameters
W | 1 B
Time 14.20 h
INSTRUM av500
PROBHD 7119248 0002(
PULPROG 2gpg30
TD
SOLVENT Tol
NS 2
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
N bW 16.000 usec
DE 28.00 usec
e TE 298.0 K
.o D1 2.00000000 sec
Me M Me D11 0.03000000 sec
e Me TDO 1
10 SFO1 125.7722511 MHz
NUC 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S
SF 125.7577433 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
s " - b
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

~ o ~ ~ Current Data Parameters
588388583 58 5I883G58ARRANERSEES NAME  ATM-2022-142
RERRROGOO NN RNO0CO0OOCOCRRRRYNNG EXPNO
BOBVBBLLBG ¥ SaddddddNNNNr e e S PROCNO f
W v ‘ Mﬁ%/ F2 - Acquisition Parameters
Date_ 20221027
Time 14.45h
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 2930
TD 920
SOLVENT CDCI3
MeO,CO NS 8
DS 0
SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 90.5
bw 42.000 usec
64 DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
Me Me NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S| 65536
SF 600.1300148 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
n ] ‘ \ ‘
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
9 ? @ D (9 [
= o o dlal &l @
Purified product, 13C NMR Qurrent Daﬂ;&%@g‘?g
0 - EXPNO 16
2 22 b 2 45398 PROCNO 1
I ®a o < 016G © o
- - ™~ 0 MO NN F2 - Acquisition Parameters
‘ ‘ ‘ ‘ \ ‘ \/ / Date_ 023060:
Time
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
Tl 65536
SOLVENT CDCI3
Me0,CO NS 3
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
bw 16.000 usec
DE 28.00 usec
64 TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
Me Me SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec

0 use:

PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072

SF 125.7577892 MHz

EM

WDW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

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



Purified product, 1H NMR
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Current Data Parameters
NAME  ATM-20:

38 83283 988 22-117
R B2 R 2332
m\'/m' T Q\T oo N\T/N Floco
F2 - Acquisition Parameters
Date_ 20230609
Time 10.13h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 8
DS 0
MeO,CO SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 23.34
bw 50.000 usec
66 AN DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TD(
o SFO1 500.1330008 MHz
NUC1 1H
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SF 500.1300121 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L
T T T T T T T T
10 9 8 7 4 3 2 1 ppm
9 SRCINE ™)
= ol ol ol el o
i Current Data Parameters
Purified product, 13C NMR NAME — ATM.2022-117
— o= EXPNO 27
2 i RIg 5 8 Procko
I s d Swus ¥ o
- - N N F2 - Acquisition Parameters
‘ ‘ \ \ / ‘ Date_ 023060
Time
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
MeO,CO 2900
SOLVENT CDCI3
NS 100
DS 2
SWH 31250.000 Hz
66 A FIDRES  0.953674 Hz
AQ 1.0485760 sec
RG 204.54
bw 16.000 usec
(o) DE 28.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577892 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm



Purified product, 1H NMR
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Current Data Parameters
NAME ATM-20:

ONVO-VOLNNO D < ~2-885K
SA9Sn---033 3 TX-SISK 22-145
RAREREEREREERRRRRER NG OOSddS « o= o EXPNO
e N T NE2Z PROGNO 1
F2 - Acquisition Parameters
Date_ 20230602
Time 13.21h
e N\ INSTRUM Avance
(o] PROBHD Z168773_0038 (
PULPROG 2930
B TD 81920
.bn SOLVENT CDCI3
N NS 8
| gS 0
WH 11904.762 Hz
Boc FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 101
bw 42.000 usec
2 6 DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NUC1 1H
EO 4.00 usec
1 12.00 usec
Me Me PLW1  19.40099907 W
Flz - Processing parameters
SF 600.1300149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T
10 9 5 ppm

Purified product, 13C NMR

.~ )
_Bn
\
Boc
26
Me Me

93
00
10
08

2016~
4093=
302t~ ]
1.000>=
2010=
2008 =

—172.42
1562.92
138.43
137.98
137.54
134.80
129.74
129.35
128.53
128.42
127.47
126.37
125.68
123.27
83.31

—48.07
40.91
39.54

—35.80
28.57
28.40
27.52
26.11

/
/
!

Current Data Parameters
NAME ATM-2022-145

EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 023060

Time

INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG zgpg30

D 131072

SOLVENT CDCI3
NS 100

DS 0

SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG

bw 14.000 usec
DE 18.00 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 150.9178988 MHz
NUC1 13C

PO 3.33 usec

P1 10.00 usec

PLW1 86.29599762 W
SFO2 600.1324005 MHz
1H

NUC2
CPDPRG[2 waltz65
D2 80.00 usec
PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W
F2 - Processing parameters
S| 65536

SF 150.9027910 MHz
WDW EM

D!
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

0 ppm



Purified product, 1H NMR

Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles
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Current Data Parameters
NAME -

oVAN-—VOC-WooOAN § w QAW T oY = o
TAODNODNN-—ODO T - OAU-O© © « ATM-2022-158
AAEREERERRRRRRN O @ 9 SAORNK® @ - EXPNO
EE— SRR 7GR T Fotto
o F2 - Acquisition Parameters
Date_ 20221111
Time 11.43
N - Bn INSTRUM drx500
PROBHD 5 mm bb-Z Z800
| PULPROG 2930
TD 65536
Boc SOLVENT coci3
NS 8
DS 0
24 SWH 10000.000 Hz
A FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 181
bw 50.000 usec
(o) DE 6.00 usec
TE 296.9 K
\ / D1 2.00000000 sec
TDO 1
CHANNEL f1 ==
C 1H
P1 14.80 usec
PL1 0dB
SFO1 500.3330020 MHz
F2 - Processing parameters
S| 32768
SF 500.3300229 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
mw ‘ J ﬁ ‘ l ) L L. I
T T T T T T T T T T
1 10 9 8 6 3 2 1 0 ppm

24

Purified product, 13C NMR

_Bn

-2

oC

—172.32

i

074

066,

035,
1.000 =
2.007>= o o
2.020 =
9.019 =

Current Data Parameters
NAME ATM-2022-158

OYO RO -RnOR N EXPNO 18
@IRIN-OBIOTSQ PROCNO 1
NOROYODBIN GG
FEH8IIAJTREEN

F2 - Acquisition Parameters
Date_ 023060

Time

INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30

Tl 65536

SOLVENT CDCI3
NS 64

—83.45
_ 6557
6449
—48.11
——40.44

_—28.40
2755

}

DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz

AQ 1.0485760 sec
RG 204.54

bw 16.000 usec
DE 28.00 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 125.7722511 MHz
NUC1 13C

P1 10.50 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz
1H

NUC2
CPDPRG[2 waltz16
PCPD2 80.00 usec

0 use:
PLW2  13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

S| 131072

SF 125.7577729 MHz
EM

WDW

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 ppm



Purified product, 1H NMR

o
~
N

g
|
§
|

7.766
7.631
7.616
7.602
7.449
7.434
7.412
7.397
7.382
6.644
6.631
4.530
4.517
4.457
4.451
4.442
4.436
4.429
4.420
4.414
4.043
4.037
4.028
4.022
4.015
4.006
4.000
3.249
3.215
3.090
3.056
2.113
2.107
2.097
2.086
2.080
2.070
2.064
1.797
1.792
1.783
1.777
1.770
1.765
1.755
1.750

Enantioselective Nickel-Catalyzed Mizoroki—Heck Cyclizations of Amide Electrophiles

Bulger et al.
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Current Data Parameters
NAME ATM-2023-020

EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230604
Time 15.47 h

5.
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2930
T

SOLVENT CDCI3
NS 8

DS 0

SWH 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 21

bw 50.000 usec
DE 10.00 usec
TE

298.0 K
D1 2.00000000 sec
TDO 1
SFO1 500.1330008 MHz
NUC1 1H

P1 10.00 usec
PLW1 13.50000000 W

F2 - Processing parameters

SI 65536

SF 500.1300122 MHz
EM

Purified product, 13C NMR

83

208.!

~

46
51

1.046>=
1.046 =
1.050°= ¢, |
—
050, |

1

0.
0!

1

© o
Q@
o<
]

135.52
135.28

@ o
~ o=
=
b <

v

—102.90

©
@
~
[N

—63.08
——46.54
——43.18
—32.50

~

WDW
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1
ppm

Current Data Parameters
NAME ATM-2023-027
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 023020

Time .

INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG zgpg30

SOLVENT CDCI3
NS 32

DS 0

SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG

bw 14.000 usec
DE 18.00 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec

TDO 1

SFO1 150.9178988 MHz
NUC1 13C

PO 3.33 usec

P1 10.00 usec

PLW1 86.29599762 W
SFO2 600.1324005 MHz
1H

NUC2

CPDPRG[2 waltz65
PCPD2 80.00 usec
PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W
F2 - Processing parameters
S| 65536

SF 150.9027883 MHz
WDW EM

0
1.00 Hz
0

1.40

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
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Current Data Parameters

NAME ~ ATM-2023-017
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230126

Time 17.58 h
o] INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 2g30
81920
Me SOLVENT CDCI3
NS 8
Me DS 0
SWH 11904.762 Hz
FIDRES 0.290644 Hz
27 AQ 34406400 sec
RG 101
Dw 42.000 usec
DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
SI 65536
SF 600.1300148 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L
T T T T T T
10 9 6 5 4 3
e o)
= A i
i Current Data Parameters
Purified product, 13C NMR NAME  ATM.2023-014
X 3 TENN85S o cmnnon N 3
o a SWYNOWY 8 {25826
3 H ISradN <~ od¥-S9w
~ - TTT T T o FOomoN F2 - Acquisition Parameters
| AN\ N pae e
Time .
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG zgpg30
D 72
SOLVENT CDCI3
(o} NS 64
DS 0
SWH 35714.285 Hz
Me FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG
Me DW 14.000 usec
DE 18.00 usec
27 TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 150.9178988 MHz
NUC 13C
PO 3.33 usec
P1 10.00 usec
PLW1 86.29599762 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz65
CPD2 80.00 usec
PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W
F2 - Processing parameters
S| 65536
SF 150.9027899 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
ol
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters
NAME ATM-2023-008
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230117

ime 9.3
INSTRUM Aval

nce
PROBHD Z168773_0038 (
PULPROG 2930

81920
SOLVENT CDCI3
Me NS 8

DS 0
SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec

9 RG 101
bW 42.000 usec
DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
Sl 65536
SF 600.1300149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T I,
T T
10 9 ppm

Purified product, 1H NMR

1.086>—
1.065=
To67=“ ]

Current Data Parameters

HRE5223I5BHTIIR 3 & S2R8N N88338 NAME ~ ASB-2022-267
NNNNOOOOYYYa® < @ IHNOD SoXRI® EXPNO 1001
e\ WY NPV e
F2 - Acquisition Parameters
Date_ 20230604
Time .05 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2g30
T
SOLVENT CDCI3
0 NS 8
DS 0
SWH 10000.000 Hz
Me FIDRES 0.305176 Hz
ég 3.2767999 sec
12.14
z DW 50.000 usec
DE 10.00 usec
TE 298.0 K
NBoc D1 2.00000000 sec
TDO 1
23 SFO1  500.1330008 MHz
NUC1 1
P1 10.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
S| 65536
SF 500.1300142 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T 1
10 9 4 3 2

72
065

2.059

1.070 —

1.015

1
1

vk
9.049—
3.009~

2.006
.0




Purified product, 1H NMR
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0 © 0 ©m N~ <t 0O oo ~ 0 © o - w Current Data Parameters
SRESRBI BB 83 I8 b & NAME  ASB-2023-000
RRoEBIINA® 23 H0H2S © & EXPNO 100
SN vooouve Tl e o

F2 - Acquisition Parameters
Date_ 20230522
Time 13.09 h
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 2930
TD 81920
[o) SOLVENT CDCI3
NS 8
DS 0
SWH 11904.762 Hz
Me FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 101
bw 42.000 usec
'IQE 13.70 :ésec
298.0
12 Me D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
FIZ - Processing parameters
SF 600.1300151 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
Ak
T T T T T T T T T
10 9 6 5 4 3 2 1 0 ppm

2.061 —
1.068 —
1.062 —
3.007 =
3.039 =
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Purified product, 1H NMR

Current Data Parameters
NAME ATM-2023-071

EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230420
0 Time 17.45h
INSTRUM Avance
M PROBHD Z168773_0038 (
PULPROG 2g30
e TD 81 920g
SOLVENT CDCI3
NS 8
Ds 0
SWH 11904.762 Hz
69 FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 45.2
bw 42.000 usec
DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W

F2 - Processing parameters
Sl 65536

SF 600.1300148 MHz
EM

WDW
SsSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
i 4 [ EEE
it 8 (& RESNEEEEE
(S S |9 EEEREREEE
= = B o I o o
" Current Data Parameters
Purified product, 13C NMR NAME  ATM-2023-071
8 5 88338 0 anregaon RO ¢
o = e N 3 BHIB33I5 PROCNO !
= 3 RN a TNGNOGSOQ
~ - e 0 SToNaNaaN F2 - Acquisition Parameters
‘ \ / \ / / ‘ ‘ \ \\\// Date_ 20230420
Time 7.
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG zgpg30
Tl 131072
SOLVENT CDCI3
NS 112
Ds 0
0 SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG 101
Me DW 14.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
69 SFO1  150.9178988 MHz
NUC1 13C
PO 3.33 usec
P1 0.00

SFO2  600.1324005 MHz

NUC2 1H
CPDPRG[2 waltz65
PCPD2 80.00 usec

PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W
F2 - Processing parameters
Sl 65536

SF 150.9027889 MHz
WDW EM

D!
SSB 0
LB 1.00 Hz
GB
PC 1.40

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Purified product, 1H NMR

TOQUNOI- NS VONONONOTRNOVNODNNOOO - QONNNMON TN ¥ =
LIABUIBDND3S ORIPCOBBBNANT RN, "SRR DHINDN -~ ABD®H NN
AINL-SS3S98 SORNRRNNRRNRNNOCOOEBLVBVBLBBLHOHN" == -~
PN N N N N N RV Ve RN D e i . . . . JMCMESMEME

Current Data Parameters
NAME ATM-2023-051
8
PROCNO 1
F2 - Acquisition Parameters
Date. 20230328
o (0} Time 18.49 h
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 293
Me b 81920
SOLVENT CDCI3
NS 8
DS 0
SWH 11904.762 Hz
29 FIDRES  0.290644 Hz
AQ 3.4406400 sec
RG 57
bW 42.000 usec
DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
Sl
SF 600.1300152 MHz
WDwW EM
SSB 0
LB 0.30 Hz
0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
ofo|o) g 09 T EEARN
= G g
b o =l il =l il =l o3l
" Current Data Parameters
Purified product, 13C NMR NAME  ATM-2023-051
Q © Qonno EXPNO 3
3 2 e 28538838 PROCNO !
R b SRR R YOUNCOS D
- - T T Y ONNNAN F2 - Acquisition Parameters
T NI/ WYY i
Time 4.09 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
65536
SOLVENT CDCI3
NS 8
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
o (0} AQ 1.0485760 sec
RG 204.54
bDw 16.000 usec
DE 28.00 usec
Me TE 2980 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
29 NUCT 13C
P1 10.50 usec
PLW1

23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
CPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
125.7577892 MHz
EM
1.00 Hz
0
1.40

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

Current Data Parameters
NAME ATM-2023-086
EXPNO 5
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230519
Time 6.47h
(o] INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 2930
81920
(] SOLVENT cDCI3
NS 8
DS 0
Me SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec
70 RG 57
bW 42.000 usec
DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NU 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S| 65536
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
10 9 7 6 5 4 3 2 1 0 ppm

1.000>= o, |
To0
oS
107>
1041~

Purified product, 13C NMR

Current Data Parameters

NAME ATM-2023-051
— wooWwno EXPNO 7
2 nesles 3 35 308883 Procko s
S B3I " SN BNGSO o
- M ® 0¥ oaNaNNA F2 - Acquisition Parameters
\\\ V/ ‘ ‘ \ \\V/ Date_ 20230328
Time
INSTRUM av500
(o) PROBHD Z119248_0002 (
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 32
O DS 2
SWH 31250.000 Hz
Me FIDRES  0.953674 Hz
AQ 1.0485760 sec
RG 204.54
bDw 16.000 usec
70 DE 28.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TD 1
SFO1 125.7722511 MHz
NU 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
CPD: 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7577721 MHz
WDW EM
SSB
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



Purified product, 1H NMR
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7.138
7.126
7.118

/
}

7.009
6.996

6.892

6.879
6.839

6.827

6.815

3.460
3.443
3.167
3.149
2.787

2.763
2.606

1.965
1.945
1.864
1.843

o9
o3
0 © I~

2.583

S

1. 688
1.667
1.646
1.483
1.166
1.144
1.118
1.098
1.077

[
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1.057
0.750

Currem Data Parameters
ME

ATM-2023-075
2

EXF‘NO
PROCNO 1
F2 - Acquisition Parameters
Date_ 230425
Time 50 h
OH OH INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 2930
TD 81920
Me SOLVENT CDCI3
NS 8
0
30 SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 101
bW 42.000 usec
DE 13.70 usec
TE 298,
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NUC 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S| 65536
SF 600.1300166 MHz
WDW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
_ . -
T T T T T T T T T
10 9 8 7 6 5 4 3 0 ppm
CERN o [0 (2s) @o@ld)|-| (<
b B 6l e
" Current Data Parameters
Purified product, 13C NMR NAME  ATM-2023-075
- ror©en EXPNO 15
3 RN 8 J2e83R238 PROCNO !
bl AT = © NrEINNNON
- TTT T © ¥ Y ONNNNAN F2 - Acquisition Parameters
1T IENIUR
Time E
INSTRUM Avanc
PROBHD Z168773_( 0038 (
PROG 2zgpg30
1072
OH OH SOLVENT CDCI3
NS 700
DS
SWH 35714.285 Hz
Me FIDRES  0.544957 Hz
AQ 1.8350080 sec
RG 101
30 DW 14.000 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TD 1
SFO1 150.9178988 MHz
NU 13C
PO 3.33 usec
P1 .00 st
PLW1 86.29599762 W
SFOZ 600. 1324005 MHz
C2
CPDPRG[Z waItZGS
PCPD2 80.00 usec
PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W
F2 - Processing parameters
Sl 65536
150.9027880 MHz
WDW no
SSB 0
0Hz
0
1.40
T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Purified product, 1H NMR Current Data Parameters
NAME

wo-—or-oNOQ Q PN OYTONLOINVINDOQD
IR =L ®ONO D ¥ rOO0IONNLVNCDOI-OINWVR ATM-2023-078
SO0 00 VR®®DN R NOIINNOONNN= === CQQ®EYPNO 2
F2 - Acquisition Parameters
Date_ 20230427

Time 16.27 h
INSTRUM Avance
PROBHD Z168773_0038 (

PULPROG 2930
TD 81
(o) SOLVENT CDCI3
NS 8
D 0
SWH 11904.762 Hz
M FIDRES 0.290644 Hz
e AQ 3.4406400 sec
RG 101
Dw 42.000 usec
31 DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S| 65536
SF 600.1300172 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
(39 3 o) (=) ol [|(
EEEE S IR s |33
==l o == <=l lellsl
i Current Data Parameters
Purified product, 13C NMR Sawent Data Parameters,
o IO EXPNO 32
b irass 2 §ITIg8TRE  PRONO
Py FINIE ® COANNGS O N
T TTTTT ™~ FTOONNNNN F2 - Acquisition Parameters
‘ \ \ v / \\\\V/ Date_ 20230612
Time .
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
(0} NS 250
Ds
SWH 31250.000 Hz
FIDRES 0.953674 Hz
Me AQ 1.0485760 sec
RG 204.54
bDw 16.000 usec
31 DE 28.00 usec
TE 298.0 K
D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
23.00000000 W
SFO2 500.1330008 MHz
NU 1H
CPDPRG[2 waltz16
CPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

Q
N

F2 - Processing parameters
S| 131072

SF 125.7577725 MHz
W

DW no
SSB
LB 0Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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SmoroRT N oo @ NDNTWOTDODND T VDN QT T DI
SRBI-SSeD 23 3 NYON B LANORIBRINDBIN: DB D
RNRRRRRMNN Qo « TTRNOOC®XEEON I INWNWINWWY Y N
NNNNNNNNN 66 < S BNNNN ™ = e
Current Data Parameters
NAME ASB-2023-062
EXPNO 100
PROCNO 1
F2 - Acquisition Parameters
Date_ 20230522
Time .
INSTRUM Avance
Me PROBHD Z168773_0038 (
PULPROG 2930
81920
SOLVENT CDCI3
NS 8
DS 0
32 SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 64
bDw 42.000 usec
DE 13.70 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S| 65536
SF 600.1300149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 1 ppm

1.000 =
3.046 —
1.047.

|

1.060 =
1.052 =

Current Data Parameters
NAME  ASB-2023-063

@ ©Oo- ®oFOor @ EXPNO 102

S AR BBIFX o © 9 ©owor-w

3 Y4S mewco A 8 8 8§=R8Ik PROCNO 1

8 IYY dQQS S = % Nigwoa

- T e e - o = NN F2 - Acquisition Parameters

NN TN D 2002
Time
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
T
SOLVENT CDCI3
NS 40
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec

Me RG 204.54
bw 16.000 usec
DE 28.00 usec
TE 98.0
D1 2.00000000 sec
D11 0.03000000 sec
32 TDO 1

SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec

00
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
Sl 131072
SF 125.7577721 MHz
EM

WDW

SSB

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified product, 1H NMR

Current Data Parameters
NAME ASB-2023-066
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
~N Date_ 20230416
Time 16.19h
MeO INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 293
TD 81920
N SOLVENT cDei3
VAR NS 8
o DS 0
SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec
Me RG 4
bW 42.000 usec
DE 13.70 usec
TE .
34 D1 1.00000000 sec
TDO 1
) SFO1 600.1337058 MHz
NU 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S|
SF 600.1300150 MHz
WDW EM
SSB 0
LB 0.30 Hz
0
PC 1.00
1 2
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
SIERRAR 0 Sle (9 (@ ol [ (2
W NN ]
B P - i ol alel 1<l e
" Current Data Parameters
Purified product, 13C NMR NAME  ASB-2023-066
TONANCOVORRON DT D EXPNO 100
NOQROErOr-ORONRTY o 25 T3 8838 PROCNO 1
NOCOrodropoNtTaASD = 2 ee =< @ M0 @
LHITBOIIAINNICE © S8 Ca 6o
T TTTTT T T O LN NN F2 - Acquisition Parameters
NN Vo AW D zuzpe
Time 16.24 h
INSTRUM Avance
~N PROBHD Z168773_0038 (
Meo $gLPROG 2gpg30
SOLVENT CDCI3
NS 48
N 0
VAR SWH 35714.285 Hz
(o) FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG 101
bW 14.000 usec
Me DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
34 SFO1  150.9178988 MHz
NU 13C
, 3.33 usec
P1 10.00 usec
PLW1 86.29599762 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz65
PCPD2 80.00 usec
PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W

F2 - Processing parameters
S| 65536

SF 150.9027905 MHz
WDW EM

SSB

LB 1.00 Hz

GB

PC 1.40

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

90

80

70 60 50 40 30 20 10 0 ppm
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Purified product, NOESY

—=

=

4.0

4.5

5.0

55

6.0

6.5

£7.0

F7.5

8.0

85

£9.0

9.5

T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05

ppm
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Current Data Parameters
NAME  ASB-2023-074
EXPNO 11
PROCNO

F2 - Acquisition Parameters
Date_ 20230605
48h

Time
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG _noesygpph
10

SOLVENT ~_ CDCi3

NS 72

DS 4

SWH 5882.353 Hz

FIDRES 5744485 Hz
AQ 0.1740800 sec
RG

bw 85.000 usec
DE 1361 usec
TE 2980 K

DO 0.00006972 sec
D1 2.00000000 sec
D8 0.30000001 sec
D16 0.00020000 sec
INO 0.00017000 sec.
TDav

SFO1  600.1328206 MHz
NUGH 1H

P1 12.00 usec
P2 24.00 usec
PLW1  19.40099907 W
GPNAM[1] ~ SMSQ10.100
GPZ %
P16 1000.00 usec

F1 INDIRECT DIMEN
256
sw_F1 9.801752

F1 - Acquisition parameters

SFO1 600.1328 MHz

FIDRES  45.955883 Hz
W 9.802 ppm

FnMODE TPPI

F2 - Processing parameters

SF 600.1300001 MHz
w QSINE

Wi

s

LB 0Hz
GB 0
PC 1.00

F1 - Processing parameters
Sl

c2 TPPI
SF 600.1300017 MHz
wbw QSINE
2
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Purified product, 1H N

=
]

P ONNN O O TN N DO AN O TN - OO EN TNV —NONNDPOTVOOVVNDVOVNNOA - Q=0
RN OB I IO, OO BN, OO0 P VPRI DNIONNNN PN DD OB TN B NSO NO Y BN DD BDND D
BULOLLLIAIANNA -~ =00 PTBIRR - LLIANEVLVRIVNDNPNVORNOOITINNNANNNNNTNK
NENNNNNNNNNNNNNNNN OO0 ooduuussrsrrssroadadalalalalalNalaNN s s ==+
Current Data Parameters
NAME ASB-2023-070
EXPNO 3000
' ™\ PROCNO 1
F2 - Acquisition Parameters
Date_ 0230522
Time g
INSTRUM Avance
PROBHD Z168773_0038 (
1 PULPROG 2g30
\ TD 81920
— SOLVENT DMSO
NS 8
DS 0
SWH 11904.762 Hz
FIDRES 0.290644 Hz
AQ 3.4406400 sec
RG 101
bW 42.000 usec
DE 13.70 usec
: TE 298.0 K
L (major) ) DI 1.00000000 sec
TDO 1
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec
PLW1 19.40099907 W
F2 - Processing parameters
S| 65536
SF 600.1300059 MHz
WDW EM
0
0.30 Hz
0
1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
9\[%(22N) N v (g () o) fofeol Q) <) (Na(9) ()
aill sl == S| =1 A | il =l El= = el
ifi Current Data Parameters
Purified product, 13C NMR NAME  ASB.2023-070
PowRoNgVIROR - 0L Y EXPNO 3005
TRABRTSIuBrBONM G0 ~ QOIOn TONOW PROCNO 1
gNarfaONNOYANSON- @ ] QM ene 9o%nNg
BITTIOOANAANINN S == 1S o VWANGS ©UAr=o
PIIIP2ENISENECCEE 8 BB FIF AAQS2 F2 - Acquisition Parameters
WSS T VTN R
Time 3
INSTRUM Avance
PROBHD Z168773_0038 (
r ~N {PVSLPROG zgpg30
SOLVENT DMSO
NS 49
DS 0
SWH 35714.285 Hz
FIDRES 0.544957 Hz
. AQ 1.8350080 sec
* RG 101
—_— bw 14.000 usec
DE 18.00 usec
TE 98.0
D1 2.00000000 sec
D11 0.03000000 sec

TDO 1
SFO1 150.9178988 MHz
NUC1 13C

PO 3.33 usec
: P1 10.00 usec
(major) PLW1  86.29599762 W
. J SFO2  600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz65
PCPD2 80.00 usec

PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W
F2 - Processing parameters
S| 65536

SF 150.9028776 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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(major)

Purified product, NOESY
Current Data Parameters
AME ~ ASB-2023-070
EXPNO 5004
PROCNO 1
F2 - Acquisition Parameters
Date 20230527
Time 5 h
INSTRUM _ Avance
ppm PROBHD 7168773 0038 (
PULPROG _noesygpph
« Foo 2048
SOLVENT DMSO
NS 8
' 05 SWH 5882353 Hz
° FIDRES 5.744485 Hz
E1o0 AQ 0.1740800 sec
- RG 16
A DW 85.000 usec
Lis DE 13,61 usec
E TE .
] DO 0.00006972 sec
Lo D1 2.00000000 sec
.0 D8 0.30000001 sec
Di6  0.00020000 sec
) N INO 0.00017000 sec
' . F25 Thav 1
' . " SFOT  600.1328206 MHz
! w b Nuct
F3.0 31 12.00 usec
P 24.00 usec
0 regfip=o oo PLWI 1940099907 W
F35 GPNAM[1]  SMSQ10.100
GPZ1 40.00 %
¢ P16 1000.00 usec:
r4.0
~ F1 INDIRECT DIMEN
L45 sw_Fi 9.801752
4 F1 - Acquisition parameters
F5.0 256
SFO1 600.1328 MHz
FIDRES  45.955883 Hz
E 9.802 ppm
‘ L} L 5.5 FnMODE o
L6.0 F2 - Processing parameters
® N | 1024
SF 600.1300057 MHz
Le5 ‘WDwW QSINE
- SSB 2
, i:) 0Hz
i GB
[ F7.0 PC 1.00
I
o F1 - Processing parameters
o ] ( F7.5 sl 0:
MC: TPPI
SF 600.1300069 MHz
. F8.o wow QSINE
SSB 2
i) OHz
F8s5 GB 0
9.0
9.5

T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05 0.0 ppm
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Current Data Parameters

NAME ASB-2023-090

EXPNO 40

PROCNO 1

F2 - Acquisition Parameters
ate_ 023061

Time .

INSTRUM av500

PROBHD Z119248_0002 (

PULPROG 2930

SOLVENT DMSO

NS 8

DS 0

SWH 10000.000 Hz

FIDRES 0.305176 Hz

AQ 3.2767999 sec

RG 12.14

bW 50.000 usec

DE 10.00 usec

TE 298.0 K

D1 2.00000000 sec

TDO 1

SFO1 500.1330008 MHz

NUC1 1H

P1 10.00 usec

PLW1 13.50000000 W

F2 - Processing parameters
S| 65536

SF 500.1300047 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T 1
10 9 8 7 5 4 3 2 1 0 ppm
RIRIBREE =) - S~folg [~ 2
A=l 2 o = B P e S 3|
i Current Data Parameters
Purified product, 13C NMR NAME  ASB-2023-090
NOLNNNTD-NNDTOT D EXPNO 50
CORITOA-O-NEICORN g 25 5y YIn8eR PROCNO 1
CUArT-BBBOGBA- SN~ 7 < Yo % @ NN N
BITTOHANIINIII =T @ B< S Swoaco
T T T T T T T T T S e Oy © F NN N NN F2 - Acquisition Parameters
WSS\ T VN B
Time 18.39 h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG 2gpg30
TD
SOLVENT DMSO
( R NS 45
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
bW 16.000 usec
DE 28.00 usec
TE 298.0 K
D 2.00000000 sec
D11 0.03000000 sec
TD( 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec
PLW1 23.00000000 W
SFO2 500.1330008 MHz
NUC2
i CPDPRG[2 waltz16
_ (mlnor) W, PCPD2 80.00 usec
PLW2 13.50000000 W
PLW1 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072
SF 125.7578455 MHz
WD! EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 ppm
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Current Data Parameters
NAME ASB-2023-065
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Daf 230416

Time 19.02 h
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 2g30

TD 81920
SOLVENT cDCI3
NS 8
0
904.762 Hz

DS

SWH 1"

FIDRES 0.290644 Hz

AQ 3.4406400 sec
101

RG

bW 42.000 usec
DE 13.70 usec

TE 298.0 K

D1 1.00000000 sec
TD

SFO1 600.1337058 MHz
NUC1 1H

PO 4.00 usec

P1 12.00 usec
PLW1 19.40099907 W

22 - Processing parameters

|

SF 600.1300154 MHz
DW EM

Wi

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Purified product, 13C NMR

—157.59
T—155.71
_——146.16
138.86
131.47
129.49
128.57
—127.46
125.13
122.93
121.13
119.06
111.55
55.56
54.67
26.23
25.74
19.11
18.89

N
AN
\

Vi

—97.36
——62.80
5713
—4597
——39.30
p

_—21.04

~

Current Data Parameters

NAME  ASB-2023-065

EXPNO 13

PROCNO 1

F2 - Acquisition Parameters

Date_ 023041

Time .

INSTRUM Avance

PROBHD Z168773_0038 (

PULPROG zgpg30
131072

SOLVENT CDCI3
NS 256

DS 0

SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG 101

bw 14.000 usec
DE 18.00 usec
TE 98.0

D1 2.00000000 sec
D11 0.03000000 sec

TDO 1
SFO1 150.9178988 MHz
NUC1 13C

10.00 usec
PLW1 86.29599762 W
SFO2 600.1324005 MHz

1H

CPDPRG[2 waltz65
PCPD2 80.00 usec
PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W

F2 - Processing parameters
S| 65536

SF 150.9027888 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

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

0 ppm
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L (major) )

Purified product, NOESY

Current Data Parameters
NAME ~ ASB-2023-065
EXPNO 12

PROCNO 1
F2 - Acquisition Parameters
Date_ 20230417
Time
Jl I INSTRUM Avance
Il AL | A ppm PROBHD_Z168773_0038 (
PULPROG _noesygpph
Loo i) 4
- SOLVENT coci3
NS 20
DS 4
F0.5 SWH 5882.353 Hz
FIDRES ~ 5.744485 Hz
AQ 0.1740800 sec
1.0 RG 1
DW 85.000 usec
DE 1361 usec
r1.5 TE
D0 0.00006972 sec
D 2.00000000 sec
b) 2.0 D8 0.30000001 sec
D16 0.00020000 sec
INO  0.00017000 sec
= F25 TDav
SFOT  600.1328206 MHz
= NUCT H
F3.0 P 12.00 usec
P: 24.00 usec
— PLW1 19.40099907 W
- F3s GPNAM[1] ~ SMSQ10.100
: GPZ1 40.00 %
' P16 1000.00 usec
40 — F1 INDIRECT DIMEN
d 6
Las sw_F1 9.801752
F1 - Acquisition parameters
. Lso ™ 256
- SFO1 600.1328 MHz
FIDRES  45.955883 Hz
Lss W 9.802 ppm
- FiMODE TPPI
F2 - Processing parameters
F6.0 ] 1054
SF_ 600.1300158 MHz
WDW QSINE
6.5 SSB 2
LB OHz
- 0 GB
= F7.0 PC 1.00
- =
= F1 - Processing parameters
r7.5 Kl 1024
MC: TPPI
— SF 600.1300335 MHz
Fs8.0 WDW QSINE
S8 2
LB 0Hz
F8s GB 0
9.0
9.5

T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 00 ppm
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Purified product, 1H NMR

Current Data Parameters
NAME ASB-2023-065
EXPNO 2

0
PROCNO 1

F2 - Acquisition Parameters
Dat 230417

Time 19.03 h
INSTRUM Avance
PROBHD Z168773_0038 (
PULPROG 29!

TD 81

SOLVENT CDCI3
NS 8

D.

0
SWH 11904.762 Hz
FIDRES 0.290644 Hz
A

Q 3.4406400 sec
RG 101
bW 42.000 usec
DE 13.70 usec
TE .
D1 1.00000000 sec
TD
SFO1 600.1337058 MHz
NUC1 1H
PO 4.00 usec
P1 12.00 usec

PLW1 19.40099907 W
F2 - Processing parameters
S| 65536

SF 600.1300162 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T
10 9 6 5 4 3 0 ppm
N (o o5
= e B
i Current Data Parameters
Purified product, 13C NMR NAME  ASB-2023-065
QAN XA~V RW T EXPNO 28
Sanleceace ey gu3e3 PROCNO "
SoJddANNNE = < LW -0
PR e froie) ddaa?

F2 - Acquisition Parameters

Date_ 023041

Time .

INSTRUM Avance

PROBHD Z168773_0038 (

PULPROG zgpg30
131072

SOLVENT CDCI3
NS 896

_—157.86
T—156.23
—147.02
—97.11
—63.02
55.61
e
~
——46.46
—37.96

z
/
X
\
£
X

DS 0

SWH 35714.285 Hz
FIDRES 0.544957 Hz
AQ 1.8350080 sec
RG 101

bw 14.000 usec
DE 18.00 usec
TE 98.0

D1 2.00000000 sec
D11 0.03000000 sec

TDO 1
SFO1 150.9178988 MHz
NUC1 13C

10.00 usec
PLW1 86.29599762 W
SFO2 600.1324005 MHz
C2 1H

NU
CPDPRG[2 waltz65
PCPD2 80.00 usec

PLW2 19.40099907 W
PLW12 0.43652001 W
PLW13 0.21922000 W

F2 - Processing parameters
S| 65536

SF 150.9027873 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 ppm
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OCANCYINTOONOO
BrlbynaddIdaR
BEI0DRDBODDTD
GNNNNNNNNNNNN
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\\wN\\\WM/ Current Data Parameters

NAME Heck
EXPNO 40

PROCNO 1

F2 - Acquisition Parameters
Date_ 023041

Time .

INSTRUM av300
PROBHD 5 mm PABBO BB-
PULPROG 2g30

T 65536

SOLVENT CDCI3

NS 8

DS 0

SWH 5995.204 Hz

FIDRES 0.091480 Hz

AQ 5.4657025 sec

RG 812.7

Dw 83.400 usec

DE 6.00 usec

TE 300.0 K

D1 2.00000000 sec

TDO 1
CHANNEL f1

NUC1 1H

P1 15.00 usec

PL1 B

PLIW 9.31909847 W

SFO1 300.1318008 MHz

5‘2 - Processing parameters

SF 300.1300131 MHz
EM

WDW

SSB 0

LB 0.30 Hz
GB 0

PC 1.40

Purified product, 13C NMR

——163.04

Br )
OQIS=O
Me
28
_/

1.051 =

IS
w4
I
o

ppm
= (2 o (o] g
rg rgj 3 rgj jgf
== ol =l
Current Data Parameters
NAME  DJN-2023-057-C-NM
EXPNO 12
88 B3gey PROCNO 1
T wINNS
L NN NN F2 - Acquisition Parameters
‘ ‘ \\ \ // Date_ 20230509
Time 17.15h
INSTRUM av500
PROBHD Z119248_0002 (
PULPROG zgpg30
TD 65!
SOLVENT CDCI3
NS 64
DS 2
SWH 31250.000 Hz
FIDRES 0.953674 Hz
AQ 1.0485760 sec
RG 204.54
bw 16.000 usec
DE 28.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7722511 MHz
NUC1 13C
P1 10.50 usec

PLW1 23.00000000 W
SFO2 500.1330008 MHz

NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

SF 125.7577725 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

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

90

80 70 60 50 40 30 20 10 ppm
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