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General methods and material. All reactions were carried out under inert atmosphere in oven-dried
glassware with magnetic stirring, unless otherwise indicated. Reagents and solvents were purchased from
Aldrich/Merck, Acros, Alfa Aesar, Abcr or TCI and used as obtained from the suppliers. CuCI(SMe,),*
AuCI(SMe;),? [Rh(nbd)CI].* and [Rh(COD)CI].® were prepared according to reported procedures. (R)-1-
cyclohexylethan-1-amine and Hoveyda-Grubbs Catalyst® M700 were purchased from Aldrich/Merck and
used without further purification. Dry diethyl ether (Et.O), dichloromethane (DCM), toluene and
tetrahydrofuran (THF) were purified by an Innovative Technology Solvent Delivery System. Ethyl acetate
(EtOAc), dichloromethane (DCM) and pentane used for filtration, transfers, chromatography and
recrystallizations were purchased from commercial sources and distilled before use. THF used in
complexation and catalytic reactions was degassed via freeze-pump-thaw technique and stored over 4A
molecular sieves in a nitrogen-filled glove box. Column chromatography was performed with Silicycle silica
gel SiliaFlash P60 (40-63 um grade) and SiliaFlash 40A (40-63 pum grade). Analytical thin-layer
chromatography was performed with commercial glass plates coated with 0.25 mm silica gel (E. Merck,
Kieselgel 60 F254). R¢ values reported were measured using a 5 x 2 cm plate. Visualization was
accomplished by UV light (254 nm), or by dipping the plate in Cerium Ammonium Molybdate (CAM) or
aqueous potassium permanganate (KMnQ,) solutions followed by heating. Proton nuclear magnetic
resonance (*H NMR), proton decoupled carbon-13 nuclear magnetic resonance (**C {*H} NMR) and
fluorine-19 nuclear magnetic resonance (**F NMR) spectra were recorded on a Bruker AVANCEIII-400
spectrometer (400 MHz, *H; 101 MHz, *C; 376 MHz, *°F) or on a Bruker AVANCEII-800 (800 MHz, 'H;
201 MHz, 1C) spectrometer. Chemical shifts are reported in parts per million (ppm). *H NMR spectra are
referenced to residual CHCIs in CDCl;s (s, 6 = 7.26 ppm), CDHCI; in CD.Cl; (t, 8 = 5.32 ppm) or CsD;HO
in THF-dg (m, 5 = 3.58 ppm and 1.73 ppm) and *C NMR spectra are referenced to deuterated chloroform
(t, 8 = 77.16 ppm) or deuterated dichloromethane (p, = 53.84 ppm) according to the literature.* Splitting
patterns are designated as s, singlet; d, doublet; t, triplet; g, quartet; hept, heptuplet; m, multiplet; br, broad.
All NMR data were recorded at 298 K. Infrared (IR) data were recorded on an Alpha-P Bruker FT-IR
Spectrometer. Absorbance frequencies are reported in reciprocal centimeters (cm™). HRMS data were
acquired on an Agilent LC-MS TOF (Multimode: ESI + APCI) or on a LTQ Orbitrap FTMS instrument
(LTQ Orbitrap Elite FTMS, Thermo Scientific, Bremen, Germany) equipped with an lon Max APPI
ionization source with a VUV Kr lamp (Syagen, CA, USA). The sample was diluted in DCM and directly
infused into the mass spectrometer. FT-MS spectra were recorded in the 100-1000 m/z range in the positive
mode with a resolution set to 120,000. Optical rotations were measured at 21 °C on a Polartronic M
polarimeter using a 10.0 cm cell with a Na 589 nm filter. Melting points were measured on a Biichi B-540
and are uncorrected. X-ray analysis of compounds (R,S)- and (R,R)-Cul, (R,R)-Cu7, (R,R)-Cull, (R,S)-
Ru3 and (R)-RuO were performed by Dr. R. Scopelliti and Dr. F. Tirani at the EPF Lausanne. HRMS
analyses were performed by Dr. L. Menin team at the mass spectroscopy platform of ISIC at the EPF

Lausanne.
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Ketone synthesis

Alcohol preparation

0 MeMgBr (1.5 equiv.) OH

)I >

R Et,0, 0 °C to 23 °C, 80 min R

S-l S-ll
General Procedure (GP1):

In a two-necked round-bottom flask equipped with a magnetic stirrer and nitrogen inlet, the aldehyde (1.0
equiv.) was dissolved in dry diethyl ether (0.3 M). The solution was cooled to 0 °C and MeMgBr (3.0 M,
1.5 equiv.) was added dropwise via syringe. The reaction mixture was stirred at 0 °C for 15 min before being
allowed to warm to 23 °C and stirred for 80 min (complete by TLC). The mixture was cooled to 0 °C and
guenched with aqueous saturated NH4Cl (8 mL/mmol) and water (4 mL/mmol). After warming to 23 °C,
layers were separated and the aqueous layer was extracted three times with EtOAc (3 x 12 mL/mmol). The
combined organic layers were dried over MgSO, filtered and solvents removed under reduced pressure to
afford the desired alcohol, used without further purification.

1-(3,5-di-tert-butylphenyl)ethan-1-ol (S-11a)

OH Following GP1: 3,5-di-tert-butylbenzaldehyde (1.80 g, 7.82 mmol) gave 1-(3,5-di-tert-
fBu butylphenyl)ethan-1-ol S-lla (1.83 g, 7.82 mmol, 99 %) as a white solid. The
characterization data matched those previously reported in the literature.®

B
! 'H NMR (400 MHz, CDCls) & 7.36 (t, J = 1.9 Hz, 1H), 7.23 (d, J = 1.8 Hz, 2H), 4.90

(9, J=6.5Hz, 1H), 1.78 (s, 1H), 1.52 (d, J = 6.5 Hz, 3H), 1.34 (s, 18H).
1-(4-methoxyphenyl)ethan-1-ol (S-11b)

OH Following GP1: 4-methoxybenzaldehyde (501 mg, 3.61 mmol) gave 1-(4-
methoxyphenyl)ethan-1-ol S-11b (514 mg, 3.38 mmol, 94 %) as a colorless oil. The

MeO characterization data matched those previously reported in the literature.®

'H NMR (400 MHz, CDCls) § 7.33-7.29 (m, 2H), 6.91-6.87 (m, 2H), 4.86 (qd, J = 6.4, 3.5 Hz, 1H), 3.81
(s, 3H), 1.71 (br s, 1H), 1.48 (d, J = 6.4 Hz, 3H).
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Alcohol oxidation

OH DMP (2.0 equiv.) e)

R)\ DCM, 23 °C, 2 h > RJ\

S-ll SR

1-(3,5-di-tert-butylphenyl)ethan-1-one (S-111a)

0 The preparation of 1-(3,5-di-tert-butylphenyl)ethan-1-one was adapted from a literature

fBu procedure and the characterization data matched those previously reported.®

To a solution of 1-(3,5-di-tert-butylphenyl)ethan-1-ol (355 mg, 1.52 mmol, 1.0 equiv.)
in DCM (15 mL, 0.1 M) at 23 °C was added Dess-Martin periodinane (1.39 g, 3.16
mmol, 2.0 equiv.) in two portions separated by 30 min. The reaction was complete by TLC after a total of

tBu

1 h reaction time. The reaction mixture was diluted with 5:95 EtOAc/pentane (30 mL) and allowed to stir
vigorously 20 min to precipitate a white solid. Filtration through a short plug of silica gel (1:9
EtOAc/pentane) afforded 1-(3,5-di-tert-butylphenyl)ethan-1-one S-111a (301 mg, 1.30 mmol, 86 %) as a
pale-yellow solid.

'H NMR (400 MHz, CDCl3) § 7.81 (d, J = 1.9 Hz, 2H), 7.65 (t, J = 1.9 Hz, 1H), 2.61 (s, 3H), 1.36 (s, 18H).

Michael addition

SH e} EtsN ©\ o)
+ '
©/ AN THF, 0°C, 1h S/\)l\

S-lv

4-(phenylthio)butan-2-one (S-1V)

/\)J\ of thiophenol (1.0 equiv.) and triethylamine (1.2 equiv.). The mixture was left to stir

for 1 h (complete conversion - *H NMR). The reaction mixture was concentrated under reduced pressure,

©\ 0 Methyl vinyl ketone (1.0 equiv.) was carefully added dropwise at 0 °C to a mixture
S

guantitatively affording 4-(phenylthio)butan-2-one S-1V used for the next step without further purification.

The characterization data matched those previously reported in the literature.’

'H NMR (400 MHz, CDCls) § 7.38-7.29 (m, 4H), 7.25-7.21 (m, 1H), 3.17 (t, J = 7.3 Hz, 2H), 2.79 (t, J =
7.3 Hz, 2H), 2.18 (s, 3H).
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Julia-Kocienski reagent preparation

kOH
HO’{/\O‘}H TMSCI
n

©:N\>—SH [ Ao > N\\l/svo\)l\

NaOiBu, THF S
0°Cto23°C,1h

BTSH 2

2-((((2-methylallyl)oxy)methyl)thio)benzo[d]thiazole (2)

\)]\ TMSCI (1.78 mL, 13.6 mmol, 1.0 equiv.) was added dropwise at -10 °C to a
suspension of paraformaldehyde (406 mg, 13.6 mmol, 1.0 equiv.) in methallyl

s o0
Q/S alcohol (1.0 g, 13.6 mmol, 1.0 equiv.). The suspension was vigorously stirred

for 90 min at -10 °C. An aliquot was taken after 75 min for NMR assessment
of 3-(chloromethoxy)-2-methylprop-1-ene 1 purity (ca. 75 % over 10 repeats - Figure S1).
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Figure S1. Reaction mixture aliquot containing 3-(chloromethoxy)-2-methylprop-1-ene 1 at t = 75 min.
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The reaction mixture containing 3-(chloromethoxy)-2-methylprop-1-ene 1 (1.23 g, 10.2 mmol, 1.2 equiv.)
was diluted at -10 °C with THF (10 M) followed by filtration under nitrogen atmosphere over a small pad
of THF-wet silica (ca. 1 cm) directly into a separate flask containing a mixture of 2-mercaptobenzothiazole
(BTSH) (1.42 g, 8.50 mmol, 1.0 equiv.) and NaOtBu (927 mg, 9.35 mmol, 1.1 equiv.) in THF (1 M) at O
°C. The mixture was warmed up to 23 °C and was left to stir for 1 h. The reaction mixture was filtered over
a DCM-wet pad of silica, thoroughly washed with DCM. After removal of the solvents under reduced
pressure, the residue was purified by column chromatography (conditioning: 1:9 DCM/pentane, eluent: 2:8
DCM/pentane to 6:4 DCM/pentane by 10 % increment) to afford the desired sulfide 2 (1.33 g, 5.28 mmol,
62 % yield, 96 % purity) as a colorless oil.

'H NMR (400 MHz, CDCls) § 7.92 (ddd, J =8.2, 1.2, 0.6 Hz, 1H), 7.78 (ddd, J = 8.0, 1.3, 0.7 Hz, 1H), 7.43
(ddd, J = 8.3, 7.3, 1.3 Hz, 1H), 7.32 (ddd, J = 8.4, 7.3, 1.2 Hz, 1H), 5.55 (s, 2H), 5.03-5.01 (m, 1H), 4.98—
4.96 (M, 1H), 4.13 (s, 2H), 1.76 (br s, 3H). °C NMR (101 MHz, CDCls) § 165.4, 153.1, 140.8, 135.8, 126.3,
124.7,122.1, 121.1, 114.1, 73.8, 73.1, 19.8. IR (ATR, neat) 2973, 2913, 2853, 1456, 1426, 1309, 1239,
1092, 996, 904, 756. HRMS (ESI/QTOF) m/z: [M+H]"* calculated for Ci,H1sNOS,* 252.0511; found
252.0515. Ry = 0.23 (1:1 DCM/pentane, UV, CAM).
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H202 ()\\ /p
N32WO4.2H20 N%,/Svo
S

N S\/O\)]\
g >
S MeOH
0°Cto23°C,16h
2

2-((((2-methylallyloxy)methyl)sulfonyl)benzo[d]thiazole (3)

To asolution of sulfide 2 (1.33 g, 5.28 mmol, 1.0 equiv.) in methanol (26 mL,

° 0.2 M) at 0 °C was added sodium tungstate dihydrate (880 mg, 2.64 mmol,

S 0.5 equiv.). Hydrogen peroxide 30 % aqueous (2.2 mL, 21.5 mmol, 4 equiv.)

was added 5 min later. The reaction was stirred at 23 °C for 16 h. The reaction

mixture was quenched with 10 % aqueous sodium metabisulfite (0.57 g/mmol sulfide) at 0 °C and diluted

with DCM (50 mL). The mixture was extracted 3 times with DCM (3 x 25 mL). The combined organic

layers were dried over MgSQs, filtered and concentrated under reduced pressure. The residue was purified

on Biotage Isolera (0 to 30 % EtOAc/hexane over 15 CV, 80 mL/min, 50 g silica gel cartridge) to give the
desired sulfone 3 (1.28 g, 4.51 mmol, 85 % yield, 96 % purity) as a white solid.

'H NMR (400 MHz, CDCls) & 8.26-8.24 (m, 1H), 8.04-8.01 (m, 1H), 7.67-7.58 (m, 2H), 4.98 (s, 2H),
4.98-4.96 (M, 2H), 4.30 (s, 2H), 1.68 (t, J = 1.2 Hz, 3H). 3C NMR (101 MHz, CDCls) § 164.6, 153.0,
139.8, 137.4, 128.3, 127.8, 125.8, 122.5, 115.4, 83.9, 77.1, 19.4. IR (ATR, neat) 2917, 1470, 1334, 1301,
1149, 1114, 1084, 901, 760, 729. HRMS (ESI/QTOF) m/z: [M+Na]* calculated for Ci2H1sNNaOsS;*
306.0229; found 306.0219. mp 70.3-72.4 °C. Ry = 0.35 (2:8 EtOAc/hexane, UV, CAM).
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Claisen route

0. 0
\//
OVS\(/N
S
3 , LIHMDS A
' ot

—
R? THF, 0 °C, 90 min then 23 °C, 16 h O AR?  pxylene, 16h O A~R?
R1
4 5 6

Py

)=O

R1

General Procedure (GP2):

To a solution of sulfone 3 (1.0 equiv.) and ketone 4 (1.0 equiv.) in THF (0.085 M) at 0 °C, was added
LiHMDS (1.4 equiv., 1 M in THF) dropwise over 2-5 min. The reaction was stirred at 0 °C for 90 min then
23 °C for 16 h. The reaction mixture was quenched with saturated aqueous NH4CI, extracted 3 times with
EtOAc, washed with brine, dried over MgSO. and concentrated under reduced pressure. The crude product
was passed over a plug of silica (1:9 DCM/pentane) to afford the crude allyl vinyl ether 5 as a colorless to

pale-yellow oil (as an inconsequential E/Z mixture) used without further purification.
General Procedure (GP3):

Dry p-xylene (0.2 M) was added to the allyl vinyl ether 5 (1.0 equiv.) in a microwave tube whereupon argon
or nitrogen was bubbled for 5 min. The tube was sealed and the mixture was heated to 150 °C (oil bath) for
16 h. The reaction mixture was directly purified by column chromatography (conditioning: pentane, eluent:
pentane until xylene was out then 1:9 DCM/pentane to 1:1 DCM/pentane by 10 % increment) to afford the
desired aldehyde 6.

(1-((2-methylallyl)oxy)prop-1-en-2-yl)benzene (5a)

Following GP2: acetophenone (444 mg, 3.69 mmol) gave the title product 5a as a
(& colorless oil (437 mg, 2.32 mmol, 63 %) in an inconsequential 1.42:1 E/Z mixture after
OnZ filtration over a short pad of silica (1:9 DCM/pentane then 2:8 DCM/pentane). *H NMR
(400 MHz, CDCls) 6 7.68-7.66 (m, 2H), 7.36-7.26 (m, 6H), 7.20-7.16 (m, 2H), 6.48 (q,
J=1.4Hz, 1H), 6.18 (q, J = 1.3 Hz, 1H), 5.04-5.02 (m, 2H), 4.96-4.94 (m, 2H), 4.29-4.28 (m, 2H), 4.25-
4.24 (m, 2H), 2.04 (d, J = 1.3 Hz, 3H), 1.93 (d, J = 1.3 Hz, 3H), 1.79-1.78 (m, 3H), 1.77-1.76 (m, 3H). *C
NMR (101 MHz, CDCls) 6 143.6, 143.1, 141.8, 141.7, 140.8, 138.5, 128.4, 128.0, 127.6, 126.1, 126.0,
125.1,114.7,112.8,112.8,110.7, 76.5, 76.1, 19.4, 19.4, 18.5, 12.8. IR (ATR, neat) 3055, 2973, 2921, 2859,
1650, 1599, 1496, 1443, 1154, 1140, 1076, 903, 759, 694. HRMS (ESI/QTOF) m/z: [M+Ag]* calculated

for C13H16AgO™ 295.0247; found 295.0250. Rs = 0.51 (1:9 DCM/pentane, CAM).
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2,4-dimethyl-2-phenylpent-4-enal (6a)

Following GP2/GP3: acetophenone (124 mg, 1.02 mmol) gave the title product 6a as a
colorless oil (111 mg, 0.59 mmol, 57 % over 2 steps). *H NMR (400 MHz, CDCls) §
9.55 (s, 1H), 7.40-7.35 (m, 2H), 7.31-7.27 (m, 3H), 4.81 (dg, J = 2.9, 1.6 Hz, 1H), 4.62
(dg,J=1.9,0.9 Hz, 1H), 2.73 (dd, J = 13.9, 1.0 Hz, 1H), 2.65 (dd, J = 13.9, 1.0 Hz, 1H), 1.47 (s, 3H), 1.40
(dd, J = 1.4, 0.8 Hz, 3H). *3C NMR (101 MHz, CDCls) & 202.1, 141.6, 139.9, 128.9, 127.5, 115.6, 53.6,
44.4,24.3, 18.7. IR (ATR, neat) 3074, 2970, 2940, 2804, 2709, 1721, 1445, 894, 759, 698. HRMS (Sicrit
plasma/LTQ-Orbitrap) m/z: [M+H]* calculated for Ci3H170* 189.1274; found 189.1274. Rs = 0.47 (1:9
DCM/pentane, CAM).

Ox

2,4-dimethyl-2-(naphthalen-1-yl)pent-4-enal (6b)

Following GP2/GP3: 1-acetonaphtone (173 mg, 1.00 mmol) gave the title product 6b as

O a colorless oil (175 mg, 0.74 mmol, 74 % over 2 steps). *H NMR (400 MHz, CDCls) &

O O 9.73 (s, 1H), 7.92-7.88 (m, 1H), 7.87-7.80 (m, 2H), 7.51-7.46 (m, 4H), 4.77 (dq, J =

3.0, 1.5 Hz, 1H), 4.54 (dq, J = 1.8, 0.9 Hz, 1H), 3.03 (d, J = 13.6 Hz, 1H), 2.96 (dd, J =

13.7,0.8 Hz, 1H), 1.59 (s, 3H), 1.11 (dd, J = 1.5, 0.8 Hz, 3H). 3C NMR (101 MHz, CDCls) 5 204.9, 141.8,

136.5, 134.6, 131.7, 129.7, 129.2, 126.6, 126.4, 125.7, 125.4, 124.6, 115.7,54.3, 42.9, 24.1, 21.0. IR (ATR,

neat) 2967, 1720, 1640, 1510, 1459, 1375, 896, 801, 777. HRMS (ESI/QTOF) m/z: [M+H]* calculated for
C17H190" 239.1430; found 239.1431. Rf = 0.27 (1:9 DCM/pentane, CAM).

2,4-dimethyl-2-(naphthalen-2-yl)pent-4-enal (6c)

Following GP2/GP3: 2-acetonaphtone (551 mg, 3.14 mmol) gave the title product

O 6¢ as a colorless oil (491 mg, 2.06 mmol, 66 % over 2 steps). *H NMR (400 MHz,

ox Q CDCls) 6 9.60 (s, 1H), 7.87-7.82 (m, 3H), 7.75 (d, J = 2.0 Hz, 1H), 7.52-7.47 (m,

2H), 7.41 (dd, J = 8.7, 2.0 Hz, 1H), 4.82 (dt, J = 3.0, 1.6 Hz, 1H), 4.66 (dq, J = 2.0, 1.0 Hz, 1H), 2.83 (dd,

J =13.9, 1.0 Hz, 1H), 2.79 (dd, J = 14.0, 1.0 Hz, 1H), 1.58 (s, 3H), 1.42 (s, 3H). °C NMR (101 MHz,

CDCls) 6 202.1, 141.6, 137.3, 133.5, 132.5, 128.6, 128.2, 127.7, 126.5, 126.5, 126.4, 125.4, 115.6, 53.8,

44.2, 24.4, 18.9. IR (ATR, neat) 3058, 2969, 2705, 1721, 1643, 1598, 1506, 1455, 1376, 950, 895, 816.

HRMS (ESI/QTOF) m/z: [M+H]* calculated for Ci7H1s0* 239.1430; found 239.1431. Ry = 0.22 (1:9
DCM/pentane, UV, CAM).
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2-(3’,5’-difluorophenyl)-2,4-dimethylpent-4-enal (6d)

F Following GP2/GP3: 3°,5’-difluoroacetophenone (548 mg, 3.44 mmol) gave the title

product 6d as a colorless oil (422 mg, 1.88 mmol, 55 % over 2 steps). *H NMR (400

O0x . MHz, CDCls) 6 9.52 (s, 1H), 6.86-6.80 (m, 2H), 6.74 (it, J = 8.6, 2.3 Hz, 1H), 4.85—
4.83 (m, 1H), 4.63-4.62 (m, 1H), 2.68 (dd, J = 14.1, 1.0 Hz, 1H), 2.60 (dd, J = 14.0,

1.0 Hz, 1H), 1.45 (s, 3H), 1.45 (s, 3H). *C NMR (101 MHz, CDCl3) & 200.8, 163.4 (dd, J = 249.1, 12.9
Hz), 144.3 (t, J = 8.6 Hz), 140.7, 116.2, 110.7 (dd, J = 26.3, 7.0 Hz), 103.1 (t, J =25.2 Hz), 53.7 (t, J = 1.9
Hz), 44.4, 24.3, 18.9. F NMR (376 MHz, CDCls) 5 -108.76 (t, J = 8.6 Hz). IR (ATR, neat) 2974, 2810,
2709, 1726, 1622, 1596, 1433, 1318, 1120, 986, 898, 855, 690. HRMS (APCI/QTOF) m/z:

[M+H]* calculated for Ci3H1sF,0* 225.1085; found 225.1077. R = 0.26 (1:9 DCM/pentane, UV, CAM).
2-(4-methoxyphenyl)-2,4-dimethylpent-4-enal (6e)

Following GP2/GP3: 4’-methoxyacetophenone (151 mg, 1.00 mmol) gave the
OMe title product 6e as a colorless oil (160 mg, 0.73 mmol, 73 % over 2 steps). 'H

NMR (400 MHz, CDCls) § 9.48 (s, 1H), 7.20 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.9

Hz, 2H), 4.81-4.79 (m, 1H), 4.62-4.61 (m, 1H), 3.80 (s, 3H), 2.69 (d, J = 13.9

Hz, 1H), 2.62 (d, J = 13.9 Hz, 1H), 1.44 (s, 3H), 1.41 (s, 3H). *C NMR (101
MHz, CDCl3) 6 202.0, 158.9, 141.8, 131.6, 128.6, 115.4, 114.3,55.4,52.9,44.2,24.3, 18.7. IR (ATR, neat)
2967, 2837, 1719, 1609, 1511, 1460, 1250, 1184, 1032, 896, 828. HRMS (ESI/QTOF) m/z: [M+H]*
calculated for C14H100,* 219.1380; found 219.1381. Rf = 0.16 (1:9 DCM/pentane, UV, CAM).

2-(3,5-di-tert-butylphenyl)-2,4-dimethylpent-4-enal (6f)

Bu Following GP2/GP3: 1-(3,5-di-tert-butylphenyl)ethan-1-one (536 mg, 2.24 mmol)

gave the title product 6f as a colorless oil (304 mg, 1.01 mmol, 46 % over 2 steps).

Ox 'H NMR (400 MHz, CDCls) § 9.56 (s, 1H), 7.34 (t,J=1.8 Hz, 1H), 7.10 (d, J = 1.7
B Hz, 2H), 4.81 (dt, J = 3.0, 1.5 Hz, 1H), 4.64 (dg, J = 1.7, 0.8 Hz, 1H), 2.73 (dd, J =

13.7, 0.9 Hz, 1H), 2.64 (dd, J = 13.7, 0.9 Hz, 1H), 1.47 (s, 3H), 1.36 (br s, 3H), 1.32 (s, 18H). *C NMR
(101 MHz, CDCls) 6 202.5, 151.2, 142.0, 138.9, 121.6, 121.3, 115.4, 54.0, 44.5, 35.2, 31.6, 24.1, 18.9. IR
(ATR, neat) 2965, 1719, 1642, 1446, 1373, 895, 762, 701. HRMS (ESI/QTOF) m/z: [M+H]"* calculated for

C21H330" 301.2526; found 301.2539. Rf = 0.43 (3:7 DCM/pentane, CAM).
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2-isopropyl-4-methyl-2-phenylpent-4-enal (69)

Following GP2/GP3: 2-methyl-1-phenyl-propane-1-one (150 mg, 0.99 mmol) the title
product 6g as a colorless oil (109 mg, 0.50 mmol, 51 % over 2 steps). *H NMR (400
MHz, CDCl3) 6 9.92 (s, 1H), 7.39-7.34 (m, 2H), 7.30-7.26 (m, 1H), 7.24-7.21 (m, 2H),
4.75-4.73 (m, 1H), 4.51 (dg, J = 1.9, 1.0 Hz, 1H), 2.73 (s, 2H), 2.44 (hept, J = 6.9 Hz,
1H), 1.43 (s, 3H), 0.91 (d, J = 7.0 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, CDClz) § 205.3,
141.5, 138.1, 128.8, 128.2, 127.0, 115.5, 60.2, 41.5, 33.5, 24.8, 18.6, 17.9. IR (ATR, neat) 2965, 1719,
1642, 1446, 1373, 895, 762, 701. HRMS (ESI+APCI) m/z: [M+H]* calculated for CisH,;0* 217.1587;
found 217.1576. R = 0.38 (1:9 DCM/pentane, CAM).

Ox

1-(2-methylallyl)-1,2,3,4-tetrahydronaphthalene-1-carbaldehyde (6h)

Following GP2/GP3: tetralone (270 mg, 1.79 mmol) gave the title product 6h as a
colorless oil (224 mg, 1.05 mmol, 58 % over 2 steps). 'H NMR (400 MHz, CDCls3) § 9.60
(s, 1H), 7.28-7.26 (m, 1H), 7.22-7.12 (m, 3H), 4.81 (dt, J = 3.0, 1.5 Hz, 1H), 4.68 (dt, J
=1.9, 1.0 Hz, 1H), 2.78-2.75 (m, 2H), 2.73 (dd, J = 14.1, 1.1 Hz, 1H), 2.59 (dd, J = 13.9,
1.0 Hz, 1H), 2.13-2.06 (m, 1H), 1.91-1.75 (m, 3H), 1.45 (dd, J = 1.5, 0.8 Hz, 3H). 3C NMR (101 MHz,
CDCls) 6 202.3, 142.0, 138.7, 134.7, 130.0, 128.6, 127.1, 126.4, 115.8, 52.6, 45.1, 30.2, 27.9, 24.2, 19.7.
IR (ATR, neat) 3072, 2939, 2870, 2713, 1721, 1447, 895, 757, 734. HRMS (ESI/QTOF) m/z:
[M+Ag]* calculated for CisH1sAgO* 321.0403; found 321.0405. R¢ = 0.21 (1:9 DCM/pentane, UV, CAM).

Ox

2-cyclohexyl-2,4-dimethylpent-4-enal (6i)

Following GP2/GP3: 1-cyclohexylethanone (413 mg, 3.11 mmol) gave the title product
6i as a colorless oil (238 mg, 1.22 mmol, 76 % over 2 steps). 'H NMR (400 MHz, CDCls)
59.56 (s, 1H), 4.83-4.81 (m, 1H), 4.66-4.66 (m, 1H), 2.44 (d, J = 13.8 Hz, 1H), 2.20 (d,
J =13.8 Hz, 1H), 1.80-1.73 (m, 3H), 1.70-1.66 (m, 1H), 1.63 (br s, 3H), 1.53-1.49 (m, 2H), 1.26-1.22 (m,
1H), 1.21-1.15 (m, 1H), 1.14-1.09 (m, 1H), 1.07-0.98 (m, 2H), 0.95 (s, 3H). *C NMR (101 MHz, CDCl5)
6208.0, 142.0, 115.2, 52.2, 43.6, 42.7, 28.3, 27.0, 26.9, 26.9, 26.6, 24.6, 14.4. IR (ATR, neat) 2926, 2854,
2700, 1723, 1644, 1449, 1396, 1376, 1005, 945, 893, 846, 789. HRMS (ESI+APCI) m/z: [M+H]* calculated
for C13H230* 195.1743; found 195.1735. R = 0.35 (3:7 DCM/pentane, CAM).

Ox
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2-(adamantan-1-yl)-2,4-dimethylpent-4-enal (6j)

Following GP2/GP3: 1l-adamantyl methyl ketone (471 mg, 2.59 mmol) and two
portions of LIHMDS (1.4 equiv., 1 M in THF) separated by 16 h gave the title product
6j as a white solid (261 mg, 1.06 mmol, 41 % over 2 steps). *H NMR (400 MHz, CDCls)
0 9.83 (s, 1H), 4.78-4.76 (m, 1H), 4.62-4.61 (m, 1H), 2.73 (d, J = 13.6 Hz, 1H), 2.15 (d, J = 13.5 Hz, 1H),
2.00-1.97 (m, 3H), 1.75-1.67 (m, 6H), 1.64-1.58 (m, 6H), 1.55 (s, 3H), 0.91 (s, 3H). *C NMR (101 MHz,
CDCls) 6 209.6, 142.7, 115.0, 53.7, 38.8, 38.3, 37.0, 36.9, 28.8, 24.3, 12.7. IR (ATR, neat) 2901, 2849,
2709, 1719, 1644, 1448, 1377, 1311, 1056, 873. HRMS (Sicrit plasma/LTQ-Orbitrap) m/z:
[M+H]* calculated for C17H270* 247.2056; found 247.2056. mp 59.6-62.9 °C. Rr=0.11 (1:9 DCM/pentane,
KMnOy).

Ox

2,4-dimethyl-2-(2-(phenylthio)ethyl)pent-4-enal (6k)
Following GP2/GP3: 4-(phenylthio)butan-2-one S-1V (393 mg, 2.18 mmol) gave
the title product 6k as a colorless oil (243 mg, 0.98 mmol, 48 % over 2 steps),
Ox S obtained. *H NMR (400 MHz, CDCls) & 9.53 (s, 1H), 7.33-7.27 (m, 4H), 7.21—
@ 7.17 (m, 1H), 4.86-4.84 (m, 1H), 4.68-4.66 (m, 1H), 2.90-2.75 (m, 2H), 2.34 (d,
J=14.0Hz, 1H), 2.19 (d, J=14.1 Hz, 1H), 1.93 (ddd, J = 14.1, 11.4, 5.3 Hz, 1H),
1.76 (ddd, J = 14.1, 11.5, 5.3 Hz, 1H), 1.65-1.61 (m, 3H), 1.09 (s, 3H). *C NMR (101 MHz, CDCls) &
205.6, 141.0, 136.0, 129.5, 129.1, 126.3, 115.8, 49.5, 445, 35.7, 28.7, 24.4, 18.3. IR (ATR, neat) 3075,
2969, 2931, 1724, 1584, 1481, 1439, 898, 739, 691. HRMS (APCI/QTOF) m/z: [M+H]* calculated for

C1sH210S* 249.1308; found 249.1312. Rf = 0.54 (1:1 DCM/pentane, UV, CAM).
4-methyl-2-phenyl-2-(trifluoromethyl)pent-4-enal (61)

Following GP2/GP3: 2,2,2-trifluoroacetophenone (342 mg, 1.94 mmol) gave the title
product 6l as a colorless oil (272 mg, 1.12 mmol, 58 % over 2 steps). *H NMR (400
MHz, CDCls) 6 9.79 (q, J = 2.4 Hz, 1H), 7.46-7.36 (m, 5H), 4.87-4.86 (m, 1H), 4.68—
4.67 (m, 1H), 3.04 (s, 2H), 1.53 (br s, 3H). *C NMR (101 MHz, CDCl3) 6 195.0 (q, J =
1.7 Hz), 138.8, 131.5, 129.1, 128.9 (q, J = 1.2 Hz), 125.4 (q, J = 284.9 Hz), 117.4, 62.5 (q, J = 22.6 Hz),
38.2 (d, J = 1.9 Hz), 24.2. °F NMR (376 MHz, CDCls)  -67.25. IR (ATR, neat) 2854, 1737, 1450, 1213,
1151, 904, 698. HRMS (APCI/QTOF) m/z: [M+H]* calculated for C13H14F30* 243.0991; found 243.0999.
Rs=0.33 (1:9 DCM/pentane, UV, CAM).

Ox
CF4
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Diastereomeric carbene precursors synthesis

Condensation 1) Hydroiminiumation

Na R?
2 - R!
O R 2) Anion exchange
NH»

6 7 8-BF,

>

1:1 mixture of
diastereomers

General Procedure (GP4)
Condensation

(R)-(-)-1-cyclohexylethylamine (1.0 equiv.) and aldehyde 6 (1.0 equiv.) were stirred over activated 4 A
molecular sieves in dry toluene (0.8 M) at 100 °C for 16 h. The reaction mixture was filtered over Celite
and the filtrate was concentrated under reduced pressure to afford the corresponding crude aldimine 7 used

for the next step without further purification.
Hydroiminiumation

A solution of crude aldimine 7 (1.0 equiv.) in toluene (0.3 M) was cooled down to -78 °C. HCI (2 M in
Et,0, 1.0 equiv.) was added dropwise and the mixture was stirred at this temperature for 30 min. The mixture
was then left to reach 23 °C and stirred for an additional 30 min. The mixture was then stirred for 16 h at 80
°C. Eventually, the mixture was heated to 110 °C for 3 h. Volatiles were removed under reduced pressure
and the residue was triturated in Et,O and filtered to afford the cyclic iminium chloride 8-Cl as an off-

white/beige solid.
Anion exchange

DCM (0.4 M) was added to the iminium chloride (1.0 equiv.) and NaBF4 (2.5 equiv.). The mixture was
stirred at 23 °C for 5 h. The reaction mixture was directly purified by column chromatography (conditioning:
DCM, eluent: DCM to 5:95 MeOH/DCM) to afford a 1:1 mixture of diastereomeric tetrafluoroborate CAAC

precursor 8-BF..
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BF,

1) Claisen/
(K Condensation o N Me 2) Hydroiminiumation _ N% Me
Ph
On A Ph 3) Solvent switch Ph
Me 4) Anion exchange
5a 7a 8aBF,

One-Pot Procedure

(R)-(-)-1-cyclohexylethylamine (292 mg, 2.25 mmol, 1.0 equiv.) and allyl vinyl ether 5a (429 mg, 2.28
mmol, 1.0 equiv.) were stirred in dry p-xylene (2.8 mL, 0.8 M) at 150 °C for 16 h in a flask mounted with

a Dean-Stark apparatus containing activated 4A molecular sieves in the water collector.

The reaction mixture was diluted with dry toluene (2.8 mL, 0.4 M) and cooled to -78 °C. HCI (1.2 mL, 2 M
in Et;0, 1.0 equiv.) was added and the mixture stirred at -78 °C for 30 min. The mixture was warmed to 23
°C and stirred for another 30 min whereupon it was heated at 80 °C for 16 h. Finally, the mixture was heated
to 110 °C for 3h.

The mixture was concentrated under reduced pressure. NaBF. (645 mg, 5.75 mmol, 2.5 equiv.) was added
and the solvent was exchanged for DCM (0.4 M). The mixture was stirred for 5 h at 23 °C.

The reaction mixture was directly purified by column chromatography (conditioning: DCM, eluent: DCM
to 5:95 MeOH/DCM) to afford a mixture of diastereomeric tetrafluoroborate CAAC precursor 8a-BF..
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(R)-[Me, Cy]VePhCAAC(H*)(BF4) (8a)
IUPAC: 1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-phenyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
BF 4 Following GP4: 2,4-dimethyl-2-phenylpent-4-enal 6a (320 mg, 1.70 mmol) and
(R)-(-)-1-cyclohexylethylamine (218 mg, 1.68 mmol) afforded 8a (347 mg, 901
pmol, 54 % over 3 steps) as an off-white solid in a 1:1 mixture of diastereomers.
'H NMR (400 MHz, CD,Cl;) & 9.12 (s, 1H), 9.12 (s, 1H), 7.49-7.44 (m, 4H),
7.40-7.35 (m, 2H), 7.33-7.28 (m, 4H), 3.66-3.55 (m, 2H), 2.80 (d, J = 13.9 Hz,
1H), 2.76 (d, J = 13.9 Hz, 1H), 2.47 (d, J = 13.9 Hz, 1H), 2.45 (d, J = 13.9 Hz, 1H), 2.08-2.00 (m, 1H),
1.99-1.83 (m, 5H), 1.82 (s, 3H), 1.82 (s, 3H), 1.81-1.70 (m, 4H), 1.68 (s, 3H), 1.67-1.65 (m, 1H), 1.63 (s,
3H), 1.61 (d, J = 6.8 Hz, 3H), 1.57 (d, J = 6.7 Hz, 3H), 1.47 (s, 3H), 1.43 (s, 3H), 1.41-1.28 (m, 4H), 1.24—
1.10 (m, 3H), 1.08-0.97 (m, 3H), 0.94-0.84 (m, 1H). *C NMR (101 MHz, CD.Cl,) 6 182.3, 182.0, 141.5,
141.3,130.2, 130.2, 130.1, 130.1, 128.8, 128.8, 128.8, 128.8, 125.9, 125.8, 79.5, 79.2, 62.6, 62.6, 54.7, 54.5,
50.0, 49.4, 43.3, 42.8, 31.0, 31.0, 29.4, 29.2, 28.3, 27.9, 27.8, 27.7, 27.3, 26.7, 26.1, 26.0, 25.9, 25.9, 25.8,
25.8, 21.7, 20.8. °F NMR (CD,Cl., 376 MHz) & -150.63 (*J *F-°B), -150.68 (1] °F-1!B). IR (ATR, neat)
2931, 2856, 1661, 1449, 1381, 1054, 764, 702. HRMS (ESI+APCI) m/z: [M-BF4]* calculated for C1HzN*
298.2529; found 298.2545. Rs = 0.51 (1:9 MeOH/DCM, UV, CAM).

NS

(R)-[Me, Cy]Me& INPCAAC(HY)(BF+) (8b)
IUPAC: 1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(naphthalen-1-yl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
O Following GP4: 2,4-dimethyl-2-(naphthalen-1-yl)pent-4-enal 6b (154 mg, 644
N O pmol) and (R)-(-)-1-cyclohexylethylamine (82.4 mg, 634 umol) afforded 8b (206
mg, 473 pumol, 75 % over 3 steps) as a beige solid in a 1:1 mixture of
BF4 diastereomers. *H NMR (400 MHz, CD,Cly) § 9.54 (s, 1H), 9.50 (s, 1H), 7.96—
7.91 (m, 4H), 7.87-7.85 (m, 2H), 7.63-7.55 (m, 4H), 7.45-7.40 (m, 2H), 7.23-
7.20 (m, 2H), 3.75-3.64 (m, 2H), 3.05 (d, J = 13.6 Hz, 1H), 2.99 (d, J = 13.8 Hz, 1H), 2.92 (d, J = 13.7 Hz,
1H), 2.82 (d, J = 13.6 Hz, 1H), 2.19-2.10 (m, 2H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03-1.96 (m, 2H), 1.91-1.83
(m, 3H), 1.80-1.74 (m, 3H), 1.72 (s, 3H), 1.71 (d, J = 6.7 Hz, 3H), 1.68 (d, J = 6.8 Hz, 3H), 1.66 (s, 3H),
1.65-1.60 (m, 2H), 1.45-1.39 (m, 3H), 1.36 (s, 6H), 1.25-1.08 (m, 5H), 1.04-0.93 (m, 2H). 3C NMR (101
MHz, CD:Cl,) & 183.5, 182.9, 138.6, 138.3, 135.8, 135.8, 130.6, 130.5, 130.0, 129.9, 129.4, 129.3, 127.0,
126.9, 126.5, 126.5, 125.7, 125.5, 124.6, 124.5, 123.2, 122.9, 80.1, 79.8, 63.1, 62.7, 55.0, 54.6, 50.6, 50.3,
435, 42.8,31.5,31.2, 29.5, 29.4, 28.5, 28.3, 27.4, 27.3, 27.2, 26.9, 26.1, 26.1, 25.9, 25.9, 25.8, 21.6, 21.0.
(1C not resolved). *°F NMR (CD-Cl,, 376 MHz) 6 -150.45 (1 **F-19B), -150.51 (*J **F-1B). IR (ATR, neat)
2932, 2856, 1664, 1451, 1388, 1057, 805, 779. HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M-BF4]*
calculated for CosH3aN™ 348.2686; found 348.2680. R = 0.41 (1:9 MeOH/DCM, UV, CAM).
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(R)-[Me, Cy]Ve 2NPCAAC(H*)(BF+) (8¢)
IUPAC: 1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(naphthalen-2-yl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate

7

Following GP4: 2,4-dimethyl-2-(naphthalen-2-yl)pent-4-enal 6¢ (491 mg,

2.06 mmol) and (R)-(-)-1-cyclohexylethylamine (267 mg, 2.06 mmol)
afforded 8c (456 mg, 1.05 mmol, 51 % over 3 steps) as a beige solid ina 1:1
mixture of diastereomers. *H NMR (400 MHz, CD,Cl,) & 9.31 (s, 1H), 9.31
(s, 1H), 7.97-7.95 (m, 2H), 7.95-7.92 (m, 1H), 7.89-7.83 (m, 3H), 7.82-7.77
(m, 2H), 7.57-7.52 (m, 4H), 7.43-7.38 (m, 2H), 3.67-3.57 (m, 2H), 2.92 (d, J = 13.8 Hz, 1H), 2.89 (d, J =
13.9 Hz, 1H), 2.53 (d, J = 13.9 Hz, 1H), 2.51 (d, J = 13.9 Hz, 1H), 2.13-2.05 (m, 1H), 2.03-1.92 (m, 3H),
1.89 (s, 3H), 1.89 (s, 3H), 1.87-1.72 (m, 5H), 1.70 (s, 3H), 1.67-1.64 (m, 1H), 1.65 (s, 3H), 1.64 (d, J=6.8
Hz, 3H), 1.61-1.58 (m, 1H), 1.59 (d, J = 6.6 Hz, 3H), 1.48-1.46 (m, 1H), 1.47 (s, 3H), 1.44-1.38 (m, 2H),
1.41 (s, 3H), 1.32-1.26 (m, 1H), 1.20-1.15 (m, 1H), 1.14-0.96 (m, 5H), 0.92-0.82 (m, 1H). 3C NMR (101
MHz, CD.Cl,) 6 182.4, 138.7, 138.5, 133.8, 133.7, 133.1, 130.3, 130.3, 128.7, 128.5, 128.0, 127.9, 127.5,
1275, 127.4, 127.4, 124.9, 124.8, 123.4, 123.3, 79.5, 79.3, 62.7, 62.7, 54.8, 54.7, 49.6, 49.4, 43.4, 42.8,
31.2,31.1, 29.5, 29.3, 28.3, 28.2, 28.0, 27.8, 27.4, 26.6, 26.1, 26.0, 25.9, 25.9, 25.9, 25.8, 21.6, 20.9. (2C
not resolved). *°F NMR (CD.Cl, 376 MHz) & -149.49 (1] °F-1°B), -149.54 (*J **F-1'B). IR (ATR, neat)
2931, 2856, 1661, 1452, 1052, 820, 752. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for CasHzsN*
348.2686; found 348.2680. Rs = 0.43 (1:9 MeOH/DCM, UV, CAM).

BF,

(R)-[Me, Cy]Me 35-diFPhC AAC(H*)(BF4) (8d)
IUPAC: 1-((R)-1-cyclohexylethyl)-4-(3,5-difluorophenyl)-2,2,4-trimethyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
F Following GP4: 2-(3,5-difluorophenyl)-2,4-dimethylpent-4-enal 6d (422 mg,
1.88 mmol) and (R)-(-)-1-cyclohexylethylamine (249 mg, 1.92 mmol) afforded
N} 8d (438 mg, 1.04 mmol, 55 % over 3 steps) as a beige solid in a 1:1 mixture of
diastereomers. *H NMR (400 MHz, CD.Cly) § 9.25 (s, 1H), 9.22 (s, 1H), 6.96—
6.89 (m, 4H), 6.87-6.81 (m, 2H), 3.66-3.58 (m, 2H), 2.72 (d, J = 14.0 Hz, 1H),
2.70 (d, J = 14.0 Hz, 1H), 2.50 (d, J = 14.0 Hz, 1H), 2.47 (d, J = 14.0 Hz, 1H), 2.12-2.02 (m, 1H), 1.97—
1.91 (m, 2H), 1.90-1.82 (m, 2H), 1.80 (s, 6H), 1.76-1.70 (m, 3H), 1.69 (s, 3H), 1.63 (s, 3H), 1.62 (d, J =
6.8 Hz, 3H), 1.57 (d, J = 6.7 Hz, 3H), 1.49 (s, 3H), 1.46 (s, 3H), 1.42-1.36 (m, 3H), 1.34-1.10 (m, 6H),
1.08-0.89 (m, 5H). *C NMR (101 MHz, CD.Cl,) 6 181.4, 181.1, 164.0 (dd, J = 250.7, 13.0 Hz), 164.0 (dd,
J=250.4, 13.0 Hz), 145.1 (t, J = 8.8 Hz), 145.1 (t, J = 8.9 HZz), 109.5 (m), 104.3 (t, J = 25.3 Hz), 79.5, 79.3,
63.0, 63.0,54.7 (t, J =2.0 Hz), 54.5 (t, J = 2.1 Hz), 49.5, 49.1, 43.2,42.7,31.2, 31.1, 29.5, 29.3, 28.1, 28.1,
28.0, 28.0, 27.1, 27.0, 26.1, 26.0, 25.9, 25.8, 21.7, 20.8. (4C not resolved). **F NMR (CDCl,, 376 MHz) &
-107.03 (C-F), -107.08 (C-F), -150.07 (1J 19F-19B), -150.13 (1] °F-11B). IR (ATR, neat) 2933, 2857, 1624,
1598, 1450, 1321, 1123, 1056, 854. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for CaHaoFoN*
334.2341; found 334.2340. Rf = 0.54 (1:9 MeOH/DCM, UV, faint stain CAM).

BF,
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(R)-[Me, Cy]Me ¢-OMePhC AAC(H*)(BF4) (8e)
IUPAC: 1-((R)-1-cyclohexylethyl)-4-(4-methoxyphenyl)-2,2,4-trimethyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
BF, Following GP4: 2-(4-methoxyphenyl)-2,4-dimethylpent-4-enal 6e (158
OMe  mg, 722 umol) and (R)-(-)-1-cyclohexylethylamine (94.1 mg, 725 umol)
afforded 8e (132 mg, 319 umol, 44 % over 3 steps) as a beige solidina 1:1
mixture of diastereomers. *H NMR (400 MHz, CD.Cl,) & 9.03 (s, 2H),
7.26-7.20 (m, 4H), 6.99-6.95 (m, 4H), 3.80 (s, 6H), 3.64-3.53 (m, 2H),
2.77 (d, J = 14.0 Hz, 1H), 2.73 (d, J = 13.9 Hz, 1H), 2.42 (d, J = 13.9 Hz, 1H), 2.40 (d, J = 13.9 Hz, 1H),
2.05-1.98 (m, 1H), 1.96-1.80 (m, 6H), 1.78 (s, 3H), 1.78 (s, 3H), 1.77-1.69 (m, 3H), 1.67 (s, 3H), 1.62 (s,
3H), 1.59 (d, J = 6.7 Hz, 3H), 1.54 (d, J = 6.7 Hz, 3H), 1.48 (s, 3H), 1.44 (s, 3H), 1.41-1.30 (m, 4H), 1.29-
1.24 (m, 1H), 1.22-1.14 (m, 2H), 1.12-0.93 (m, 4H), 0.92-0.82 (m, 1H). ¥C NMR (101 MHz, CD.Cl,) §
182.1, 181.9, 160.0, 132.7, 132.6, 127.2, 127.2, 115.4, 115.4, 79.4, 79.1, 62.4, 55.8, 54.0, 49.9, 49.3, 43.2,
42.8, 31.0, 31.0, 29.4, 29.2, 28.4, 27.7, 27.7, 27.4, 26.6, 26.1, 26.0, 25.9, 25.9, 25.8, 21.6, 20.8. (6 C not
resolved). F NMR (CD,Cly, 376 MHz) § -150.80 (1J **F-°B), -150.85 (}J **F-!!B). IR (ATR, neat) 2932,
2856, 1660, 1609, 1514, 1454, 1256, 1188, 1052, 1029, 832. HRMS (ESI+APCI) m/z: [M-BF.]* calculated
for Co2H3aNO* 328.2635; found 328.2637. R = 0.53 (1:9 MeOH/DCM, UV, CAM).

NX

(R)-[Me, Cy]Me 35ditBUPhC AAC(H*)(BF4) (8f)
IUPAC: 1-((R)-1-cyclohexylethyl)-4-(3,5-di-tert-butylphenyl)-2,2,4-trimethyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Bu Following GP4: 2-(3,5-di-tert-butylphenyl)-2,4-dimethylpent-4-enal 6f (304
Mo mg, 1.01 mmol) and (R)-(-)-1-cyclohexylethylamine (133 mg, 1.02 mmol)
tBu afforded 8f (287 mg, 577 umol, 57 % over 3 steps) as a beige solid ina 1:1
BF, mixture of diastereomers. *H NMR (400 MHz, CD.Cl.) 6 9.07 (s, 1H), 9.05
(s, 1H), 7.43-7.42 (m, 2H), 7.10 (d, J = 1.7 Hz, 2H), 7.04 (d, J = 1.7 Hz, 2H),
3.69-3.57 (m, 2H), 2.77 (d, J = 13.9 Hz, 1H), 2.73 (d, J = 13.8 Hz, 1H), 2.47 (d, J = 14.0 Hz, 1H), 2.43 (d,
J = 13.8 Hz, 1H), 2.08-2.01 (m, 1H), 1.99-1.90 (m, 3H), 1.88-1.83 (m, 2H), 1.83 (s, 3H), 1.82 (s, 3H),
1.80-1.76 (m, 1H), 1.75-1.66 (m, 3H), 1.69 (s, 3H), 1.63-1.57 (m, 1H), 1.63 (s, 3H), 1.61 (d, J = 6.7 Hz,
3H), 1.58 (d, J = 6.7 Hz, 3H), 1.48-1.44 (m, 1H), 1.46 (s, 3H), 1.45 (s, 3H), 1.42-1.34 (m, 3H), 1.32 (s,
36H), 1.25-1.18 (m, 2H), 1.16-1.11 (m, 1H), 1.10-0.98 (m, 3H), 0.96-0.86 (m, 1H). *C NMR (101 MHz,
CDCly) & 182.6, 182.0, 152.9, 152.9, 140.8, 140.4, 123.0, 120.1, 119.9, 79.5, 79.2, 62.5, 62.4, 55.1, 54.7,
50.6, 50.0, 43.1, 42.8, 35.5, 35.5, 31.5, 31.5, 31.0, 30.8, 29.5, 29.3, 28.3, 27.5, 27.5, 27.1, 26.8, 26.2, 26.1,
26.0, 26.0, 25.9, 25.8, 21.9, 20.9. (2C not resolved). *°F NMR (CD-Cl., 376 MHz) & -149.56 (1] **F-1°B), -
149.61 (1 ¥F-1B). ). IR (ATR, neat) 2933, 2860, 1660, 1597, 1452, 1395, 1249, 1055, 712. HRMS
(Nanochip-based ESI/LTQ-Orbitrap) m/z: [M-BF4]* calculated for CagHsN™ 410.3781; found 410.3779. R¢
= 0.55 (1:9 MeOH/DCM, UV, CAM)—dial. Rt =0.50 (1:9 MeOH/DCM, UV, CAM)-dia2.
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(R)-[Me, Cy]®"P"CAAC(H")(BF+) (89)
IUPAC: 1-((R)-1-cyclohexylethyl)-4-isopropyl-2,2-dimethyl-4-phenyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
BF4 Following GP4: 2-isopropyl-4-methyl-2-phenylpent-4-enal 6g (438 mg, 2.03
A mmol) and (R)-(-)-1-cyclohexylethylamine (269 mg, 2.07 mmol) afforded 8g
NS (527 mg, 1.28 mmol, 63 % over 3 steps) as a beige solid in a 1:1 mixture of
diastereomers. *H NMR (400 MHz, CD:Cly) & 9.42 (s, 1H), 9.38 (s, 1H), 7.50—
7.33 (m, 10H), 3.55 (dg, J =9.3, 6.7 Hz, 1H), 3.40 (dq, J = 10.1, 6.6 Hz, 1H), 2.83
(d, J=14.2 Hz, 1H), 2.81 (d, J = 14.2 Hz, 1H), 2.54 (hept, J = 6.7 Hz, 1H), 2.47 (hept, J = 6.8 Hz, 1H), 2.35
(d, J=14.2 Hz, 1H), 2.35 (d, J = 14.2 Hz, 1H), 2.07-2.04 (m, 2H), 1.96-1.92 (m, 2H), 1.87-1.69 (m, 4H),
1.65 (s, 3H), 1.62 (s, 3H), 1.58 (d, J = 6.7 Hz, 3H), 1.54-1.46 (m, 2H), 1.43 (d, J = 6.7 Hz, 3H), 1.40-1.31
(m, 3H), 1.25 (s, 3H), 1.24 (s, 3H), 1.22-1.12 (m, 2H), 1.10-1.02 (m, 3H), 1.00 (d, J = 6.8 Hz, 3H), 0.99 (d,
J = 6.8 Hz, 3H), 0.97-0.87 (m, 2H), 0.83 (d, J = 6.9 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H), 0.75-0.56 (m, 2H).
3C NMR (101 MHz, CD,Cl.) & 183.0, 182.8, 138.7, 138.5, 130.0, 130.0, 128.8, 128.8, 127.0, 78.6, 78.1,
63.0, 62.9, 62.7, 62.6, 43.1, 42.8, 40.8, 40.0, 37.8, 37.6, 31.6, 30.6, 29.9, 29.3, 27.7, 26.9, 26.7, 26.1, 26.0,
25.8,25.8, 25.7, 25.4, 21.3, 21.2, 18.9, 18.6, 17.5, 17.2. (2C not resolved). °F NMR (CD.Cl,, 376 MHz) §
-150.70 (Y 19F-1%B), -150.76 (1] *°*F-1'B). IR (ATR, neat) 3031, 2935, 2858, 1660, 1467, 1449, 1216, 1050,
1033, 747, 701. HRMS (ESI+APCI) m/z: [M-BF4]" calculated for C23H3sN* Exact Mass: 326.2842; found
Exact Mass: 326.2844. Rt = 0.41 (1:9 MeOH/DCM, UV, CAM).

(R)-[Me, Cy]"™MNCAAC(H")(BF+) (8h)

IUPAC: 1'-((R)-1-cyclohexylethyl)-5' 5'-dimethyl-3,4,4',5'-tetrahydro-2H-spiro[naphthalene-1,3'-pyrrol]-1'-ium tetrafluoroborate
Following GP4: 1-(2-methylallyl)-1,2,3,4-tetrahydronaphthalene-1-carbaldehyde
6h (215 mg, 1.00 mmol) and (R)-(-)-1-cyclohexylethylamine (137 mg, 1.03 mmol)
afforded 8h (289 mg, 703 umol, 70 % over 3 steps) as an off-white solid in a 1:1

BF, mixture of diastereomers. *H NMR (400 MHz, CD,Cl,) § 8.52 (s, 1H), 8.50 (s, 1H),
7.33-7.23 (m, 6H), 6.74-6.67 (m, 2H), 3.79-3.73 (m, 1H), 3.72-3.65 (m, 1H), 2.91-

2.88 (m, 4H), 2.66 (d, J = 14.2 Hz, 1H), 2.65 (d, J = 14.1 Hz, 1H), 2.41 (dd, J = 14.2, 1.1 Hz, 1H), 2.40 (dd,

J=14.2,1.1 Hz, 1H), 2.32-2.21 (m, 2H), 2.17-2.09 (m, 2H), 1.97-1.90 (m, 4H), 1.90-1.80 (m, 8H), 1.79—

1.73 (m, 2H), 1.73 (s, 3H), 1.72-1.69 (m, 1H), 1.70 (s, 3H), 1.69 (s, 3H), 1.65 (s, 3H), 1.64 (d, J = 6.6 Hz,

3H), 1.58 (d, J = 6.8 Hz, 3H), 1.57-1.53 (m, 1H), 1.38-1.27 (m, 4H), 1.22-1.06 (m, 5H), 0.99 (qd, J = 12.4,

3.6 Hz, 1H). *C NMR (101 MHz, CD,Cl,)  180.6, 180.5, 137.8, 137.3, 134.7, 134.6, 131.1, 131.1, 129.1,

129.0, 128.0, 127.9, 127.8, 127.6, 79.3, 62.5, 62.4, 55.2, 54.9, 52.0, 51.8, 43.5, 43.0, 33.4, 33.2, 31.4, 30.7,

29.6, 29.3, 29.1, 28.8, 28.8, 28.7, 28.2, 27.9, 26.1, 26.0, 26.0, 26.0, 25.9, 25.8, 22.0, 20.9, 19.2, 19.1. (1C

not resolved). °F NMR (CD.Cl,, 376 MHz) & -151.38 (}J 19F-1°B), -151.43 (1J °F-1B). IR (ATR, neat)

2933, 2857, 1556, 1460, 1050, 1033, 745. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for CasHzsN*

324.2686; found 324.2693. Rs = 0.42 (1:9 MeOH/DCM, UV, CAM).

NN
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(R)-[Me, Cy]M&SYCAAC(H")(BF4) (8i)
IUPAC: 4-cyclohexyl-1-((R)-1-cyclohexylethyl)-2,2 4-trimethyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
BF 4 Following GP4: 2-cyclohexyl-2,4-dimethylpent-4-enal 6i (238 mg, 1.22 mmol)
and (R)-(-)-1-cyclohexylethylamine (160 mg, 1.23 mmol) afforded 8i (267 mg,
683 umol, 56 % over 3 steps) as an off-white solid in a 1:1 mixture of
diastereomers. *H NMR (400 MHz, CD.Cl,) & 8.80 (s, 1H), 8.76 (s, 1H), 3.53 (dq,
J=9.0, 6.8 Hz, 1H), 3.45 (dq, J = 9.6, 6.7 Hz, 1H), 2.28 (d, J = 13.9 Hz, 1H), 2.23
(d, J=13.9 Hz, 1H), 1.95-1.90 (m, 2H), 1.91 (d, J = 13.9 Hz, 1H), 1.89 (d, J = 13.9 Hz, 1H), 1.89-1.85 (m,
2H), 1.85-1.76 (m, 10H), 1.75-1.66 (m, 6H), 1.58 (s, 6H), 1.56-1.52 (m, 1H), 1.54 (s, 3H), 1.53 (s, 3H),
1.51 (d, J=6.8 Hz, 3H), 1.49 (d, J = 6.7 Hz, 3H), 1.50-1.45 (m, 1H), 1.41 (s, 3H), 1.41 (s, 3H), 1.38-1.31
(m, 7H), 1.29-1.24 (m, 2H), 1.23-1.08 (m, 7H), 1.05-0.84 (m, 6H). *C NMR (101 MHz, CD,Cl.) & 185.5,
185.3, 78.8, 78.7, 62.2, 62.1, 55.2, 54.9, 45.0, 44.5, 44.0, 43.8, 43.4, 42.6, 31.4, 30.8, 30.0, 30.0, 29.7, 29.2,
28.8, 28.3, 28.0, 27.7, 27.5, 27.2, 26.5, 26.4, 26.4, 26.4, 26.4, 26.3, 26.1, 25.9, 25.9, 25.9, 25.8, 23.6, 22.9,
21.7,21.0. (1C not resolved). **F NMR (CD:Cl,, 376 MHz) & -151.03 (}J °F-1°B), -151.08 (J *F-1!B). IR
(ATR, neat) 2928, 2855, 1662, 1451, 1382, 1050, 710. HRMS (ESI+APCI) m/z: [M-BF4]* calculated for
Co1H3sN* 304.2999; found 304.2996. Rs = 0.54 (1:9 MeOH/DCM, UV, CAM).

NN

(R)-[Me, Cy]MeAICAAC(H")(BF+) (8))
IUPAC: 4-(adamantan-1-yl)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Following GP4: 2-(adamantan-1-yl)-2,4-dimethylpent-4-enal 6j (228 mg, 924
pmol) and (R)-(-)-1-cyclohexylethylamine (120 mg, 926 pmol) afforded 8j (98.0
NY mg, 221 pmol, 24 % over 3 steps) as a beige solid in a 1:1 mixture of
BF, diastereomers. 'H NMR (400 MHz, CD.Cl.) & 8.84 (s, 1H), 8.78 (s, 1H), 3.55
(dg,J=8.7,6.8 Hz, 1H), 3.46 (dg, J = 9.9, 6.7 Hz, 1H), 2.43 (d, J = 14.0 Hz, 1H),
2.39 (d, J = 13.9 Hz, 1H), 2.09-2.05 (m, 6H), 2.03-1.87 (m, 5H), 1.85-1.81 (m, 2H), 1.83 (d, J = 13.9 Hz,
1H), 1.83 (d, J = 13.9 Hz, 1H), 1.80-1.76 (m, 7H), 1.75-1.72 (m, 5H), 1.71-1.67 (m, 7H), 1.66-1.62 (m,
3H), 1.60 (s, 3H), 1.60 (s, 3H), 1.56 (s, 3H), 1.55 (s, 3H), 1.52 (d, J = 6.8 Hz, 3H), 1.52 (d, J = 6.7 Hz, 3H),
1.48-1.43 (m, 6H), 1.41-1.37 (m, 2H), 1.36 (s, 3H), 1.35 (s, 3H), 1.31-1.22 (m, 3H), 1.19-1.11 (m, 2H),
1.10-1.05 (m, 1H), 1.01-0.94 (m, 2H), 0.94-0.84 (m, 1H). *°C NMR (101 MHz, CD.Cl,) & 184.5, 184.4,
78.5,78.4,62.6, 62.4, 58.8, 58.3, 43.4, 43.2, 42.9, 42.5, 38.5, 38.5, 38.1, 37.7, 37.5, 37.3, 36.8, 36.7, 31.6,
30.8, 29.9, 29.2, 28.9, 28.8, 28.4, 28.0, 27.7, 26.1, 26.1, 25.9, 25.9, 25.9, 25.7, 21.9, 21.0, 20.1, 19.8. (1C
not resolved). °F NMR (CD-Cl,, 376 MHz) & -150.91 (}J °F-1B), -150.96 (J **F-!B). IR (ATR, neat)
2904, 2852, 1658, 1451, 1383, 1057. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for CasHaoN* 356.3312;
found 356.3314. Rf = 0.56 (1:9 MeOH/DCM, UV, CAM).
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(R)-[Me, Cy]Me CH),SPhCAAC(HY)(BF+) (8K)
IUPAC: 1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(2-(phenylthio)ethyl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Following GP4: 2,4-dimethyl-2-(2-(phenylthio)ethyl)pent-4-enal 6k (234
j&\/so mg, 942 umol) and (R)-(-)-1-cyclohexylethylamine (121 mg, 936 pumol)
afforded 8k (180 mg, 403 pumol, 43 % over 3 steps) as a brown gum in a
BF4 1.2:1 mixture of diastereomers. *H NMR (400 MHz, CD,Cl,) & 8.83 (s,
1H), 8.71 (s, 1.2H), 7.38-7.31 (m, 8.8H), 7.29-7.22 (m, 2.2H), 3.56-3.46
(m, 2.2H), 3.20-3.07 (m, 2.2H), 3.00-2.91 (m, 2.2H), 2.26 (d, J = 14.0 Hz, 1.2H), 2.22 (d, J = 13.9 Hz, 1H),
2.19-2.15 (m, 2.4H), 2.13-2.06 (m, 4.2H), 1.93-1.87 (m, 3.2H), 1.86-1.81 (m, 3.2H), 1.77-1.69 (m, 6.8H),
1.59 (s, 3H), 1.54 (s, 3.6H), 1.53-1.49 (m, 13.2H), 1.48 (s, 6.6H), 1.35-1.28 (m, 3.4H), 1.20-1.12 (m, 3.2H),
1.05-0.99 (m, 2.2H), 0.99-0.90 (m, 2.2H). 3C NMR (101 MHz, CD,Cl;) & 182.9, 182.5, 135.1, 134.8,
130.0, 129.8,129.7, 129.4, 127.2, 127.1, 78.9, 78.7, 62.3, 62.0, 51.0, 50.9, 46.7, 46.3, 43.0, 42.9, 38.7, 38.3,
31.4,30.8, 29.5, 29.4, 29.2, 29.1, 28.7, 28.6, 27.9, 27.7, 26.0, 26.0, 26.0, 25.9, 25.8, 25.5, 24.5, 21.1, 20.7.
(1C not resolved). °F NMR (CD,Cls, 376 MHz) § -150.74 (1) 1°F-1°B), -150.79 (}J **F-!B). IR (ATR, neat)
2929, 2855, 1659, 1452, 1381, 1051, 742, 693, 521. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for
C23H3sNS* 358.2563; found 358.2558. Rs = 0.59 (1:9 MeOH/DCM, UV, CAM, intense blue—dial). Rs =
0.58 (1:9 MeOH/DCM, UV, CAM, faint blue—dia2).

(R)-[Me, Cy]°F*P"CAAC(H*)(BF+) (8l)
IUPAC: 1-((R)-L-cyclohexylethyl)-2,2-dimethyl-4-phenyl-4-(trifluoromethyl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Following GP4: 4-methyl-2-phenyl-2-(trifluoromethyl)pent-4-enal 61 (230 mg, 950
Ph umol) and (R)-(-)-1-cyclohexylethylamine (123 mg, 947 umol) afforded 8l (180 mg,
CFs 411 umol, 43 % over 3 steps) as a beige solid in a 1.1:1 mixture of diastereomers. *H
BF, NMR (400 MHz, CD.Cly) & 9.73 (s, 1H), 9.68 (s, 1.1H), 7.55-7.48 (m, 10.5H), 3.82
(dg,J=9.3,6.8 Hz, 1.1H), 3.71 (dg, J = 10.7, 6.8 Hz, 1H), 6 3.11 (d, J = 14.7 Hz, 1H),
63.07 (d, J=14.7 Hz, 1.1H), 2.89 (d, J = 14.4 Hz, 1H), 2.86 (d, J = 14.2 Hz, 1.1H), 2.27-2.10 (m, 2.1H),
1.99-1.92 (m, 2.1H), 1.84-1.78 (m, 3.2H), 1.74 (s, 3H), 1.70 (s, 3.3H), 1.63 (d, J = 6.7 Hz, 3H), 1.60 (d, J
= 6.7 Hz, 3.3H), 1.56-1.37 (m, 4.2H), 1.34 (s, 3.3H), 1.32 (s, 3H), 1.22-0.94 (m, 9.4H), 0.87-0.73 (m,
2.1H). BC NMR (101 MHz, CDCls) 5 174.8, 174.6, 132.0, 131.8, 131.0, 130.9, 130.6, 130.5, 127.9, 127.7,
125.5 (g, J = 282.8 Hz), 124.2 (q, J = 282.8 Hz), 80.4, 80.2, 64.9, 64.6, 63.4 (g, J = 29.6 Hz), 43.1, 43.0,
42.7,42.5, 31.0, 30.9, 29.8, 29.3, 27.6, 27.2, 26.6, 26.1, 26.0, 26.0, 25.8, 25.8, 25.7, 25.4, 21.6, 21.4. (1C
not resolved). °F NMR (CD,Cl,, 376 MHz) § -70.58 (CFs), -71.01 (CF3), -150.91 (1J °F-1°B), -150.96 (1
9F.11B). IR (ATR, neat) 2933, 2857, 1452, 1278, 1166, 1053, 710. HRMS (ESI/QTOF) m/z: [M-
BF4]* calculated for CaiHagFsN* 352.2247; found 352.2250. Rs = 0.32 (1:9 MeOH/DCM, UV, faint stain
CAM).

N
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Diastereomerically pure carbene precursors

bR
DCM, up to 2:98 MeOH/DCM

R1
BF4_ r
2 8-l
Ny XXR —||-Fcc
R'l
o0 L. bﬂ:ﬂ
8 2:98 to 5:95 MeOH/DCM NV
8-ll

General Procedure (GP5)

The diastereomeric carbene precursor mixture (0.1-0.2 mmol) was separated by flash column
chromatography (SiliaFlash 40A, conditioning: DCM, eluent: DCM, 0.5:99.5 then 1:99 then 2:98
MeOH/DCM) to afford the first eluting diastereomerically pure carbene precursor 8-1. Then, the ratio of
methanol was increased by 1 % increment (eluent: 2:98 to 5:95 MeOH/DCM) to afford the second eluting
diastereomerically pure carbene precursor 8-11.
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(R,S)-[Me, Cy]Me P"CAAC(H*)(BF4) (8a-1)

IUPAC: (S)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-phenyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate

Following GP5: the diastereomeric carbene precursor mixture 8a (100 mg, 260 pmol)
afforded 8a-1 (42.1 mg, 109 pumol, 42 %) as a beige solid. *H NMR (400 MHz,
CD:Cly) 6 9.12 (s, 1H), 7.48-7.43 (m, 2H), 7.39-7.35 (m, 1H), 7.31-7.28 (m, 2H),
3.63 (dg, J = 9.4, 6.7 Hz, 1H), 2.76 (d, J = 13.9 Hz, 1H), 2.45 (d, J = 13.9 Hz, 1H),
2.08-1.92 (m, 2H), 1.87-1.83 (m, 1H), 1.81 (s, 3H), 1.78-1.70 (m, 2H), 1.63 (s, 3H),
1.60-1.55 (m, 1H), 1.56 (d, J = 6.7 Hz, 3H), 1.47 (s, 3H), 1.44-1.33 (m, 2H), 1.22-1.14 (m, 1H), 1.12-1.04
(m, 1H), 1.03-0.95 (m, 1H). **C NMR (101 MHz, CD,Cl,) & 182.3, 141.4, 130.2, 130.2, 128.8, 125.8,
125.8, 79.5, 62.6, 54.5, 50.0, 42.8, 31.0, 29.4, 27.8, 27.7, 27.3, 26.1, 25.9, 25.8, 21.7. **F NMR (CDCl,,
376 MHz) § -150.64 (*J **F-1°B), -150.70 (}J **F-B). IR (ATR, neat) 2930, 2856, 1661, 1448, 1387, 1053,
765, 701. HRMS (Nanochip-based ESI/QTOF) m/z: [M-BF4]* calculated for CxHs,N*™ 298.2529; found
298.2521. [a]p?! = -48.33 (¢ = 0.10, CHClI3). mp 123.7-126.8 °C. R¢ = 0.5 (1:9 MeOH/DCM, UV, CAM-
intense blue spot).

(R,R)-[Me, Cy]VeP"CAAC(H")(BF4) (8a-11)
IUPAC: (R)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-phenyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Following GP5: the diastereomeric carbene precursor mixture 8a (100 mg, 0.26

N ,.\\@ mmol) afforded 8a-11 (33.9 mg, 87.9 umol, 34 %) as a beige solid. *H NMR (400
MHz, CD.Cl,) 6 9.27 (s, 1H), 7.47-7.43 (m, 2H), 7.38-7.31 (m, 3H), 3.59 (dq, J
=8.9,6.8 Hz, 1H), 2.80 (d, J = 13.9 Hz, 1H), 2.47 (d, J = 13.9 Hz, 1H), 1.99-1.88
(m, 2H), 1.85-1.79 (m, 1H), 1.81 (s, 3H), 1.68 (s, 3H), 1.70-1.65 (m, 2H), 1.61
(d, J=6.8 Hz, 3H), 1.43 (s, 3H), 1.41-1.28 (m, 2H), 1.27-1.19 (m, 1H), 1.17-1.09 (m, 1H), 1.08-0.98 (m,
1H), 0.88 (qd, J = 12.3, 3.3 Hz, 1H). ®C NMR (101 MHz, CD.Cl) 5 182.3, 141.4, 130.1, 130.1, 128.8,
125.9, 125.9, 79.2, 62.6, 54.8, 49.3, 43.3, 31.1, 28.0, 26.7, 26.0, 25.9, 25.8, 20.8. 1°F NMR (CD,Cl,, 376
MHz) & -150.60 (1J F-1°B), -150.65 (}J 1°F-1'B). IR (ATR, neat) 2931, 2856, 1661, 1449, 1381, 1051, 765,
702. HRMS (Nanochip-based ESI/QTOF) m/z: [M-BF.]* calculated for Cj:HzoN* 298.2529; found
298.2526. [a]p? = -73.33 (¢ = 0.10, CHCI3). mp 157.5-161.0 °C. Rf = 0.47 (1:9 MeOH/DCM, UV, CAM-
faint blue spot).

BF,
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(R,S)-[Me, Cy]Me NP CAAC(HY)(BF+) (8b-1)

IUPAC: (S)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(naphthalen-1-yl)-3 4-dihydro-2H-pyrrol-1-ium tetrafluoroborate

Following GP5: the diastereomeric carbene precursor mixture 8b (52.1 mg, 120
umol) afforded 8b-1 (19.8 mg, 45.4 umol, 38 %) as a beige solid. *H NMR (400
MHz, CDCly) 4 9.50 (s, 1H), 7.97-7.91 (m, 2H), 7.87 (d, J = 8.3 Hz, 1H), 7.63—
7.55 (m, 2H), 7.45 (dd, J = 8.3, 7.2 Hz, 1H), 7.23 (dd, J = 7.2, 1.1 Hz, 1H), 3.71
(dg, J =9.2, 6.7 Hz, 1H), 3.06 (d, J = 13.6 Hz, 1H), 2.82 (d, J = 13.6 Hz, 1H),
2.20-2.11 (m, 1H), 2.06 (s, 3H), 2.02-1.97 (m, 1H), 1.90-1.74 (m, 3H), 1.71 (d, J = 6.7 Hz, 3H), 1.67 (s,
3H), 1.65-1.61 (m, 1H), 1.50-1.38 (m, 2H), 1.36 (s, 3H), 1.25-1.14 (m, 1H), 1.13-1.00 (m, 2H). 3C NMR
(101 MHz, CDCly) 6 183.6, 138.3, 135.8, 130.6, 130.0, 129.3, 126.9, 126.5, 125.7, 124.5, 123.2, 80.1, 62.8,
54.6, 50.3, 42.9, 31.2, 29.4, 28.3, 27.4, 27.2, 26.1, 25.9, 21.6. (1C not resolved). *F NMR (CDCl,, 376
MHz) § -150.80 (1) °F-1°B), -150.86 (1] 1°F-11B). IR (ATR, neat) 2932, 2856, 1668, 1452, 1381, 1057, 805,
779. HRMS (Nanochip-based ESI/QTOF) m/z: [M-BF.]* calculated for CysHasN*™ 348.2686; found
348.2681. [a]p?* = -163.33 (¢ = 0.10, CHCl3). mp 173.8-176.4 °C. R¢ = 0.39 (1:9 MeOH/DCM, UV, CAM).

(R,R)-[Me, Cy]Me NP CAAC(HY)(BF4) (8b-11)
IUPAC: (R)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(naphthalen-1-yl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
O Following GP5: the diastereomeric carbene precursor mixture 8b (52.1 mg, 120
- O umol) afforded 8b-11 (20.9 mg, 48.0 umol, 40 %) as a beige solid. *H NMR (400
MHz, CD.Cl) & 9.56 (s, 1H), 7.97-7.93 (m, 2H), 7.87 (d, J = 8.3 Hz, 1H), 7.63—
BF4 7.55 (m, 2H), 7.43 (t, J = 7.8 Hz, 1H), 7.21 (d, J = 7.2 Hz, 1H), 3.68 (dq, J = 9.4,
6.8 Hz, 1H), 2.99 (d, J = 13.6 Hz, 1H), 2.92 (d, J = 13.7 Hz, 1H), 2.18-2.08 (m,
1H), 2.05 (s, 3H), 2.05-2.00 (m, 1H), 1.90-1.85 (m, 1H), 1.79-1.73 (m, 2H), 1.72 (s, 3H), 1.69 (d, J = 6.7
Hz, 3H), 1.66-1.61 (m, 1H), 1.50-1.38 (m, 2H), 1.36 (s, 3H), 1.19 (ddd, J = 16.7, 8.5, 3.9 Hz, 1H), 1.09
(qd, J =12.3, 3.7 Hz, 1H), 0.98 (qd, J = 12.4, 3.5 Hz, 1H). 3C NMR (101 MHz, CD,Cl) & 182.9, 138.6,
135.8, 130.5, 130.0, 129.4, 127.0, 126.5, 125.5, 124.6, 122.9, 79.8, 63.1, 55.0, 50.6, 43.5, 31.5, 29.5, 28.5,
27.4,26.9, 26.1, 26.0, 25.8, 21.0. **F NMR (CD.Cl, 376 MHz) & -150.51 (}J °F-1°B), -150.57 (}J ‘°F-1'B).
IR (ATR, neat) 2931, 2856, 1667, 1452, 1389, 1052, 804, 778. HRMS (Nanochip-based ESI/QTOF) m/z:
[M-BF4]* calculated for CosHssN* 348.2686; found 348.2696. [a]p?! = +55.00 (¢ = 0.10, CHCI3). mp 176.7-
179.5 °C. R¢ = 0.33 (1:9 MeOH/DCM, UV, CAM).

NN
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(R,S)-[Me, Cy]Me&ZNPCAAC(H")(BF4) (8c-1)

IUPAC: (S)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(naphthalen-2-yl)-3 4-dihydro-2H-pyrrol-1-ium tetrafluoroborate

Following GP5: the diastereomeric carbene precursor mixture 8c (55.8 mg, 128
umol) afforded 8c-1 (23.4 mg, 53.8 umol, 42 %) as a beige solid. *H NMR (400
MHz, CD:Cl) 6 9.32 (s, 1H), 7.95 (d, J = 8.7 Hz, 1H), 7.95-7.91 (m, 1H), 7.87—
7.83 (m, 1H), 7.81 (d, J = 2.1 Hz, 1H), 7.56-7.51 (m, 2H), 7.41-7.38 (m, 1H),
3.64 (dqg, J = 9.4, 6.7 Hz, 1H), 2.88 (d, J = 13.9 Hz, 1H), 2.51 (d, J = 13.9 Hz,
1H), 2.12-2.03 (m, 1H), 1.98-1.92 (m, 1H), 1.87 (s, 3H), 1.83-1.70 (m, 3H), 1.64 (s, 3H), 1.58 (d, J = 6.7
Hz, 3H), 1.46 (s, 3H), 1.46-1.34 (m, 2H), 1.23-1.12 (m, 2H), 1.09-0.99 (m, 2H). *C NMR (101 MHz,
CDCly) 6 182.4, 138.6, 133.8, 133.0, 130.3, 128.7, 127.9, 127.4, 127.3, 124.8, 123.3, 79.5, 62.6, 54.7, 49.6,
42.8, 31.0, 29.4, 28.2, 27.7, 27.3, 26.1, 25.9, 25.8, 21.6. *F NMR (CD.Cl, 376 MHz) & -150.34 (*J *°F-
10B), -150.39 (1 *F-!B). IR (ATR, neat) 2932, 2856, 1661, 1452, 1057, 822, 754. HRMS (ESI/QTOF)
m/z: [M-BF.]* calculated for CzsHasN* 348.2686; found 348.2691. [a]p? = -33.33 (¢ = 0.10, CHCIs). mp
148.6-151.6 °C. Rf = 0.43 (1:9 MeOH/DCM, UV, CAM).

(R,R)-[Me, Cy]Me 2NeCAAC(HY)(BF+) (8c-11)

IUPAC: (R)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(naphthalen-2-yl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
a Following GP5: the diastereomeric carbene precursor mixture 8c (55.8 mg,
N ,,.\ 128 pmol) afforded 8c-11 (16.7 mg, 38.4 umol, 30 %) as a beige solid. *H
NMR (400 MHz, CD.Cl») 4 9.35 (s, 1H), 7.96 (d, J = 8.7 Hz, 1H), 7.90-7.84
BF4 (m, 2H), 7.78 (d, J = 2.1 Hz, 1H), 7.57-7.51 (m, 2H), 7.42 (dd, J = 8.7, 2.1
Hz, 1H), 3.60 (dg, J = 9.2, 6.8 Hz, 1H), 2.92 (d, J = 13.9 Hz, 1H), 2.53 (d, J
= 13.9 Hz, 1H), 2.06-1.91 (m, 2H), 1.88 (s, 3H), 1.86-1.80 (m, 1H), 1.70 (s, 3H), 1.69-1.65 (m, 2H), 1.64
(d, J=6.8 Hz, 3H), 1.48-1.43 (m, 1H), 1.41 (s, 3H), 1.39-1.33 (m, 1H), 1.32-1.24 (m, 1H), 1.17-0.99 (m,
2H), 0.87 (qd, J = 12.4, 3.5 Hz, 1H). C NMR (101 MHz, CD.Cl) & 182.3, 138.7, 133.7, 133.0, 130.3,
128.5,128.0, 127.5, 127.4,124.8, 123.4, 79.3, 62.7, 54.8, 49.3, 43.4, 31.2, 29.3, 28.3, 28.0, 26.6, 26.0, 25.9,
25.8, 20.9. °F NMR (CD,Cly, 376 MHz) & -150.36 (1) °F-1°B), -150.41 (1) 1F-11B). IR (ATR, neat) 2931,
2856, 1662, 1452, 1058, 823, 753. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for C2sH3aN* 348.2686;

found 348.2690. [a]o® = -93.33 (C = 0.10, CHCIs). mp 205.8-209.4 °C. Rs = 0.41 (1:9 MeOH/DCM, UV,
CAM).
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(R,S)-[Me, Cy]"MNCAAC(H")(BF4) (8h-1)

IUPAC: (S)-1'-((R)-1-cyclohexylethyl)-5' 5'-dimethyl-3,4,4' 5'-tetrahydro-2H-spiro[naphthalene-1,3'-pyrrol]-1'-ium tetrafluoroborate
Following GP5: the diastereomeric carbene precursor mixture 8h (50.9 mg, 124
umol) afforded 8h-1 (22.1 mg, 53.7 umol, 43 %) as a beige solid. *H NMR (400
MHz, CD,Cly) 6 8.49 (s, 1H), 7.23-7.24 (m, 3H), 6.69 (dd, J = 7.3, 1.6 Hz, 1H), 3.69
(dg, J =9.5, 6.7 Hz, 1H), 2.90 (dd, J = 8.4, 4.3 Hz, 2H), 2.65 (d, J = 14.1 Hz, 1H),
2.41(dd, J=14.1,1.1 Hz, 1H), 2.28-2.21 (m, 1H), 2.17-2.10 (m, 1H), 1.97-1.87 (m,
3H), 1.87-1.77 (m, 3H), 1.74 (s, 3H), 1.72-1.66 (m, 1H), 1.65 (s, 3H), 1.64 (d, J = 6.6 Hz, 3H), 1.59-1.53
(m, 1H), 1.41-1.28 (m, 2H), 1.22-1.06 (m, 2H), 1.04-0.94 (m, 1H). *C NMR (101 MHz, CD,Cl.) & 180.6,
137.3,134.7,131.1,129.1, 127.9, 127.8, 79.3, 62.6, 54.9, 52.0, 43.0, 43.0, 30.7, 29.6, 28.8, 28.8, 28.3, 26.0,
25.9, 25.8, 22.0, 19.1. °F NMR (CD.Cl,, 376 MHz) § -151.49 (*J 1%F-1°B), -151.54 (}J °*F-!B). IR (ATR,
neat) 2932, 2856, 1657, 1450, 1054, 763. HRMS (ESI/QTOF) m/z: [M-BF4]* calculated for CysHasN*
324.2686; found 324.2688. [a]p?* = -3.33 (c = 0.10, CHCIs). mp 170.4-172.5 °C. Rf = 0.42 (1.9
MeOH/DCM, UV, CAM).

BF,

(R,R)-[Me, Cy]™"™NCAAC(H")(BF4) (8h-11)

IUPAC: (R)-1'-((R)-1-cyclohexylethyl)-5 5'-dimethyl-3,4,4' 5'-tetrahydro-2H-spiro[naphthalene-1,3'-pyrrol]-1'-ium tetrafluoroborate
Following GP5: the diastereomeric carbene precursor mixture 8h (50.9 mg, 124
umol) afforded 8h-11 (13.7 mg, 33.3 pmol, 27 %) as a beige solid. *H NMR (400
MHz, CD:Cl,) 6 8.53 (s, 1H), 7.32-7.24 (m, 3H), 6.74-6.71 (m, 1H), 3.79-3.72 (m,
1H), 2.92-2.88 (m, 2H), 2.66 (d, J = 14.2 Hz, 1H), 2.41 (d, J = 14.2 Hz, 1H), 2.33-
2.25 (m, 1H), 2.17-2.09 (m, 1H), 2.02-1.89 (m, 2H), 1.88-1.80 (m, 4H), 1.79-1.73
(m, 2H), 1.71 (s, 3H), 1.69 (s, 3H), 1.59 (d, J = 6.8 Hz, 3H), 1.36-1.26 (m, 2H), 1.25-1.10 (m, 3H). $3C
NMR (101 MHz, CD,Cl,) & 180.6, 137.8, 134.6, 131.2, 129.1, 128.0, 127.7, 79.3, 62.4, 55.2, 51.8, 43.5,
33.2,31.4,29.3, 29.1, 28.8, 28.0, 26.1, 26.0, 26.0, 20.9, 19.2. F NMR (CDCl,, 376 MHz) & -151.47 (}J
VE.10B), -151.52 (1) °F-11B). IR (ATR, neat) 2931, 2856, 1656, 1450, 1049, 1032, 746. HRMS (ESI/QTOF)
m/z: [M-BF4]* calculated for CxsHaaN* 324.2686; found 324.2686. [a]p?! = -160.00 (c = 0.10, CHCI3). mp
202.3-205.3 °C. R = 0.42 (1:9 MeOH/DCM, UV, CAM).

BF,
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(R,S)-[Me, Cy]Me CH),SPhCAAC(HY)(BF4) (8k-1)
IUPAC: (S)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(2-(phenylthio)ethyl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Following GP5: the diastereomeric carbene precursor mixture 8k (42.3
N o mg, 94.9 umol) afforded 8k-1 (13.9 mg, 31.3 umol, 33 %) as a pale brown
S/@ gum. *H NMR (400 MHz, CDCl3) & 9.02 (s, 1H), 7.36-7.30 (m, 4H),
BF4 7.24-7.20 (m, 1H), 3.42 (dg, J = 9.5, 6.7 Hz, 1H), 3.14-3.07 (m, 1H),
3.02-2.95 (m, 1H), 2.31 (d, J = 13.8 Hz, 1H), 2.26-2.13 (m, 2H), 2.07 (d,
J =13.8 Hz, 1H), 2.04-1.98 (m, 1H), 1.95-1.89 (m, 1H), 1.83-1.77 (m, 1H), 1.75-1.68 (m, 2H), 1.55-1.50
(m, 13H), 1.46-1.35 (m, 2H), 1.14-1.05 (m, 1H), 1.02-0.92 (m, 1H), 0.91-0.81 (m, 1H). *C NMR (101
MHz, CDCls) 6 183.4, 134.7, 129.6, 129.5, 126.9, 78.2, 62.0, 50.7, 46.4, 42.4, 37.7, 30.7, 29.5, 29.3, 28.6,
27.7,25.8, 25.5, 25.4, 25.3, 20.8. F NMR (CDCls, 376 MHz) & -150.15 (1 °F-1°B), -150.21 (}J °F-1'B).
IR (ATR, neat) 2931, 2855, 1658, 1452, 1381, 1056, 744, 693, 521. HRMS (ESI/QTOF) m/z: [M-
BF4]* calculated for C,3HasNS* 358.2563; found 358.2571. [a]p?! = -25.33 (¢ = 0.10, CHCls). Rf=0.59 (1:9
MeOH/DCM, UV, CAM, intense blue).

(R,R)-[Me, Cy]Me CH),SPhCAAC(H*)(BF4) (8k-11)
IUPAC: (R)-1-((R)-1-cyclohexylethyl)-2,2,4-trimethyl-4-(2-(phenylthio)ethyl)-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate
Following GP5: the diastereomeric carbene precursor mixture 8k (42.3
N ‘\\\\/S\© mg, 94.9 umol) afforded 8k-11 (9.38 mg, 21.0 umol, 22 %) as a pale brown
gum. *H NMR (400 MHz, CDCl3) § 9.04 (s, 1H), 7.37-7.30 (m, 4H), 7.25—
BF4 7.20 (m, 1H), 3.51-3.44 (m, 1H), 3.06 (ddd, J = 13.8, 7.7, 6.3 Hz, 1H),
2.95 (ddd, J=13.4, 7.6, 7.6 Hz, 1H), 2.23 (d, J = 13.8 Hz, 1H), 2.17-2.05
(m, 2H), 2.11 (d, J = 14.0 Hz, 1H), 1.95-1.86 (m, 2H), 1.82-1.76 (m, 1H), 1.72-1.66 (m, 2H), 1.61-1.59
(m, 1H), 1.60 (s, 3H), 1.56 (d, J = 6.8 Hz, 3H), 1.52 (s, 3H), 1.49 (s, 3H), 1.35-1.20 (m, 2H), 1.15-1.07 (m,
1H), 1.05-0.94 (m, 1H), 0.94-0.84 (m, 1H). C NMR (101 MHz, CDCls) § 183.7, 134.7, 130.1, 129.5,
127.1,78.2, 62.3, 50.8, 46.9, 42.5, 38.3, 31.3, 29.6, 29.2, 28.7, 27.8, 25.8, 25.6, 25.6, 24.5, 20.9. 1°F NMR
(CDCls, 376 MHz) & -150.63 (1 9F-1°B), -150.68 (1) 9F-11B). IR (ATR, neat) 2931, 2855, 1656, 1452,
1387, 1053, 743, 693, 521. HRMS (ESI/QTOF) m/z: [M-BF4]" calculated for C23sH3sNS* 358.2563; found
358.2558. [a]p? = -58.67 (¢ = 0.10, CHCI;). Rf = 0.58 (1:9 MeOH/DCM, UV, CAM, intense blue).
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Transition metal complexes

From diastereomeric mixtures

N .-\R2
1
. Method A R [M] source:
BF, . [M]
[M] source, LIHMDS,
+ R2 THF, 23 °C, 16 h M-I CuCl(SMey,)
NS
Method B T 1 [Rh(COD)CI];
[M] source, LiOtBu, N F; [Rh(nbd)Cl],
THF, 60 °C, 90 min R
[M]
From diastereomerically pure precursors M-Il
BF,- Method A
4 HG-1, LiIHMDS,
N mR2 THF, 23 °C, 16 h - N ..\32
R R PCys
[Ru] cl

Ru=

Cl” !
]

. Method A OQ >
BF iy
4 HG-1, LIHMDS, iPr

° MR HG-1
N AR THF, 23°C, 16h N ;{2

Method A: LiIHMDS complexation

In a nitrogen-filled glovebox, THF (0.07 M) was added to a mixture of tetrafluoroborate CAAC precursor
(1.0 equiv. (Rh) or 1.2 equiv. (Ru)), LIHMDS (1.05 equiv.) and the metal source (0.5 equiv. (Rh) or 1.0
equiv. (Ru)). The mixture was stirred for 16 h at 23 °C. The volatiles were removed by freeze-dry technique
(Schlenk line). The residue was purified by column chromatography (SiliaFlash 40A) to afford the

corresponding complex.

General purification conditions:

Ruthenium: SiliaFlash 40A, conditioning: 2:8 DCM/pentane, eluent: 2:8 then 4.6 then 8:2 DCM/pentane.
Rhodium: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 1:9 to 2:8 EtOAc/pentane.

Method B: LiOtBu complexation

In a nitrogen-filled glovebox, THF (0.07 M) was added to a mixture of tetrafluoroborate CAAC precursor
(1.0 equiv.), LiOtBu (1.05 equiv.) and the metal source (1.2 equiv.) in a microwave tube. The vessel was
sealed, the mixture was taken outside the glovebox and stirred for 90 min at 60 °C. The volatiles were
removed by freeze-dry technique (Schlenk line). The residue was purified by column chromatography

(SiliaFlash 40A) to afford the corresponding complex.
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Copper complexes

(R,S)-[Me, Cy]VePhCAAC-CuCI (Cul)

IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5 5-trimethyl-3-phenylpyrrolidin-2-ylidene)copper(1) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 20:80 to 25:75
EtOAc/pentane.

Following Method B using CAAC precursor 8a (32.6 mg, 84.5 umol) and

N L CuCI(SMey) (16.4 mg, 102 umol) afforded the corresponding copper complex

c (R,S)-(Cul) (9.88 mg, 24.9 umol, 29 %) as a white solid after purification by
u

(|:| column chromatography. Suitable crystal for X-ray analysis was obtained by slow

evaporation of a 3:1 hexane/DCM mixture in a nitrogen-filled glovebox. *H NMR
(400 MHz, CDCls) 6 7.36-7.31 (m, 2H), 7.27-7.21 (m, 3H), 3.28 (dq, J = 10.2, 6.5 Hz, 1H), 2.78-2.69 (m,
1H), 2.25(d, J = 13.5 Hz, 1H), 2.11-2.08 (m, 1H), 2.06 (d, J = 13.5 Hz, 1H), 1.83-1.78 (m, 1H), 1.76-1.70
(m, 3H), 1.70 (d, J = 6.6 Hz, 3H), 1.70 (s, 3H), 1.42 (s, 3H), 1.45-1.37 (m, 1H), 1.34 (s, 3H), 1.36-1.31 (m,
1H), 1.17-1.07 (m, 1H), 1.04-0.94 (m, 1H), 0.88-0.77 (m, 1H). *C NMR (101 MHz, CDCl3) & 237.3,
146.3, 129.1, 127.1, 126.3, 78.5, 60.1, 59.8, 51.8, 45.1, 30.9, 30.7, 28.8, 28.2, 27.9, 26.2, 26.0, 26.0, 23.9.
IR (ATR, neat) 2970, 2927, 2852, 1550, 1494, 1449, 1376, 1175, 763, 700. HRMS (ESI/QTOF) m/z: [M-
CI+CH3CN]* calculated for CasHssCuN,* 401.2012; found 401.2007. [a]p?! = -123.33 (¢ = 0.10, CHCly).
mp 200.5-203.2 °C (decomp.). Rf = 0.68 (1:1 EtOAc/pentane, UV, slight stain in CAM).

(R,R)-[Me, Cy]VePP"CAAC-CuCI (Cul)

IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-phenylpyrrolidin-2-ylidene)copper(l) chloride
Following Method B using CAAC precursor 8a (32.6 mg, 84.5 umol) and
\N)%“O CuCI(SMey) (16.4 mg, 102 umol) afforded the corresponding copper complex
& cu (R,R)-(Cul) (10.0 mg, 25.2 umol, 30 %) as a white solid after purification by
él column chromatography. Suitable crystal for X-ray analysis was obtained by slow
evaporation of a 3:1 hexane/DCM mixture in a nitrogen-filled glovebox. *H NMR
(400 MHz, CDCls3) 6 7.36-7.31 (m, 4H), 7.25-7.21 (m, 1H), 3.29 (dq, J = 9.9, 6.5 Hz, 1H), 2.71-2.63 (m,
1H), 2.26 (d, J = 13.5 Hz, 1H), 2.10 (d, J = 13.5 Hz, 1H), 2.11-2.07 (m, 1H), 1.82-1.70 (m, 4H), 1.68-1.66
(m, 6H), 1.47 (s, 3H), 1.43-1.36 (m, 1H), 1.33 (s, 3H), 1.31-1.27 (m, 1H), 1.17-1.06 (m, 1H), 1.04-0.94
(m, 1H), 0.88-0.78 (m, 1H). 3C NMR (101 MHz, CDCls) § 236.8, 146.1, 129.0, 127.2, 126.4, 78.3, 60.6,
60.0, 51.5, 45.6, 31.3, 30.6, 29.3, 27.9, 27.7, 26.2, 26.0, 25.9, 23.6. IR (ATR, neat) 2928, 2852, 1609, 1548,
1511, 1450, 1377, 1252, 1182, 1031, 829. HRMS (ESI/QTOF) m/z: [M-CI+CHsCN]* calculated for

C23H34CuN,* 401.2012; found 401.2007. [a]p? = -21.67 (c = 0.10, CHCls). mp 204.1-206.7 °C (decomp.).
Rs=0.57 (1:1 EtOAc/pentane, UV, slight stain in CAM).
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(R,S)-[Me, Cy]Me :NPCAAC-CuCl (Cu2)
IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-1-yl)pyrrolidin-2-ylidene)copper(l) chloride

Purification conditions: SiliaFlash 40A, conditioning: pentane, eluent: 1:9 to 2:8 EtOAc/pentane.

Following Method B using CAAC precursor 8b (33.7 mg, 77.4 umol) and
CuCl(SMey) (15.0 mg, 92.9 umol) afforded the corresponding copper complex
(R,S)-(Cu2) (10.0 mg, 22.4 umol, 29 %) as a white solid after purification by
column chromatography. *H NMR (400 MHz, CDCls) 6 7.91-7.87 (m, 1H), 7.81-
7.75 (m, 2H), 7.68 (dd, J = 7.3, 1.2 Hz, 1H), 7.49-7.43 (m, 2H), 7.39 (dd, J = 8.2,
7.3 Hz, 1H), 3.38 (dq, J = 10.2, 6.5 Hz, 1H), 2.87-2.78 (m, 1H), 2.65 (d, J = 13.2 Hz, 1H), 2.24 (d, J = 13.2
Hz, 1H), 2.15-2.10 (m, 1H), 1.94 (s, 3H), 1.82 (d, J = 6.5 Hz, 3H), 1.85-1.71 (m, 4H), 1.48 (s, 3H), 1.47-
1.34 (m, 2H), 1.31 (s, 3H), 1.20-1.10 (m, 1H), 1.08-0.98 (m, 1H), 0.93-0.82 (m, 1H). 3C NMR (101 MHz,
CDCls) 6 239.6, 141.8, 135.3, 130.6, 130.1, 128.7, 125.4, 125.4, 124.9, 124.2, 78.5, 59.9, 50.6, 45.2, 30.9,
30.8, 28.9, 28.2, 28.0, 26.2, 26.0, 26.0, 23.2. (2C not resolved). IR (ATR, neat) 2974, 2928, 2853, 1542,
1450, 1377, 916, 802, 778, 731. HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI+CH3sCN]* calculated for
C27H3sCuUN,* 451.2169; found 451.2164. [a]p?! =-123.81 (¢ = 0.14, CHCI3). mp 202.1-210.0 °C (decomp.).
Rf=0.67 (1:1 EtOAc/pentane, UV, CAM).

(R,R)-[Me, Cy]Me NP CAAC-CuCI (Cu2)
IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-1-yl)pyrrolidin-2-ylidene)copper(l) chloride

Following Method B using CAAC precursor 8b (33.7 mg, 77.4 pumol) and

CuCl(SMe) (15.0 mg, 92.9 umol) afforded the corresponding copper complex

N \ (R,R)-(Cu2) (10.5 mg, 23.5 pumol, 30 %) as a white solid after purification by
Cu column chromatography. *H NMR (400 MHz, CDCls) & 7.90-7.86 (m, 2H), 7.80—
7.75 (m, 2H), 7.49-7.41 (m, 2H), 7.38 (dd, J = 8.2, 7.3 Hz, 1H), 3.41 (dq, J = 9.8,

6.6 Hz, 1H), 2.90-2.81 (m, 1H), 2.60 (d, J = 13.3 Hz, 1H), 2.38 (d, J = 13.3 Hz, 1H), 2.18-2.13 (m, 1H),
1.98-1.93 (m, 1H), 1.91 (s, 3H), 1.87-1.75 (m, 3H), 1.73 (d, J = 6.6 Hz, 3H), 1.53 (s, 3H), 1.48-1.40 (m,
2H), 1.29 (s, 3H), 1.22-1.12 (m, 1H), 1.09-0.999 (m, 1H), 1.00-0.90 (m, 1H). *C NMR (101 MHz, CDCls)
0 238.4,142.2, 135.3, 130.6, 130.1, 128.6, 125.4, 125.4, 125.3, 125.0, 124.1, 78.5, 60.3, 51.0, 45.5, 32.0,
30.4, 29.2, 28.8, 27.8, 26.2, 26.1, 26.0, 23.3. (1C not resolved). IR (ATR, neat) 2973, 2925, 2853, 1536,
1449, 1377, 916, 802, 778, 731. HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI+CH3;CN]"* calculated for
C27H36CuN,* 451.2169; found 451.2165. [a]p? = +36.36 (¢ = 0.11, CHCl3). mp 139.9-143.9 °C (decomp.).

Rf=0.53 (1:1 EtOAc/pentane, UV, CAM).
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(R,S)-[Me, Cy]Me 2N CAAC-CuCl (Cu3)
IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-2-yl)pyrrolidin-2-ylidene)copper(l) chloride

Purification conditions: SiliaFlash 40A, conditioning: pentane, eluent: 1:9 to 2:8 EtOAc/pentane.

Following Method B using CAAC precursor 8c (33.5 mg, 76.8 umol) and
N o CuClI(SMey) (14.9 mg, 92.2 umol) afforded the corresponding copper complex
cu Q (R,S)-(Cu3) (9.59 mg, 21.6 umol, 28 %) as a white solid after purification by
c';| G column chromatography. *H NMR (400 MHz, CDCls) & 7.83-7.78 (m, 4H),
7.50-7.44 (m, 2H), 7.30 (dd, J = 8.6, 1.9 Hz, 1H), 3.32 (dqg, J = 10.4, 6.5 Hz,
1H), 2.82-2.72 (m, 1H), 2.34 (d, J = 13.6 Hz, 1H), 2.12 (d, J = 13.5 Hz, 1H), 2.14-2.08 (m, 1H), 1.81 (s,
3H), 1.83-1.70 (m, 4H), 1.75 (d, J = 6.5 Hz, 3H), 1.45 (s, 3H), 1.49-1.29 (m, 2H), 1.37 (s, 3H), 1.20-1.08
(m, 1H), 1.06-0.96 (m, 1H), 0.89-0.79 (m, 1H). 3C NMR (101 MHz, CDCls) § 237.3, 143.4, 133.4, 132.4,
129.0, 128.3, 127.6, 126.5, 126.2, 124.9, 124.6, 78.5, 60.3, 59.9, 51.5, 45.2, 30.9, 30.7, 28.9, 28.2, 27.9,
26.2, 26.0, 26.0, 23.9. IR (ATR, neat) 2971, 2928, 2852, 1599, 1450, 1377, 916, 816, 749, 731. HRMS
(ESI/QTOF) m/z: [M-CI+CHsCN]* calculated for C27HssCuNz* 451.2169; found 451.2183. [a]p®! =-111.67
(c =0.10, CHCIs3). mp 206.5-210.8 °C (decomp.). R = 0.68 (1:1 EtOAc/pentane, UV, CAM).

(R,R)-[Me, Cy]Me2NPCAAC-CuCI (Cu3)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-2-yl)pyrrolidin-2-ylidene)copper(l) chloride

Following Method B using CAAC precursor 8c (33.5 mg, 76.8 umol) and

CuClI(SMe>) (14.9 mg, 92.2 umol) afforded the corresponding copper complex

N N (R,R)-(Cu3) (8.70 mg, 19.4 umol, 25 %) as a white solid after purification by
Cu column chromatography. *H NMR (400 MHz, CDCls) & 7.84-7.76 (m, 4H),

|
Cl 7.50-7.44 (m, 2H), 7.37 (dd, J = 8.7, 1.9 Hz, 1H), 3.33 (dq, J = 10.0, 6.6 Hz,

1H), 2.79-2.69 (m, 1H), 2.37 (d, J = 13.5 Hz, 1H), 2.15 (d, J = 13.5 Hz, 1H), 2.13-2.08 (m, 1H), 1.86-1.79
(m, 2H), 1.77 (s, 3H), 1.76-1.71 (m, 1H), 1.70 (d, J = 6.6 Hz, 3H), 1.50 (s, 3H), 1.48-1.30 (m, 3H), 1.33 (s,
3H), 1.20-1.08 (m, 1H), 1.06-0.96 (m, 1H), 0.86 (qd, J = 12.5, 3.3 Hz, 1H). 3C NMR (101 MHz, CDCl5)
6 237.1, 143.4, 1334, 132.4, 129.0, 128.3, 127.6, 126.6, 126.3, 124.9, 124.7, 78.4, 60.6, 60.1, 51.4, 45.8,
31.5, 30.6,29.4, 27.9, 27.7, 26.2, 26.0, 25.9, 23.6. IR (ATR, neat) 2971, 2927, 2853, 1599, 1450, 1377, 917,
816, 749, 732. HRMS (ESI/QTOF) m/z: [M-CI+CH3CN]* calculated for C,7H3sCuN2* 451.2169; found
451.2175. [a]p?! =-41.67 (c = 0.10, CHCI3). mp 170.8-174.3 °C (decomp.). Rf = 0.53 (1:1 EtOAc/pentane,
UV, CAM).
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(R,S)-[Me, Cy]Me 35-dFPhC AAC-CuCl (Cu4)

IUPAC: ((S)-1-((R)-L-cyclohexylethyl)-3-(3,5-difluorophenyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper (1) chloride

Purification conditions: SiliaFlash 40A, conditioning: pentane, eluent: 10:90 then 20:80, then 25:75, then
30:70 then 1:1 EtOAc/pentane.

Following Method B using CAAC precursor 8d (33.0 mg, 78.3 umol) and

N o CuCI(SMey) (15.15 mg, 94.0 umol) afforded the corresponding copper complex
cu F (R,S)-(Cu4) (10.4 mg, 24.0 umol, 31 %) as a white solid after purification by
('3| column chromatography. *H NMR (400 MHz, CDCls) & 6.80-6.66 (m, 3H),

F 3.30 (dg, J=10.2, 6.5 Hz, 1H), 2.72 (dtd, J = 13.9, 11.0, 3.2 Hz, 1H), 2.16 (d, J

= 13.6 Hz, 1H), 2.08 (d, J = 13.6 Hz, 1H), 2.11-2.06 (m, 1H), 1.83-1.77 (m, 1H), 1.75-1.68 (m, 3H), 1.71
(d, J = 6.5 Hz, 3H), 1.67 (s, 3H), 1.43 (s, 3H), 1.42-1.39 (m, 1H), 1.38 (s, 3H), 1.31 (ddd, J = 14.1, 10.2,
3.9 Hz, 1H), 1.12 (qt, J = 12.5, 3.3 Hz, 1H), 1.05-0.95 (m, 1H), 0.82 (qd, J = 12.8, 3.8 Hz, 1H). **C NMR
(101 MHz, CDCls) 6 235.4, 163.3 (dd, J = 249.4, 13.0 Hz), 150.1 (t, J = 8.2 Hz), 109.5 (dd, J = 26.1, 7.6
Hz), 102.9 (t, J = 25.4 Hz), 78.7, 60.1, 60.0, 51.7, 45.3, 30.9, 30.7, 29.0, 28.1, 27.2, 26.2, 26.0, 25.9, 23.9.
F NMR (CDCls, 376 MHz) 6 -108.04 (t, J = 8.7 Hz). IR (ATR, neat) 2972, 2929, 2853, 1622, 1595, 1450,
1432, 1323, 1119, 986, 853, 695. HRMS (ESI/QTOF) m/z: [M-CI+CH3sCN]* calculated for C2sHs,CuF2N2*
437.1824; found 437.1825. [a]p?* = -100.00 (¢ = 0.10, CHCls). mp 241.8-244.5 °C (decomp.). R = 0.65
(1:1 EtOAc/pentane, UV, CAM).

(R,R)-[Me, Cy]Me 35-diFPhC AAC-CuCI (Cu4)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3-(3,5-difluorophenyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper(1) chloride
F Following Method B using CAAC precursor 8d (33.0 mg, 78.3 pumol) and
@\ CuClI(SMey) (15.15 mg, 94.0 pmol) afforded the corresponding copper complex
N o = (R,R)-(Cu4) (11.17 mg, 25.8 umol, 33 %) as a white solid after purification by
a column chromatography *H NMR (400 MHz, CDCls) § 6.81-6.76 (m, 2H),
(|3I 6.70 (tt, J = 8.7, 2.3 Hz, 1H), 3.32 (dqg, J = 10.0, 6.6 Hz, 1H), 2.65 (dtd, J = 14.5,
11.3, 3.2 Hz, 1H), 2.16 (d, J = 13.7 Hz, 1H), 2.12 (d, J = 13.8 Hz, 1H), 2.12—
2.07 (m, 1H), 1.83-1.70 (m, 4H), 1.67 (d, J = 6.6 Hz, 3H), 1.64 (s, 3H), 1.48 (s, 3H), 1.45-1.38 (m, 1H),
1.37 (s, 3H), 1.35-1.29 (m, 1H), 1.13 (qt, J = 13.0, 4.0 Hz, 1H), 1.00 (qd, J = 11.8, 2.9 Hz, 1H), 0.93-0.83
(m, 1H). BC NMR (101 MHz, CDCls) 8 235.1, 163.3 (dd, J = 249.3, 13.0 Hz), 150.0 (t, J = 8.4 Hz), 109.7
(dd, J=26.1, 7.2 Hz), 102.9 (t, J = 25.4 Hz), 78.6, 60.4, 60.2, 51.5, 45.6, 31.5, 30.5, 29.2, 28.1, 27.0, 26.1,
25.9, 25.8, 23.6. 1°F NMR (CDCls;, 376 MHz) & -108.10 (t, J = 8.6 Hz). IR (ATR, neat) 2973, 2929, 2853,
1623, 1595, 1450, 1433, 1324, 1119, 986, 853, 694. HRMS (ESI/QTOF) m/z: [M-CI+CHsCN]" calculated
for CasHa,CuFoN,* 437.1824; found 437.1832. [a]p? = -23.33 (c = 0.14, CHCI;3). mp 155.0-158.6 °C
(decomp.). Rs = 0.42 (1:1 EtOAc/pentane, UV, CAM).
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(R,S)-[Me, Cy]Me ¢-OMePhC AAC-CuCl (Cub)

IUPAC: ((S)-1-((R)-L-cyclohexylethyl)-3-(4-methoxyphenyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper (1) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 20:80 to 25:75
EtOAc/pentane.

Following Method B using CAAC precursor 8e (40.4 mg, 97.3 pumol) and

N ot CuCl(SMey) (18.8 mg, 117 pumol) afforded the corresponding copper complex

c (R,S)-(Cub) (14.8 mg, 34.7 umol, 36 %) as a white solid after purification by
u

CI:I OMe column chromatography. *H NMR (400 MHz, CDCls) § 7.20-7.16 (m, 2H),

6.88-6.84 (m, 2H), 3.79 (s, 3H), 3.26 (dq, J = 10.2, 6.5 Hz, 1H), 2.77-2.67 (m,
1H), 2.22 (d, J = 13.5 Hz, 1H), 2.10-2.05 (m, 1H), 2.03 (d, J = 13.5 Hz, 1H), 1.83-1.77 (m, 1H), 1.75-1.70
(m, 3H), 1.68 (d, J = 6.5 Hz, 3H), 1.67 (s, 3H), 1.41 (s, 3H), 1.44-1.37 (m, 1H), 1.34 (s, 3H), 1.32-1.26 (m,
1H), 1.18-1.06 (m, 1H), 1.03-0.93 (m, 1H), 0.81 (qd, J = 12.3, 3.3 Hz, 1H). 3C NMR (101 MHz, CDCls)
0237.3,158.5,138.2,127.4,114.4,78.4,59.7,59.6,55.4,51.7,45.1,30.9, 30.7, 28.8, 28.2, 28.1, 26.2, 26.0,
26.0, 23.9. IR (ATR, neat) 2928, 2852, 1609, 1549, 1511, 1451, 1376, 1252, 1182, 1031, 829. HRMS
(APCI/QTOF) m/z: [M-CI+CHsCN]* calculated for CosHasCuN,O* 431.2118; found 431.2111.[a]p* = -
145.0 (¢ = 0.10, CHCI3). mp 192.6-196.1 °C (decomp.). Rs = 0.58 (1:1 EtOAc/pentane, UV, slight stain in
CAM, KMnO,).

(R,R)-[Me, Cy]P ¢-OMePhc AAC-CuCl (Cub)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3-(4-methoxyphenyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper(l) chloride

Following Method B using CAAC precursor 8e (40.4 mg, 97.3 umol) and

M
N ..n®/ OMe CuCI(SMe;) (18.8 mg, 117 umol) afforded the corresponding copper
c complex (R,R)-(Cub) (10.1 mg, 23.5 pumol, 24 %) as a white solid after
u
('3| purification by column chromatography. *H NMR (400 MHz, CDCls) &

7.26-7.22 (m, 2H), 6.89-6.85 (m, 2H), 3.80 (s, 3H), 3.27 (dg, J = 9.9, 6.6
Hz, 1H), 2.69-2.60 (m, 1H), 2.24 (d, J = 13.5 Hz, 1H), 2.12-2.05 (m, 1H), 2.08 (d, J = 13.6 Hz, 1H), 1.82—
1.77 (m, 1H), 1.74-1.68 (m, 3H), 1.66 (d, J = 6.6 Hz, 3H), 1.63 (s, 3H), 1.46 (s, 3H), 1.42-1.37 (m, 1H),
1.33 (s, 3H), 1.36-1.29 (m, 1H), 1.17-1.06 (m, 1H), 1.03-0.93 (m, 1H), 0.87-0.77 (m, 1H). 3C NMR (101
MHz, CDCls) 6 236.9, 158.5, 138.0, 127.5, 114.4, 78.3, 60.0, 59.8, 55.4, 51.4,45.5, 31.3, 30.7,29.4, 27.9,
26.2, 26.0, 25.9, 23.6. IR (ATR, neat) 2928, 2852, 1609, 1548, 1511, 1450, 1377, 1252, 1182, 1031, 829.
(1C not resolved). HRMS (APCI/QTOF) m/z: [M-CI+CH3sCN]* calculated for CsH3sCuN,O* 431.2118;
found 431.2111. [a]o® = -25.49 (c = 0.17, CHCIl3). mp 185.9-189.7 °C (decomp.). Rf = 0.47 (1:1
EtOAc/pentane, UV, slight stain in CAM, KMnQ,).
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(R,S)-[Me, Cy]Me 35-ditBuPhCAAC-CuCl (Cub)

IUPAC: ((S)-1-((R)-L-cyclohexylethyl)-3-(3,5-di-tert-butylphenyl)-3,5 5-trimethylpyrrolidin-2-ylidene)copper(1) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 1:9 then 2:8 then 3:7
EtOAc/pentane.

Following Method B using CAAC precursor 8f (26.7 mg, 53.7 umol) and

N o CuCl(SMey) (18.8 mg, 117 umol) afforded the corresponding copper complex
Bu (R,S)-(Cub) (5.3 mg, 10.4 umol, 19 %) as a white solid after purification by

Cc
(I:L; column chromatography. *H NMR (400 MHz, CDCls) & 7.28 (t, J = 1.8 Hz,

tBu 1H), 7.10 (d, J = 1.8 Hz, 2H), 3.28 (dg, J = 10.1, 6.5 Hz, 1H), 2.83-2.73 (m,
1H), 2.27 (d, J = 13.4 Hz, 1H), 2.11-2.07 (m, 1H), 2.03 (d, J = 13.4 Hz, 1H), 1.82-1.77 (m, 2H), 1.72 (d, J
= 6.5 Hz, 3H), 1.71 (s, 3H), 1.73-1.70 (m, 1H), 1.48-1.43 (m, 1H), 1.41 (s, 3H), 1.40-1.35 (m, 2H), 1.33
(s, 3H), 1.31 (s, 18H), 1.18-1.07 (m, 1H), 1.04-0.94 (m, 1H), 0.86-0.76 (m, 1H). **C NMR (101 MHz,
CDCls) 6 237.9, 151.1, 145.5, 121.0, 120.5, 78.4, 60.4, 59.7, 51.7, 44.9, 35.2, 31.7, 30.7, 28.6, 28.4, 28.2,
26.3, 26.0, 26.0, 23.9. IR (ATR, neat) 2962, 2927, 2854, 1596, 1549, 1450, 1363, 1248, 872, 714. HRMS
(ESI/QTOF) m/z: [M-CI+CHsCN]* calculated for Cs1HsoCuNz* 513.3264; found 513.3263. [a]p?! = -73.33
(c =0.10, CHCl3). mp 153.7-157.8 °C (decomp.). Rs = 0.56 (2:8 EtOAc/pentane, UV, CAM).

(R,R)-[Me, Cy]Me 35-dBWPhCAAC-CuCl (Cub)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3-(3,5-di-tert-butylphenyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper(l) chloride
Bu Following Method B using CAAC precursor 8f (26.7 mg, 53.7 umol) and
@\ CuCI(SMe,) (18.8 mg, 117 pmol) afforded the corresponding copper
N o Bu complex (R,R)-(Cu6) (5.90 mg, 11.6 umol, 22 %) as a white solid after
a purification by column chromatography. *H NMR (400 MHz, CDCls) § 7.30
(|3| (t, J=1.8 Hz, 1H), 7.16 (d, J = 1.7 Hz, 2H), 3.29 (dqg, J = 10.1, 6.5 Hz, 1H),
2.77-2.67 (m, 1H), 2.26 (d, J = 13.6 Hz, 1H), 2.11 (d, J = 13.5 Hz, 1H), 2.11-
2.07 (m, 1H), 1.86-1.78 (m, 2H), 1.72-1.69(m, 2H), 1.69-1.66 (m, 6H), 1.47 (s, 3H), 1.44-1.39 (m, 1H),
1.35 (s, 3H), 1.32 (s, 18H), 1.32-1.28 (m, 1H), 1.17-1.07 (m, 1H), 1.03-0.93 (m, 1H), 0.89-0.79 (m, 1H).
13C NMR (101 MHz, CDCls) § 236.9, 151.2, 145.4, 121.1, 120.6, 78.4, 61.0, 59.8, 51.8, 45.6, 35.2, 31.6,
31.2, 30.7, 28.0, 27.6, 26.2, 26.1, 26.0, 23.6. IR (ATR, neat) 2962, 2927, 2855, 1596, 1548, 1450, 1363,
1248, 872, 714 HRMS (ESI/QTOF) m/z: [M-CI+CH3CN]* calculated for CsiHsoCuN2* 513.3264; found
513.3263. [a]p?! =-9.72 (c = 0.12, CHCI3). mp 181.2-186.9 °C (decomp.). R = 0.27 (2:8 EtOAc/pentane,
UV, CAM).
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(R,R)-[Me, Cy] P"P"CAAC-CuCI (Cu7)

IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3-isopropyl-5,5-dimethyl-3-phenylpyrrolidin-2-ylidene)copper(1) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 1:9 then 2:8
EtOAc/pentane.

Following Method B using CAAC precursor 8g (43.2 mg, 102 pmol) and

\\‘K CuCl(SMe) (19.7 mg, 122 pmol) afforded the corresponding copper complex

cu (R,R)-(Cu7) (11.7 mg, 27.5 umol, 27 %) as a white solid after purification by

é| column chromatography. *H NMR (400 MHz, CDCls3) § 7.70 (d, J = 7.9 Hz, 2H),

7.34 (t, J=7.6 Hz, 2H), 7.22 (t, J = 7.4 Hz, 1H), 3.25 (dg, J = 10.0, 6.6 Hz, 1H),

2.78-2.69 (m, 1H), 2.69-2.60 (m, 1H), 2.44 (d, J = 13.8 Hz, 1H), 2.09-2.02 (m, 1H), 1.99 (d, J = 13.8 Hz,

1H), 1.83-1.77 (m, 1H), 1.76-1.68 (m, 3H), 1.50 (d, J = 6.6 Hz, 3H), 1.43 (s, 3H), 1.43-1.27 (m, 2H), 1.17—

1.10 (m, 1H), 1.12 (s, 3H), 1.07 (d, J = 6.8 Hz, 3H), 1.01-0.91 (m, 1H), 0.89-0.83 (m, 1H), 0.78 (d, J = 6.8

Hz, 3H). 3C NMR (101 MHz, CDCls) § 239.4, 142.8, 128.7, 128.0, 126.9, 76.9, 68.4, 59.9, 45.2, 40.3, 38.2,

31.4, 30.5, 28.0, 27.3, 26.2, 26.0, 25.9, 23.8, 19.8, 18.4. IR (ATR, neat) 2927, 2853, 1546, 1466, 1447,

1376, 1127, 917, 763, 731, 701. HRMS (ESI/QTOF) m/z: [M-CI+CH3CN]" calculated for

Ca2sH3sCUN,* 429.2325; found 429.2319. [a]p?! =-90.00 (¢ = 0.10, CHCI3). mp 242.6-246.4 °C (decomp.).
Rr=0.22 (2:8 EtOAc/pentane, UV, CAM, KMnQ,).

N

(R,S)-[Me, Cy]™"P"CAAC-CuCl (Cu?)
IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3-isopropyl-5,5-dimethyl-3-phenylpyrrolidin-2-ylidene)copper(l) chloride

Following Method B using CAAC precursor 8g (43.2 mg, 102 umol) and

N ..n@ CuCI(SMey) (19.7 mg, 122 umol) afforded the corresponding copper complex

c (R,S)-(Cu7) (10.1 mg, 23.8 umol, 23 %) as a white solid after purification by
u

C':I column chromatography. *H NMR (400 MHz, CDCls) § 7.73 (d, J = 7.9 Hz, 2H),

7.33 (t, J =7.6 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 3.15-3.08 (m, 1H), 2.82-2.73
(m, 1H), 2.71-2.61 (m, 1H), 2.49 (d, J = 14.0 Hz, 1H), 2.04-1.97 (m, 1H), 1.99 (d, J = 13.9 Hz, 1H), 1.76—
1.69 (m, 1H), 1.63 (d, J = 6.5 Hz, 3H), 1.61-1.58 (m, 1H), 1.47 (s, 3H), 1.51-1.43 (m, 1H), 1.38-1.29 (m,
1H), 1.14 (s, 3H), 1.16-1.08 (m, 2H), 1.02 (d, J = 6.8 Hz, 3H), 1.06-0.96 (m, 1H), 0.92-0.82 (m, 1H), 0.73
(d, J = 6.8 Hz, 3H), 0.49-0.39 (m, 1H). *C NMR (101 MHz, CDCls) § 238.8, 142.1, 128.6, 128.0, 127.0,
76.9, 68.4, 60.0, 45.9, 39.2, 38.1, 30.8, 30.5, 29.1, 26.1, 26.0, 26.0, 25.6, 23.2, 19.2, 18.0. IR (ATR, neat)
2930, 2853, 1551, 1467, 1449, 1376, 1126, 917, 763, 733, 701. HRMS (ESI/QTOF) m/z: [M-
CI+CH3CN]"* calculated for CosHasCuN,+ 429.2325; found 429.2326. [a]p? =-38.33 (¢ = 0.17, CHCl3). mp
158.6-160.9 °C (decomp.). R¢ = 0.16 (2:8 EtOAc/pentane, UV, CAM, KMnOQy).
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(R,S)-[Me, Cy]™M™NCAAC-CuCl (Cus)

IUPAC: ((S)-1'-((R)-L-cyclohexylethyl)-5' 5"-dimethyl-3,4-dihydro-2H-spiro[naphthalene-1,3'-pyrrolidin]-2"-ylidene)copper () chloride
Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 1:9 then 2:8
EtOAc/pentane.

Following Method B using CAAC precursor 8h (43.3 mg, 105 pmol) and CuCl(SMe>)
(20.3 mg, 126 umol) afforded the corresponding copper complex (R,S)-(Cu8) (9.58
mg, 22.6 umol, 22 %) as a white solid after purification by column chromatography.
'H NMR (400 MHz, CDCls) § 7.16-7.09 (m, 3H), 6.58-6.56 (m, 1H), 3.26 (dq, J =
10.2, 6.5 Hz, 1H), 2.95-2.70 (m, 3H), 2.33 (td, J = 12.8, 3.0 Hz, 1H), 2.25 (d, J = 13.7
Hz, 1H), 2.13-2.06 (m, 2H), 2.02 (d, J = 13.7 Hz, 1H), 1.87-1.78 (m, 2H), 1.74 (d, J = 6.5 Hz, 3H), 1.72—
1.67 (m, 2H), 1.63-1.57 (m, 1H), 1.49 (s, 3H), 1.48-1.43 (m, 1H), 1.42 (s, 3H), 1.40-1.27 (m, 2H), 1.17—
1.06 (m, 1H), 1.03-0.93 (m, 1H), 0.83-0.73 (m, 1H). *C NMR (101 MHz, CDCls) § 236.1, 140.3, 136.0,
129.9, 128.7, 127.1, 126.8, 77.9, 61.4, 59.9, 52.3, 45.0, 34.8, 31.0, 30.6, 29.8, 29.2, 28.7, 26.2, 26.0, 26.0,
23.8, 19.5. HRMS (ESI/QTOF) m/z: [M-CI+CH3;CN]* calculated for CzsHssCuN,*" 427.2169; found
427.2174. [a]p?* = -121.67 (c = 0.10, CHCI3). mp >230 °C (decomp.). R¢ = 0.70 (1:1 EtOAc/pentane, UV,
CAM).

(R,R)-[Me, Cy]™"™NCAAC-CuClI (Cu8)
IUPAC: ((R)-1'-((R)-1-cyclohexylethyl)-5' 5'-dimethyl-3,4-dihydro-2H-spiro[naphthalene-1,3"-pyrrolidin]-2'-ylidene)copper (l) chloride
Following Method B using CAAC precursor 8h (43.3 mg, 105 pmol) and
CuCl(SMe>) (20.3 mg, 126 umol) afforded the corresponding copper complex
(R,R)-(Cu8) (9.69 mg, 22.6 umol, 22 %) as a white solid after purification by
C.” column chromatography. *H NMR (400 MHz, CDCls) § 7.16-7.09 (m, 3H), 6.63—
6.61 (m, 1H), 3.33 (dq, J = 10.0, 6.6 Hz, 1H), 2.91 (ddd, J = 16.6, 10.8, 5.6 Hz, 1H),
2.84-2.78 (m, 1H), 2.71-2.63 (m, 1H), 2.29 (d, J = 13.7 Hz, 1H), 2.30-2.24 (m, 1H), 2.17-2.09 (m, 2H),
2.00 (d, J = 13.6 Hz, 1H), 1.95-1.89 (m, 1H), 1.87-1.77 (m, 3H), 1.75-1.71 (m, 1H), 1.66 (d, J = 6.6 Hz,
3H), 1.61-1.56 (m, 1H), 1.46 (s, 3H), 1.46 (s, 3H), 1.42-1.34 (m, 2H), 1.21-1.10 (m, 1H), 1.06-0.91 (m,
2H). BC NMR (101 MHz, CDCl5) & 236.3, 140.2, 136.4, 129.9, 128.9, 127.1, 126.9, 77.8, 61.8, 59.9, 52.3,
45.2, 34.5, 31.5, 30.6, 29.9, 29.4, 28.8, 26.2, 26.0, 26.0, 23.9, 19.7. HRMS (ESI/QTOF) m/z: [M-
CI+CH3CN]"* calculated for CosHzsCuNz* 427.2169; found 427.2169. [a]p? = -53.33 (¢ = 0.10, CHCl3). mp
267.7-269.3 °C (decomp.). Rf = 0.62 (1:1 EtOAc/pentane, UV, CAM).
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(R,S)-[Me, Cy]Me YCAAC-CuCl (Cu9)

IUPAC: ((S)-3-cyclohexyl-1-((R)-1-cyclohexylethyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper(l) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 1:9 then 2:8
Following Method B using CAAC precursor 8i (30.6 mg, 78.2 umol) and

N ot CuCl(SMey) (15.1 mg, 93.8 umol) afforded the corresponding copper complex

c (R,S)-(Cu9) (12.7 mg, 31.5 umol, 40 %) as a white solid after purification by
u

CI:I column chromatography. *H NMR (400 MHz, CDCls) § 3.10 (dq, J = 10.4, 6.5 Hz,

1H), 2.69-2.61 (m, 1H), 2.06-1.98 (m, 2H), 1.91 (d, J = 13.5 Hz, 1H), 1.87-1.84
(m, 1H), 1.80-1.74 (m, 2H), 1.72-1.65 (m, 5H), 1.54 (d, J = 6.5 Hz, 3H), 1.48 (d, J = 13.7 Hz, 1H), 1.46—
1.41 (m, 2H), 1.37 (s, 3H), 1.35-1.32 (m, 1H), 1.33 (s, 3H), 1.29-1.24 (m, 2H), 1.22 (s, 3H), 1.14-1.04 (m,
2H), 0.99-0.88 (m, 2H), 0.85-0.68 (m, 2H). **C NMR (101 MHz, CDClIs) § 240.0, 77.9, 60.8, 59.5, 46.7,
45.2,42.8, 31.0, 30.5, 30.3, 29.1, 28.5, 27.2, 26.8, 26.5, 26.4, 26.2, 26.2, 26.0, 26.0, 23.5. IR (ATR, neat)
2972, 2923, 2851, 1548, 1449, 1376, 1170, 753. HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M-
CI+CH3CN]* calculated for Co3HaCuN,* 407.2482; found 407.2472.[a]p?* = -76.67 (¢ = 0.10, CHCls). mp
>201 °C (decomp.). Rf = 0.83 (1:1 EtOAc/pentane, UV, slight stain in CAM).

(R,R)-[Me, Cy]Me YCAAC-CuCl (Cu9)
IUPAC: ((R)-3-cyclohexyl-1-((R)-1-cyclohexylethyl)-3,5 5-trimethylpyrrolidin-2-ylidene)copper (1) chloride
Following Method B using CAAC precursor 8i (30.6 mg, 78.2 umol) and
N ,.no CuCl(SMey) (15.1 mg, 93.8 umol) afforded the corresponding copper complex
g cu (R,R)-(Cu9) (10.1 mg, 25.1 umol, 32 %) as a white solid after purification by
('3| column chromatography. *H NMR (400 MHz, CDCls) & 3.17 (dq, J = 10.1, 6.6
Hz, 1H), 2.58-2.48 (m, 1H), 2.06-1.94 (m, 2H), 1.90-1.85 (m, 1H), 1.87 (d, J =
13.4 Hz, 1H), 1.80-1.74 (m, 2H), 1.71-1.65 (m, 4H), 1.58-1.55 (m, 1H), 1.57 (d, J = 6.6 Hz, 3H), 1.51 (d,
J=13.5Hz, 1H), 1.50-1.45 (m, 1H), 1.42-1.38 (m, 1H), 1.37 (s, 3H), 1.34 (s, 3H), 1.32-1.22 (m, 3H), 1.19
(s, 3H), 1.16-1.07 (m, 2H), 1.02-0.89 (m, 2H), 0.86-0.73 (m, 2H). 3C NMR (101 MHz, CDCls) & 239.8,
77.8,61.1,59.4,46.7,45.2, 42.7, 31.3, 30.5, 30.4, 29.5, 28.3, 27.4, 26.7, 26.5, 26.4, 26.2, 26.0, 25.9, 25.8,
23.7. IR (ATR, neat) 2972, 2923, 2852, 1548, 1449, 1376, 1169, 752. HRMS (nanochip-ESI/LTQ-Orbitrap)
m/z: [M-CI+CHsCN]* calculated for CasHaCuN,* 407.2482; found 407.2470. [a]p? = -58.33 (c = 0.10,
CHCI3). mp >181 °C (decomp.). Rf = 0.74 (1:1 EtOAc/pentane, UV, slight stain in CAM).
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(R,S)-[Me, Cy]MeAICAAC-CuCI (Cul0)
IUPAC: ((S)-3-(adamantan-1-yl)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper(l) chloride
Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 1:9 then 2:8

Following Method B using CAAC precursor 8j (31.7 mg, 71.5 umol) and

N o CuCl(SMey) (13.8 mg, 85.9 umol) afforded the corresponding copper complex

¢ (R,S)-(Cul0) (9.58 mg, 21.0 umol, 29 %) as a white solid after purification by
u

C'ZI column chromatography. 'H NMR (400 MHz, CDCls) § 3.19-3.11 (m, 1H),

2.83-2.75 (m, 1H), 2.11 (d, J = 13.5 Hz, 1H), 2.13-2.08 (m, 2H), 2.07-2.04 (m,
4H), 1.81-1.78 (m, 1H), 1.74-1.70 (m, 7H), 1.68-1.62 (m, 5H), 1.60 (d, J = 6.5 Hz, 3H), 1.51-1.45 (m,
2H), 1.43 (s, 3H), 1.44-1.39 (m, 1H), 1.37 (s, 3H), 1.35-1.28 (m, 2H), 1.14 (s, 3H), 1.01-0.90 (m, 1H),
0.79-0.68 (m, 1H). **C NMR (101 MHz, CDCls) § 239.4, 76.4, 64.1,59.8,45.6, 43.3, 38.6, 38.2,37.1, 31.1,
30.5, 29.8, 28.7, 28.3, 26.3, 26.0, 26.0, 23.5, 21.1. IR (ATR, neat) 2970, 2904, 2849, 1667, 1544, 1449,
1375, 1344, 1309, 500. HRMS (ESI/QTOF) m/z: [M-CI+CHsCN]* calculated for C27H44CuN,* 459.2795;
found 459.2801. [a]p?* = -28.33 (c = 0.10, CHCI3). mp 205.1-209.5 °C (decomp.). Rf = 0.31 (2:8
EtOAc/pentane, UV, CAM).

(R,R)-[Me, Cy]MeAICAAC-CuCl (Cul0)

IUPAC: ((R)-3-(adamantan-1-yl)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethylpyrrolidin-2-ylidene)copper(l) chloride
Following Method B using CAAC precursor 8j (31.7 mg, 71.5 umol) and
CuCI(SMey) (13.8 mg, 85.9 umol) afforded the corresponding copper complex

W\
\

N \ (R,R)-(Cul0) (9.38 mg, 20.6 pumol, 29 %) as a white solid after purification by
Clu column chromatography. *H NMR (400 MHz, CDCls) & 3.20 (dq, J = 10.0, 6.6
Cl Hz, 1H), 2.65 (g, J = 11.2 Hz, 1H), 2.10-2.02 (m, 7H), 1.79-1.76 (m, 1H), 1.71-

1.64 (m, 9H), 1.60 (d, J = 6.6 Hz, 3H), 1.62-1.58 (m, 3H), 5 1.48 (d, J = 13.4 Hz, 1H), 1.45-1.40 (m, 1H),
1.38 (s, 3H), 1.37 (s, 3H), 1.34-1.23 (m, 2H), 1.16-1.11 (m, 1H), 1.08 (s, 3H), 0.94 (ddd, J = 12.6, 12.6, 3.6
Hz, 1H), 0.78 (ddd, J = 12.8, 12.1, 3.7 Hz, 1H). °C NMR (101 MHz, CDCls) § 239.1, 76.4, 64.4, 59.8,
45.1,43.1, 38.8, 38.1, 37.1, 31.3, 30.6, 29.5, 28.8, 28.7, 26.2, 26.0, 25.9, 24.1, 20.7. IR (ATR, neat) 2970,
2904, 2849, 1667, 1544, 1449, 1375, 1344, 1309, 500. HRMS (ESI/QTOF) m/z: [M-
CI+CH3CN]* calculated for Co7H4sCuN;* 459.2795; found 459.2801. [a]p? = -66.67 (¢ = 0.10, CHCl3). mp
216.5-219.2 °C (decomp.). R = 0.22 (2:8 EtOAc/pentane, UV, CAM).
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(R,S)-[Me, Cy]Me (CH),SPhCAAC-CuCl (Cull)

IUPAC: ((S)-1-((R)-L-cyclohexylethyl)-3,5,5-trimethyl-3-(2-(phenylthio)ethyl)pyrrolidin-2-ylidene)copper(l) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 10:90 then 20:80 then
25:75 then 30:70 EtOAc/pentane.

Following Method B using CAAC precursor 8k (39.6 mg, 88.8 umol) and CuCl(SMey)

N o (17.4 mg, 108 umol) afforded the corresponding copper complex (R,S)-(Cull) (10.0

mg, 21.9 umol, 25 %) as a white solid after purification by column chromatography.

& s 'H NMR (800 MHz, CD:Clz)  7.36-7.35 (m, 2H), 7.33-7.30 (m, 2H), 7.18 (tt, J =

@ 7.3, 1.3 Hz, 1H), 3.18 (dg, J = 10.2, 6.5 Hz, 1H), 3.04 (ddd, J = 12.8, 10.7, 5.5 Hz,

1H), 2.90 (ddd, J = 12.8, 10.8, 5.8 Hz, 1H), 2.59 (qt, J = 11.5, 3.3 Hz, 1H), 2.07-2.04

(m, 1H), 2.04-1.97 (m, 2H), 1.88 (d, J = 13.5 Hz, 1H), 1.81-1.79 (m, 1H), 1.73 (d, J = 13.5 Hz, 1H), 1.72—

1.68 (m, 2H), 1.65-1.63 (m, 1H), 1.55 (d, J = 6.6 Hz, 3H), 1.39-1.36 (m, 1H), 1.35 (s, 3H), 1.34 (s, 3H),

1.29 (s, 3H), 1.26-1.23 (m, 1H), 1.13 (qt, J = 13.0, 3.9 Hz, 1H), 0.98 (tdd, J = 12.8, 11.3, 3.7 Hz, 1H), 0.78

(qd, J = 12.5, 3.4 Hz, 1H). **C NMR (101 MHz, CDCls) § 238.0, 136.4, 129.4, 129.2, 126.3, 78.6, 59.7,

57.6, 46.5, 45.8, 40.8, 31.0, 30.7, 29.6, 29.5, 28.4, 27.0, 26.5, 26.4, 26.4, 23.7. IR (ATR, neat) 2926, 2852,

1583, 1561, 1450, 1377, 740, 692. HRMS (ESI/QTOF) m/z: [M-CI+CHsCN]* calculated for CosH3sCuN,S*

461.2046; found 461.2058. [a]p? = -56.35 (¢ = 0.63, CH,Cl,). mp 122.8-125.3 °C (decomp.). R = 0.76
(1:1 EtOAc/pentane, UV, CAM).

(R,R)-[Me, Cy]Me (€H,),SPhCAAC-CuCl (Cull)

IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(2-(phenylthio)ethyl)pyrrolidin-2-ylidene)copper (l) chloride
Following Method B using CAAC precursor 8k (39.6 mg, 88.8 umol) and
mvs CuCIl(SMey) (17.4 mg, 108 umol) afforded the corresponding copper
cy \© complex (R,R)-(Cull) (10.1 mg, 22.1 umol, 25 %) as a white solid after
CI:I purification by column chromatography. *H NMR (800 MHz, CD:Cl,) &
7.35-7.17 (m, 5H), 3.22 (dq, J = 10.1, 6.6 Hz, 1H), 3.06 (ddd, J = 12.6,
11.0, 5.3 Hz, 1H), 2.90 (ddd, J = 12.5, 11.0, 5.4 Hz, 1H), 2.56-2.51 (m, 1H), 2.07-2.04 (m, 1H), 2.04-1.96
(m, 2H), 1.86 (d, J = 13.5 Hz, 1H), 1.82-1.78 (m, 1H), 1.75 (d, J = 13.4 Hz, 1H), 1.71-1.67 (m, 2H), 1.62—
1.59 (m, 1H), 1.58 (d, J = 6.6 Hz, 3H), 1.38 (s, 3H), 1.37-1.33 (m, 1H), 1.31 (s, 3H), 1.27 (s, 3H), 1.26—
1.20 (m, 1H), 1.16-1.10 (m, 1H), 1.01-0.96 (m, 1H), 0.82-0.77 (m, 1H). 3C NMR (201 MHz, CD,Cl,) &
238.0, 136.5, 129.4, 129.4, 129.2, 129.2, 126.4, 78.6, 59.6, 57.6, 46.6, 45.8, 40.9, 31.2, 30.7, 29.7, 29.7,
28.4, 26.5, 26.4, 26.4, 26.4, 23.8. IR (ATR, neat) 2926, 2852, 1579, 1560, 1449, 1377, 740, 692. HRMS

(ESI/QTOF) m/z: [M-CI+CH3CN]* calculated for C,sHssCuN.S* 461.2046; found 461.2059. [a]p?* = -28.29
(c =0.76, CH,Cly). mp 89.4-91.9 °C (decomp.). Rs = 0.64 (1:1 EtOAc/pentane, UV, CAM).
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Gold complexes

(R,S)-[Me, Cy]Ve P"CAAC-AuUCI (Aul)

IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-phenylpyrrolidin-2-ylidene)gold(1) chloride

Purification conditions: SiliaFlash 40A, conditioning: 5:95 EtOAc/pentane, eluent: 5:95 then 10:90 then
25:75 EtOAc/pentane.

Following Method B using CAAC precursor 8a (29.2 mg, 75.7 umol) and
AUCI(SMe,) (26.8 mg, 90.9 umol) afforded the corresponding gold complex (R,S)-
(Aul) (12.4 mg, 23.3 umol, 31 %) as a white solid after purification by column
chromatography. *H NMR (400 MHz, CDCls) & 7.35-7.30 (m, 2H), 7.28-7.21 (m,
3H), 3.32 (dg, J = 10.1, 6.5 Hz, 1H), 3.21-3.11 (m, 1H), 2.31 (d, J = 13.5 Hz, 1H),
2.12 (d, J = 13.5 Hz, 1H), 2.08-2.03 (m, 1H), 1.82 (d, J = 6.5 Hz, 3H), 1.78 (s, 3H), 1.75-1.69 (m, 3H),
1.45 (s, 3H), 1.51-1.40 (m, 1H), 1.35 (s, 3H), 1.38-1.19 (m, 2H), 1.19-1.06 (m, 1H), 1.03-0.93 (m, 1H),
0.83-0.74 (m, 1H). *C NMR (101 MHz, CDCls) & 225.8, 146.0, 129.0, 129.0, 127.2, 126.4, 126.4, 78.2,
60.8, 60.6, 51.9, 43.9, 31.4, 30.6, 28.5, 28.4, 28.4, 26.2, 26.0, 26.0, 22.4. IR (ATR, neat) 2974, 2930, 2853,
1559, 1496, 1449, 1377, 915, 731, 700. HRMS (ESI+APCI) m/z: [M-CI+CHsCN]* calculated for
C2sH3sAuN;* 535.2382; found 535.2379. [a]p? = -91.03 (¢ = 0.13, CHCI3). mp 222.1-224.6 °C (decomp.).
Rf=0.68 (1:1 EtOAc/pentane, UV, slight stain in CAM).

N wnl

Alu
Cl

(R,R)-[Me, Cy]VeP"CAAC-AUCI (Aul)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5 5-trimethyl-3-phenylpyrrolidin-2-ylidene)gold(1) chloride
Following Method B using CAAC precursor 8a (29.2 mg, 75.7 pumol) and
AuCI(SMe;) (26.8 mg, 90.9 umol) afforded the corresponding gold complex
(R,R)-(Aul) (11.9 mg, 22.4 umol, 30 %) as a white solid after purification by
! column chromatography. *H NMR (400 MHz, CD,Cl,) § 7.36-7.30 (m, 4H),
7.28-7.22 (m, 1H), 3.36-3.29 (M, 1H), 3.14-3.06 (M, 1H), 2.32 (d, J = 13.6 Hz,
1H), 2.18 (d, J = 13.7 Hz, 1H), 2.08-2.03 (m, 1H), 1.83-1.79 (m, 1H), 1.77 (d, J = 6.6 Hz, 3H), 1.75 (s,
3H), 1.74-1.67 (m, 2H), 1.49 (s, 3H), 1.42-1.36 (m, 1H), 1.37 (s, 3H), 1.35-1.25 (m, 2H), 1.17-1.06 (m,
1H), 1.01-0.91 (m, 1H), 0.87-0.77 (m, 1H). *C NMR (101 MHz, CDCls) § 225.3, 145.6, 129.0, 129.0,
127.3,126.6, 126.6, 78.0,61.3,60.9,51.7,44.1,31.2,31.1, 29.2, 28.0, 27.9, 26.2, 25.9, 25.9, 22.1. IR (ATR,
neat) 2974, 2927, 2853, 1557, 1495, 1448, 1377, 914, 730, 699. HRMS (ESI+APCI) m/z: [M-CI+CHsCN]*
calculated for Co3H3sAuN,* 535.2382; found 535.2379. [a]p?! = -27.78 (c = 0.12, CHCls). mp 248.6-250.5
°C (decomp.). Rf = 0.57 (1:1 EtOAc/pentane, UV, slight stain in CAM).

N X1\
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Rhodium complexes

(R,S)-[Me,Cy]™e P"CAC-Rh(COD)CI (Rh1)
IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-phenylpyrrolidin-2-ylidene)-(1,5-cyclooctadiene)rhodium(l) chloride

Following Method A using CAAC precursor 8a (26.6 mg, 68.9 umol) and

o [Rh(COD)CI]2 (15.4 mg, 31.2 pumol) afforded the corresponding rhodium complex
(R,S)-(Rh1) (11.7 mg, 21.4 umol, 31 %) as a yellow solid after purification by
C|' \2 7 column chromatography. *H NMR (400 MHz, CD-Cly) § 7.30-7.24 (m, 2H), 7.21—

7.17 (m, 1H), 7.07-7.03 (m, 2H), 5.04-5.00 (m, 1H), 4.85 (br s, 1H), 4.76-4.71 (m,
1H), 3.36-3.31 (m, 1H), 3.12 (br s, 1H), 2.82-2.77 (m, 1H), 2.37-2.21 (m, 4H), 2.16 (s, 3H), 2.12 (d, J =
12.8 Hz, 1H), 2.09-2.05 (m, 2H), 1.97 (d, J = 7.0 Hz, 1H), 1.94-1.86 (m, 2H), 1.79-1.73 (m, 3H), 1.71-
1.68 (m, 1H), 1.70 (d, J = 12.8 Hz, 3H), 1.67-1.64 (m, 1H), 1.52-1.45 (m, 1H), 1.44 (s, 3H), 1.41-1.28 (m,
2H), 1.20 (s, 3H), 1.18-1.07 (m, 1H), 1.07-0.98 (m, 1H). **C NMR (101 MHz, CD,Cl,) § 262.5, 148.2,
128.6, 126.8, 126.6, 98.4 (d, J = 6.1 Hz), 76.4, 71.6 (d, J = 15.7 Hz), 64.9 (d, J = 14.1 Hz), 62.1, 43.4, 34.4,
33.5,32.1,31.7,31.4,30.1, 29.6, 28.4, 27.5, 27.2, 27.0, 26.7, 26.4, 21.3. (2C not resolved). IR (ATR, neat)
2924, 2876, 2851, 2831, 1492, 1449, 1374, 1175, 956, 762, 704. HRMS (ESI/QTOF) m/z: [M-CI]*
calculated for Ca9HssNRh* 508.2445; found 508.2461. [a]p? = -98.33 (c = 0.1, CH,Cl,). mp 208.5-211.0
°C (decomp.). Rf=0.78 (3:7 EtOAc/pentane, UV, CAM).

(R,R)-[Me,Cy]Me P"CAAC-Rh(COD)CI (dia2) (Rh1)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-phenylpyrrolidin-2-ylidene)(1,5-cyclooctadiene)rhodium(l) chloride
Following Method A using CAAC precursor 8a (26.6 mg, 68.9 umol) and
@ [Rh(COD)CI]> (154 mg, 31.2 umol) afforded the corresponding rhodium
complex (R,R)-(Rh1) (10.5 mg, 19.2 pumol, 28 %) as a yellow solid after
purification by column chromatography. *H NMR (400 MHz, CD.Cl) § 7.30—
7.25 (m, 2H), 7.21-7.17 (m, 1H), 7.08-7.05 (m, 2H), 5.20-5.15 (m, 1H), 4.69—
4.63 (m, 1H), 3.89-3.82 (m, 1H), 3.39-3.31 (m, 1H), 3.14-3.08 (m, 1H), 2.94-2.90 (m, 1H), 2.51-2.41 (m,
1H), 2.26-2.19 (m, 1H), 2.18 (s, 3H), 2.18 (d, J = 13.0 Hz, 1H), 2.05-1.97 (m, 3H), 1.99 (d, J = 13.0 Hz,
1H), 1.93 (d, J = 7.0 Hz, 4H), 1.95-1.92 (m, 1H), 1.82-1.72 (m, 3H), 1.69-1.57 (m, 2H), 1.51-1.42 (m,
1H), 1.39 (s, 3H), 1.34-1.28 (m, 2H), 1.25-1.19 (m, 1H), 1.15-1.09 (m, 1H), 1.13 (s, 3H), 1.09-1.01 (m,
1H). 2C NMR (101 MHz, CD,Cly) & 260.6 (d, J = 44.1 Hz), 148.5, 128.5, 126.8, 126.7, 99.1 (d, J = 6.9
Hz), 98.0 (d, J = 5.8 Hz), 77.2,77.2, 73.2 (d, J = 15.6 Hz), 64.0 (d, J = 14.8 Hz), 62.7, 42.9, 35.4, 33.4, 31.1,
30.9, 30.8, 30.1, 29.7, 27.3, 26.8, 26.7, 26.5, 26.3, 25.1. IR (ATR, neat) 2920, 2876, 2850, 2830, 1492,
1449, 1375, 1175, 956, 763, 705. HRMS (ESI/QTOF) m/z: [M-CI]* calculated for C9HssNRh* 508.2445;
found 508.2446. [a]p® = +58.33 (¢ = 0.1, CH:Cl;). mp 187.0-189.3 °C (decomp.). Rf = 0.61 (3:7
EtOAc/pentane, UV, CAM).
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(R,S)-[Me,Cy]Me P"CAAC-Rh(nbd)ClI (Rh2)
IUPAC: (bicyclo[2.2.1]hepta-2,5-diene)-((S)-1-((R)-1-cyclohexylethyl)-3,5 5-trimethyl-3-phenylpyrrolidin-2-ylidene)rhodium(l) chloride
Following Method A using CAAC precursor 8a (23.6 mg, 61.3 umol) and
N o [Rh(nbd)CI]> (15.0 mg, 32.4 umol) afforded the corresponding rhodium complex
R (R,S)-(Rh2) (13.6 mg, 25.7 umol, 42 %) as a yellow solid after purification by
CI’\& column chromatography. *H NMR (400 MHz, CD,Cl,) § 7.30-7.25 (m, 2H), 7.20—
7.16 (m, 1H), 6.99-6.95 (m, 2H), 4.61-4.56 (m, 2H), 4.27 (br s, 1H), 3.63-3.60 (M,
1H), 3.37-3.30 (m, 2H), 3.27-3.24 (m, 1H), 2.38-2.35 (m, 1H), 2.32-2.26 (m, 1H), 2.13-2.08 (m, 1H), 2.11
(s, 3H), 2.04 (d, J = 13.0 Hz, 1H), 1.96-1.90 (m, 1H), 1.93 (d, J = 12.9 Hz, 1H), 1.74-1.69 (m, 1H), 1.72
(d, J=6.9 Hz, 3H), 1.65-1.60 (m, 1H), 1.50-1.42 (m, 1H), 1.40-1.32 (m, 1H), 1.36 (s, 3H), 1.25-1.20 (m,
1H), 1.19 (s, 3H), 1.16-1.09 (m, 3H), 0.99-0.89 (m, 1H). 3C NMR (101 MHz, CDCl,) § 265.0 (d, J = 50.4
Hz), 148.9, 128.5, 128.5, 126.8, 126.8, 126.4, 79.2 (d, J = 5.6 Hz), 78.9 (d, J = 5.2 Hz), 76.6 (d, J = 2.5 HZ),
64.5, 63.2 (d, J = 5.3 Hz), 61.8, 54.7, 53.6 (d, J = 14.2 Hz), 50.6 (d, J = 2.7 Hz), 49.7 (d, J = 2.5 Hz), 45.8
(d, J=12.8 Hz), 43.7,33.1,31.2, 30.9, 28.8, 27.6, 27.2, 26.7, 26.1, 21.8. IR (ATR, neat) 2922, 2849, 1493,
1448, 1374, 1175, 735, 702. HRMS (ESI/QTOF) m/z: [M-CI]* calculated for C2sH3zsNRh* 492.2132; found
492.2149. [a]p? = -55.00 (c = 0.1, CH,Cl,). mp 187.0-189.5 °C (decomp.). Rs = 0.68 (3:7 EtOAc/pentane,
UV, CAM).

(R,R)-[Me,Cy]Me P"CAAC-Rh(nbd)ClI (Rh2)
IUPAC: (bicyclo[2.2.1]hepta-2,5-diene)-((R)-1-((R)-1-cyclohexylethyl)-3,5 5-trimethyl-3-phenylpyrrolidin-2-ylidene)rhodium(l) chloride
Following Method A using CAAC precursor 8a (23.6 mg, 61.3 pumol) and
N ,.\\O [Rh(nbd)ClI], (15.0 mg, 32.4 umol) afforded the corresponding rhodium complex
A (R,R)-(Rh2) (12.1 mg, 22.9 umol, 37 %) as a yellow solid after purification by
CII‘& column chromatography. *H NMR (400 MHz, CD.Cl,) & 7.33-7.28 (m, 2H),
7.21-7.17 (m, 1H), 7.07-7.03 (m, 2H), 4.63-4.60 (m, 1H), 4.53-4.50 (m, 1H),
4.15-4.05 (m, 1H), 3.62-3.53 (m, 2H), 3.30-3.28 (M, 1H), 3.13-3.10 (m, 1H), 2.33-2.27 (m, 1H), 2.10—
2.07 (m, 1H), 2.05 (s, 3H), 2.04 (d, J = 13.3 Hz, 1H), 1.99-1.92 (m, 1H), 1.95 (d, J = 13.3 Hz, 1H), 1.90—
1.81 (m, 2H), 1.76 (d, J = 6.9 Hz, 3H), 1.66-1.58 (M, 1H), 1.54-1.46 (m, 1H), 1.36 (s, 3H), 1.39-1.30 (m,
1H), 1.30-1.22 (m, 1H), 1.23 (s, 3H), 1.17-1.05 (m, 4H). 3C NMR (101 MHz, CD,Cl,) 5 261.9 (d, J = 50.8
Hz), 148.9, 128.6, 128.6, 126.9, 126.9, 126.5, 79.3 (d, J =5.7 Hz), 77.8 (d, J = 5.1 Hz), 77.5 (d, J = 2.7 Hz),
63.1 (d, J = 5.3 Hz), 62.4, 61.7, 54.9 (d, J = 14.0 Hz), 54.1, 50.9 (d, J = 2.9 Hz), 49.6 (d, J = 2.5 Hz), 44.9
(d, J = 12,5 Hz), 42.8, 33.1, 30.9, 30.6, 28.9, 28.0, 27.3, 26.8, 26.3, 24.4. (1C not resolved). HRMS
(ESI/QTOF) m/z: [M-CI]* calculated for CasHssNRh* 492.2132; found 492.2149. [a]p* = -121.67 (c = 0.1,
CH.CIy). mp 174.4-177.0 °C (decomp.). R¢ = 0.36 (3:7 EtOAc/pentane, UV, CAM).
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Ruthenium complexes

(R,S)-[Me,Cy]Me P"CAAC-RuU (Rul)

IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-phenylpyrrolidin-2-ylidene)(2-isopropoxybenzylidene)ruthenium(11) chloride
Following Method A using CAAC precursor 8a-1 (28.7 mg, 74.6 umol, 1.2 equiv.)
and Hoveyda-Grubbs 1% generation catalyst (33.8 mg, 56.3 umol, 1.0 equiv.)
afforded the corresponding ruthenium complex (R,S)-(Rul) (27.9 mg, 45.2 umol,
80 %) as a green solid after purification by column chromatography. *H NMR (400
MHz, CD,Cly) 8 17.59 (s, 1H), 7.61 (ddd, J = 8.8, 7.4, 1.7 Hz, 1H), 7.51-7.48 (m,
2H), 7.32 (t, J = 7.7 Hz, 2H), 7.25-7.20 (m, 1H), 7.17 (dd, J = 7.6, 1.7 Hz, 1H),
7.02 (d,J=8.4Hz, 1H), 6.94 (td, J = 7.5, 0.8 Hz, 1H), 5.16 (hept, J = 6.2 Hz, 1H), 4.93-4.85 (m, 1H), 2.29—
2.21 (m, 1H), 2.25 (d, J = 12.8 Hz, 1H), 2.16 (d, J = 12.8 Hz, 1H), 2.15-2.11 (m, 1H), 2.03-1.97 (m, 1H),
1.92-1.85 (m, 2H), 1.89 (d, J = 7.0 Hz, 3H), 1.83 (s, 3H), 1.82-1.78 (m, 1H), 1.75-1.71 (m, 1H), 1.73 (d, J
= 6.1 Hz, 3H), 1.72 (d, J = 6.1 Hz, 3H), 1.58 (s, 3H), 1.48 (s, 3H), 1.45-1.36 (m, 1H), 1.34-1.26 (m, 3H).
3C NMR (101 MHz, CD:Cl,) § 295.2, 263.8, 153.5, 150.4, 143.9, 131.0, 128.7, 126.8, 126.7, 123.2, 122.5,
113.6, 75.0, 73.6, 68.3, 62.8, 60.1, 44.6, 33.0, 32.4, 31.2, 28.9, 26.8, 26.6, 26.4, 26.3, 22.4, 22.3, 21.4. IR
(ATR, neat) 2979, 2926, 2850, 1588, 1474, 1446, 1422, 1382, 1334, 1221, 1141, 938, 747, 701. HRMS
(Nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI+CH3CN]* calculated for CssHsCIN2ORuU* 623.2337; found
623.2359. [a]p? =-298.50 (c = 0.1, CHCl3). mp 217.5-220.3 °C. Rf=0.42 (1:1 DCM/pentane, UV, CAM).

(R,R)-[Me,Cy]Me P"CAAC-Ru (Rul)
IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-phenylpyrrolidin-2-ylidene)(2-isopropoxybenzylidene)ruthenium(l 1) chloride

Following Method A using CAAC precursor 8a-11 (11.4 mg, 29.6 umol, 1.2 equiv.)
@ and Hoveyda-Grubbs 1% generation catalyst (14.4 mg, 24.0 umol, 1.0 equiv.)

CI afforded the corresponding ruthenium complex (R,R)-(Rul) (11.0 mg, 17.9 umol,
Ru— 74 %) as a green solid after purification by column chromatography. *H NMR (400
/O MHz, CD,Cl,) 6 17.44 (s, 1H), 7.60 (ddd, J = 8.8, 7.4, 1.7 Hz, 1H), 7.56-7.53 (m,
Pr
2H), 7.32-7.27 (m, 2H), 7.24-7.20 (m, 1H), 7.07 (dd, J = 7.6, 1.7 Hz, 1H), 7.01 (d,
J=8.4Hz, 1H), 6.93 (td, J = 7.4, 0.8 Hz, 1H), 5.17 (hept, J = 6.1 Hz, 1H), 5.08-5.01 (m, 1H), 2.25 (s, 2H),
2.23-2.08 (m, 3H), 1.93-1.81 (m, 2H), 1.84 (d, J = 6.9 Hz, 3H), 1.83 (s, 3H), 1.77-1.70 (m, 2H), 1.75 (d, J
= 6.1 Hz, 3H), 1.71 (d, J = 6.1 Hz, 3H), 1.60 (s, 3H), 1.48 (s, 3H), 1.42-1.28 (m, 2H), 1.26-1.14 (m, 2H).
13C NMR (101 MHz, CD:Cly) 6 295.0, 264.5, 153.3, 149.9, 143.8, 130.9, 128.4, 127.4, 126.7, 123.0, 122.5,
1135, 75.0, 73.9, 71.4, 62.7, 60.5, 43.6, 33.7, 32.0, 31.9, 29.6, 28.0, 27.1, 26.7, 26.7, 23.3, 22.4, 22.1. IR
(ATR, neat) 2979, 2925, 2850, 1588, 1474, 1449, 1421, 1378, 1332, 1221, 1139, 938, 747, 703. HRMS
(Nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI+CH3CN]* calculated for CssHssCIN.ORu*™ 623.2337; found

623.2322. [a]p?* = +75.17 (c = 0.1, CHCI3). mp 191.1-193.6 °C. Rr=0.39 (1:1 DCM/pentane, UV, CAM).
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(R,S)-[Me,Cy]Me NP CAAC-RuU (Ru2)

IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-1-yl)pyrrolidin-2-ylidene)(2-isopropoxybenzylidene)ruthenium(l1)
chloride

Following Method A using CAAC precursor 8b-1 (13.6 mg, 31.1 pmol, 1.2
equiv.) and Hoveyda-Grubbs 1% generation catalyst (15.5 mg, 25.8 umol, 1.0
equiv.) afforded the corresponding ruthenium complex (R,S)-(Ru2) (9.90 mg,
14.8 umol, 57 %) as a green solid after purification by column chromatography.
NMR analysis revealed the existence of two rotamers in a 1:0.7 ratio in CD2Cl:
at 23 °C. 'H NMR (400 MHz, CD:Cl) & 18.06 (s, 1H), 17.71 (s, 0.7H), 8.40
(dd, J=8.4, 1.4 Hz, 1H), 8.10 (dd, J = 7.5, 1.2 Hz, 1H), 8.05 (dd, J = 7.5, 1.2 Hz, 0.7H), 7.94 (dd, J = 7.8,
1.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 0.7H), 7.80 (dd, J = 8.2, 1.5 Hz, 0.7H), 7.77-7.73 (m, 1.7H), 7.66-7.61
(m, 1.7H), 7.59-7.50 (m, 2.7H), 7.35 (ddd, J = 8.0, 6.8, 1.2 Hz, 0.7H), 7.30-7.24 (m, 1.7H), 7.18 (t, J = 7.8
Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H), 6.95-6.91 (m, 1.7H), 6.88-6.82 (m, 1.4H), 5.28-5.19 (m, 2H), 5.06 (hept,
J =6.1Hz, 0.7H), 4.58 (br s, 0.7H), 2.84 (d, J = 12.6 Hz, 1H), 2.78-2.67 (m, 0.7H), 2.69 (d, J = 13.3 Hz,
0.7H), 2.53-2.48 (m, 0.7H), 2.51 (d, J = 12.5 Hz, 1H), 2.29-2.24 (m, 1.7H), 2.20 (s, 3H), 2.16-2.11 (m,
1H), 2.12 (d, J = 5.4 Hz, 0.7H), 2.01 (d, J = 7.0 Hz, 2.1H), 1.95-1.89 (m, 1.7H), 1.93 (d, J = 7.1 Hz, 3H),
1.89-1.87 (m, 1H), 1.86 (s, 2.1H), 1.84-1.81 (m, 1H), 1.80 (d, J = 6.1 Hz, 3H), 1.79 (d, J = 6.1 Hz, 3H),
1.77-1.72 (m, 3.4H), 1.70 (d, J = 6.2 Hz, 2.1H), 1.69 (s, 2.1H), 1.64 (s, 2.1H), 1.61 (d, J = 6.1 Hz, 2.1H),
1.58 (s, 3H), 1.55-1.49 (m, 0.7H), 1.47-1.28 (m, 5.1H), 1.27-1.23 (m, 1.7H), 1.20 (s, 3H). *C NMR (101
MHz, CD.Cl) 6 295.2, 264.7, 154.0, 152.8, 145.6, 145.2, 144.1, 143.8, 135.7, 135.4, 131.2, 131.1, 130.8,
130.6, 130.2, 129.0, 128.8, 128.5, 128.1, 127.1, 126.5, 125.8, 125.7, 125.5, 125.4, 125.3, 125.3, 124.3,
123.7,123.3,122.6,122.2,113.7,113.5, 75.3, 74.6, 74.3, 73.8, 68.1, 67.5, 64.5, 61.8, 57.7, 56.8, 44.9, 43.9,
33.8, 32.5, 32.3, 31.3, 30.8, 30.1, 29.9, 29.4, 28.1, 26.9, 26.6, 26.5, 26.4, 26.0, 22.7, 22.4, 22.3, 21.4. (6C
not resolved). IR (ATR, neat) 3048, 2978, 2925, 2851, 1588, 1450, 1383, 1225, 1116, 938, 804, 736. HRMS
(Nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI]* calculated for CssHisCINORuU* 632.2228; found 632.2206.
[a]p? =-279.83 (c = 0.1, CHCl3). mp 175.4-179.3 °C. R¢ = 0.38 (1:1 DCM/pentane, UV, CAM).
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(R,R)-[Me,Cy]Me NP CAAC-RuU (Ru2)

IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-1-yl)pyrrolidin-2-ylidene) (2-isopropoxybenzylidene) ruthenium(l1)
chloride

Following Method A using CAAC precursor 8b-11 (13.0 mg, 29.8 umol, 1.2
‘\\ equiv.) and Hoveyda-Grubbs 1% generation catalyst (14.8 mg, 24.6 umol, 1.0

N
cl O equiv.) afforded the corresponding ruthenium complex (R,R)-(Ru2) (12.8 mg,
CIB U= 19.2 umol, 78 %) as a green solid after purification by column chromatography.
0 NMR analysis revealed the existence of two rotamers in a 1:1 ratio in CD,Cl; at

iPr

23 °C. 'H NMR (400 MHz, CD:Cl,) 4 17.99 (s, 1H), 17.52 (s, 1H), 8.38-8.35
(m, 1H), 8.21 (dd, J = 7.5, 1.2 Hz, 1H), 8.08 (dd, J = 7.5, 1.2 Hz, 1H), 7.95 (dd, J = 7.8, 1.8 Hz, 1H), 7.89-
7.86 (m, 1H), 7.81-7.78 (m, 1H), 7.76 (d, J = 8.0, 1H), 7.72-7.68 (m, 1H), 7.66-7.61 (m, 2H), 7.59-7.49
(m, 3H), 7.38-7.32 (m, 2H), 7.18-7.10 (m, 2H), 7.08 (d, J = 8.4 Hz, 1H), 6.95-6.91 (m, 3H), 6.87-6.83 (M,
1H), 5.29-5.21 (m, 2H), 5.20-5.13 (m, 1H), 5.09 (hept, J = 6.1 Hz, 1H), 2.92 (d, J = 12.3 Hz, 1H), 2.86 (d,
J=13.2 Hz, 1H), 2.49-2.43 (m, 1H), 2.47 (d, J = 12.3 Hz, 1H), 2.37-2.27 (m, 1H), 2.25-2.18 (m, 2H), 2.17
(s, 3H), 2.16-2.12 (m, 1H), 2.15 (d, J = 13.0 Hz, 1H), 2.10-2.06 (m, 1H), 1.96-1.91 (m, 1H), 1.93 (d, J =
6.9 Hz, 3H), 1.93 (s, 3H), 1.89-1.85 (m, 2H), 1.86 (d, J = 6.6 Hz, 3H), 1.84-1.82 (m, 1H), 1.83 (d, J = 6.1
Hz, 3H), 1.80-1.78 (m, 1H), 1.79 (d, J = 6.0 Hz, 3H), 1.76 (s, 3H), 1.76-1.73 (m, 2H), 1.72 (s, 3H), 1.70
(d, J=6.1Hz, 3H), 1.61 (d, J =6.1 Hz, 3H), 1.58 (s, 3H), 1.58-1.54 (m, 1H), 1.49-1.28 (m, 7H), 1.25-1.22
(m, 1H), 1.20-1.19 (m, 3H). **C NMR (101 MHz, CD,Cly) & 294.1, 268.2, 263.5, 153.9, 152.8, 144.7,
143.9, 143.7, 143.6, 135.8, 135.4, 131.0, 130.9, 130.7, 130.7, 130.3, 128.9, 128.9, 128.7, 128.4, 128.4,
126.5, 125.7, 125.7, 125.5, 125.3, 125.2, 124.8, 124.5, 123.3, 123.2, 122.6, 122.3, 113.7, 113.4, 75.3, 74.9,
74.1,73.6,72.3,71.8, 63.5, 62.4, 58.9, 57.1, 45.1, 42.8, 35.0, 32.7, 32.2, 32.2, 31.6, 31.5, 31.4, 30.6, 28.9,
27.7,27.2,27.1, 26.8, 26.7, 26.6, 22.9, 22.4, 22.3, 22.1, 22.0, 21.9. (2C not resolved). IR (ATR, neat) 3048,
2978, 2925, 2851, 1589, 1449, 1382, 1222, 1116, 938, 804, 746. HRMS (Nanochip-ESI/LTQ-Orbitrap)
m/z: [M-CI]* calculated for CssHssCINORU* 632.2228; found 632.2222. [a]p? = -202.17 (¢ = 0.1, CHCly).
mp 206.0-211.6 °C. Rf = 0.36 (1:1 DCM/pentane, UV, CAM).
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(R,S)-[Me,Cy]Me2NPCAAC-RuU (Ru3)

IUPAC: ((S)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-2-yl)pyrrolidin-2-ylidene)(2-isopropoxybenzylidene)ruthenium(l1)
chloride

Following Method A using CAAC precursor 8c-1 (18.2 mg, 41.8 pmol, 1.2
equiv.) and Hoveyda-Grubbs 1% generation catalyst (20.8 mg, 34.6 pmol, 1.0
equiv.) afforded the corresponding ruthenium complex (R,S)-(Ru3) (13.5 mg,
20.2 pmol, 58 %) as a green solid after purification by column
chromatography. *H NMR (400 MHz, CD.Cl;) & 17.69 (s, 1H), 8.14-8.12
(m, 1H), 7.84-7.78 (m, 3H), 7.59-7.53 (m, 2H), 7.47-7.41 (m, 2H), 7.04—
6.98 (m, 2H), 6.87-6.82 (m, 1H), 5.20-5.13 (m, 1H), 5.00-4.92 (m, 1H), 2.33 (d, J = 12.9 Hz, 1H), 2.31-
2.26 (m, 1H), 2.20 (d, J = 12.9 Hz, 1H), 2.20-2.14 (m, 1H), 2.10-1.98 (m, 2H), 1.94 (s, 3H), 1.93 (d, J =
6.8 Hz, 3H), 1.93-1.91 (m, 1H), 1.89-1.81 (m, 2H), 1.76-1.70 (m, 1H), 1.74 (d, J = 6.1 Hz, 3H), 1.72 (d, J
=5.9 Hz, 3H), 1.61 (s, 3H), 1.47 (s, 3H), 1.43-1.32 (m, 3H). 3C NMR (101 MHz, CD:Cl,) § 295.4, 264.0,
153.5, 147.8, 143.9, 133.8, 132.5, 131.0, 128.6, 128.4, 127.8, 126.3, 126.0, 124.9, 123.2, 122.4, 113.6, 75.0,
73.6, 68.4,62.8,59.8, 44.6, 33.0, 32.4, 31.2, 28.7, 26.8, 26.6, 26.5, 26.4, 22.4, 22.2, 21.4. (1 C not resolved).
IR (ATR, neat) 2978, 2829, 2851, 1589, 1474, 1451, 1427, 1384, 1230, 1141, 939, 816, 747. HRMS
(Nanochip-based ESI/LTQ-Orbitrap) m/z: [M-CI]* calculated for CssHisCINORu* 632.2228; found
632.2224. [a]p® = -267.33 (¢ = 0.1, CHCI3). mp 206.7-209.6 °C. R¢ = 0.42 (1:1 DCM/pentane, UV, CAM).

(R,R)-[Me,Cy]™e 2NPCAAC-RU (Ru3)

IUPAC: ((R)-1-((R)-1-cyclohexylethyl)-3,5,5-trimethyl-3-(naphthalen-2-yl)pyrrolidin-2-ylidene)(2-isopropoxybenzylidene) ruthenium(Il)
chloride

Following Method A using CAAC precursor 8c-11 (25.2 mg, 57.9 umol, 1.2
\\ equiv.) and Hoveyda-Grubbs 1% generation catalyst (28.8 mg, 48.0 umol, 1.0
N N

cl, equiv.) afforded the corresponding ruthenium complex (R,R)-(Ru3) (20.5 mg,
CIBU— 30.6 umol, 64 %) as a green solid after purification by column
o 0 chromatography. *H NMR (400 MHz, CD,Cl,) § 17.56 (s, 1H), 8.19 (d, J =
iPr

2.0 Hz, 1H), 7.80-7.75 (m, 3H), 7.60-7.53 (m, 2H), 7.46-7.42 (m, 2H), 6.99
(d, J = 8.4 Hz, 1H), 6.86-6.78 (m, 2H), 5.22-5.13 (m, 1H), 5.13-5.06 (m, 1H), 2.34 (d, J = 12.9 Hz, 1H),
2.29 (d, J = 12.8 Hz, 1H), 2.25-2.09 (m, 3H), 1.94 (s, 3H), 1.93-1.91 (m, 1H), 1.89 (d, J = 6.7 Hz, 3H),
1.86-1.80 (m, 2H), 1.78-1.75 (m, 1H), 1.77 (d, J = 6.1 Hz, 3H), 1.74-1.70 (m, 1H), 1.72 (d, J = 6.1 Hz,
3H), 1.62 (s, 3H), 1.47 (s, 3H), 1.43-1.31 (m, 2H), 1.26-1.16 (m, 1H). *C NMR (101 MHz, CD:Cl,) &
295.3, 264.5, 153.3, 147.3, 143.8, 133.5, 132.5, 130.9, 128.5, 128.1, 127.8, 126.8, 126.3, 126.0, 125.2,
123.0, 122.5, 113.5, 75.1, 73.9, 71.5, 62.8, 60.2, 43.7, 33.6, 32.0, 31.9, 29.6, 28.2, 27.1, 26.7, 26.7, 23.3,
22.4,22.1. IR (ATR, neat) 2979, 2927, 2851, 1589, 1471, 1450, 1426, 1382, 1235, 1158, 939, 816, 747.
HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M-CI]* calculated for CssHssCINORU* 632.2228; found
632.2226. [a]p? = +72.83 (c = 0.1, CHCls). mp 137.8-142.0 °C. Rs = 0.42 (1:1 DCM/pentane, UV, CAM).
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(R,S)-[Me,Cy]™™NCAAC-Ru (Ru4)

IUPAC: ((S)-1'-((R)-1-cyclohexylethyl)-5',5'-dimethyl-3,4-dihydro-2H-spiro[naphthalene-1,3'-pyrrolidin]-2*-ylidene) (2-
isopropoxybenzylidene)ruthenium(l1) chloride

Following Method A using CAAC precursor 8h-1 (19.5 mg, 47.4 umol, 1.2 equiv.)
and Hoveyda-Grubbs 1% generation catalyst (23.4 mg, 39.0 pumol, 1.0 equiv.)
afforded the corresponding ruthenium complex (R,S)-(Ru4) (18.7 mg, 29.0 umol,
74 %) as a green solid after purification by column chromatography. *H NMR (400
MHz, CD,Cly) 6 17.49 (s, 1H), 7.61 (ddd, J = 8.7, 7.3, 1.7 Hz, 1H), 7.21 (d,J = 7.6
Hz, 1H), 7.16-7.10 (m, 2H), 7.02-6.98 (m, 2H), 6.95 (td, J = 7.5, 0.9 Hz, 1H), 6.85
(dd, J=7.9, 1.3 Hz, 1H), 5.14 (hept, J = 5.9 Hz, 1H), 4.88-4.81 (m, 1H), 3.19-3.02 (m, 2H), 2.46 (d, J =
13.1 Hz, 1H), 2.42-2.25 (m, 2H), 2.17-2.11 (m, 1H), 2.14 (d, J = 13.1 Hz, 1H), 2.09-2.01 (m, 2H), 1.99—
1.92 (m, 2H), 1.91-1.89 (m, 1H), 1.89 (d, J = 6.9 Hz, 3H), 1.87-1.82 (m, 2H), 1.76-1.72 (m, 1H), 1.71 (d,
J =6.1 Hz, 3H), 1.68 (d, J = 6.1 Hz, 3H), 1.60 (s, 6H), 1.49-1.34 (m, 2H), 1.32-1.23 (m, 2H). **C NMR
(101 MHz, CD-Cl,) & 295.6, 264.3, 153.2, 144.1, 144.1, 135.7, 130.9, 130.5, 128.9, 126.8, 126.8, 123.1,
122.5,113.6,74.9,73.7,68.4,64.2,58.1, 44.8, 34.2, 34.0, 32.6, 31.3, 30.2, 29.5, 26.8, 26.6, 26.3, 22.4, 22.2,
21.6, 20.7. IR (ATR, neat) 2980, 2930, 2853, 1589, 1475, 1450, 1423, 1230, 1115, 940, 750. HRMS
(Nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI+CH3CN]* calculated for CssHisCIN2ORuU* 649.2493; found
649.2492. [a]p® =-228.00 (c = 0.1, CHCIs). mp 232.0-234.2 °C. R¢ = 0.22 (1:1 DCM/pentane, UV, CAM).

(R,R)-[Me,Cy]""™NCAAC-Ru (Rud)

IUPAC: ((R)-1'-((R)-1-cyclohexylethyl)-5' 5'-dimethyl-3,4-dihydro-2H-spiro[naphthalene-1,3'-pyrrolidin]-2'-ylidene)(2-
isopropoxybenzylidene)ruthenium(l1) chloride

Following Method A using CAAC precursor 8h-11 (12.7 mg, 30.9 umol, 1.2 equiv.)
and Hoveyda-Grubbs 1% generation catalyst (15.6 mg, 26.0 pumol, 1.0 equiv.)
afforded the corresponding ruthenium complex (R,R)-(Ru4) (13.5 mg, 21.0 umol,
81 %) as a green solid after purification by column chromatography. *H NMR (400
MHz, CD:Cl,) & 17.28 (s, 1H), 7.59 (ddd, J = 8.7, 7.3, 1.7 Hz, 1H), 7.22-7.20 (m,
1H), 7.15-7.09 (m, 1H), 7.04 (dd, J = 7.6, 1.7 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H),
6.96-6.91 (m, 3H), 5.13 (h, J = 6.1 Hz, 1H), 5.06-4.99 (m, 1H), 3.17-2.99 (m, 2H), 2.52 (d, J = 13.2 Hz,
1H), 2.49-2.42 (m, 1H), 2.28-2.21 (m, 2H), 2.18-2.13 (m, 1H), 2.17 (dd, J = 13.2, 1.4 Hz, 1H), 2.08-1.89
(m, 3H), 1.86 (d, J = 6.9 Hz, 3H), 1.88-1.80 (m, 2H), 1.75-1.70 (m, 1H), 1.72 (d, J = 6.1 Hz, 3H), 1.68 (d,
J = 6.1 Hz, 3H), 1.64 (s, 3H), 1.61 (s, 3H), 1.60-1.56 (m, 1H), 1.43-1.26 (m, 3H), 1.25-1.15 (m, 1H). *C
NMR (101 MHz, CD.Cly) & 295.3, 265.1, 153.1, 144.3, 144.0, 135.8, 131.0, 130.8, 128.8, 126.8, 126.5,
123.0, 122.5, 1135, 74.9, 73.8, 71.1, 63.9, 58.9, 43.1, 34.7, 34.3, 32.4, 31.5, 31.3, 30.1, 27.1, 26.6, 26.6,
24.0, 22.4, 22.1, 20.2. IR (ATR, neat) 2982, 2926, 2852, 1589, 1475, 1448, 1421, 1222, 1115, 939, 748.
HRMS (Nanochip-ESI/LTQ-Orbitrap) m/z: [M-CI+CHsCN]* calculated for CssHisCIN,ORuU* 649.2493,;
found 649.2471. [a]p® = -27.00 (¢ = 0.1, CHCI3). mp 199.7-201.7 °C. R¢ = 0.22 (1:1 DCM/pentane, UV,
CAM).
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Asymmetric Conjugate Borylation (ACB) reaction
(E)-Ethyl-5-phenylpent-2-enoate (9)

oh A~ COEL (E)-Ethyl-5-phenylpent-2-enoate was prepared following an adapted literature

procedures and the characterization data matched those previously reported.®® To
a stirred solution of ethyl (triphenylphosphoranylidene)acetate (4.90 g, 13.8 mmol, 1.2 equiv.) in toluene
(37.5 mL, 0.3 M) at 23 °C was added 3-phenylpropionaldehyde (1.50 g, 11.2 mmol, 1.0 equiv.) and the
reaction mixture was refluxed for 2 h. The reaction was quenched with saturated aqueous NH4Cl (10 mL)
and diluted with EtOAc (50 mL). The organic phase was collected and the aqueous phase was extracted
twice with EtOAc (2 x 30 mL). The combined organic layers were washed with brine (30 mL), dried over
MgSQ,, filtered and concentrated in vacuo. The residue was purified by column chromatography
(conditioning: pentane, eluent: EtOAc/pentane 1:99 to 5:95) to afford (E)-ethyl-5-phenylpent-2-enoate 9
(1.69 g, 8.27 mmol, 74 %) and (Z)-ethyl-5-phenylpent-2-enoate (114 mg, 0.56 mmol, 5 %) as colorless oils.

!H NMR (400 MHz, CDCls) § 7.32-7.28 (m, 2H), 7.23-7.17 (m, 3H), 7.01 (dt, J = 15.6, 6.8 Hz, 1H), 5.85
(dt, J=15.6, 1.6 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 2.80-2.76 (m, 2H), 2.56-2.50 (m, 2H), 1.29 (t, J=7.1
Hz, 3H). Rf = 0.62 (1:9 EtOAc/pentane, UV, KMnOy - (E)-isomer). *H NMR (400 MHz, CDCl3) § 7.31—
7.27 (m, 2H), 7.23-7.17 (m, 3H), 6.23 (dt, J = 11.5, 7.5 Hz, 1H), 5.78 (dt, J = 11.5, 1.7 Hz, 1H), 4.17 (q, J
=7.2 Hz, 2H), 2.99 (qd, J = 7.6, 1.6 Hz, 2H), 2.77 (t, J = 7.7 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H). Rf= 0.73
(1:9 EtOAc/pentane, UV, KMnQy - (2)-isomer).

Ethyl 5-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate (10)

Bpin Representative procedure adapted from reported conditions.'® In a nitrogen-filled
Ph/\/\/COZEt glovebox, a vial was charged with (R,S)-Cul (1.65 mg, 4.2 umol, 4 mol%) and
NaOtBu (2.0 mg, 21 pmol, 20 mol%). Dry and degassed THF (0.15 mL) was added and the mixture was
stirred at 23 °C for 10 min. A solution of bis(pinacolato)diboron (31.0 mg, 0.12 mmol, 1.1 equiv.) in dry
and degassed THF (0.15 mL) was then added. After stirring at 23 °C for 10 min, a solution of methanol (16
pL, 2.0 equiv.) and (E)-ethyl-5-phenylpent-2-enoate (21.3 mg, 0.10 mmol, 1.0 equiv.) in THF (0.20 mL)
was slowly added at the indicated temperature (23 °C or -20 °C). The resulting medium was stirred for 16
h at the indicated temperature (23 °C or -20 °C). At the end of the reaction, the mixture was quenched with
water (0.4 mL) and extracted Et,O (3 x 2 mL). The combined organic layers were dried over anhydrous
MgSO,, filtered and concentrated under vacuum. The residue was purified by column chromatography
(conditioning: pentane, eluent: pentane to 5:95 EtOAc/pentane) to afford product 10 (29.8 mg, 86 %) as a

colorless oil. The characterization data matched those previously reported in the literature.

'H NMR (400 MHz, CDCl3) § 7.28-7.24 (m, 2H), 7.18-7.14 (m, 3H), 4.11 (qd, J = 7.1, 1.2 Hz, 2H), 2.69—
2.58 (M, 2H), 2.51-2.40 (m, 2H), 1.84-1.76 (m, 1H), 1.68-1.61 (m, 1H), 1.40 (tt, J = 8.3, 6.5 Hz, 1H), 1.26—
1.22 (m, 15H).
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Enantiomeric excess determination.

Ethyl 3-hydroxy-5-phenylpentanoate (S-V)

H Ethyl  5-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate 10

mQ

Ph/\/\/COzEt (44.4 mg, 0.13 mmol) was oxidized with NaBO3.4H,0 (68.8 mg, 0.68 mmol, 5.0
equiv.) in 1:1 THF/H,O (660 pL) following a reported procedurel® to afford ethyl 3-hydroxy-5-
phenylpentanoate S-V (26.7 mg, 90 %) as a colorless oil and was analyzed as such by HPLC using a chiral

stationary phase. The characterization data matched those previously reported in the literature.?

'H NMR (400 MHz, CDCls) § 7.31-7.26 (m, 2H), 7.22-7.17 (m, 3H), 4.17 (g, J = 7.2 Hz, 2H), 4.02 (tp, J
= 8.3, 4.2 Hz, 1H), 3.07 (dd, J = 4.0, 0.9 Hz, 1H), 2.83 (ddd, J = 14.7, 9.7, 5.5 Hz, 1H), 2.71 (ddd, J = 13.8,
9.5, 6.9 Hz, 1H), 2.55-2.39 (m, 2H), 1.85 (dddd, J = 13.8, 9.4, 8.5, 5.5 Hz, 1H), 1.74 (dddd, J = 4.0, 6.9,
9.5, 14.0 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H).

[a]p?! = -0.67 (c = 0.25, CHClI3, 95:5 er). Litt: [a]o® = -0.64 (c = 1.0, CHClIs, 93:7 er) for (S)-alcohol®2,

Chiral HPLC Chiralpak IB-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): tr; =

8.5 min, tr, = 9.5 min.

The authentic racemic alcohol was prepared following a reported procedure and the characterization data
matched those previously reported.
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Chiral HPLC Chiralpak IB-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): tr; =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cul at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] 12-9.505
500 /\)\/CO Et
1| Ph 2
4004
2
£ 300
3
=
[=]
& 200
D
o
100 4
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
250 - UV_VIS_2 WVL:210 nm
1-B.758
OH

3004
o AN COE
2507 with (R,S)-Cu1

2004

Response [mAU]
@
(=)
1

—

o

(=]
1

\2-9.857
50
JF—— T T
0
_50 - T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.758 56.983 308.770 87.31 88.05 n.a.
2 9.857 8.279 41.925 12.69 11.95 n.a.
Total: 65.262 350.696 100.00 100.00
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Chiral HPLC Chiralpak IB-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): tr; =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cul at 23 °C).

UV_VIS_2 WVL 210 nm

600
] 1-8477
] OH
] 12-9.505
500 /\)\/CO Et
1| Ph 2
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
250 UV_VIS_2 WVL:210 nm
OH
/\)\/ |1-8.805
0] ph CO,Et
with (R,R)-Cu1
1504
2 |2- 9885
E
@ 100
c
(=]
&
@
o
50
04
-50- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.805 38.522 211.679 63.13 64.32 n.a.
2 9.885 22.497 117.446 36.87 35.68 n.a.
Total: 61.019 329.125 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu2 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] 12-9.505
500 /\)\/CO Et
1| Pn 2
4004
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
1004
0; L J ]I -
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
800~ 3 AMD-Cu catalysis ACB #218 [manually integrated)] UV_VIS_2 WWVL:210 nm
OH
700 .86
/\)\/COZEt 11-8.610
Ph
600 | . o
with (R,S)-Cu2, 23 °C
500 -
=)
T 400
L)
g
§ 300
o
2004
1004 12-9.692
0 T
_1 OO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.610 140.751 677.151 89.24 88.52 n.a.
2 9.692 16.977 87.791 10.76 11.48 n.a.
Total: 157.728 764.942 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu2 at -20 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] 12-9.505
500 /\)\/CO Et
1| Ph 2
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
800 UV_VIS_2 WVL:210 nm
] OH (1 - B.608
7004
] A~ COE
1 Ph
600 . o
| with (R,S)-Cu2, -20 °C
500
2 1
£ 400+
o ]
£ i
2 300-
& i
o 4
200
100 12 - 9685
04
-100 '-. T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.608 154.112 723.450 89.31 88.29 n.a.
2 9.695 18.442 95.937 10.69 11.71 n.a.
Total: 172.554 819.387 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu2 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] /\}\/CO Et 12-9.505
EDDj Ph 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
400 - UV_VIS_2 WVL:210 nm
350 /\)Oi/ 11- 8632
CO,Et
Ph 2
300 4 .
with (R,R)-Cu2
250 A
12- 9872
=
£ 200
@
£
2 150
@
o
1004
504
04 v-j\_/\,_k'\“
_50 - T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.632 65.531 344.021 58.88 60.32 n.a.
2 9.672 45.767 226.306 41.12 39.68 n.a.
Total: 111.297 570.327 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu3 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] /\}\/CO Et 12-9.505
SDDj Ph 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
0; L J ]I -
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
2004 UV_VIS_2 WVL:210 nm
1 1-8722
] OH
6004
| NI COE
I Ph
50041 with (R,S)-Cu3
. 400
=2 4
<T
£ ]
& 300+
c
g _
&
QL o
&= 2004
100 2-9827
o] /AN J -
-100 '-. T T T T T T T T T T T T T T T T T T T T T T T T ' T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.722 130.513 654.274 88.62 88.63 n.a.
2 9.827 16.755 83.952 11.38 11.37 n.a.
Total: 147.268 738.225 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu3 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] /\)\/CO Et 12-9.505
EDDj Ph 2
400:
g 4
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
600~ UV_VIS_2 WVL:210 nm
i |1-8635
] OH
sl I _CO,Et
1 Ph 2
400.] with (R,R)-Cu3
= ] 12 - 9.695
‘é 300-_
@
z
s i
& 2004
QL
& _
1 DO;
0+ L } T
-100- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.635 109.618 564.685 62.38 63.61 n.a.
2 9.695 66.117 323.012 37.62 36.39 n.a.
Total: 175.735 887.697 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu4 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500 /\)\/CO Et
1| Ph 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100 4
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
200 UV_VIS 2 WVL:210 nm
OH \1-8.488
s0fl K _co,Et
Ph 2
500 with (R,S)-Cu4
—. 4004
-
<
E
2 3004
5
j=3
@
®= 2004
12-9.533
1004
0] L 1 T
_1 DO - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.488 126.934 646.523 84.00 84.11 n.a.
2 9.533 24.186 122.167 16.00 15.89 n.a.
Total: 151.120 768.690 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu4 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500 /\)\/CO Et
1| Pn 2
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
o WA
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
500~ UV_VIS 2 WVL 210 nm
OH 11-6.522
500 /\/l\/CO Et
Ph 2
400 with (R,R)-Cu4
12 - 9557
=)
T 300
L]
£
Q
% 2004
€L
o
1004
0 I J i —_
_1 DO - r T T T T T T T 1
00 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.522 102.686 534.793 59.62 61.13 n.a.
2 9.557 69.558 340.119 40.38 38.87 n.a.
Total: 172.245 874.911 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cub5 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] -8.477
] OH 12-9.505
500 /\)\/CO Et
Il Pn 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100 4
o WAWAS
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
600 UV_VIS_2 WVL:210 nm
OH
i /\)\/CO Et |1-8472
500
1 Ph 2
400.] with (R,S)-Cu5
? o
z 300-_
@
g
& 2004
[l
& _
1004
i 12 - 9.502
0
71 DO - T T T T T T T T 1
00 20 40 6.0 80 10.0 120 140 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.472 100.598 517.269 88.12 88.41 n.a.
2 9.502 13.559 67.806 11.88 11.59 n.a.
Total: 114.157 585.075 100.00 100.00

S58



Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =

8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cub5 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500 /\)\/CO Et
1l Pn 2
4004
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100 4
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
500~ UV_VIS_2 WVL:210 nm
OH 1-8512
/\)\/COZEt
2004| Ph
with (R,R)-Cu5
3004
=)
% 12-9.538
rm
2
S 2004
uy
@
o
1004
0 —~— I 1 J
750‘| T T T T T T T 1
00 20 40 6.0 80 10.0 120 140 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.512 89.788 465.087 63.67 64.82 n.a.
2 9.538 51.224 252.444 36.33 35.18 n.a.
Total: 141.012 717.531 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu6 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500 /\)\/CO Et
| Pn 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
0; L J ]I -
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
500- UV_VIS_2 WVL:210 nm
1-8673
OH '
/\)\/CO Et
4004 Ph 2
with (R,S)-Cu6
3004
=)
<T
E
@
z
S 200
v
QL
o
12-9.723
1004
0 A
_50 - T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.673 90.574 463.467 76.83 77.18 n.a.
2 9.723 27.322 137.004 23.17 22.82 n.a.
Total: 117.896 600.471 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu6 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8.477
] OH 12-9.505
500 /\)\/CO Et
1| Pn 2
400:
g g
£ 300:
2
=
5 ]
& 200
D
2 |
100:
o NAVAW
_1 DD - r T T T T T T T 1
0.0 2.0 4.0 8.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
600 UV_VIS_2 WVL:210 nm
] OH 11-8628
500-| /\)\/CO Et
I Pn 2
400 with (R,R)-Cu6
? 4
T 300—_
@
c
s ]
@ 2004
£ ]
12- 9690
1004
0—- 1
_1 OO - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.628 110.354 550.659 78.93 79.00 n.a.
2 9.690 29.451 146.418 21.07 21.00 n.a.
Total: 139.806 697.076 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu7 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] -8.477
] OH
] /\)\/CO Et 12-9.505
500
1| Ph 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
1004
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
800 UV_ VIS 2 WVL:210 nm
OH
700 /\)\/CO Et \1- 8470
Ph 2
6004
with (R,R)-Cu7
500+
=)
T 400
@
Z
2 300
= 12-9.515
2004
1004
04 A~ [} |I :
71 DO - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.470 130.662 676.133 72.24 72.78 n.a.
2 9.515 50.200 252.905 27.76 27.22 n.a.
Total: 180.862 929.038 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =

8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu7 at 23 °C).

UV_VIS_2 WVL 210 nm

600
] 1-8477
OH
] 12-9.505
500 /\)\/CO Et
1| Ph 2
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
o WA
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
800~ UV_VIS 2 WVL 210 nm
OH i1-8.5630
7004
AN COE
Ph
600 A 12 - 9.580
with (R,S)-Cu7
500 A
=)
£ 400+
QQ
£
8 300+
@
o
2004
1004
0 T
_1 DO - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.530 145.601 740.335 54.76 55.61 n.a.
2 9.580 120.297 590.995 45.24 44.39 n.a.
Total: 265.898 1331.330 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu8 at 23 °C).

UV_VIS_2 WVL 210 nm

600
] -8.477
] OH
] /\/K/CO Et 12-9.505
SDDj Ph 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
1004
0; L J ]I -
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
200~ UV VIS 2 WVL:210 nm
OH
600 /\)\/CO Et 11-8.518
Ph 2
5004 with (R,S)-Cu8, 23 °C
—. 4004
=)
<
E
& 3004
5
&
QL
® 200
1004
|2 - 9.582
0 | p _—
71 DO - r T T T T T T T 1
0.0 2.0 4.0 6.0 80 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.518 114.491 583.290 91.23 91.49 n.a.
2 9.582 11.008 54.279 8.77 8.51 n.a.
Total: 125.500 637.569 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =

8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu8 at -20 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
OH
] /\/K/CO Et 12-9.505
SDDj Ph 2
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
250 - UV_VIS_2 WVL:210 nm
OH 11-8548
w0~ I CO,Et
Ph 2
2504[ with (R,S)-Cu8, -20 °C
— 2004
=2
=T
E
@ 150
5
j=3
&
= 100
504
12 - 9.592
0 1 1 T
_50 - r T T T T T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.548 59.240 310.976 95.33 95.53 n.a.
2 9.592 2.904 14.568 4.67 4.47 n.a.
Total: 62.144 325.544 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu8 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH
] /\)\/CO Et 12-9.505
SDDj Ph 2
4004
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
1004
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
3504 T AMD-Cu catalysis ACB #260 [manually integrated) UV_VIS_2 WVL:210 nm
OH
300 /\)\/CO Et 12-9.822
] 2
Ph 1-8742
2501 with (R,R)-Cu8
— 2004
=2
=T
E
% 150
5
=5
3
= 100
50
0- 1 J |
_50 - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.742 52.584 271.999 44.95 47.16 n.a.
2 9.822 64.390 304.742 55.05 52.84 n.a.
Total: 116.974 576.741 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cu9 at 23 °C).

UV_VIS_2 WVL 210 nm

600
] -8.477
] OH 12-9.505
500 /\)\/CO Et
| Pn 2
4004
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
1004
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
400 - UV_VIS_2 WVL:210 nm
OH
350 /\)\/0025 11- 86830
Ph
300 with (R,S)-Cu9
250
2
E, 200
@
c
% 150
o
1004
12 - 9678
504
o AN J y
_50 - T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.630 60.455 342.758 82.27 83.12 n.a.
2 9.678 13.031 69.592 17.73 16.88 n.a.
Total: 73.486 412.350 100.00 100.00

S67



Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cu9 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500 /\)\/CO Et
1| Ph 2
400
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100 4
o WA
_1 DO - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
800~ UV_VIS_2 WVL:210 nm
] OH
’ 1-8597
7007 /\)\/COZEt ‘
1l Ph
8004 with (R,R)-Cu9 5 s
500
=) ]
T 400
o ]
g 1
§ 300—_
o 4
200
100
04 A I | :
_1 DO ; r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.597 126.741 696.004 54.38 55.37 n.a.
2 9.638 106.325 560.987 45.62 44.63 n.a.
Total: 233.066 1256.991 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cul0 at 23 °C).

UV_VIS_2 WVL 210 nm

600
] 1-8477
] OH 12-9.505
500 /\/K/COZEt
{ Ph
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
500 UV_VIS 2 WVL 210 nm
OH
Ao
5004
Ph 2
with (R,S)-Cu10
4004
=3
T 3004
(o]
2
f=1
% 2004
€L
o
12-9.770
1004
0 U
_1 DO - r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.682 103.327 516.498 80.08 80.75 n.a.
2 9.770 25.698 123.148 19.92 19.25 n.a.
Total: 129.025 639.646 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cul0 at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500 /\/K/COZEt
{ Ph
4004
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
1004
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
450 - UV_VIS_2 WVL:210 nm
OH \1- 8683
400 /\)\/CO
Et
Ph 2
. 2-9.755
with (R,R)-Cu10 '
300
=)
<L
E
& 200
c
2
&
o
100 4
I N
0 I T
_50 - T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.683 80.112 407.809 54.13 55.66 n.a.
2 9.755 67.893 324.826 45.87 44 .34 n.a.
Total: 148.005 732.635 100.00 100.00

S70



Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): try =

8.5 min, trz = 9.5 min (ACB Reaction with (R,S)-Cull at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] 1-8477
] OH 12-9.505
500+ /\)\/CO Et
1| Ph 2
400
2
£ 300
3
=
[=]
& 200
D
o
100:
o WA
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
500- UV_VIS_2 WVL:210 nm
OH
1-8753
Ph/\)\/ CO,Et |
400
with (R,S)-Cu11
300
=)
<
E
@
c
2 2004 \2-6.857
o
o
1004
0- 1 |
_50 - T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.753 86.094 436.543 69.09 70.23 n.a.
2 9.857 38.523 185.031 30.91 29.77 n.a.
Total: 124.617 621.574 100.00 100.00
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Chiral HPLC Chiralpak 1B-3 column (2:98 iPrOH/hexane, 35 °C, 1 mL/min, detection at 210 nm): tg: =
8.5 min, trz = 9.5 min (ACB Reaction with (R,R)-Cull at 23 °C).

500~ UV_VIS_2 WVL 210 nm
] OH 1-8477
] 12-9.505
500 /\)\/CO Et
1| Ph 2
400:
g g
£ 300:
3
=
5 ]
& 200
D
2 ]
100:
0; L J ]I -
_1 DD - r T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % %o n.a.
1 B8.477 107.353 565.331 49.99 51.93 n.a.
2 9.505 107.381 523.378 50.01 48.07 n.a.
Total: 214.733 1088.708 100.00 100.00
350 UV_VIS 2 WVL:210 nm
OH 11-8730
300 /\)\/CO Et
Ph 2
250 4 Wlth (R,R)-CU11
12-9.810
— 200
=)
<
E
@ 150
5
&
@
® 100
504
0 : T
750 - T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.730 61.228 317.106 58.15 59.96 n.a.
2 9.810 44.064 211.745 41.85 40.04 n.a.
Total: 105.292 528.851 100.00 100.00

S72



Asymmetric Ring Closing Metathesis (ARCM)

=
o [Ru] (3 mol%), Nal (0.75 equiv.) o

//
>
j)\( THF-d® (0.07 M) =

25°Cor40°C, 16 h
11 12

(2E,5E)-4-(allyloxy)-3,5-dimethylhepta-2,5-diene (11)

o A~ (2E5E)-4-(allyloxy)-3,5-dimethylhepta-2,5-diene was prepared following literature
j)\( procedures and the characterization data matched those previously reported.'*
| .
'H NMR (400 MHz, CDCls) 6 5.92 (ddt, J = 17.2, 10.6, 5.4 Hz, 1H), 6 5.55 (qq, J = 6.8,
1.4 Hz, 2H), 5.26 (dg, J = 17.2, 1.8 Hz, 1H), 5.13 (dq, J = 10.4, 1.5 Hz, 1H), 3.94 (br s, 1H), 3.85 (dt, J =
5.4,15Hz, 2H), 1.64 (dg, J = 6.8, 1.1 Hz, 6H), 1.47 (t, J = 1.3 Hz, 6H).

(E)-2-(but-2-en-2-yl)-3-methyl-2,5-dihydrofuran (12)

o In a nitrogen-filled glovebox, the ruthenium complex (1.00 mg, 1.55 umol, 3 mol%) was

/  added as a stock solution (4.84 pmol/mL) in dry and degassed THF-ds (320 uL) to Nal

(5.67 mg, 37.8 umol, 0.75 equiv., 25 equiv. relative to ruthenium). The mixture was left to

stir for 30 min in a microwave tube closed with a rubber septum. The triene (11.4 mg, 50.3 umol, 1.0 equiv.)

was transferred to the mixture with two portions of dry and degassed THF-ds (2 x 200 pL, total 720 pL,

0.07 M). The microwave tube was sealed and the mixture was stirred at the indicated temperature (23 °C or
40 °C) for 16 h.

Conversion and yield were assessed by NMR in THF-ds with 1,3,5-trimethoxybenzene as internal standard.

Enantiomeric excess was determined by crude injection on chiral GC after filtration of the THF solution

over a small pad of neutral alumina.

IH NMR (400 MHz, THF-ds) 5 5.44 (qd, J = 6.8, 1.7 Hz, 1H), 4.81-4.78 (m, 1H), 4.58-4.51 (m, 1H), 4.49—
4.43 (m, 1H), 1.61 (dg, J = 6.6, 1.1 Hz, 3H), 1.54 (dq, J = 2.1, 1.1 Hz, 3H), 1.44 (q, J = 1.2 Hz, 3H).

Authentic racemic material was prepared following the same procedure with Hoveyda-Grubbs 1% generation

catalyst (10 mol%). The characterization data matched those previously reported in the literature.'*
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Enantiomeric excess determination. Enantiomeric purity was determined by chiral GC analysis in
comparison with authentic racemic material (Astec® CHIRALDEX™ G-TA column: 30 m x 0.25 mm x
0.12 um), Hydrogen as carrier gas (40 cm/sec), 100:1 split ratio, temperature program (Temperature - Hold
Time): 60 °C - 60 min;

Authentic racemate: tr;= 35.9 min, tr.= 39.5 min.

FID2B
20 %
o
19 2
18
17
16
LR
14
13
12
11
104
330 335 3d0 345 350 385 360 385 3IT0 35 380 385 390 395 400 405 4o
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
35900 MM m 1.1495 174.0429 096245 50.0224
39454 MM m 1.4398 173.8866 80747 49 9776

Sum 347.9295

With (R)-Ru0 (23 °C):

FID28
uy
204
19
18
17
16 -
LY 2
o] 2
1+
12
11
10
330 335 Mo 345 380 3IB5 360 365 370 375 380 385 390 395 4do 405 410
Time [rmin]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
35905 MM m 1.1263 175.9324 9.7662 73.0679
39637 MM m 1.4630 64.8470 3.3390 26.9321

Sum 240.7794
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
- [=]
. | :
24
29
o
L
161
14
124
10 J
360 385 370 375 380 385 390 395 400 405 410 415 430 475 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.464%9 401.7794 137527 50.08593
Sum 28021267
With (R,S)-Rul (23 °C):
FID2B
"'__'6_
24
22
5
g g
161 o
14
12| J
360 365 370 375 380 385 390 395 400 405 410 415 430 435 430 435 440
Tirre [min]
Signal: FIDZ2B
RT [min] Type  Width [min] Area Height Area% Name
38.323 MM m 1.0974 48 1615 2.8616 10.5477
41 688 MM m 1.9969 408.4441 14.0613 89. 4523

Sum 456.6056
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
- &=
26 : ~
24
frad
o
LN
16
14
12
1 J
360 365 370 375 380 385 390 395 400 405 410 415 470 435 430 435 440
Time: [min]
Signal: FID2B
RT [min] Type Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7754 137527 50.08593
Sum 202.1287
With (R,S)-Rul (40 °C):
FID2B
m_
| :
7
24
72
5] )
18 N
16
14
12 J
360 35 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
38222 MM m 1.6005 758736 4. 3562 11.5024
41.537 MM m 23042 583.75598 17.5606 884976
Sum 659.6334
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B

iy
24
221
A
181
16
14
121
104

1.710

30 385 30 IF5 380 385 390

With (R,R)-Rul:

95 400 405

FEREEEERHEE

-
ki

12

S77

Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7794 137527 50.08593
Sum 202.1267
FID2B
360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440
Tirne [min]
Signal: FID2B
RT [min] Type Width [min] Area Height Area% MName
37.805 MM m 1.2930 597 4756 221367 66.2244
41.824 MM m 1.8685 304.7235 11.0935 337756
Sum 902.1991




Authentic racemate: tr;= 38.0 min, tro= 41.7 min.

FID2B
~ =
= | :
24
2]
o
3 8
16
14
12
1 J
360 365 37.0 375 380 3B/5 360 365 400 405 410 415 420 435 430 435 440
Time: [mirn]
Signal: FIDZ2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.464%9 401.7794 137527 50.0853
Sum 802.1267
With (R,S)-Ru2 (23 °C):
FID2B
18.51 i
18.0H :
175 _
17.04 B
16.5- 2
16.04
155
g 150
145
140
135
13.0H
125
12.04
360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440
Time: [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
38371 MM m 1.1005 720772 41550 35.0675
42079 MM m 1.5461 133.4614 61751 64 9325
Sum 205.5388
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
- &=
26 : ~
24
frad
o
LN
16
14
12
1 J
360 365 370 375 380 385 390 395 400 405 410 415 470 435 430 435 440
Time: [min]
Signal: FID2B
RT [min] Type Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7754 137527 50.08593
Sum 202.1287
With (R,S)-Ru2 (40 °C):
FID2B
2 ]
2 2 :
» -
19
18]
< 1
164
154
141
13
12 }
1] .
360 385 370 375 380 385 390 395 400 405 410 415 420 435 430 435 440
Time: [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
38186 MM m 14717 1452973 77251 352910
41.846 MM m 1.9302 266.4149 105185 647090
Sum 411.7121

S79




Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
: - -
26 : ~
24
el
HH
i
18
16
14
12
1 J
360 385 370 375 380 385 390 395 400 405 410 415 470 425 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7794 137527 50.08593
Sum 202.1267
With (R,R)-Ru2:
FID2B
oH
207 2
1H -
18
17
< 16
15
14
13
1
1
360 365 370 375 380 385 360 395 400 405 410 415 420 425 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
38.136 MM m 1.7477 2053255 104020 54 2341
41.999 MM m 1.5077 173.2654 74653 45 76859
Sum 378.5209
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
~ =
= | :
24
2]
o
3 8
16
14
12
1 J
360 365 37.0 375 380 3B/5 360 365 400 405 410 415 420 435 430 435 440
Time: [mirn]
Signal: FIDZ2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.464%9 401.7794 137527 50.0853
Sum 802.1267
With (R,S)-Ru3 (23 °C):
FID2B
:__'B_
:__'6_
24|
22|
< ™
18
16 C:
14 8
1} A
1 J
360 35 370 375 380 385 390 395 400 405 410 415 470 425 430 435 440
Time: [rmirn]
Signal: FID2B
RT [min] Type Width [min] Area Height Area% Name
38415 MM m 1.1009 503388 2.8954 7.9431
41604 MM m 215359 583.4043 176011 52 0569
Sum 633.7431
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
- &=
26 : ~
24
frad
2
LN
16
14
12
1 J
360 365 370 375 380 385 390 395 400 405 410 415 470 435 430 435 440
Time: [min]
Signal: FID2B
RT [min] Type Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7754 137527 50.08593
Sum 202.1287
With (R,S)-Ru3 (40 °C):
FID2B
I o)
m— 4
25
:__‘6_
2|
‘3 24
A .
18 2
16
14 J
1
360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440
Time: [min]
Signal: FID2B
RT [min] Type Width [min] Area Height Area% Name
38294 MM m 0.7825 694864 39703 98787
41.528 MM m 1.7280 533.9085 18.5680 901213
Sum 703.3949
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Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
: - -
26 : E
24
el
HH
3
16
14
12
1 J
360 385 370 375 380 385 390 395 400 405 410 415 470 425 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7794 137527 50.08593
Sum 202.1267
With (R,R)-Ru3:
FID2B
B 2
24
fead
9H
ERT 5
16 E
14
12
10— T T T J T T T T T T T T T T T T T
360 385 370 375 380 385 390 395 400 405 410 415 430 435 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
38005 MM m 1.5680 3581177 15.5585 761573
42 0456 MM m 1.2052 1121167 50365 23.8427
Sum 470.2344

S83




Authentic racemate: tr;= 38.0 min, tr= 41.7 min.

FID2B
] - (=1
26 : ~
24
feied
9
i
18
16
14
12
1 J
360 385 370 375 380 385 390 395 400 405 410 415 470 425 430 435 440
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
37977 MM m 1.3036 400.3474 166272 499107
41.710 MM m 1.4649 401.7794 137527 50.08593
Sum 202.1267
With (R,R)-Ru4:
FID2B
32
30 -
26 3
261
241
5-22_
20
16
16
14
12 J
10
360 365 370 375 380 385 390 395 400 445 4fo0 415 4do 45 430 435 4do
Time [min]
Signal: FID2B
RT [min] Type  Width [min] Area Height Area% Name
37.709 MM m 1.7611 546.7404 209654 54 7514
41537 MM m 1.9494 451 8474 14.8031 45 2486
Sum 998.5879
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Crystallographic data. Crystallographic data for the structures reported in this paper have been deposited
at the Cambridge Crystallographic Data Center (CCDC) as Supplementary Publication No. 2193067
((R,S)-Cul), 2193068 ((R,R)-Cul), 2366137 ((R,R)-Cu7), 2366138 ((R,R)-Cull), 2366139 ((R,S)-Ru3)
and 2355628 ((R)-Ru0). Copies of the data can be obtained free of charge on application to the CCDC via

https://www.ccdc.cam.ac.uk/data request/cif.

The suitable crystals were selected and mounted on a SuperNova, Dual, Cu at home/near, Atlas
diffractometer. The crystals were kept at a steady T = 140.00(10) K during data collection. The structure
was solved with the ShelXT® solution program using dual methods and by using Olex2 1.5% as the
graphical interface. The model was refined with ShelXL 2018/3' using full matrix least squares
minimization on F2. Data were measured using o scans with Cu K, radiation. The diffraction pattern was
indexed and the total number of runs and images was based on the strategy calculation from the program
CrysAlisP™ 1.171.41.123a (Rigaku OD, 2022). All non-hydrogen atoms were refined anisotropically.

Hydrogen atom positions were calculated geometrically and refined using the riding model.

Suitable crystals for X-Ray analysis of (R,S)-Cul, (R,R)-Cul, (R,R)-Cu7 and (R,R)-Cull were obtained by
slow evaporation of a 3:1 hexane/DCM mixture in a nitrogen-filled glovebox.

(R,9)-Cul, (R,R)-Cul, (R,R)-Cu7, (R,R)-Cull and (R,S)-Ru3 contain a single molecule in their respective

asymmetric unit.

(R)-Ru0 contain two independent molecules in the asymmetric unit. A solvent mask was calculated and 423
electrons were found in a volume of 1247 A3 in one void per unit cell. This is consistent with the presence

of two solvent molecules of hexane per asymmetric unit which accounts for 384 electrons per unit cell.

(R,R)-Cu7 and (R)-Ru0 were refined as a 2-component inversion twin.
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Table S1. Crystal data for (R,S)-Cul and (R,R)-Cul.

Compound (R,S)-Cul (R,R)-Cul
Formula C21H3:CICuUN C21H3:CICuN
Dealc/ g cm3 1.306 1.301
wmm’? 2.735 2.725
Formula Weight 396.46 396.46
Color colorless colorless
Shape plate-shaped needle-shaped
Size/mm3 0.52x0.32x0.08 0.66%0.06%0.04
TIK 140.00(10) 140.00(10)
Crystal System orthorhombic monoclinic
Flack Parameter -0.007(7) -0.028(16)
Space Group P212124 P2,

alA 8.14215(12) 9.6227(3)
b/A 11.39563(20) 8.2304(3)
c/A 21.7386(3) 12.9158(3)
al 90 90

i 90 98.352(2)
A 90 90

VIA3 2017.01(6) 1012.06(5)
z 4 2

z' 1 1
Wavelength/A 1.54184 1.54184
Radiation type Cu Kqg CuKg
Gninl 4.381 3.459
Ol 76.540 76.457
Measured Refl's. 10571 11385
Indep't Refl's 4192 3906
Refl's I>2 ofl) 4100 3671

Rint 0.0169 0.0330
Parameters 222 221
Restraints 0 1

Largest Peak 0.227 0.298
Deepest Hole -0.237 -0.294
GooF 1.034 1.046

WR; (all data) 0.0544 0.0777
WR: 0.0538 0.0756

R: (all data) 0.0211 0.0343

R: 0.0202 0.0310
CCDC number 2193067 2193068

-

-
|

- (180522)

™ PLATON-Jul 27 11:28:46 2022

E FORCED Prob = 50

FES= 0 -88 X

27y

™  PLATON-Jul 27 17:59:46 2022 - (180522)

1211 R - 0.03

RES= 0 -53 X
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Table S2. Crystal data for (R,R)-Cu7 and (R,R)-Cull.

Compound (R,R)-Cu7 (R,R)-Cull
Formula C23H35CICUN C23H35CICUNS
Dealc/ g cm3 1.244 1.303
wmm’? 2.467 3.255
Formula Weight 424.51 456.57
Color clear pale colorless clear pale colorless
Shape irregular-shaped plate
Size/mm3 0.37x0.25x0.21 0.40x0.12x0.09
TIK 200.00(10) 140.0(3)
Crystal System orthorhombic monoclinic
Flack Parameter 0.12(7) 0.01(3)
Hooft Parameter -0.04(2) 0.01(3)
Space Group P212124 P2;
alA 10.5297(5) 8.5182(2)
b/A 13.2008(7) 15.3074(5)
c/A 16.3003(7) 9.1646(3)
al 90 90
i 90 103.104(3)
A 90 90
VIA3 2265.75(19) 1163.87(6)
z 4 2
z' 1 1
Wavelength/A 1.54184 1.54184
Radiation type CuKa CuKq
Gninl 4.310 4.955
Ol 71.975 73.322
Measured Refl's. 9478 10462
Indep't Refl's 4349 4323
Refl's I>2 ofl) 3876 4127
Rint 0.0688 0.0465
Parameters 307 248
Restraints 250 1
Largest Peak 0.840 1.344
Deepest Hole -0.394 -0.555
GooF 1.061 1.041
WR: (all data) 0.2470 0.1234
WR: 0.2395 0.1217
R: (all data) 0.0905 0.0493
R: 0.0855 0.0472
CCDC number 2366137 2366138

> NOMOYE FORCED Prob = 50 Prob =

&0
=]

Temp = 200 Temp = 1

69 Y

[Ts)
7

(281122)
(141123)

N PLATON-Jon 9 13:49:12 2023 -
™ PLATON-Nov 27 11:26:26 2023 -

'
i

P212121 R-=0.08 RES= 0 -35 X 41 P1211 R = 0.05 RES=0 38 X
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Table S3. Crystal data for (R)-Ru0 and (R,S)-Ru3.

Compound (R,S)-Ru3 (R)-Ru0
Formula CasHasNOCI;Ru CagHsoCI2NORuU
Dcaic/ g cm 1.346 1.310

umm? 5.538 4.357
Formula Weight 667.69 848.01

Color clear intense green clear intense green
Shape irregular needle-shaped
Size/mm? 0.17x0.12x0.06 0.29x0.04x0.02
TIK 139.99(10) 140.00(10)
Crystal System orthorhombic monoclinic
Flack Parameter -0.037(7) 0.248(18)
Hooft Parameter -0.037(7) -

Space Group P212124 P2;

alA 11.5043(3) 18.5489(9)
b/A 16.0340(4) 8.9270(4)

c/A 17.8672(5) 27.5267(11)
al 90 90

B 90 109.441(5)

A 90 90

VIA3 3295.78(15) 4298.1(3)

z 4 4

z' 1 2
Wavelength/A 1.54184 1.54184
Radiation type Cu Kqg CuKg

Chinl” 3.704 2.526

Ol 75.776 75.351
Measured Refl's. 38532 46618

Indep't Refl's 6742 16645

Refl's I>2 ofl) 5827 13986

Rint 0.0565 0.0516
Parameters 368 678
Restraints 0 1202

Largest Peak 1.458 1.188
Deepest Hole -1.661 -1.856

GooF 1.065 1.088

WR: (all data) 0.1448 0.2261

WR> 0.1370 0.2177

R: (all data) 0.0659 0.0966

R: 0.0550 0.0852
CCDC number 2366139 2355628

—
™

™  PLATON-May 1 16:07:23 2024 - (60124)

RES= 0-133 X

|
o]

RES= 0 -B7 X

S88




References

1

o N o O

10

11
12

13
14
15
16

17

E. A. Doud, M. S. Inkpen, G. Lovat, E. Montes, D. W. Paley, M. L. Steigerwald, H. Vazquez, L.
Venkataraman and X. Roy, J. Am. Chem. Soc., 2018, 140, 8944-8949.

F. Sanchez-Cantalejo, J. D. Priest and P. W. Davies, Chem. - A Eur. J., 2018, 24, 17215-17219.

D. R. Baghurst, D. Michael, P. Mingos and M. J. Watson, J. Organomet. Chem., 1989, 368, C43—
C45.

G. R. Fulmer, A. J. M. Miller, N. H. Sherden, H. E. Gottlieb, A. Nudelman, B. M. Stoltz, J. E.
Bercaw and K. I. Goldberg, Organometallics, 2010, 29, 2176-2179.

Y. Schramm, F. Barrios-Landeros and A. Pfaltz, Chem. Sci., 2013, 4, 2760.
P. V. Ramachandran, A. A. Alawaed and H. J. Hamann, J. Org. Chem., 2022, 87, 13259-132609.
J.-L. Tu, A.-M. Hu, L. Guo and W. Xia, J. Am. Chem. Soc., 2023, 145, 7600-7611.

T. Borg, J. Danielsson, M. Mohiti, P. Restorp and P. Somfai, Adv. Synth. Catal., 2011, 353, 2022—
2036.

M. Yoshida, H. Otaka and T. Doi, Eur. J. Org. Chem., 2014, 2014, 6010-6016.

D. Pichon, M. Soleilhavoup, J. Morvan, G. P. Junor, T. Vives, C. Crévisy, V. Lavallo, J. M.
Campagne, M. Mauduit, R. Jazzar and G. Bertrand, Chem. Sci., 2019, 10, 7807-7811.

H. Y. Jung, X. Feng, H. Kim and J. Yun, in Tetrahedron, 2012, vol. 68, pp. 3444-3449.

I. Shiina, Y. Umezaki, N. Kuroda, T. lizumi, S. Nagai and T. Katoh, J. Org. Chem., 2012, 77,
4885-4901.

K. Toribatake, L. Zhou, A. Tsuruta and H. Nishiyama, Tetrahedron, 2013, 69, 3551-3560.
T. W. Funk, J. M. Berlin and R. H. Grubbs, J. Am. Chem. Soc., 2006, 128, 1840-1846.
G. M. Sheldrick, Acta Crystallogr. Sect. A Found. Adv., 2015, 71, 3-8.

O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H. Puschmann, J. Appl.
Crystallogr., 2009, 42, 339-341.

G. M. Sheldrick, Acta Crystallogr. Sect. C Struct. Chem., 2015, 71, 3-8.

S89



NMR Spectra

PET
18T~
mm.ﬁ\
8L T —

88y
68t V

&7

€TL
MNN/
SE€L
wm.mN

9€’L

H NMR (CDCls, 400 MHz)

OH

tBu

tBu
Crude S-lla

——

H/mm.wH

B p0e

w\ 60

Foot

E66'T
00T

0.0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

10.5

8 —

8y
8’y
S8
98t
L8'Y
88'v
88t
68t

89
88'9
88'9
689
06’9
169

6L
0gL
€L
€L
wL
wL

"H NMR (CDCls, 400 MHz)

OH

MeO

Crude S-llb

F€0'€
Fo60

=L0'€

f1 (ppm)

S90



97—

§9°L
mm.nw.
99°L
8L
;.N\‘

"H NMR (CDCl3, 400 MHz)
tBu

tBu

Crude S-llla

M =Z0'8T

\L = 00T

= S60'¢

= 66T

0.0 -0.5

0.5

1.0

0.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

10.5

817 —

7Ly
T2
2z
2z
€244
€72
VTl
YTl
ST°L
szeA

62°L
€L Mﬁ

os'L xwr/

1€ )
zeL
[
vl
e
se's ]
9L
ot
e
s
8E'L
gez )

"H NMR (CDCl3, 400 MHz)

Crude S-IV

=00'€

10T

10T

=007
Fuov

f1 (ppm)

S91



yUr——

€1 q
96
96t
96’
96
96t
L6V
6
16
16 ?
6% ]
86V
106 |
20's
20°S
20°s
20's %
€0°S
mo.mx
£0's

'S —

€L
0€°Z
e
7L
€L
bE'L
vEL
L
Tl
€L
€L
b R
StL~ _
sy'r”
J7AN
we-f
8L ﬁ I
8L
62
6LL
082
08
16
16°L u
6L

16 ]
€62
€6,
€6,
€62

"H NMR (CDCl;, 400 MHz)

F0°€

=660
=001

FS0'T
90T

=00'T
=€0'T

f1 (ppm)

LL6T —

80°€L~
[

60'bTT —
T2~
€r'zer —
99421 —
woer "
64'5ET —

80rT —

ST'EST —

LE°S9T —

3C NMR (CDCl3, 101 MHz)

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

210

f1 (ppm)

S92



89°T

89T

0y —

96t
L6'v
L6y
L6'%
L6V
86'%
86'%

85 1
6524
0924
092
192
2
792
€92
€92
v9°
592
mw.fﬁ
992

Y
108~
10'8
208 )
£0'8 4
€08
v0'8
v08 ]
vz'e
+7'8
v7'8
vz'g ]
928 |
97’8 4
9783

=Y

——

"H NMR (CDCl3, 400 MHz)

89T W.,J

o]

N

<o

S,
1]
O

S

Jo

00T

0°C
0°C

Feoe

00T
00T

7.5

8.0

f1 (ppm)

w'eT —
90"
6°'€8 —
SESTT —
SPTTT ~C
18'STT N\
T84T~
sz~
€bLET — E
¥8'6ET — -
wn
F~
00°€ST —
o
98'v9T — ER
3
—_ a
N ~Z
I I Y7E—— N
2 T —
-
o
-
. (@) ©
& “ =
) n=
S _A
= n | &
R ~
=
z
O
@

70

90

110

210

f1 (ppm)

S93



9UT
LT
w
LT
8L'T
6L°T
6L°T
64T
6L°T
€61
€6'T
¥0'C
0
<44
STy
sty
8T
6TY
67'Y
ve'y
v6'v

b6y
s6'b
6
S6'
s6'b
96y
%6
20's
20's
w0's
w0's
€0's
£0° |
€0°S |
€0°S |
v0'S |
819
81'9
81'9
61°9
19
8v'9
8v'9
8v'9
£l
9L
oL
Ay
e
e
8T |
812 |
8T°L |
6T°L
6L
0z
0z°L
02

9t
9t
L
8L
62,
62,
67,
0e° ]
ez ]
ez ]
€L
[
[
€L
€L
€€
veL
seL
seL
ocL
99,
99
99,
99,
9L
89°L

—

—_———

89°L

"H NMR (CDCl3, 400 MHz)

L

|

Tt

0'€
T4 4
oo

¥8'C
ooz

=TT
=Tt

=T

=001

T
Foze

=T

1.5 1.0 0.5 0.0

2.0

3.0

6.0 50 45 40
f1 (ppm)

6.5

8.0

9.0

9.5

L.0

v9'CT —

vE8T
et W
LT°61

86'SL~.
€90~

T90TT ~\
89°CIT
warn v

[ p488 7

86'vCT
€8°'SCT /
£6°STT
60 LTT ~—
88'LTT \
€821
8E'BET

ﬁm.ova
mm.HvHW
99TvE =2
N@.NE\
T1S°epT

3C NMR (CDCl3, 101 MHz)

e

o]

5a

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

10

f1 (ppm)

S94



o't
o't
o1
W
LT

e

€9°C
9T
9T
49T
17T
(Y44
LT
vLe

v
(444
9

[4<xd
€9y
£9%

f4:a4

LE°L]
8€°L |

oL

S8°6 —

W

"H NMR (CDCls, 400 MHz)

Me

Me

6a

=T0'E
~90°€

=€0'T
0T

=€0'T
=201

=0E
10T

Foot

f1 (ppm)

08T —

8THPT —

SE€Evy —

S9'€S —

9S'STT —

SPLTT ~
°6'821

S6'6ET —
€9°'THT —

6020 —

3C NMR (CDCl3, 101 MHz)

Me

Me

6a

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

210

f1 (ppm)

S95



T
7T

65T —

67
67 |
86° |
86° |
10°€
YO'E
€5

€5

vSy

vS'y

bS'b |
bS'b |
9y |
e
Ly
Ly
8L'b
8L

et
e
wedb
e
8v'L
8b'L
0L
6bL
05
05t
05t
5L
15
08 |
08 1
18
18 1
187
187
28°L |
28
28

£€8°2
S |
+8°'L

8L -]
v8°L
gz
s8'2 ]
S8°2
s8°s
98¢
98
529
8L
8L
88°L
68°L
68°L
06°L
16°L
162
6L
6L
6L
€267

"H NMR (CDCl3, 400 MHz)

17T
:.ﬁw

8L ﬁ[

Me

6b

) D

=10'€

=00'€

Wﬁo.a

10T

=00'T
=00'T

0°C
mo.ﬁ

260

f1 (ppm)

00Tz —
oT'vZ —

16°¢h —

8THS —

TLSTT /

8S'vCT
R
99'sZT
w9t
65°91
91621 ~
89621 7
8ot 7,
PO PET “
8b'9€T
P8 IPT —

S8'v0T —

13C NMR (CDCls, 101 MHz)

Me’

6b

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

210

f1 (ppm)

S96



T4 2 S —

85T —

LLe
LT
08'C
08¢
18T
18T
S8°C
s8'C

S9'v
S9v
9%
9t
99t
99'%
8%
8y
[4:34
p4:a4
[4:24
€8y

ovL
ob'zq
[
e
A
602
6L
602
052
052
152
152~
15 x
s

seL
st %
w8

8 4
8
€8°2
b8 ]
b8 ]
82
g/
843

Sir—

096 —

"H NMR (CDCl3, 400 MHz)

(0]
|

|

Me’

6¢C

1IN

=60'€
=0’

0T
0T

=€0'T
=€0'T

=407
g0z
20T
60

98'8T —

8EYT —

6T vy —

€8'€S —

f1 (ppm)

€9'STT —

LE'STT
9Tt
Ly'9TT
0S'92T
921
81'8ZT
6S'8CT
bSTET
TSEET
PELET
09° 1T

e .

90°20C —

3C NMR (CDCl3, 101 MHz)

Me

6¢c

—~—)

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

210

f1 (ppm)

S97



SP'T
SY'T v.

85T
85T
wc
T
99T
99°C
(/4

0Lt

432
32
232
XY
€9
€9t
v8'y
v8
S8t
S8y
29
294
€294
b9
=
SL79
9279
2279
2279
089 &
08'9
18'9 7
1897
289
289
289
£8'9
€89 1
+8'9
+8'9 ]
v8'9 #
s8'9

s8'9 %
989

56—

D — = Wﬁﬁ:.N

"H NMR (CDCls, 400 MHz)

0°€
0°€

—_ 01
—_— — T

—_— e =0T

—_— e =90°T

0T

6d

Me

f1 (ppm)

68'8T —

6T¥C —

8Evy —

¥9'ES
ww.mmvv
L9°ES

18201
90°€0T W
TEE0T

€S°0TT
09°0TT
TLoTT

64°0TT
[44-198 \

99°0vT N

9TvrT
SEPPT W.
VPl

80291
TTeot

95'v9T N.

89'%9T

18°00C —

3C NMR (CDCl3, 101 MHz)

Me

6d

HinT.

LU

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

210

f1 (ppm)

S98



-108.73
-108.76
-108.78

9F NMR (CDClg, 376 MHz) N
F
0
|
Me
F
6d
R
g8
NI/
T T T T T T T T
-108.4 -108.6 -108.8 -109.0 -109.2
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2i
f1 (ppm)

S99



I~
Lasd

09'C
€9°C W
9T
0LT \

08’ —
9%
9
[4xd
(444
6LY
08t
08t
8

8

68'9\_
69—
81L

7>

8v'6 —

3, 400 MHz)

"H NMR (CDCI

OMe

6e

Me

0'€
A_Mo.m

0T
BE0'T

=50'€

=0T
=0T

0.0

0.5

1.5 1.0

2.0

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

9.5

f1 (ppm)

W8T —

€ —

STy —

0625 —
8E'SS —

6TPTT ~
ST

65821 —
65 TET —

8L THT —

16'8ST —

£L6'T0C —

3C NMR (CDCl3, 101 MHz)

OMe

Me

6e

70

90

110

210

f1 (ppm)

S100



€1

9T —
w1

9T
9T
99T
99T
17T
17T
vLT

SL'T

o'y
9y
9y
vo'v
S9v
S9%
08t
08t
8
8%
8
[4:34

60°L
o1T°L

vEL
ve'L W

S€L

956 —

"H NMR (CDCls, 400 MHz)

tBu

A7

tBu

Me

6f

LU

MRN.Nﬁ
20°€
ot

00°T
oot

Foot
Foot

o961

960

Foso

S8'8T —

v —

09'7E —

ST'6E —

£S'vy —

T0vS —

f1 (ppm)

ST —

TETTI ~
z91er

88'8ET —
bOTHT —

T2 18T —

Lp'20T —

3C NMR (CDCl3, 101 MHz)

tBu

Me

tBu

6f

70

90

110

210

f1 (ppm)

S101



w0
+8°0 V

16°0
Nm.oN

&1 —

(4
W W
€T
v F
9T
8b'C
6T \

€LT

0S'v
0S't
sy
1Sy
1504
sy
€LY
€LYy
jZa4
LY
SLY

174y

66—

"H NMR (CDClg, 400 MHz)

iPr

Me

Y

=90°€
=90°€

=90'€

=60

=0T

=201

Foor

4.5

6.5 6.0 5.5

7.0

7.5

f1 (ppm)

0641~
2981 "
6LvT —

8b'EE —

w6 —

81°09 —

LY'STT —

0221~
12821 ~—
sgger

TI'8ET —
0S'TvT —

€[0T —

3C NMR (CDCl3, 101 MHz)

iPr

Me

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

210

f1 (ppm)

S102



I
St
Sb'T
Sb'T
9T
ot
s
w
u
8LT
8L°T |
6T
08'T |
08'T |
08'T |
28°T |
8'T
€8'T
P8
S8'T
S8'T
S8°T ]
98'1 7|
981
814
8T
88'T
88'T |
68'T
902
L0z ]
80z
60T
or'e
or'e
e
e
€17
85T
85T
197
19T
e
1754
sct
set
see
wue
8T
19t
89°v
89 |
89

89
69
8%
8%
8%

P

—

o

8%
22
8
[ave
A
[AoE
[V
€12
e ]
e ]
v ]
vIL
YL
STL
9L
e
8T,
8L
61°L
61°L
0r'L
1L
e
e
9L

&ZeL
8T°L

09'6

"H NMR (CDCls, 400 MHz)

Me

6h

i

=T10'T
=€0'T

=001

f1 (ppm)

6961
6T'vT ~
60T~
61°0E ~

80°S —

5978 —

18'STT —

0r'9zZT —
90°L2T
9'8CT \
T0°0ET
0L'PET

EL'8ET
00°ZYT —

6220 —

3C NMR (CDCl3, 101 MHz)

Me

6h

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

210

f1 (ppm)

5103



60
86°0
66'0
10T
07 |
20'T |
€07
$0°T
vO'T |
S0'T o
90T 4
20T
60'T
60T
0T
ZrT
€11/
911
1
Lt
11
611
07’1
0zt
127 ]
127 ]
@t
€1
€1
€1
b1
szt
ST
ST
9Tt
91
60T
6b°T
05T
ST
[
ST
€51
£5°T
€91
99’1
99'1
991
89'T
89'T
69T
69'T
69T
€1
€1
b1
b1
bl
[
ST
o't
o1
o1
w1
w0
8.1
6T
6.1
08’1
08'1
81z
81'Z
1w
we
e
sb'T
s
s9t
S
99
8%
8%
w8y
232
€8y

mm.m\g

"H NMR (CDCl;, 400 MHz)

(0]
|
Me
6i

Me

—_

5ot
0T
0T
01
T
FTocT
0'€
H/ 01
T0°€
€07
00°T

=00'T
=00'T

60

6EVT —
YAn74

€992 /
76'9C
S6'9C \

1042
62°8C

LT~
85°€h

vT'es —

f1 (ppm)

YTSIT —

86'TvT —

96°L0C —

3C NMR (CDCl3, 101 MHz)

Me

Me

6i

WWMWWW wwijwwmwwwmwwmwww

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

210

f1 (ppm)

S104



160
Ss'T
8s'T
65°T
65°T
09'T
19T
197
297 1
€9°T |
b9'T
£9°T
89°T |
04T |
7T
788
A8
YT A
SLTA
61
86'T
66'T

00'C
00T
£1°C
9T'T

wr~
see

9%
9%
(444
9
[4xd
(444
Uy
Ly
LYy
8Lv
8L'v

€86 —

"H NMR (CDCl3, 400 MHz)

Me

6]

F€0E

JE0E
Forg
R

=50'€
0T

Fzo1

=0T
=101

0.0

0.5

1.5 1.0

2.0

4.5

5.5

6.0

8.0 7.5 7.0

8.5

9.0

9.5

f1 (ppm)

S9'CT —

YEvT —
6487 —

6'9€
S0°LE

62'8€ -7
mm.wm\

99'€S —

T0°STT —

WUt —

79'60C —

13C NMR (CDCls, 101 MHz)

Me

6]

70

90

110

210

f1 (ppm)

$105



60°T

aZL

€L

€56 —

"H NMR (CDCl3, 400 MHz)

SPh

Me’

6k

—80°€

Re0e

0'T
Aot
0T
H\*Q.ﬂ

Fere

=501
F90°T

F00'T

ov

=001

f1 (ppm)

TE8T —

9E'vT —

€L'8C—

89'5€ —

PSPy —

0S'6r —

SLSTT —

PE'ITT ~
6T~
gaed
00'9€T —

L6'0VT —

£45'S0C —

3C NMR (CDCl3, 101 MHz)

SPh

Me

6k

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

T
210

f1 (ppm)

5106



£ST —

v0'e —

L9%
9%
9%
89'v
89'%
98’
98t
L8
L8'v
L8%

8L'6
6,6
646
08'6

"H NMR (CDCls, 400 MHz)

Fs

6l

Me

=20'€

=€0'C

=10'T
=001

Feo's

=001

0.0 -0.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.5

STve—

81°8¢
67°8€
TT8e
€T'8¢

T0°S6T
€0°S6T
+0°56T
90°S6T

Y

!

WY

3C NMR (CDCl3, 101 MHz)

CF;

Me

ot b

f1 (ppm)

$107



9F NMR (CDCls, 376 MHz)

O
w
Me

CF3

6l

-67.25

T
-170

T
-180

T
-190

T
-200

T
-210

-2

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T T
-100  -110
f1 (ppm)

5108

T
-120

T
-130

T
-140

T
-150

T
-160



860
00T

10T

0T

S0°T |
S0'T
80°T |
80°T |
T o
P |
ST'T
61°T |
€27
9€°T |

LE'T
8€'T
6E'T
o't —%
T
€T
LT

95T |
857
197
29T |
€91
99T
mm.ﬁ
91

897 ]
ot
175
Wt
08'1
181
8T
w81
€8T
€8T
v8'T
S8'T
81
88'T
68'T
06T
06T
6T
€6°T
€T
sv'T
T
6v'C
vt
8LT
8T
18T
85°€
09°€
19°€
[

87'L
8zL %
67,

ez
0€°L ]
1€,
1€
s ]
e ]
e
L
8E'L
6L
6L
vl
vl
vl
syl
oL
9L
oL
8L
8L
6v'L
483
a3

"H NMR (CD,Cl,, 400 MHz)

|

BF,

+
NS

8a

==

Fsoz

w20
et

Fooz

f1 (ppm)

68°LT
82'87
£T°6C
6T
vO'TE
LU~
over -
96y

666V ~

9L°0C
99'1Z
18'ST
88'ST
16'ST
209z
£0°92
€4°9C
€L
SLLe
6L°LT
i

[AR2]
ELVS

L5779 —

6L~
o0s6L

18'SZT
98'SCT
08'82T ~

ET°0ET
9T'0€T N

TETPT v

S IpT

$0'Z8T ~
sez8T

3C NMR (CD,Cl,, 101 MHz)

me

BF,

8a

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

210

f1 (ppm)

S109



-150.63
-150.68

<

9F NMR (CD,Cl,, 376 MHz)
BF,

8a

— -150.63
— -150.68

T T T T T T
-150.4 -150.5 -150.6 -150.7 -150.8 -150.9

f1 (ppm)

T T T T T T T
-160 -170 -180 -190 -200 -210 -2

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

T T T T T T T
20 -30 -40 -50 -60 -70 -80
f1 (ppm)

T
20 10 0 -10

$110



€0°T
80°T
or't
T
61°T
127
9€°T
6€°T
T
T |
'
£5°T |
ST
91

mm.L
S9°T

69T
04T —
2T
(78 %
vl
or1

LA
64T

g7 ]

L0'E

H NMR (CD,Cl,, 400 MHz)

BF,

99T
m@aéWJl\\\\IHHHHHHHHH
/

Froe

M/OD.N
F60'C
Fo0y

0'C

H\.mo.v

0T
0'T

f1 (ppm)

86°0C
1972
w8'sz
68'ST
b6'ST
2092
01°92
06'92
61°L2
ceLe
v’z
97'8T
srgc—
ov'6z \
8¥'6C
STTE
(4383
P8I~
LIS ad
0£°0S
SS°0S

85 b5
86'bS 7
W~
s0€9 "

LL6L~
80108~

16221
61°€21 |
XA
bo'beT |
05521
89'521
1v'9e1
25921
68'921
56°921
62621
0b'621
56'621 W
86'671

15067 &
£6°0€1

BLSET~

08'SET
CE8ET
Y9'8ET \

S8°28T ~
S5€8T

3C NMR (CD,Cly, 101 MHz)

BF,

+

8b

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

210

f1 (ppm)

S111



-150.45
-150.51

Y
19F NMR (CD,Cl,, 376 MHz)
BF4
-
A O
8b
g i
2 R
[
|
T T T T T T
-150.2  -150.3 -150.4 -150.5 -150.6  -150.7
1 (ppm)
T T T T T T T T T T T T T T T T T T T T T
10 0 .10 -20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

S112



01
€01
€01
s0'T
90T
901
60T |
o011
661
66T
T
T
€57
€57
b1
95T
AR\
85T
851
81 7
85°T 7

Nr—

65T ]
097
197
€9°T |
+9'1
591
mm.ﬁ
91

021
Wt
w1
8T
8T

166 |

=

ﬁm.mg

"H NMR (CD,Cl,, 400 MHz)

BF,

8c

e

»90°T
o

0'C
20
0T

0°C

Fooz

f1 (ppm)

£8°0C
§9°1Z
8'ST
98°ST
06'ST
£€6°'ST
+0°9¢
60°9
£€9°9C
9€7LT
6L°LT
10°8C
818
0€£°8Z

80°1€
6T T€E

SE'6C \-
9b'6C \x

60T~
e

9€'6Y \

§9'6b —

SZPS
¥8'PS N.

029 v

€779

0€°6L v

0564

TEECT Y
e
€8'71
S8'bTT
£€°£TT
6€°£7T
Lb°LTT
257221

:

L

€601 F

16°L21 7
£5°821 7
99°82T
£€°0€T
s€°0€1
L0°€€ET -]
YLIEET
6L°€ET |
75°8€T |

r

o

69'8€T -

SP°Z8T —

3C NMR (CD,Cly, 101 MHz)

BF,

NS

8c

o 9

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

210

f1 (ppm)

S113



-150.79
-150.85

<

9F NMR (CD,Cly, 376 MHz)

8c

—-150.79
— -150.85

T T T T T T T
-150.4 -150.6 -150.8 -151.0 -151.2
f1 (ppm)

0000 0000000000000 050000 A A O M DA A

T T T T T T T T T
-140 -150 -160 -170 -180 -190 -200 -210 -2i

T T T T T T T T T
-50 -60 -70 -80 -90 -100 -110 -120 ~-130

T T T T
20 10 0 -0 20 -30  -40
f1 (ppm)

S114



9T
o1

69'T
LT
7wt
wur
wr
€LT
vLT
vLT
SLT
9T
08'T
08'T
8T
S8'T
S8'T
w'T
€6'T
€6'T
v6'T
96'T
9T
8b'T
6v'C

f4x4
69°C
oLe
we
€L
09'€
19°€
we
e
€9°€
€9°€

89
%9
8’9
S8'9
589
98'9
489
169
169
w069
69
€6'9
€6'9
€6'9
¥6'9
we 1

F

N+\
BFy
8d

mN.m;

TH NMR (CD,Cl,, 400 MHz)

e

6'T
134

&Q”a

f1 (ppm)

8L°0T
01T
€Lst
S8'ST
66'ST
S0°9T
96'92
yr'LT
0082
2082
£0'82
Tr'8e
ST'6T \
Ly'6T

SO'TE

9T'1E

6970~
61er "
906k~

£5°6F —

=
1S°vS
ES°bS
€9'bS

8L°¥9T

£8'%9T V
T6°v9T =
S6'¥9T s

€0°SPT
90°S¥T
[4%-141
ST'SPT
TT°SpT
£T'SPT

047291
€L7T9T
€8'29T
987791
61°59T
£2°591
2E°S9T \-M_l
9€°59T T
=

0T8T~
£€718T

(CD,Cly, 10

3¢ NMR

BF,

99'vS
19°bS
6679
10°€9
0€'791
Te6L~ EETOT AS
156, TYTIT 7
9291 \
80°+0T
PEPOT H/
65¥0T —=
$E°60T
Z¥'60T
£5°601
T19°60T

o
[e¢]

165.0 164.5 164.0 163.5 163.0 162.5 162.0

f1 (ppm)

89°€0T —
v6'E0T —
8101 —

+6°80T /

T0°60T ~
£1°60T 7
TZ°60T \

L

T T
105 104

T T
107 106
f1 (ppm)
WWMMMWMWM
1

T
108

T
109

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

210

f1 (ppm)

S115



19F NMR (CD,Cl,, 376 MHz)
F

_--150.07
- -150.13

F
N+\
BF,
8d
5 2
8888873 s 2
SSE55E 2 8
ARAR L
|
|
T T T T T T T T J J ! ! ! ! !
-106.80  -106.90  -107.00  -107.10  -107.20  -107.30 -149.8  -149.9  -150.0 f'115°-1 -1502 -150.3  -150.4
f1 (ppm) (ppm)
T T T T T T T T T
105 -110 -115 -120 -125 -130 -135 -140 -145 -150
f1 (ppm)

S116



4607

TH NMR (CD,Cl,, 400 MHz)

BF,

OMe

+

8e

Fooz

=€0'9

o0t

oy

F00'C

0.0 -0.5

0.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

10.5

ot
19°Te
'St
68'SZ
16'ST
209z
109t
$9'9Z
[drx4
9
vl LT
6£'87 —
¥T'6C \“
€167
00°TE
20°TE
LT~
ver ="

YE6Y ~
660~

84'SS

6£79 —

0164~
6c6L~

0b'STT v

SP'STT

sTLer v

[xaVA41
8S'CET
bLTET v

S6'65T —

18181~
90281~

3C NMR (CD,Cl,, 101 MHz)

BF,

OMe

+

8e

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

210

f1 (ppm)

S117



-150.80
-150.85

9F NMR (CD,Cl,, 376 MHz)

BF4 v
OMe
"
NS
8e
8 8
3 B
i
|
T T T T T T T
-150.5 -150.6 -150.7 -150.8 -150.9 -151.0 -151.1
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
10 0 10 20 -30 -4 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 ~-170 -180 -190 -200 -210

f1 (ppm)

S$118



86'0
660

10T

0T

€07
v0'T
90°T
£0°T
60°T |
60°T |
01T
PTT
ST'TA
9T°T |
or'T ;W

61'1 7]
DNA\M
T
€T
1
b1
SET ]
SET
9€'T
e7
£1
8e1
8e'7 |
65T
o1
ov'T
T
T
[
Sy'T
9’1
8T
5T
85T
091
9T
€91
991
91
91
69T
ot
ot
178
Wt
08'1
08'T
8T
€8T
€8T
¥8'T
167
16T
6T ﬁ
b6'T
v6'T
154 ﬁ
sv'T
Sv'T
8z
e
vt
set
602
29'e
v9'E
so'e
99°€
89°€

€0°L
v0'L
(w3
oT'L
wiL

WL
&L
'L
ev'L
S0'6
L0'6

P //U/ .,

e

Il

tBu
~tBu

"H NMR (CD,Cl,, 400 MHz)
BF,
N+\

8f

Foae

- 60T
B o0z

=60C

00T
A oot

0.5

1.0

2.0 1.5

2.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

1o U
68'17
18'52
88's7
S6'ST
2092
2092
02'92
(AN
b LT
05°22
2€°82
6v°62
£0°T€
9b°TE
8bTE

9b°SE
6¥°SE V

-

LT~
soer
€0°0S

2905~

89°vS 7
L0°SS \

0¥'29
L'T9 v

OT6L~.
6v'6L~

06'6TT ~_
L0021~
66721~

TP ObT ~o
08'0vT -

T6°ZST v

26°CST

$0'Z8T ~
15781

13C NMR (CD,Cly, 101 MHz)

tBu

BF,

+

tBu

8f

S

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

210

f1 (ppm)

S119



-150.70
-150.76

v
9F NMR (CD,Cl,, 376 MHz)
BF, tBu
N
tBu
8f
g 8
g g
T T T T T
-150.3 -150.5 -150.7 -150.9 -151.1
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2i
f1 (ppm)

S120



9U'T
9T
6L'T
06T
€6'T
96'T
90T
L0
€€
ve'T
9€'T
LET
ST
LT
8¥'C
€8T
¥S'T
9s'C
6L'T
18T
€8'C

S8

SE'L
ses ]
L€
et
8e7
667
6c°L
ov's
ov'z ]
]
]
Wi
'L
L
L
bhL
SvL
SbL
SbL
ov'L
ov'L
1L
e
8b'L
6L
86

TH NMR (CD,Cl,, 400 MHz)

e

BF,

T

7

+
NS

8g

N

- = Feeor

\Mw +0'1
- X 00'T

2.0 1.5

2.5

3.5

7.5

8.0

8.5

9.0

f1 (ppm)

T
[AWAS
7981
68°8T
iza4
8TTT
bb'ST
0L
18°SC
S8'ST
209z
€1°9¢
69°9C
SLLe
L8°6C ”
£€9°0€ —

1926~
m8'Le w
00°0%
scon /f
€870

60°EV

L4579
w0y
1629
S0°€9

[38: 78N
58"

mo.NNﬁ
Dw.wNﬁ /
S8'8CT V.
96'6CT

S0'0ET \

¥S'8ET v

TL8ET

18281~
v0'E8T <

3C NMR (CD,Cly, 101 MHz)

BF,

+

8g

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

210

f1 (ppm)

S121



-150.70
-150.76

v
9F NMR (CD,Cl,, 376 MHz)
BF,
.
NQ
89
R S
g g
Lo
T T T T T
-150.5 -150.6 -150.7 -150.8 -150.9
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)

S122



€17
8T
€T
€T
vE'T
bE'T |
57
1579
65°T |
€9°7 |
v9°T |
S9°T
69°T 1
69°T |
04T A
T
748
€T
€T
BLTN
SLT
A%
1877
781
€81 4
€8T
€8'T
v8'T |
v8'T ]
87
g1
g7 ]
S8'T
98T
81
81
88'T
88'T
68T
68T
6T
[
v6'T
S6'T
96'T
8T
6€°C
6T
6T
4%
e
€T
€T
v9'T
v9'T
19T
89°C
88°C
88°C
68°C
06
16T

89'9 1
699
029
19
€9
s
ez ]
veL
veL
sTL
seL
sl
9Tt
9TL
we
e
8eL
8Tl
6TL
6TL
oeL
gL
058

-

.8

TH NMR (CD,Cl,, 400 MHz)

8h

H/ 0T

20T
H/S.N
Aoz

ooy

Troz

Fooz

Fooo

0T
0T

f1 (ppm)

oy
€761
S8°02
1617
28's2 |
68'SZ |
96°SZ
66'SZ |
£0°92
01°9Z
sz'82 W
bL'82
84787
58'87 |
068~
LT6T
6567 \\
oF'EE

96'T ~
e
08'1S
10°7S

i

98's -7
61°SS \

9€779
€529 v

PEBL—

¥9'LTT
08421
L8°L2T
20821
S0°62T
80°6CT V
SO°TET \
ETTET
E9PET
TLPET
9TLET
E€8°LET

£5°08T
T9°08T v

3C NMR (CD,Cl,, 101 MHz)

WWWMWWW

BF,

+

8h

f1 (ppm)

S123



-151.38
-151.43

9F NMR (CD,Cl,, 376 MHz)
BF,

Ny

8h

—-151.38
—-151.43

T T T T T T
-151.0 -151.2 -151.4 -151.6 -151.8
f1 (ppm)

T T T T T
-180 -190 -200 -210 -2

T T T T T T T T T T T
-70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170

T T T T T T
20 10 0 10 20 -30  -40  -50  -60
f1 (ppm)

S124



€S'T
vS'T
bS'T
8S'T
9T
89'T
89'T
69'T
69T
LT
oLt
7T
wun
wr
€LT
vLT
SLT
9T
9T
9T
LT
8L'T
6L°T
64T
08’1
08'T
8T
8T
8T
€8'T
€8T
v8'T
S8'T
S8'T
98'T
98'T
L8'T
68T
06'T
16T
6T
6T
€6'T
we
s¢e
9Tz
6T'C

9L'8
08'8

"H NMR (CD,Cl,, 400 MHz)

BF,

Nt\

8i

97’9
€02
Toc
0L
T0'9
0¥
90°€
60°L
909

20t

F ooz

00T
WM 00°T

f1 (ppm)

e ey
vLT2q
9827
95°E7 |
8L'ST
88'SZ
06'SZ
v6'SZ
90°97
S'9Z
65792
Tv'92
£5°9Z
Sb'9Z
9b°97 7
STz
25z
69°22
2082
£€°8C
28'8z
(7404
T10°0€
£0°0€

6£°TE
£€9°C
LEEY
£8°E
Shbb
00°St

SL°8L v

£8'8L

€€°S8T v

Lb'S8T

3C NMR (CD,Cl,, 101 MHz)

BF,

Nt\

8i

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

210

f1 (ppm)

$125



-151.03
-151.08

9F NMR (CD,Cl,, 376 MHz)

BF,

8i

-151.03
-151.08

T T T T T T T T
-150.85 -150.95 -151.05 -151.15 -151.25
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 ~-160 -170 -180 -190 -200 -210 -2
f1 (ppm)

5126



mm.cg

8€'T
6T

€1
01
']
[t

b1
b1
o'
w1
81
8’1
151
T
€51
€51
S5
95T
091
097
21
€1
bo'T
59T
997
91
891
691
ozt
172
w
€1
b
se1
oLt
w
6.1
081
081
181
231
281
€81
81
S8l
b6t
%'
61
66T
00z
w0
s0c
90T
0T
80T
60T
5T
ore
T
154

mn.wH“
+8'8

"H NMR (CD,Cl,, 400 MHz)

BF,

+

8

LE'T
rre

612
f60°c
109
€1z
979
[so'9
819
09
81°e
ot'L
20'S
//ME

Ty
Navs

€9
Foz

Fooz

s o1
$T°0¢
2012
06°1Z
££'ST
S8'ST
98'ST
68'SZ |
S0'9Z
£0°92 A
19°LT |
00'8Z
TH'8Z
18'82 |
€682 3
a4

ey
9L°0€ \
LS°TE

69°9€
9L'9€
g
£1°8¢
L'8E

TN

[ayad
88y
9T’Er
ey

SRR IR

€€°8S
09°29

SE'8L v

€582

f1 (ppm)

8T v

0S°+8T

3C NMR (CD,Cly, 101 MHz)

BF,

NS

8

WINPT

W

"

Y

u

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

210

f1 (ppm)

S127



-150.91
-150.96

v
9F NMR (CD,Cl,, 376 MHz)
BF,
.
NS
8]
a3 &
28
i
T T T T T T T T T T T T T
-150.3 -150.5 -150.7 -150.9 -151.1 -151.3 -151.5
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2i
f1 (ppm)

S128



10T
$0'T
S0'T
ST
9T 1
91T
61T |
0e'T |
0€'T |
€T
Ze'T
pET o
pET o
8v'1
60T
05T
15T
[ZR A\
£5°T
$S'T 7
mm.i
69'T

ot
01
2T
€01
[Tas
s
o1
1]
187
281 ]
€87 ]
€8'T
$8°T
8T
s8]
98'T
98°T

68T

60°C

[l

|

|

4 ==

e

"H NMR (CD,Cl,, 400 MHz)

Ny

BF,

8k

07T
B veg

= 1T
=101

f1 (ppm)

5 ue
ST'T
sz
£€8'SZ |
£6'57 4
86'5
00'9Z §
€0'92
oLt
+9'8Z
69'87
v6 I
TT6T A
€v'62
8v'67 &
780 —

8C'8¢

mm.mmV
68

oo.m«V.
ST 7
Nh.@*\
98'05 7

86'T9 ~
9729~

mm.muv

L8'8L

vrLeTt
FIarzas /.
et
69°6CT AN
LL6TT N-
86'6CT
P8PET “\“

SO'SET

L5'T8T~
182817

3C NMR (CD,Cl,, 101 MHz)

Ny

BF,

8k

70

920

110

210

f1 (ppm)

S129



-150.74
-150.79

<

9F NMR (CD,Cl,, 376 MHz)

BF,

8k

— -150.74
— —-150.79

T T T T T T T T T T T
-150.3 -150.5 -150.7 -150.9 -151.1 -151.3

f1 (ppm)

T T T T T T
-170 -180 -190 -200 -210 -2i

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

T T T
20 10 0 -0 20 -30
f1 (ppm)

S130



€S'T
98T
6S'T
6S'T
09’1
9T
v9'T
oLt
vLT
8L'T
8T
+8'T
06T
v6'T
S6'T
96T
L6'T
86'T
66'T
€1
1454
91'T
L1'T
oze
1T
Tee
vee
¥8'T
88'C
16T
S0'E
60°€
e
oL'e
e
we
vLE
08'€
18'€
e
;e
¥8'E

052
0s'L
1S,
s
€S°L
89°6

€267

TH NMR (CD,Cly, 400 MHz)

//

Ph
CF3

N*

?

BFy

8l

Fore

o= 6
= 10°€
= M\ €€

0Ty
Wmmm

bo'E
R eve
Moqm
m/ﬂ.m
M/ or'e

ere

Fore
F ooz

00T
or'T

Ezsot

or'T
m oot

1.0

1.5

2.0

3.0

f1 (ppm)

W WWWWWM

484
95'1Z
SE'sz
89's5T
60'ST
18'sT
S6'ST
€092
019z
799z
ST/
€9°/T
9767 ~_
=

9L°6C
88°0€ \
L6°0E
[4yad
99ty

e

86'C9
LT€9 W
LS°€9

98'€9
859

v6'¥9

ST'08~
ov'o8

$6°61T
60°0CT
oLz
T6°7CT

95°SeT
s
89°£T1
s8°LTT /.
8E°8CT V.

£9°8CT
€5°0€T
$9°0€T
€6°0€T
COo°TET
9L TET
66'TET

8SHLT v

08'vLT

3C NMR (CD,Cl,, 101 MHz)

Ph

CF3

BF,

8l

-10

f1 (ppm)

S131



-150.18
-150.23

33
I
\/ v
SF NMR (CD,Cl,, 376 MHz)
Ph
A
NY
BF4
8l
@ o @
bl S ksl
R
i
T T T T T T T T T T T T T T T T T T T T T
-69.5 -70.0 -70.5 -71.0 -71.5 -72.0 -149.5 -149.7 -149.9 -150.1 -150.3 -150.5 -150.7 -150.9
f1 (ppm) 1 (ppm)
T T T T T T T T T T T T T T T T T
-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150
f1 (ppm)

S132



L6°0
86'0
00’1
0T
v0'T
S0'T
50T
907 4
80'T
80T
80°T
60°T
ST'T A
91T
8T'T A\
8T'T N
61T~
€67

(G ppe——

mm.&
%1

51
8e'T
6€'T
0T
s
Ras
551 ]
951
519
65T
091
€91
wr
w
€1
b1
ST
ST
ot
w°
w
w
18T
€81
€81
81
81
€61
%61
20T
v0'
€'z
e
vLT
e
19€
€9

€9°€
S9°€

87'L
8zL %
67,

ez
o€, |
1€,
1€
sz
sez ]
ocz ]
L
gL
8€'L
6L
6€°L
€L
vl
vl
vl
St'L
oL
oL
L
8v'L
8L

e

"H NMR (CD,Cl,, 400 MHz)

8a-1

==

T1
muﬁ
Tzt

1%
m\me.m
o€
Loz

it

(A%4

Feot

»0°T
=80T

Ayor

=00'T

99'1Z
f4:4°14 /
88'ST
£0°9C
TELT~D

SLLe
8LLT %
6T
€0°TE
8Ly —

000§ —

r42]

9579 —

0S°6LZ —

f1 (ppm)

18°5CT ~
18'82T ~
LT0ET —

P IPT —

SET8T —

3C NMR (CD,Cly, 101 MHz)

BF,

Lt

8a-I

WWWWWWWWMNWM A

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

210

f1 (ppm)

S133



-150.70
-150.76

v
9F NMR (CD,Cl,, 376 MHz)
BF4
N+\ wand
8a-l
g8
25
I
T T T T T T T T T
-150.4 -150.6 -150.8 -151.0 -151.2
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2i
f1 (ppm)

S134



9807
804
680 |
0601
07 |
201
$0'T
S0'T o
S0'T
01Ty
T A
€17
P11
PTT
ASE\
TN
€21
=y
ST
9t
w1
62T
e
2eT
€67 ]
se'T
9c'1
ge1
6674
W
e
19T
21
ST
991
91
89T
o1
ot
6T
18T
T
€81
b8'T
81
88’1
68'T
06’1
6T
61
6T
€61
v6'T
S6'T
%1
sb'z
8z
8.2
182
5€
8s'€
65°€
65°€

19°€

L]
e
€€
€ ]
ve's
ves
oL
9L
gL
8L
8E'L
8L
€L
'L
vrL
Sv'L
Sy'L
oL
L
L
L

nm.m;

"H NMR (CD,Cl,, 400 MHz)

8a-ll

0’7
e
6'0
mo.ﬁ
07
=50
st
ey
154

10T

ot

F0°€
Be0T

=001

f1 (ppm)

8L°0C
18°ST /
16'ST
209z
PLI9T~E

66°LT
87'8C N
ST'6T \\\
S0°TE
9T ey —

veE6r —

SZVS

8579 —

ST'6L—

68°STT ~
8L78CT ~
FANN S

9ETHT —

87787 —

3C NMR (CD,Cly, 101 MHz)

BF,

il

8a-ll

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

210

f1 (ppm)

$135



-150.62
-150.67

9F NMR (CD,Cl,, 376 MHz)
v
BF,
N+\ W
8a-ll
3 &
g5
i
|
T T T T T T T
-150.3 -150.5 -150.7 -150.9 -151.1
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2i
f1 (ppm)

S136



€01
v0'T

90T

071

60T
o1'T |
[ARE
€17 1
ST'T A
LTT
81°T
61°T
07T
1277
77T
PTT

T~

8E'T
6T
ov'T
1
21
£5°T ]
St°T
9T
9v°T
79T
Nm.ﬂ
€91
591 ]
291
[V
Wt
w1
1744 ﬁ
08T
v8'T
98'T
68T
06T
66T
[k
907
€17
€17
v1'T
1T
e

€Le

"H NMR (CD,Cl,, 400 MHz)

8b-I

ﬁo.m
T

B00'T
Foor

Fror

oot
=101
0T

10T
B0z

f1 (ppm)

91T
06'sT /
454 H/
e

seiz—

87'8C *

£v'6e \

8T°1€E
98T —

$E0S ~

T9PS

9479 —

80708 —

creet
€521
12521
8v'9CT
06921 &
0E°62T ~_
20051 -7
o001/
18'SET —
0€'8ET —

79°€8T —

3C NMR (CD,Cl, 101 MHz)

8b-1

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

210

f1 (ppm)

S137



-150.80
-150.86

<

9F NMR (CD,Cl,, 376 MHz)

— -150.80
—-150.86

T T T T T T T
-150.5 -150.6 -150.7 -150.8 -150.9 -151.0 -151.1
f1 (ppm)

T
-2

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

T T T T T T T T
20 10 0 10 20 -30 -40 -50 -60 -70  -80
f1 (ppm)

S138



960
160

660

00T

£0°T |
80°T |
or'T |
T
£1°T
PT°T |
ST'T
91°T
L1
61°T |
07T
07T
€21~

6£'T
ov'1 4
7
T
€7
£°7 ]
Las
sv1
ov' ]
1]
197
791
S9'T
99T
89'T
69T
Wt
€T
ot
60T
S8'T
98T
68T
06'T
00z
10T
€07
S0z
e
(454
€17
b1'T
(a4
STz
16T
v6'T
86
10°€

9e'T F
8€'T
6T

99°¢
L9°€
89'€
89°€
69°€
oLe

12,
2
L]
€L
st
s
5]
65 ]
652 ]
09°Z
192
192
9L
€92
98,
88/
€6,
v6'L
S6'L
96'L
6L

T

9561

~— ==
= =
/ﬁ W
R — =
T —
—_— =
— =
— = —
— =
—
—_—
—_—
//
—
—
~N
I
=
o
=)
3 _
& _
O & o =
N Qo
8 | 8
= b4
1
=
=z
I

oo
10T
o
00T
Booz

f1 (ppm)

66°0C
£8'ST /
§6'ST
60°9C
£€6'97 ~

S¥'LT
8¥'8C \
05762 \\\
bSTE
6V’ €y —

65705 —

00°SS —

60°€9 —

9L'6L—

¥6'2CT

£9'vCT
zs'ser
2587921
96921
Th62T~
L6°621 T
esoer
28'sET —
€9°8ET —

267781 —

3C NMR (CD,Cly, 101 MHz)

8b-II

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

210

f1 (ppm)

S139



-150.51
-150.57

v
9F NMR (CD,Cl,, 376 MHz)
BF,
.
e O
8b-I
o &
g 8
[
T T T T T T T T T 1
-150.1 -150.3 -150.5 -150.7 -150.9 -151.1
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2i
f1 (ppm)

$140



660
00T
201
€01
S0'T 1
90'T |
90°T |
90°T |
£0°T |
80°T |
60°T
9T'T
9T
8T°T
61T

0T'T N

wr

vE'T
se'T
£1
1
8e'T
8e'T
8e'T
65T ]
ov'7
ov'1 ]
w1 ]
W
W
w1
W't
o1
5T
65T
v9'T
ot
ot
wr
751
€T
b1
b1
w
8T
8T
181
8T
[ad
€87
871
€61
61
%0z
60'
6v'C
5T
987
06
233
b9’
so'e
99

e
8e°L ]
(e
s
75
5
€5 ]
vS'L
vS'L 4
ss'z

182
29
v8'L
s8'L
s8'L
98'L
98'L
6L
6L
€62
v6'L
9L

\

—

e

®€6

TH NMR (CD,Cl, 400 MHz)

H\.mﬁ.N
0
0
M\?O.m
20°e
Zioe
Tooe

RL0€

T
H/mo.a

0T

F80'T
F€0'T

70T
80T

0.
Vo

f1 (ppm)

19°1C
mm.mN/
06'ST
80°9C
8L~

A
o1'8e \
0b'6C
201E
oLTy —

656 —

TLvS —

1929 —

£5°6L —

SEETT
[4:4748 /

6£°78T —

3C NMR (CD,Cly, 101 MHz)

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

210

f1 (ppm)

S141



-150.34
-150.39

9F NMR (CD,Cl,, 376 MHz)
BF,

<

— -150.34
— —-150.39

T T T
-150.4 -150.6 -150.8

f1 (ppm)

T T T
-150.0 -150.2

T T T T T T T
-150 -160 -170 -180 -190 -200 -210 -2

T T T T T T T T T
-60 -70 -80 -90 -100 -110 -120 -130 -140

T T T T T
20 10 0 -0 20 -30  -40  -50
f1 (ppm)

S142



580
980 |
88'0 1
68°0 1
20°T |
€07
€0°T |
S0°T |
SO'T |
90°T |
90°T
60°T
o1°T
[RS8\
ETT

s
8’1
67T
€T
€T
vE'T
se'T
9€°T
6€'T
6T
7 ]
€1
vv1
o' ]
?.i
e
€91
v9'T
S9'T
991
99°T
91
.91
89°T
69T
ot
08'T
187
181
187
v8'T
v8'T
88T
167
6T
S6'T
96'T
00T
00z
€07
15T
ssz
06
6T
85°E
09°€
19°€
[

e
e
v
vrs ]
€52
bS]
b5
ss ]
sz
9574
we]
8Lt
8L
98,
98¢
8L
8L
88'¢
88,
68'L
6L
6L

mm.m;

—

/ —=
—_—
— =
— N%
— =

/
- L
_ —
—_— ==

— =

_

N

T

=

o

o

< _

& Y —

Q B H

o @ ®

S D

~ p4

=

z

T

=007
Es6'1
M\mm.c
=001

00T

f1 (ppm)

88°0C
18°'ST /
£6'ST
+0°9¢
997 ~=

€0°8C
8T'8C N
PE6T \\\

8T°T€E
9 ey —

SE€6b —

1279 —

62°6L—

6E°€ETT
€821 %
LeLen V.
0szzt
96°LTT \
£9°8CT \\‘
TE0ET
SO'EET
YLEET
PLBET \\\

TE78T —

3C NMR (CD,Cly, 101 MHz)

BFy

il

8c-ll

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

210

f1 (ppm)

$143



-150.36
-150.41

<

9F NMR (CD,Cl,, 376 MHz)

e,
N+\ m\
8c-ll
© o
83
22
I
T T T T T T
-150.0 -150.2 -150.4 -150.6 -150.8
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 ~-130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

S144



160
860

00'T

10T

60°T |
60'T
or'T |
ST'T
81°T
0£°T |
TET o
zET o
PET
SET
LET A
SS°T
85°T |
$9'T

S9'T
S9'T

0T
11
R.&
w1
21
as
22T
8T
187
187 ]
233
€97 ]
¥8'T
¥8'T
ST
S8'T
98T
87
81
88'T
68'T
06T
167
16T
[
€61
v6'T
S6'T
S6'T
96'T
(454
vz
vTT
szz
STz
65T
o'z
€T

—

ja a4
9T
9T
88'C
06'C
16T
6T
L9°€
69°€
69°€
e

499
89'9
69'9
0L'9
veL
YL
viL
s¢L
9L
L
L&l
8T°L
6T'L
6T,
€L
€L

—

TH NMR (CD,Cl,, 400 MHz)

6v'8

Qi

BF,

8h-I

Fes0

Feoe

€161
86'TC /
£€8°'ST /
68°'ST
66°'ST
LT°8C
9£'8C W
S8'8¢ \\\
09°6C \\‘
¥L70E \\‘
8E'EE
96y
16Ty v

2025~

98'bs

§5°C9—

YEBL—

f1 (ppm)

1821 VI

98°L2T
or'6zT \
LOTET
89'bET <
LTLET 7/

£€9°08T —

3C NMR (CD,Cl,, 101 MHz)

il

BF4

8h-I

WWMWWWWWWWMWWMWW WA

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

210

f1 (ppm)

$145



9F NMR (CD,Cl,, 376 MHz)

e

BF,

8h-I

-151.49
-151.54

<

— -151.49
—-151.54

T T T T T T T
-151.3 -151.4 -151.5 -151.6 -151.7 -151.8 -151.9
f1 (ppm)

T T
20 10 0 -10 -20 -30

T
-40

T
-50

T T T T T T T T T T T T T
90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

T T
-60 -70 -80

S146



or'T
T

€1'T

PTT

91'T
9T'T
ARE
81T
61T
07T
127
vTT
STT
97T
82°T
62T
67T~

097
69T
121
€1
vLT
8T
187
281
81
€97
b8'T
8T
981
98T
81
81
88T
68'T
T
b6'T
b6'T
9T
96T
16T
86'T
86'T
e
[4%4
€1z
bIT
sz
9tz
9T
82z
62T
62
622
66
e
b9
89
88°C
68
16T
6T
e
sue
e ﬁ
1723
w9
€9
bL9
veL
veL
9Tt
9Tt
9TL
we
8TL
8eL
6CL
gL
gL
€58

wif
25
€€
e
851

"H NMR (CD,Cl,, 400 MHz)

BF,

8h-II

ot

Fooe

=00'T

bT6T
£8°0T /
[ 96'5Z /
© €092
11°92

86'22~\"
0887 7

L0°6T \“
€62 \
n bpIE

— TT°€e

0S°€r —

8IS~

0z'ss

6€C9 —

£€°6L —

T
5.0
f1 (ppm)

SOLTI~
10'821 <7
[0 80°621 *
©° 9T'IET o
19'bET
sgzer "

19°08T —

3C NMR (CD,Cl,, 101 MHz)

8h-II

" MWWWMWMWWWWWW I

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

210

f1 (ppm)

S147



-151.47
-151.52

<

9F NMR (CD,Cl,, 376 MHz)

BF,

8h-Il

—-151.47
— -151.52

T T T T T T T T
-151.1 -151.2 -151.3 -151.4 -151.5 -151.6 -151.7 -151.8
f1 (ppm)

T T T T T T T T T T T T T T
90 -100 -110 -120 -130 -140 -150 ~-160 -170 -180 -190 -200 -210 -2
f1 (ppm)

T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80

$148



80
s8'0

280

880

06°0 |
160
260
£6°0
5601
96°0
860
660
107
20T
SO'T
80°T -f
60T

or't

T

[4%1

€T

PIT

9T

61

6T ]
1]
sv1 ]
o1
0s'T
ST
ST
¥S'T
ssT
89T
69T
175
€T
ST
w
8LT
81
€81
16T
¥6'T
S6'T
007
£0T
v0'T
soT
60
sTT
e
61T
0z'z
we
vT'T
67T
€€
s6'C
16
867
00°E
20'e
20°€
60°€
e
(483
pI'E
e
e
£v'E
e
prE
Sb'e
ozL
ozs
wes
€L
vTL

=

0€'L
wL
(44
ve'L
veEL
9€’L
20’6

"H NMR (CDCl;, 400 MHz)

/ /77

/il

s

~

.

BF4

8k-1

]

oot
Eyer
Bzt
Fore
EZ0€T
92T
0T
oot
o
Fore

B 901

W €01
20T

01

=0T
444

==00T

f1 (ppm)

6£°0C
9T'ST
£V'ST
18°ST
18°'ST
€LLT~

9587 “F
9767
8v°6C
SL°0E
mm.um\
8Ty —
0r'9r ~

:.cm/

S6'T9 —

8L

§6°92T —
0s'62T

09'6CT N.
ELPET —

9€'€8T —

3C NMR (CDCl3, 101 MHz)

-

S

‘s,

Ny

BF,

8Kk-I

f1 (ppm)

5149
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