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A. General Information

General Experimental Procedures: All reactions were carried out in flame-dried (or oven-dried at 140 °C for at
least 2 h) glassware under an atmosphere of nitrogen unless otherwise indicated. Nitrogen was dried using a drying
tube equipped with Drierite™ unless otherwise noted. Air- and moisture-sensitive reagents were handled in a
nitrogen-filled glovebox (working oxygen level ~ 0.1 ppm). Column chromatography was performed with 1) basic
aluminium oxide from ACROS Organics (50-200 um, 60 A), Brockmann I grade, activated upon addition of certain
amount of water according to the substrates, dry loading of activated aluminium oxide was applied followed by flush
with eluent to get rid of air bubbles; 2) silica gel from Grace Davison Discovery Sciences (35-75 um) with a column
mixed as a slurry with the eluent and was packed, rinsed, and run under air pressure. Analytical thin-layer
chromatography (TLC) was performed on precoated glass silica gel plates (by EMD Chemicals Inc.) with F-254
indicator. Visualization was either by short wave (254 nm) ultraviolet light, or by staining with potassium
permanganate followed by brief heating on a hot plate or by a heat gun. Distillations were performed using a 3 cm

short-path column under reduced pressure or by using a Hickman still at ambient pressure.

Instrumentation: 1H NMR and 13C NMR were recorded on a Varian Unity 400/500 MHz (100/125 MHz respectively
for 13C) or a VXR-500 MHz spectrometer. Spectra were referenced using either CDCI3 or CéDs as solvents (unless
otherwise noted) with the residual solvent peak as the internal standard (1H NMR: § 7.26 ppm, 13C NMR: 6 77.00 ppm
for CDCl3 and 1H NMR: § 7.15 ppm, 13C NMR: § 128.60 ppm for CeDs). Chemical shifts were reported in parts per
million and multiplicities are as indicated: s (singlet,) d (doublet,) t (triplet,) q (quartet,) p (pentet,) m (multiplet,)
and br (broad). Coupling constants, /, are reported in Hertz and integration is provided. Analysis by Gas
Chromatography-Mass Spectrometry (GC-MS) was performed using a Shimadzu GC-2010 Plus Gas chromatograph
fitted with a Shimadzu GCMS-QP2010 SE mass spectrometer using electron impact (EI) ionization after analytes
traveled through a SHRXI-5MS- 30m x 0.25 mm x 0.25 pm column using a helium carrier gas. Data are reported in
the form of m/z (intensity relative to base peak = 100). Gas Chromatography (GC) was performed on a Shimadzu GC-
2010 Plus gas chromatograph with SHRXI-MS- 15m x 0.25 mm x 0.25 pm column with nitrogen carrier gas and a
flame ionization detector (FID). Low-resolution Mass Spectrometry and High Resolution Mass Spectrometry were
performed in the Department of Chemistry at University of Illinois at Urbana-Champaign. The glove box, MBraun
LABmaster sp, was maintained under nitrogen atmosphere. Melting points were recorded on a Thomas Hoover

capillary melting point apparatus.

Materials: Solvents used for extraction and column chromatography were reagent grade and used as received.
Reaction solvents tetrahydrofuran (Fisher, unstabilized HPLC ACS grade), diethyl ether (Fisher, BHT stabilized ACS
grade), methylene chloride (Fisher, unstabilized HPLC grade), dimethoxyethane (Fisher, certified ACS), toluene
(Fisher, optima ACS grade), 1,4-dioxane (Fisher, certified ACS), acetonitrile (Fisher, HPLC grade), and hexanes
(Fisher, ACS HPLC grade) were dried on a Pure Process Technology Glass Contour Solvent Purification System using
activated Stainless Steel columns while following manufacture’s recommendations for solvent preparation and

dispensation unless otherwise noted.



B. Substrate synthesis
Alkene Synthesis

Unless prepared according to the following procedure, alkene substrates were distilled after received from

commercial sources.

Ph3PCHgBr
XY THIR > R--6 Y HR
= 'BUOK, 0 ° to rt =

Procedure: To a dry 100 mL three-neck flask was charged with a stir bar and 5.4 g Ph3PCH3Br (15 mmol, 2.5 equiv)
purged with nitrogen followed by the addition of 30 mL dry THF. Cooled to 0 °C, 1.68 g :BuOK (15 mmol, 2.5 equiv)
was added under nitrogen flow in one portion. The reaction was allowed to stir at 0 °C for 30 min followed by the
slow addition of the aldehyde or ketone (6.0 mmol, 1.0 equiv). The reaction flask was then warmed up to rt and stir
overnight. The reaction was quenched by water and extracted with EtOAc three time, then the combined organic
layers were washed with brine, dried by MgS04, concentrated in vacuo, and purified by flash column chromatography

on silica gel to afford the desire alkenes.

= 4,4'-(ethene-1,1-diyl)bis(fluorobenzene): prepared according to previously described
O procedure in 79% yield.

Column Chromatography Condition: 30 : 1 hexane/EtOAc
F 0 1H NMR (500 MHz, CDCl3) &: 7.37 - 7.28 (m, 4H), 7.05 (t, ] = 8.7 Hz, 4H), 5.41 (s, 2H).

13C NMR (125 MHz, CDCl3) 8: 162.71 (d, ] = 247.0 Hz), 148.20, 137.51 (d, ] = 3.3 Hz), 129.95 (d, ] =
8.0 Hz), 115.27 (d, ] = 21.4 Hz), 114.28.

19F NMR (471 MHz, CDCl3) §: -114.40 - -114.53 (m).

HRMS (ESI-TOF) m/z: [M+H-] calculated for C14H10F2, 216.0751; found, 216.0747.

OMe \ 44'-(ethene-1,1-diyl)bis(methoxybenzene): prepared according to previously described
O procedure in 92% yield.

Column Chromatography Condition: 4 : 1 hexane/EtOAc
MeO O 1H NMR (500 MHz, CDCI3) &: 7.40 - 7.16 (m, 4H), 6.96 - 6.66 (m, 4H), 5.30 (s, 2H), 3.83 (s, 6H).
13C NMR (125 MHz, CDCl3) 6: 159.44, 149.12, 134.46, 129.57, 113.63, 111.81, 55.45.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H1702, 241.1229; found, 241.1222.



1-methoxy-4-(1-phenylvinyl)benzene: prepared according to previously described procedure
O in 76% yield.

O Column Chromatography Condition: 10 : 1 hexane/EtOAc
MeO

1H NMR (500 MHz, CDCl3) &: 7.37 - 7.31 (m, 5H), 7.30 - 7.26 (m, 2H), 6.91 - 6.84 (m, 2H), 5.40
(d,] = 1.3 Hz, 1H), 5.36 (d, ] = 1.3 Hz, 1H), 3.83 (s, 3H).

13CNMR (125 MHz, CDCls) §: 159.40, 149.58, 141.91, 134.07, 129.52, 128.44, 128.25, 127.78, 113.61, 113.13, 55.44.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C15H150, 211.1123; found, 211.1123.

MeO N 1-methoxy-3-vinylbenzene: prepared according to previously described procedure in 61%
\©/\ yield after distillation.

Column Chromatography Condition: 8 : 1 hexane/EtOAc

1H NMR (500 MHz, CDCl3) &: 7.25 (t, ] = 7.9 Hz, 1H), 7.02 (dt, ] = 7.6, 1.2 Hz, 1H), 6.96 (dd, ] = 2.6, 1.5 Hz, 1H), 6.82
(ddd, J = 8.3, 2.6, 1.0 Hz, 1H), 6.70 (dd, ] = 17.6, 10.8 Hz, 1H), 5.75 (dd, ] = 17.6, 0.9 Hz, 1H), 5.26 (dd, ] = 10.9, 0.9 Hz,
1H), 3.83 (s, 3H).

13CNMR (125 MHz, CDCls) §: 159.95, 139.18, 136.92, 129.63, 119.05, 114.26, 113.58, 111.67, 55.37.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C9H110, 135.0810; found, 135.0807.

1-methoxy-2-vinylbenzene: prepared according to previously described procedure in 84% yield.
OMe

©/\ Column Chromatography Condition: 8 : 1 hexane/EtOAc

1H NMR (500 MHz, CDCls) &: 7.48 (dd, ] = 7.6, 1.7 Hz, 1H), 7.25 (ddd, ] = 8.3, 7.3, 1.7 Hz, 1H), 7.07 (dd,
] =17.8, 11.1 Hz, 1H), 6.99 - 6.92 (m, 1H), 6.88 (dd, ] = 8.3, 1.1 Hz, 1H), 5.75 (dd, ] = 17.8, 1.5 Hz, 1H), 5.28 (dd, ] =
11.2, 1.5 Hz, 1H), 3.86 (s, 3H).

13C NMR (125 MHz, CDCI3) 6: 156.87,131.82,128.97,126.92,126.67, 120.75, 114.58, 110.98, 55.61.

HRMS (ESI-TOF) m/z: [M+H+] calculated for CsH110, 135.0810; found, 135.0814.

2-(1-phenylvinyl)pyridine: prepared according to previously described procedure in 64% yield.

Column Chromatography Condition: 4 : 1 hexane/EtOAc

S
| _N 1H NMR (500 MHz, CDCl3) &: 8.65 (ddd, ] = 4.9, 2.0, 1.0 Hz, 1H), 7.63 (td, ] = 7.7, 1.8 Hz, 1H), 7.40 -
7.31 (m, 5H), 7.30 - 7.24 (m, 1H), 7.21 (ddd, ] = 7.4, 4.8, 1.2 Hz, 1H), 6.09 - 5.94 (m, 1H), 5.72 - 5.54

(m, 1H).

13C NMR (125 MHz, CDCl3) &: 158.69, 149.54, 149.34, 140.53, 136.40, 128.57, 128.43, 127.96, 122.97,122.56, 117.84.



HRMS (ESI-TOF) m/z: [M+H+] calculated for C13H12N, 182.0970; found, 182.0973.

1-methyl-4-(1-phenylvinyl)benzene: prepared according to previously described procedure in

O 77% yield.

O Column Chromatography Condition: 99 : 1 hexane/EtOAc

1H NMR (500 MHz, CDCls) &: 7.38 - 7.28 (m, 5H), 7.24 (d, ] = 7.9 Hz, 2H), 7.15 (d, ] = 7.9 Hz, 2H), 5.44
(d,] = 1.1 Hz, 1H), 5.41 (d, ] = 1.3 Hz, 1H), 2.37 (s, 3H).

13CNMR (125 MHz, CDCls) §: 150.06, 141.84, 138.76, 137.65, 129.00, 128.43, 128.29, 128.25, 127.77, 113.76, 21.32.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C15H14, 194.1096; found, 194.1093.

Oy
i) LDA i

N I
PPhsMeBr > > I

Z

N
Procedure: A dry 100 mL schlenk flask was charged with a stir bar, then purged with nitrogen followed by the
addition of 50 mL dry THF and 1.4 mL HN(iPr)2 (10 mmol, 1.0 equiv). Cooled to -78 °C, n-BuLi solution (10 mmol, 1.0
equiv) was added slowly into the flask. The reaction was then warmed up to room temperature and allowed to stir
for 10 min. 3.57 g PPh3sMeBr (10 mmol, 1.0 equiv) was then added into the reaction in one portion under N2 flow at
0 °C and the resulting crude was stirred at 0 °C for another 1 hour. After 1 hour, the reaction was cooled to -78 °C
followed by the slow addition of 0.94 mL nicotinaldehyde (10 mmol, 1.0 equiv), and warmed up to room temperature
and allowed to stir overnight. The reaction was quenched by the addition of 50 mL water and extracted with Et20
three time, then the combined organic layers were dried by MgS04, concentrated in vacuo, and purified by flash
column chromatography on silica gel (1:1 hexanes/Et20 as eluent) to afford the desire alkene. (Caution: product is

volatile, avoid the high-vac).

SN 3-vinylpyridine: prepared according to previously described procedure in 75% yield (with some

-~

N Et20 and hexane residues)
Column Chromatography Condition: 1:1 hexane / Et20

1H NMR (500 MHz, CDCl3) 8: 8.61 (d, ] = 2.3 Hz, 1H), 8.48 (dd, ] = 4.8, 1.6 Hz, 1H), 7.72 (dt, ] = 7.9, 2.0 Hz, 1H), 7.27 -
7.20 (m, 1H), 6.70 (dd, ] = 17.7, 11.0 Hz, 1H), 5.82 (dd, ] = 17.6, 0.7 Hz, 1H), 5.37 (dd, ] = 11.0, 0.7 Hz, 1H).

13C NMR (125 MHz, CDCl3) 8: 149.03, 148.43,133.61, 133.15, 132.74, 123.52, 116.32.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C7HsN, 106.0657; found, 106.0658.



i) Me

/@AO

. . Me

i) "BulLi MeO,C

PPhsMeBr > > @
MeOZC

Procedure: A dry 100 mL schlenk flask was charged with a stir bar and 7.14 g PPhsMeBr (20 mmol, 2.0 equiv), then

purged with nitrogen followed by the addition of 50 mL dry THF. Cooled to 0 °C, n-BuLi solution (19 mmol, 1.9 equiv)
was added slowly into the flask. The reaction was allowed to stir at 0 °C for 1 hour. 1.78 g starting material ketone
(10 mmol, 1.0 equiv) was added into the reaction in one portion under N2 flow at 0 °C then the resulting reaction
crude was warmed up to room temperature and stirred overnight. The reaction was quenched by the addition of 50
mL water and extracted with Et20 three time, then the combined organic layers were washed with brine and dried by
MgS0s4, concentrated in vacuo, and purified by flash column chromatography on silica gel (10:1 to 5:1 hexanes/EtOAc

as gradient eluent) to afford the product in 45% yield as a white solid.

Me Ethyl 4-(prop-1-en-2-yl)benzoate. 1tH NMR (500 MHz, CDCl3) 6: 7.99 (d, ] = 8.2 Hz, 2H),

/©/§ 7.52 (d,] = 8.4 Hz, 2H), 5.47 (q, ] = 1.0 Hz, 1H), 5.19 (p, ] = 1.5 Hz, 1H), 3.92 (s, 3H), 2.23 -
MeO,C 2.08 (m, 3H).

13CNMR (125 MHz, CDCls) §: 167.07, 145.81, 142.62, 129.72, 129.09, 125.57, 114.69, 52.19, 21.78.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C11H1302, 177.0916; found, 177.0918.

1). SOCI, (1.2 equiv), DMF (cat.)

Q/\ CH,Cl, (0.5 M), rt, 2 h /©/\
HO.C 2). EtOH (1.5 equiv), TEA (3.0 equiv) EtO.C

DMAP (cat.), CH,Cl, (0.5 M), t, 3 h

Procedure:1 An oven-dried 250 mL round-bottomed flask equipped with a stir bar was charged with 4-vinylbenzoic
acid (2.96 g, 20 mmol), anhydrous methylene chloride (40 mL, 0.50 M), and anhydrous DMF (100 pL). To the stirring
solution under nitrogen is added thionyl chloride (1.75 mL, 24 mmol) in a dropwise manner. After stirring at rt for 2
h, the mixture is evaporated to dryness with the use of a rotary evaporator. Methylene chloride (40 mL, 0.50 M) is
added, followed by ethanol (1.76 mL, 30 mmol) and 4-dimethylamino pyridine (20 mg). Then, in a dropwise manner,
freshly distilled triethylamine (8.5 mL, 60 mmol) is added over 3 min. The mixture is allowed to stir at rt for 3 h after
which point it is quenched by the addition of aqueous HCl (1 M). The mixture is transferred to a separatory funnel
and extracted with ethyl acetate (3x25 mL). The combined organic layers are then washed with brine (1x10 mL),
then dried with anhydrous MgS04, filtered, and the solvent is removed under reduced pressure with the aid of a
rotary evaporator. The product is further purified via flash chromatography on silica gel, eluting with 5% ethyl
acetate in hexanes. The product is obtained as a clear oil (3.22 g, 91% yield). The spectral data were in accordance

with those previously reported.1



1H NMR (500 MHz, Chloroform-d) § 8.00 (d, J = 7.9 Hz, 2H), 7.46 (d, ] = 8.3 Hz, 2H), 6.75 (dd, ] =

o C/©/\ 17.6, 10.9 Hz, 1H), 5.86 (dd, ] = 17.6, 0.7 Hz, 1H), 5.38 (dd, ] = 10.9, 0.7 Hz, 1H), 4.38 (q, ] = 7.1 Hz,
2
2H), 1.40 (t, ] = 7.1 Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 166.69, 142.10, 136.35, 130.13, 129.93, 126.34, 116.65, 61.20, 14.62.
Br Br
CHa-PPhsBr (1.0 equiv)
/@AO nBuLi (1.0 equiv) N /@A
F THF (0.12 M), rt, 4.5 h F

Procedure: An oven-dried 250 mL round-bottomed flask equipped with a stir bar was charged with

methyltriphenylphosphonium bromide (3.57 g, 10 mmol) and anhydrous THF (83 mL, 0.12 M). The mixture was
cooled to 0 2C with an ice bath, and »BuLi (1.6 M in hexanes, 6.25 mL, 10 mmol) was added dropwise over 1 min. The
ice bath was removed and the yellow mixture was allowed to stir at rt for 25 min. A solution of the aldehyde (2.03 g,
10 mmol) in anhydrous THF (5 mL) was added via syringe and the mixture was allowed to stir at rt for 4.5 h at which
point the reaction was deemed complete by TLC analysis. The reaction was then quenched with saturated aqueous
NH4CL The mixture was transferred to a separatory funnel and the aqueous layer was washed with methylene
chloride (3x50 mL). The combined organic layers were dried with anhydrous MgS04 and then filtered. The solvent
was removed under reduced pressure with the aid of a rotary evaporator. The product was further purified via flash
column chromatography on silica gel, eluting with 5% ethyl acetate in hexanes. The product was obtained as a clear

oil (1.41 g, 70% yield). The spectra matched those previously reported.2

Br 1H NMR (499 MHz, Chloroform-d) § 7.52 (dd, ] = 8.7, 6.0 Hz, 1H), 7.30 (dd, ] = 8.3, 2.6 Hz, 1H), 7.02 (td, ]
@/\ =8.5,2.7 Hz, 1H), 6.98 (dd, ] = 17.5, 11.0 Hz, 1H), 5.64 (d, ] = 17.4 Hz, 1H), 5.35 (d, ] = 10.6 Hz, 1H).
F

13C NMR (126 MHz, Chloroform-d) & 161.83 (d, J = 251.3 Hz), 134.74, 133.85 (d, J = 3.7 Hz), 127.72 (d, ] = 8.4 Hz),
123.44 (d,] = 9.3 Hz), 119.88 (d, ] = 24.5 Hz), 116.51 (d, ] = 2.0 Hz), 114.87 (d, ] = 21.2 Hz).

O
o i) CDI N
HO — H
_ ii) tryptamine

Procedure: A 100 mL round-bottom-flask was charged with a stir bar, 1.48 g 4-vinylbenzoic acid (10 mmol, 1.0

Iz .

equiv), 1.78 g carbonyldiimidazole (11 mmol, 1.1 equiv) and 10 mL DCM. The mixture was then stirred at room
temperature for 15 min until no gas formation. 1.68 g tryptamine (10.5 mmol, 1.05 equiv) was added into reaction in
one portion. After 12 hours, the reaction crude was diluted in DCM and washed with 1 M HCI solution three times and
1M NaOH solution once. The organic layer was dried by MgS04, concentrated in vacuo, and re-crystalized in DCM to

afford the white solid as pure product.



z

') N-(2-(1H-indol-3-yl)ethyl)-4-vinylbenzamide: prepared according to previously
described procedure in 63% yield (first crop of recrystallization) as a white solid. m.p. =

CEC " '
N 134°C.

H —_—

Z

1H NMR (500 MHz, CDCl3) &: 8.12 (brs, 1H), 7.76 - 7.58 (m, 3H), 7.48 - 7.34 (m, 3H),
7.23 (ddd, ] = 8.2, 7.0, 1.1 Hz, 1H), 7.14 (ddd, ] = 8.0, 7.1, 1.0 Hz, 1H), 7.07 (d, ] = 2.3 Hz, 1H), 6.72 (dd, ] = 17.6, 10.9 Hz,
1H), 6.21 (brs, 1H), 5.81 (dd, ] = 17.6, 0.8 Hz, 1H), 5.41 - 5.22 (m, 1H), 3.81 (q, ] = 6.4 Hz, 2H), 3.11 (t, ] = 6.6 Hz, 2H).

13C NMR (125 MHz, CDCI3) 6: 167.21, 140.62, 136.60, 136.07, 133.84, 127.46, 127.28, 126.38, 122.39, 122.27, 119.67,
118.87,115.96,113.12, 111.46, 40.45, 25.44.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C19H19N20, 291.1497; found, 291.1491.

—k Prepared according to previously described procedure using 1,2:3,4-Di-O-
0
isopropylide-ne-a-D-galactopyranose as nucleophile followed by silica column

@)
Or. N
><O"{O\/Q/OY©/\ chromatography (4:1 to 2:1 hexanes/EtOAc as gradient eluent) in 82% yield as a

0] white solid. m.p. = 68-69 °C.

1H NMR (500 MHz, CDCl3) 6: 8.01 (d, ] = 8.3 Hz, 2H), 7.45 (d, ] =8.4 Hz, 2H), 6.75 (dd, ] = 17.6, 10.9 Hz, 1H), 5.86 (d, ] =
17.6 Hz, 1H), 5.57 (d, ] = 4.9 Hz, 1H), 5.38 (d, ] = 10.9 Hz, 1H), 4.65 (dd, ] = 7.9, 2.2 Hz, 1H), 4.53 (dd, ] = 11.5, 4.8 Hz,
1H), 4.42 (dd, ] = 11.4, 7.5 Hz, 1H), 4.37 - 4.29 (m, 2H), 4.22 - 4.14 (m, 1H), 1.51 (s, 3H), 1.48 (s, 3H), 1.36 (s, 3H), 1.33
(s, 3H).

13C NMR (125 MHz, CDCI3) &: 166.32, 142.14, 136.19, 130.16, 129.34, 126.23, 116.61, 109.84, 108.95, 96.48, 71.32,
70.90, 70.70, 66.34, 64.01, 26.18, 26.14, 25.14, 24.66.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21H2707, 391.1757; found, 391.1748.

0 OH Me
P OH  TsOH: HZO
O _—
0o M
OMe O T weon O © Ve
Me O

/ OMe
Me

Esterification: A 100 mL round-bottom-flask was charged with a stir bar, 6.41 g mycophenolic acid (20 mmol, 1.0
equiv), 0.76 g TsOHeH20 (4 mmol, 20 mol %) and 40 mL MeOH. The mixture was then stirred at room temperature
overnight. The reaction crude was concentrated in vacuo to remove MeOH, then diluted in EtOAc and washed with
sat. NaHCO3 solution three times. The organic layer was dried by MgS04, concentrated in vacuo to afford the white

solid as pure product in 94% yield as a white solid. m.p. = 93-95 °C.

CDI Coupling: Same procedure as previously described.



1H NMR (500 MHz, CDCl3) 6: 8.16 (d, ] = 8.4 Hz, 2H), 7.53 (d, ] = 8.4 Hz, 2H), 6.79

(dd, ] =17.6,10.9 Hz, 1H), 5.91 (d, ] = 17.6 Hz, 1H), 5.42 (d, ] = 10.9 Hz, 1H), 5.17 (s,

2H), 5.16 - 5.12 (m, 1H), 3.81 (s, 3H), 3.60 (s, 3H), 2.31 (dd, ] = 9.4, 6.6 Hz, 2H),
o 00 Me 2.25 (s, 3H), 2.21 (dd, ] = 9.3, 6.5 Hz, 2H), 1.60 (s, 3H).

Pz OMe

o 13C NMR (125 MHz, CDCls) &: 173.82, 168.14, 164.37, 162.74, 146.34, 146.31,

OMe 142.90, 136.15, 134.74, 130.88, 129.58, 128.04, 126.44, 123.17, 122.33, 117.06,

Me
114.01, 68.42, 61.39,51.62, 34.52, 32.76, 23.87, 16.35, 11.95.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C27H2907, 465.1913; found, 465.1905.

o-Silyl Amine Synthesis

Unless prepared according to the following procedure, a-silyl amine substrates were used directly from commercial

sources.
H
N TMS™N
TMS Cl + —_—
DMF, 90 °C
1.0 equiv 2.0 equiv

Procedure: A dry 100 mL round-bottom-flask was charged with a stir bar, (chloromethyl)trimethylsilane (20 mmol],
1.0 equiv), piperidine (40 mmol, 2.0 equiv), and 30 mL DMF. The flask was then heated up to 90 °C under N2
atmosphere overnight. The reaction was quenched by the addition of 30 mL H20, and extracted with Et20 five times.
The combined organic layers were washed with H20 twice and brine once, then dried by MgSO4, concentrated in

vacuo, and purified by fractional distillation to afford the colorless liquid in 70 % yield.

TMSTN 1-((trimethylsilyl)methyl)piperidine: prepared according to previously described procedure.
1H NMR (500 MHz, CDCI3) &: 2.31 (brs, 4H), 1.88 (s, 2H), 1.55 (p, ] = 5.6 Hz, 4H), 1.43 - 1.29 (m,
2H), 0.05 (s, 9H).

13C NMR (125 MHz, CDCl3) é: 58.61, 51.88, 26.38, 23.95, -0.85.

HRMS (ESI-TOF) m/z: [M+H+] calculated for CoH22NSi, 172.1522; found, 172.1519.

Nal (1 mol %)

_R2 EtzN (2.0 equiv) 2
TMscl +  HN > TmMsTNR
R! DMF, 90 °C R1
1.3 equiv 1.0 equiv

Procedure: A dry 50 mL round-bottom-flask was charged with a stir bar, (chloromethyl)trimethylsilane (13 mmol],

1.3 equiv), amine (10 mmol, 1.0 equiv), NaI(0.1 mmol, 1 mol %), Ets3N (20 mmol, 2.0 equiv) and 10 mL DMF. The flask



was then heated up to 90 °C under N2 atmosphere overnight. The reaction was quenched by the addition of 30 mL
H20, and extracted with EtOAc three times. The combined organic layers were washed with H20 twice and brine
once, then dried by MgS0s4, concentrated in vacuo, and purified by basic alumina chromatography to afford the

desired product.
TMS/\N/\ tert-butyl 4-((trimethylsilyl)methyl)piperazine-1-carboxylate: Prepared according to
N

‘Boc | breviously described procedure in 84% isolated yield.

Column Chromatography Condition: 300 g Al203 + 14 g H20, 30 : 1 hexanes/EtOAc with 0.5%
MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) 8: 3.48 - 3.32 (m, 4H), 2.32 (t, ] = 5.4 Hz, 4H), 1.90 (s, 2H), 1.45 (s, 9H), 0.05 (s, 9H).
13C NMR (125 MHz, CDCl3) 8: 154.89, 79.51, 56.77, 50.97, 43.90, 28.56, -1.10.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C13H29N202Si, 273.1998; found, 273.2006.

TMS NﬁN—Me 1-methyl-4-((trimethylsilyl)methyl)-1,4-diazepane: Prepared according to previously
described procedure, purified by fractional distillation to afford product in 74% yield.

1H NMR (500 MHz, CDCl3) &: § 2.71 - 2.65 (m, 4H), 2.64 - 2.54 (m, 4H), 2.34 (s, 3H), 2.06 (s,
2H), 1.77 (dq, ] = 7.0, 5.8 Hz, 2H), 0.04 (s, 9H).

13C NMR (125 MHz, CDCls) 8: 58.84, 58.36, 57.83, 57.12, 51.26, 47.18, 27.40, -1.10.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C10H25N2Si, 201.1787; found, 201.1787.

™S N/\ 2-(4-((trimethylsilyl)methyl)piperazin-1-yl)pyrimidine: = Prepared according to
N\WN\ previously described procedure in 71% isolated yield.

Column Chromatography Condition: 200 g Al203 + 12 g H20, 30 : 1 hexanes/EtOAc with
0.5% MeOH as eluent.

1H NMR (500 MHz, CDCl3) &: 8.29 (d, ] = 4.7 Hz, 2H), 6.45 (t, ] = 4.7 Hz, 1H), 4.12 - 3.54 (m, 4H), 2.77 - 2.28 (m, 4H),
1.94 (s, 2H), 0.08 (s, 9H).

13CNMR (125 MHz, CDCls) §: 161.73, 157.83, 109.76, 56.88, 51.07, 43.97, -1.00.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C12H23N4Si, 251.1692; found, 251.1688.

CO,Bn| Benzyl ((trimethylsilyl)methyl)-L-prolinate: Prepared according to previously described
TMS/\’\D procedure in 46% isolated yield.

Column Chromatography Condition: silica, 10 : 1 to 6 : 1 hexanes/EtOAc as gradient eluent.



1H NMR (500 MHz, CDCl3) &: 7.38 - 7.29 (m, 5H), 5.20 (d, ] = 12.3 Hz, 1H), 5.11 (d, ] = 12.3 Hz, 1H), 3.10 (ddd, ] = 7.8,
6.3,3.7 Hz, 2H), 2.33 (q, ] = 8.0 Hz, 1H), 2.31 (d, ] = 13.9 Hz, 1H), 2.15 - 2.03 (m, 1H), 1.98 - 1.86 (m, 2H), 1.82 (d, ] =
14.0 Hz, 1H) 1.81 - 1.74 (m, 1H), 0.03 (s, 9H).

13C NMR (125 MHz, CDCI3) 6: 174.08, 136.22, 128.63, 128.36, 128.29, 70.16, 66.18, 56.10, 46.00, 29.01, 23.65, -1.29.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H26N02Si, 292.1733; found, 292.1726.

TMSN"ph| NN-dibenzyl-1-(trimethylsilyl)methanamine: Prepared according to previously described
Ph procedure with 2.0 equiv of (chloromethyl)trimethylsilane in 57% isolated yield.

Column Chromatography Condition: silica, 99 : 1 hexanes/EtOAc as eluent.

1H NMR (500 MHz, CDCl3) &: 7.42 - 7.36 (m, 4H), 7.31 (dd, ] = 8.3, 6.8 Hz, 4H), 7.25 - 7.20 (m, 2H), 3.47 (s, 4H), 1.94
(s, 2H), 0.04 (s, 9H).

13C NMR (125 MHz, CDCl3) 8: 140.45, 128.82, 128.26, 126.83, 62.06, 46.00, -1.10.
HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H26NSi, 284.1835; found, 284.1824.

N-((trimethylsilyl)methyl)cyclohexanamine: Prepared according to previously described

TMS/\H procedure, purified by fractional distillation to afford product in 60% yield.
1H NMR (500 MHz, CDCl3) 6: 2.26 (tt, ] = 10.5, 3.7 Hz, 1H), 2.06 (s, 2H), 1.94 - 1.82 (m, 2H), 1.72

(dt, ] = 12.8, 3.6 Hz, 2H), 1.60 (ddt, ] = 12.2, 5.0, 2.7 Hz, 1H), 1.33 - 1.08 (m, 3H), 1.08 - 0.96 (m, 2H), 0.57 (brs, 1H),
0.03 (s, 9H).

13C NMR (125 MHz, CDCl3) 8: 60.87, 37.16, 33.29, 26.47, 25.32, -2.36.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C10H24NSi, 186.1678; found, 186.1678.

TMS™ N 1-((trimethylsilyl)methyl)azepane: Prepared according to previously described procedure,
Q purified by fractional distillation to afford product in 68% yield.

1H NMR (500 MHz, CDCl3) &: 2.72 - 2.51 (m, 4H), 2.07 (s, 2H), 1.73 - 1.49 (m, 8H), 0.05 (s, 9H).
13C NMR (125 MHz, CDCl3) &: 59.56, 50.72, 27.80, 27.23, -1.02.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C10H24NSi, 186.1678; found, 186.1679.



Potassium Alkyl Trifluoroborate Syntheses

Alkyltrifluoroborate salts were prepared from the corresponding alkylboronic acids or alkyl pinacolboronate esters
following known literature protocols. Alkyl pinacolboronate esters were prepared from the corresponding alkyl

bromides or alkenes following known literature protocols.

From alkylboronic acids:3

KF (4.0 equiv)
L-(+)-tartaric acid (2.05 equiv)
R—B(OH), » R-BF3;K
MeCN, THF, H,0O, rt

A round-bottomed flask was charged with the alkylboronic acid (1.0 equiv) and acetonitrile (0.25 M). A solution of KF
(4.0 equiv) in water (10 M) is added with rapid stirring to produce a clear, homogeneous solution. Next, a solution of
L-(+)-tartaric acid (2.05 equiv) in THF (1.37 M) is added dropwise over 2 min, resulting in the formation of a solid
precipitate, which settles upon cessation of stirring. After stirring for 5 min at rt, the mixture is filtered over
diatomaceous earth to afford a clear solution. The solvent is removed under reduced pressure with a rotary
evaporator to afford the product as a white solid. This is further dried under high vacuum to remove trace water. The

final product is obtained as a white solid.
BF:K| Scale: 10 mmol Yield: 1.05 g, 53%

1H NMR (500 MHz, DMSO-ds) 8: 1.56 (d, ] = 9.7 Hz, 3H), 1.47 (d, ] = 13.0 Hz, 2H), 1.14 - 0.95 (m, 3H), 0.88 (q,
J =12.1 Hz, 2H), -0.06 (br's, 1H).

13C NMR (126 MHz, Acetone-ds) 8: 29.39, 28.65, 28.21, 27.64.

11B NMR (128 MHz, DMSO-de) &: 4.80 (m).

19F NMR (470 MHz, DMSO-ds) 8: -144.63 (m).

The spectroscopic data matched that which was previously reported in the literature.4

ANBEK Scale: 20 mmol Yield: 2.50 g, 76%
1H NMR (500 MHz, DMSO-ds) 6: 1.21 - 1.14 (m, 2H), 1.11 - 1.05 (m, 2H), 0.78 (t,/ = 7.2 Hz, 3H), -0.08
(9,] = 7.3 Hz, 2H).
13C NMR (126 MHz, DMSO-ds) 6: 28.27, 26.18, 14.58. (C-B ipso carbon not visible)
11B NMR (161 MHz, DMSO0-ds) 6: 9.60 (q, ] = 64.4 Hz).
19F NMR (471 MHz, DMSO-ds) &: -132.02 (m).
The spectroscopic data matched that which was previously reported in the literature.s
O\ Scale: 10 mmol Yield: 1.96 g, 71%

BF3;K
h | {HNMR (400 MHz, Acetone-ds) 6: 3.25 (m, 1H), 3.14 (m, 1H), 2.87 (m, 1H), 1.83 (m, 2H), 1.61 (m, 2H),

Boc
1.39 (s, 9H). (mixture of rotamers)
13C NMR (126 MHz, Acetone-ds) 6: 155.54, 77.90, 51.15, 47.72, 29.07, 28.54, 25.90. (mixture of rotamers)

11B NMR (128 MHz, Acetone-de) 6: 3.44 (m).



19F NMR (376 MHz, Acetone-ds) 6: -146.39 (m).

From alkyl bromides:s

CuCl (10 mol %)
PPhg (13 mol %)
R-Br > R-Bpin
LiOMe (2.0 equiv), DMF (0.5 M)
rt, 24 h

In the glovebox, an oven-dried flask equipped with a stir bar is charged with the alkyl bromide (1.0 equiv), Cul (10
mol %), triphenylphosphine (13 mol %), lithium methoxide (2.0 equiv), B2pinz (1.5 equiv), and DMF (0.5 M). The
flask was sealed, removed from the glovebox, and rapidly stirred at 37 °C for 24 h. Next, the thick black mixture is
filtered over a pad of diatomaceous earth to afford a clear colored filtrate. This is added to a separatory funnel,
rinsing with ethyl acetate, and the mixture is washed with water (3x20 mL) and brine (1x10 mL) to remove DMF and
salts. The organic layer is dried with anhydrous sodium sulfate, filtered, and the solvent is removed under reduced
pressure with the aid of a rotary evaporator. The crude residue is further purified via flash chromatography on silica

gel, eluting with mixtures of ethyl acetate and hexane, to afford pure products.

Bpin Scale: 16.5 mmol Yield: 3.99 g, 83%

o 1H NMR (500 MHz, CDCI3) &: 3.78 (m, 2H), 2.92 (m, 2H), 1.63 (m, 2H), 1.49 (m, 2H), 1.44 (s, 9H), 1.23 (s,
N~ | 12H), 1.10 (m, 1H).
Boc 13C NMR (126 MHz, CDCI3) &8: 154.89, 83.14, 79.02, 44.87, 28.50, 26.97, 24.76.

11B NMR (161 MHz, CDCI3) &: 33.74 (m).

The spectroscopic data matched that which was previously reported in the literature.s
Bpin| Scale: 25 mmol Yield: 3.17 g, 61%

1H NMR (500 MHz, CDCl3) &: 5.72 (m, 1H), 5.67 (m, 1H), 1.99 (m, 2H), 1.76 (m, 2H), 1.66 (m, 2H), 1.59 (m,
1H), 1.24 (s, 12H).
13C NMR (126 MHz, CDCl3) 8: 127.86, 126.33, 83.40, 25.26, 25.07, 24.94, 24.38, 22.80.
11B NMR (128 MHz, CDCl3) &: 33.36 (m).

The spectroscopic data matched that which was previously reported in the literature.s

From styrene:7
[Rh(COD)CI], (1 mol %) Bpin

dppb (1.2 mol %
N ppb ( ) g
DMAP (1.2 mol %)

DCE (1.0 M), rt, 45 min




In the glovebox, an oven-dried round-bottomed flask equipped with a stir bar is charged with [Rh(COD)Cl]2 (49.3 mg,
1 mol % Rh), 1,4-bis(diphenylphosphino)butane (102 mg, 1.2 mol %), 4-dimethylamino pyridine (29.3 mg, 1.2 mol
%), and 1,2-dichloroethane (20 mL, 1 M). Styrene (2.3 mL, 1.0 equiv, 20 mmol) and pinacolborane (3.5 mL, 1.2 equiv,
24 mmol) are next added and the flask is sealed, removed from the glovebox, and allowed to stir at rt from 45 min
after which point is was deemed to be complete by GCMS analysis. The solvents are removed under reduced pressure
with the aid of a rotary evaporator, and the crude product is directly loaded onto a silica gel column and purified,

eluting with 5% ethyl acetate in hexanes. The pure product is obtained as a clear oil.

Bpin| Scale: 20 mmol Yield: 4.51 g 97%
©)\ 1H NMR (500 MHz, CDCI3) &: 7.26 (m, 2H), 7.22 (m, 2H), 7.14 (m, 1H), 2.43 (q, /= 7.5 Hz, 1H), 1.33 (d, J =
7.5 Hz, 3H), 1.21 (s, 12H).
13C NMR (126 MHz, CDCl3) &: 145.25, 128.56, 128.05, 125.34, 83.55, 24.90, 24.86, 17.32.
11B NMR (161 MHz, CDCl3) &: 33.38 (m).

The spectroscopic data matched that which was previously reported in the literature.s

Conversion of pinacolboronate esters into the corresponding trifluoroborate salts:

KF (4.0 equiv)
L-(+)-tartaric acid (2.05 equiv)
R—-Bpin » R-BF3K
MeCN, MeOH, THF, H,0, rt

Procedure:3 To convert the alkyl pinacolboronate ester into the corresponding trifluoroborate salt, it is taken up in a
1:1 mixture of MeCN:MeOH (0.25 M). A solution of KF (4.0 equiv) in water (10 M) is added and the mixture is stirred
until homogeneous. Next, a solution of L-(+)-tartaric acid (2.05 equiv) in THF (1.37 M) is added dropwise over 5 min.
The mixture is allowed to stir at rt for 2 min after which point it is diluted with additional MeCN (3 mL/mmol
substrate). Following stirring at rt for a further 2 min, the mixture is filtered over a pad of diatomaceous earth,
rinsing with MeCN. The solvents are removed under reduced pressure with the aid of a rotary evaporator to afford a
crude mixture of the product and pinacol as a white solid. The pinacol is removed under high vacuum at 80 2C to
provide the pure product. When this reaction is conducted on a large scale (=10 mmol), an initial recrystallization of
the product from acetone and ether aids to remove most of the pinacol, the rest of which could be removed under

high vacuum at 80 2C.

BF,k| Scale: 12.8 mmol Yield: 1.79 g, 48%
1H NMR (400 MHz, Acetone-ds) 6: 4.06 - 3.88 (m, 2H), 2.64 - 2.38 (m, 2H), 1.55 - 1.42 (m, 2H), 1.39 (s, 9H),
N 1.24 - 1.08 (m, 2H), 0.33 - 0.19 (m, 1H).
Boc 13C NMR (126 MHz, Acetone-ds) 6: 155.17, 78.28, 46.78, 28.89, 28.68.
11B NMR (128 MHz, Acetone-de) 6: 4.90 (m).
19F NMR (376 MHz, Acetone-ds) 6: -149.02 (m).

The spectroscopic data matched that which was previously reported in the literature.o



BF,k| Scale: 15.2 mmol Yield: 2.19 g, 77%
1H NMR (400 MHz, Acetone-ds) 6: 5.80 (dd, J = 10.1, 2.6 Hz, 1H), 5.29 (dq,J = 10.2, 3.5 Hz, 1H), 1.88 - 1.79
(m, 2H), 1.76 - 1.66 (m, 1H), 1.59 (m, 1H), 1.51 - 1.40 (m, 1H), 1.40 - 1.28 (m, 1H), 1.05 (br, 1H).
13C NMR (126 MHz, Acetone-de) 8: 136.05, 121.84, 26.44, 25.74, 25.73, 24.13.
11B NMR (128 MHz, Acetone-ds) §: 4.67 (q, / = 63.0 Hz).
19F NMR (376 MHz, Acetone-ds) 8: -146.62 (dd, J = 118.4, 52.9 Hz).

The spectroscopic data matched that which was previously reported in the literature.1o

BF,k| Scale: 6.9 mmol
Yield: 1.79 g, 84%
1H NMR (500 MHz, Acetone-des) 6 7.17 (d, J = 7.6 Hz, 2H), 7.08 (t, ] = 7.7 Hz, 2H), 6.90 (t,/ = 7.2 Hz, 1H),
1.84 - 1.73 (m, 1H), 1.16 (d, ] = 7.4 Hz, 3H).
13C NMR (126 MHz, Acetone-ds) 6: 153.22,128.57,127.71, 123.23, 25.52, 17.38.
11B NMR (161 MHz, Acetone-ds) &: 4.65 (q, / = 62.4 Hz).
19F NMR (471 MHz, Acetone-ds) &: -146.45.

The spectroscopic data matched that which was previously reported in the literature.11

All other carbon components were commercially available.
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C. Reaction Set-up for Photoredox Catalysis

The photo-reactor consists of an ABI 24W blue LED grow
light (purchased from Amazon), a clip fan, a Fisher stir
plate, contained in a housing made out of a plastic sharp
container (8 gallons, 30 X 25X 35 cm). Three 20 X 20 cm
windows were cut out at front, left, and right sides of the
sharp container using a razor blade or scissors. As shown
in the pictures, the modified housing is put upside down
on the Fisher stir plate with a window facing front for
loading samples. The blue LED light and clip fan are stuck
into the container through the side windows, and
supported by the clamps. A 10X 10 cm platform is made
out of cardboard, wrapped with aluminum foil, and
covered with transparent tape to help holding the
reaction vials. The front window is cover with a foldable

cardboard.

The photoreactions are set-up in 4 mL vials (Chemglass,
CG-4904-05) and placed on the platform, about 5-8 cm
away from the LED light and 15-20 cm from the clip fan.
The temperature is measured by a thermometer placed

inside the housing.




D. Selected Optimization Results

Table S1. Survey of hydrogen-sources with Bn-BF3Ka

O [Ir(dF(CF3)ppy)»(dtbbpy)]PFg (1 mol %) O
or

[Ir(ppy)2(dtbbpy)]PFg (1 mol %)

+  KF4B >
O H-source (3.0 equiv), DMF (0.10 M) O O

24 W blue LED, 50 °C, 36 h

1.0 equiv 1.5 equiv

Entry Photocatalyst hydrogen-source GCYield (%)
1 [Ir(dF(CF3)ppy)2(dtbbpy)]PFs iPrOH 15
2 [Ir(dF(CF3)ppy)2(dtbbpy)]PFs MeOH 12
3 [Ir(dF(CF3)ppy)2(dtbbpy)]PFs HFIP 15
4 [Ir(dF(CF3)ppy)z(dtbbpy)]PFs AcOH 15
5 [Ir(dF(CF3)ppy)2(dtbbpy)]PFs trifluoroethanol 11
6 [Ir(ppy)2(dtbbpy)]PFe iPrOH 3
7 [Ir(ppy)2(dtbbpy)]PFe MeOH 10
8 [Ir(ppy)2(dtbbpy)]PFe HFIP 2
9 [Ir(ppy)2(dtbbpy)]PFs AcOH 2
10 [Ir(ppy)2(dtbbpy)]PFe trifluoroethanol 5

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with the
photocatalyst (1 mol %), BnBF3K (29.7 mg, 0.15 mmo], 1.5 equiv), DMF (1.0 mL, 0.10 M), and 1,1-diphenylethylene
(17.8 pL, 0.10 mmol, 1.0 equiv). The vial was then sealed, removed from the glovebox, and through the septum was
added the hydrogen-source (3.0 equiv) via syringe. The reaction was then stirred for 36 h under irradiation by a 24
W blue LED lamp. The apparatus was surrounded by foil to minimize escape of incident light, which allowed the
temperature to rise to 50 2C. The reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal

standard.



Table S2. Survey of 1,1-diphenylethylene and Bn-BF3K equivalenciesa

(] (]

[Ir(dF(CF3)ppy)»(dtbbpy)]PFg (1 mol %)

+ KRB >
‘ 'PrOH (3.0 equiv), DMF (0.10 M) O O

24 W blue LED, 50 °C, 36 h

X equiv Y equiv
Entry 1,1-diphenylethylene equivalents BnBF3K equivalents GCYield (%)
1 1.0 1.0 37
2 1.0 1.5 15
3 1.0 2.0 21
4 1.0 3.0 22
5 1.0 5.0 20
6 1.5 1.0 68
7 2.0 1.0 83
8 3.0 1.0 97
9 5.0 1.0 94

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFeé (1.2 mg, 1 mol %), BnBF3K (1.0-5.0 equiv), DMF (1.0 mL, 0.10 M), 1,1-
diphenylethylene (1.0-5.0 equiv), and iPrOH (23 pL, 0.30 mmol, 3.0 equiv). The vial was then sealed, removed from
the glovebox, and stirred for 36 h under irradiation by a 24 W blue LED lamp. The apparatus was surrounded by
foil to minimize escape of incident light, which allowed the temperature to rise to 50 2C. The reaction was analyzed
by GC with 1-methylnaphthalene (10 uL) as internal standard.



Table S3. Survey of solventsa

(]
g

[Ir(dF(CF3)ppy)»(dtbbpy)]PFg (1 mol %)

KF3B -
'PrOH (3.0 equiv), solvent (0.10 M)

24 W blue LED, rt, 36 h

(]
U

1.0 equiv 1.5 equiv
Entry Solvent GCYield (%)
1 DMF 15
2 DMSO 15
3 DMPU 6
4 THF 10
5 1,2-dichloroethane 11
6 PhMe 7
7 MeCN 15
8b DMF 11

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BnBF3K (29.7 mg, 0.15 mmol, 1.5 equiv), solvent (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 uL, 0.10 mmol, 1.0 equiv), and PrOH (23 pL, 0.30 mmol, 3.0 equiv). The vial was then
sealed, removed from the glovebox, and stirred for 36 h under irradiation by a 24 W blue LED lamp. The apparatus
was surrounded by foil to minimize escape of incident light, which allowed the temperature to rise to 50 2C. The
reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard. ». reaction was conducted at

0.50 M in DMF.



Table S4. Survey of iPrOH equivalenciesa

()

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

(]

+ KF3B >
O IPrOH (X equiv), DMF (0.10 M) O O

24 W blue LED, rt, 36 h

1.0 equiv 1.5 equiv
Entry iPrOH equivalencies GCYield (%)
1 1.0 14
2 3.0 15
3 5.0 12
4 10 12

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BnBF3K (29.7 mg, 0.15 mmol, 1.5 equiv), solvent (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 uL, 0.10 mmol, 1.0 equiv), and PrOH (23 pL, 0.30 mmol, 3.0 equiv). The vial was then
sealed, removed from the glovebox, and stirred for 36 h under irradiation by a 24 W blue LED lamp. The apparatus
was surrounded by foil to minimize escape of incident light, which allowed the temperature to rise to 50 2C. The
reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard. ». reaction was conducted at

0.50 M in DMF.



Table S5. Survey of additional hydrogen-sourcesa

(] (]

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

+ KF3B >
hydrogen-source (3.0 equiv)
DMF (0.10 M), 24 W blue LED, rt, 36 h

1.0 equiv 1.5 equiv
Entry Hydrogen-source GCYield (%)
1 H-Si(Me)(OEt)2 0
2 PhNMe:2 0
3 1,4-cyclohexadiene 14
4 PhSH 0
5 PhOH 83
6 4-MeO-PhOH >99
7 guaiacol 85
8 4-Me-PhOH >99
9 8-hydroxyquinoline 40
10 4-hydroxypyridine 65
11 4-CI-PhOH 71
12 4-F-PhOH 60
13 3,5-(Me0)2-PhOH 62
14 4-CHO-PhOH 7
15 pentafluorophenol 34
16 4-CF3-PhOH 52
17 ethylparaben 65
18 4-NO2-PhOH 11
19 BHT 8
20 4-:Butyl-catechol 60

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BnBF3K (29.7 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 uL, 0.10 mmol, 1.0 equiv), and the H-source (0.30 mmol, 3.0 equiv). The vial was then
sealed, removed from the glovebox, and stirred for 36 h at rt under irradiation by a 24 W blue LED lamp. The
reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S6. Survey of guaiacol equivalenciesa

(] (]

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

+ KF3B -
guaiacol (X equiv)
DMF (0.10 M), 24 W blue LED, rt, 36 h

1.0 equiv 1.5 equiv
Entry guaiacol equivalencies GCYield (%)
1 1.0 45
2 1.5 78
3 3.0 85
4 5.0 54

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BnBF3K (29.7 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and guaiacol (1.0-5.0 equiv). The vial was then sealed,
removed from the glovebox, and stirred for 36 h at rt under irradiation by a 24 W blue LED lamp. The reaction was
analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S7. Time studiesa

(] (]

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

+ KF3B >
guaiacol or TBC (3.0 equiv)
DMF (0.10 M), 24 W blue LED, rt, Th

1.0 equiv 1.5 equiv
Entry H-source Time (h) GCYield (%)
1 4-:Butyl-catechol 0.5 3
2 4-:Butyl-catechol 1 4
3 4-:Butyl-catechol 3.6 8
4 4-:Butyl-catechol 4 10
5 4-tButyl-catechol 15 20
6 4-:Butyl-catechol 36 41
7 4-:Butyl-catechol 48 60
8 guaiacol 0.5 3
9 guaiacol 1 6
10 guaiacol 3.6 17
11 guaiacol 4 22
12 guaiacol 15 43
13 guaiacol 36 59
14 guaiacol 48 85

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BnBF3K (29.7 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and either guaiacol (33.6 pL, 0.30 mmol, 3.0 equiv) or 4-
tButyl-catechol (49.9 mg, 0.30 mmol, 3.0 equiv). The vial was then sealed, removed from the glovebox, and stirred
at rt under irradiation by a 24 W blue LED lamp. The reaction was analyzed by GC with 1-methylnaphthalene (10
uL) as internal standard.



Table S8. Survey of hydrogen-sources with 22 organoboron derivativesa

I /O [Ir(dF(CF5)ppy)a(dtbbpy)IPFs (1 mol %) I ‘
+ >
(B] hydrogen-source (3.0 equiv) O

‘ DMF (0.10 M), 24 W blue LED, rt, 48 h
1.0 equiv 1.5 equiv
Entry [B] Hydrogen-source GCYield (%)
1 BF3K PhOH 93
2 BF3K 4-MeO-PhOH 90
3 BF3K guaiacol 80
4 BF3K 4-Me-PhOH 89
5 BF3K 4-hydroxypyridine 32
6 BF3K 4-Br-PhOH 67
7 BF3K 4-CF3-PhOH 4
8 BF3K ethylparaben 28
9 BF3K BHT 4
10 B[(OCHz)3CMe]K PhOH 60
11 B[(OCHz)3CMe]K 4-MeO-PhOH 49
12 B[(OCH2)3CMe]K guaiacol 54
13 B[(OCHz2)3CMe]K 4-Me-PhOH 44
14 B[(OCH2)3CMe]K 4-hydroxypyridine 97
15 B[(OCHz)3CMe]K 4-Br-PhOH 19
16 B[(OCH2)3CMe]K 4-CF3-PhOH 39
17 B[(OCH2)3CMe]K ethylparaben 6
18 B[(OCHz)3CMe]K BHT 30

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), Cy-[B] (0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M), 1,1-
diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and the H-source (0.30 mmol, 3.0 equiv). The vial was then
sealed, removed from the glovebox, and stirred for 48 h at rt under irradiation by a 24 W blue LED lamp. The
reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S9. Survey of hydrogen-sources with a 12 organoboron derivativea

(] (]

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

O * KRBT hydrogen-source (30 equi) O
DMF (0.10 M), 24 W blue LED, rt, 48 h
1.0 equiv 1.5 equiv

Entry Hydrogen-source GCYield (%)
1 PhOH 31
2 4-MeO-PhOH 1
3 guaiacol 1
4 4-Me-PhOH 4
5 4-hydroxypyridine 6
6 4-Br-PhOH 17
7 ethylparaben 5
8 2-Ph-PhOH 2
9 2-CN-PhOH 2
10 2,4,6-Me3-PhOH 0
11 iPrOH 3

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BuBF3K (24.6 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and the H-source (0.30 mmol, 3.0 equiv). The vial was then
sealed, removed from the glovebox, and stirred for 48 h at rt under irradiation by a 24 W blue LED lamp. The
reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S10. Survey of hydrogen-sources with a 22 benzylic organoboron derivativea

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)
+ KF3B -
hydrogen-source (3.0 equiv)
O DMF (0.10 M), 24 W blue LED, rt, 48 h O O

1.0 equiv 1.5 equiv
Entry Hydrogen-source Equivalents A(pdt)/A(IS)
1 PhOH 1.5 1.72
2 4-MeO-PhOH 1.5 1.22
3 4-Me-PhOH 1.5 1.52
4 2-Ph-PhOH 1.5 1.81
5 guaiacol 1.5 1.95
6 PhOH 3.0 2.00
7 4-MeO-PhOH 3.0 1.75
8 4-Me-PhOH 3.0 1.95
9 2-Ph-PhOH 3.0 2.01
10 guaiacol 3.0 1.92

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), a-Me-Bn-BF3K (31.8 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL,
0.10 M), 1,1-diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and the H-source (0.30 mmol, 3.0 equiv). The vial
was then sealed, removed from the glovebox, and stirred for 48 h at rt under irradiation by a 24 W blue LED lamp.
The reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S11. Survey of alkene and organoboron equivalencies with a 12 organoboron derivativea

(] (]

[Ir(dF(CF3)ppy)(dtbbpy)]PFe (1 mol %)
KRBT >

O PhOH (3.0 equiv) ‘
DMF (0.10 M), 24 W blue LED, rt, 48 h
X equiv Y equiv

Entry 1,1-diphenylethylene equivalents BuBF3K equivalents GCYield (%)
1 1.0 1.5 39
2 1.0 2.0 8
3 1.0 3.0 26
4 1.0 4.0 15
5 1.0 5.0 4
6 1.5 1.0 31
7 2.0 1.0 5
8 3.0 1.0 3
9 4.0 1.0 3
10 5.0 1.0 3

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BuBF3K (1.0-5.0 equiv), DMF (1.0 mL, 0.10 M), 1,1-
diphenylethylene (1.0-5.0 equiv), and PhOH (28.2 mg, 0.30 mmol, 3.0 equiv). The vial was then sealed, removed
from the glovebox, and stirred for 48 h at rt under irradiation by a 24 W blue LED lamp. The reaction was analyzed
by GC with 1-methylnaphthalene (10 uL) as internal standard.



Table S12. Survey of hydrogen-source equivalencies with a 12 organoboron derivativea

(] (]

[Ir(dF(CF3)ppy)»(dtbbpy)]PFg (1 mol %)

KRBT , >
PhOH (X equiv)
O DMF (0.10 M), 24 W blue LED, rt, 48 h ‘
1.0 equiv 1.5 equiv
Entry PhOH equivalents GCYield (%)
1 1.0 15
2 1.5 13
3 2.0 6
4 3.0 40
5 4.0 11
6 5.0 7

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BuBF3K (24.6 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M),
1,1-diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and PhOH (1.0-5.0 equiv). The vial was then sealed, removed
from the glovebox, and stirred for 48 h at rt under irradiation by a 24 W blue LED lamp. The reaction was analyzed
by GC with 1-methylnaphthalene (10 uL) as internal standard.



Table S13. Survey of hydrogen-sources with trans-2-methylcyclohexyl potassium trifluoroborate

X 4
KF3B

e

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

L

hydrogen-source (3.0 equiv)
DMF (0.10 M), 24 W blue LED, rt, 48 h

1.0 equiv 1.5 equiv

Entry Alkene Hydrogen-source A(pdt)/A(IS) d.r.
1 4-vinylpyridine PhOH 1.36 4.3
2 4-vinylpyridine 4-MeO-PhOH 0.45 4.2
3 4-vinylpyridine guaiacol 0.61 4.2
4 4-vinylpyridine 4-Me-PhOH 1.41 4.2
5 4-vinylpyridine 4-hydroxpyridine 0.47 4.3
6 4-vinylpyridine 4-Br-PhOH 0.90 4.3
7 4-vinylpyridine ethylparaben 1.11 4.3
8 4-vinylpyridine 2-Ph-PhOH 1.63 4.2
9 4-vinylpyridine 2-CN-PhOH 0.36 4.0
10 4-vinylpyridine 2,4,6-Me3-PhOH 0.05 4.0
11 4-vinylpyridine iPrOH 0.33 4.1
12 2-vinylpyridine PhOH 0.64 4.1
13 2-vinylpyridine 4-MeO-PhOH 1.03 4.1
14 2-vinylpyridine guaiacol 1.28 4.1
15 2-vinylpyridine 4-Me-PhOH 0.39 4.1
16 2-vinylpyridine 4-hydroxpyridine 0.99 4.4
17 2-vinylpyridine 4-Br-PhOH 1.25 4.1

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFe (1.2 mg, 1 mol %), trans-2-methylcyclohexyl potassium trifluoroborate (30.6 mg,
0.15 mmo], 1.5 equiv), DMF (1.0 mL, 0.10 M), the alkene (0.10 mmol, 1.0 equiv), and hydrogen-source (0.30 mmol,
3.0 equiv). The vial was then sealed, removed from the glovebox, and stirred for 48 h at rt under irradiation by a 24
W blue LED lamp. The reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S14. Survey of bases with alkyl carboxylic acid substratesa

I O [Ir(dF(CF)ppy).(dtbbpy)IPFs (1 mol %) I ‘
+ -
HO,C

base (1.5 equiv)
DMF (0.10 M), 24 W blue LED, rt, 24 h

g

1.0 equiv 1.5 equiv
Entry Base GCYield (%)

1 Cs2C03 56

2 K2COs3 45

3 Naz2C0s3 42

4 KzHPO4 66

5 KH2PO4 72

6 K3PO4 93

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), cyclohexane carboxylic acid (19.2 mg, 0.15 mmol, 1.5 equiv), DMF
(1.0 mL, 0.10 M), 1,1-diphenylethylene (17.8 pL, 0.10 mmol, 1.0 equiv), and base (0.15 mmol, 1.5 equiv). The vial
was then sealed, removed from the glovebox, and stirred for 24 h at rt under irradiation by a 24 W blue LED lamp.
The reaction was analyzed by GC with 1-methylnaphthalene (10 pL) as internal standard.



Table S15. Survey of conditions with a 32 acid and styrenea

N [Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)
+ >
©/\ HO,C base (Z equiv)

DMF (0.10 M), 24 W blue LED, rt, 24 h

X equiv Y equiv
Entry Base Styrene equivalents Acid equivalents GCYield (%)
1 Cs2C03 1.0 1.5 13
2 K2C03 1.0 1.5 21
3 Naz2(C0s3 1.0 1.5 8
4 K3POs 1.0 1.5 19
5 K3PO4 1.0 2.0 12
6 K3PO4 1.0 3.0 14
7 K3PO4 1.0 5.0 41
8 K3POs 1.5 1.0 37
9 K3PO4 3.0 1.0 22
10 K3PO4 5.0 1.0 10
11» K3PO4 3.0 1.0 62
12» K3POs 1.0 3.0 88
13c K3POs 1.0 1.5 25
144 K3PO4 1.0 1.5 23
15 K3PO4 1.0 1.5 7

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs (1.2 mg, 1 mol %), 1-methyl-cyclohexane-1-carboxylic acid (1.0-5.0 equiv), DMF (0.5
mL, 0.20 M), styrene (1.0-5.0 equiv), and base (0.15 mmol, 1.5 equiv). The vial was then sealed, removed from the
glovebox, and stirred for 24 h at rt under irradiation by a 24 W blue LED lamp. The reaction was analyzed by GC
with 1-methylnaphthalene (10 pL) as internal standard. ». reaction conducted for 48 h. ¢ with 2.0 equiv K3PO4 «.
with 3.0 equiv K3PO4 e. with 5.0 equiv K3POu4.



Table $16. Survey of conditions with a 12 acida

(J

[Ir(dF(CF3)ppy)o(dtbbpy)]PFg (1 mol %)

* HO.CTNTN

(]

O base (Z equiv) ‘
DMF (0.20 M), 24 W blue LED, rt, 24-48 h
X equiv Y equiv
Entr L1- GCYield
Base(s) diphenylethyle Acid equivalents T (h)

y ne equivalents (%)
1 Cs2C03 1.0 1.5 48 12
2 K2CO03 1.0 1.5 48 11
3 Naz2C03 1.0 1.5 48 8
4 (BusN)2C03 1.0 15 48 20
5 K3POs 1.0 1.5 48 28
6b K3PO4 1.0 2.0 48 11
7c K3PO0a4 1.0 3.0 48 18
84 K3PO4 1.0 5.0 48 10
9 K3PO4 1.5 1.0 48 15
10 K3PO4 3.0 1.0 48 12
11 K3P0a4 5.0 1.0 48 7
12 K3P0a4 1.5 1.0 24 7
13 K3PO4 3.0 1.0 24 6
14 K3POs 1.0 3.0 24 7
15  (BusN)2CO03 (0.2 equiv) + K2COs3 (1.0 equiv) 1.0 1.5 48 30
16  (Bus4N)2C03 (0.2 equiv) + K3PO4 (1.0 equiv) 1.0 1.5 48 23
17  (BusN)2C03 (1.0 equiv) + K3P0O4 (2.0 equiv) 1.0 3.0 48 27
18  (BusN)2CO03 (1.0 equiv) + K2COs3 (2.0 equiv) 1.0 3.0 48 34

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), 1-methyl-cyclohexane-1-carboxylic acid (1.0-5.0 equiv), DMF (0.5
mlL, 0.20 M), styrene (1.0-5.0 equiv), and base (0.15 mmol, 1.5 equiv). The vial was then sealed, removed from the
glovebox, and stirred for 24 h at rt under irradiation by a 24 W blue LED lamp. The reaction was analyzed by GC
with 1-methylnaphthalene (10 pL) as internal standard. ». with 2.0 equiv K3PO4 ¢ with 3.0 equiv K3PO4 4. with 5.0
equiv K3POa.



Table S17. Survey of photocatalysts and proton sources for hydroaminomethylation.a

Ph 20 2 mol °/; PC Ph
Ph& . O\IASiMeZPh .0 equiv proton source= Ph)\/\N
DMF(0.2 M), rt, 20 h O
1.0 equiv 1.5 equiv blue LED
Entry Photocatalyst Proton Source H+ Yield »

1 PC4 H20 22

2 PC4 MeOH 46

3 PC4 IPA 40

4 PC4 HOAc 45

5 PC1 MeOH 32

6 PC1 HOAc 12

7 PC2 MeOH 8

8 PC2 HOAc 11

9 PC3 MeOH 75
10 PC3 HOAC 61

PC 1: [Ru(bpy)s](PFG)zc PC 2: fac-lr(ppy)gr PC 3: [Ir(ppy)z(dtbbpy)]PFGC PC 4: [Ir(dF(CF3)ppy)2(dtbbpy)]PF60

Ru"/Ru'=+0.77 V Inet=+0.31Vv M=+ 0.66 vV M= +1.21v
Ru/Ru'=-1.33V I =-219Vv I =-151Vv I =-1.37v

« Standard conditions are alkene (0.1 mmol, 1.0 equiv), amine (1.5 equiv), photocatalyst (2.0 mol %), proton source
(2.0 equiv), DMF (0.5 mL, 0.2 M), rt, blue LED light. » In situ yield determined by GC analysis. ¢ All potentials are given
versus the saturated calomel electrode (SCE),



Table S18. Survey of photocatalysts under optimized conditions for hydroaminomethylation.a

200.5 mol o@l PgH Ph
Ph N TMS .0 equiv Me
Ph& ’ Q DMF(0.1 M), rt, 3 h: Ph)\/\l\O
1.0 equiv 1.1 equiv Blue LED
Entry Photocatalyst Yield »

1 PC1 6

2 PC2 39

3 PC3 90

4 PC4 92

5 none 0

b PC3 0

« Standard conditions are alkene (0.1 mmol, 1.0 equiv), amine (1.1 equiv), photocatalyst (0.5 mol %), proton source
(2.0 equiv), DMF (1.0 mL, 0.1 M), rt, blue LED light. » In situ yield determined by GC analysis. c Reaction run in dark.



Table S19. Miscellaneous substrate combinations.

+ KFBB/\© [Ir(dF(CF3)ppy).(dtbbpy)]PFg (1 mol %l
guaiacol (3.0 equiv)

DMF (0.10 M), 24 W blue LED, rt, 48 h

1.0 equiv 1.5 equiv

a. Conditions: In the glovebox, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 mol %), BnBF3K (29.7 mg, 0.15 mmol, 1.5 equiv), DMF (1.0 mL, 0.10 M),
the alkene (0.10 mmol, 1.0 equiv), and guaiacol (33.6 pL, 0.30 mmol, 3.0 equiv). The vial was then sealed, removed
from the glovebox, and stirred at rt under irradiation by a 24 W blue LED lamp. The reaction was analyzed by GC
with 1-methylnaphthalene (10 pL) as internal standard.

A(pdt)/A(IS) values are provided.

e Beas sl oans

J,, C

1.90 0.39
(71% GC yield)
Br Br
AT T
1.69 o 0.60 1.09 F 0.78

MeO

OMe 0.21 1.52 0.03 0.18



E. Mechanistic Studies

0.5 mol % [Ir(ppy),(dtbbpy)IPFg

. Ph
Ph ~ 2.0 equiv MeOH
o TMS™N - PN N Noo~n
Ph 3.0 equiv TEMPO o

DMF, rt, 3 h, blue LED

not observed detected by GCMS

Procedure: [Ir(ppy)z(dtbbpy)]PFe (PC 3, 0.45 mg, 0.0005 mmol, 0.5 mol %), alkene (0.1 mmol, 1.0 equiv), a-TMS
amine (0.11 mmol, 1.1 equiv), TEMPO (0.3 mmo], 3.0 equiv) and DMF (1.0 mL) were added to a 4 mL vial equipped
with a stir bar in the glove box under nitrogen atmosphere. The vial was then taken out of glove box and injected 8 uL
MeOH (0.2 mmol, 2.0 equiv). The resulting solution was allowed to stir inside the photo-reactor (described above)
with the lamp and fan on for 3 hours. The reaction crude was quenched by the addition of DCM, and then analyzed by
GC and GC-MS upon the addition of the internal standard.
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TMS™ N

0.5 mol % [Ir(ppy).(dtbbpy)]PFg

DPh

Ph

Ph */\
+
PR\ '\O
87% yield
93% D incorporation

2.0 equiv MeOD
DMF, rt, 3 h, blue LED

Procedure: [Ir(ppy)z(dtbbpy)]PFe (PC 3, 0.9 mg, 0.001 mmol, 0.5 mol %), alkene (0.2 mmol, 1.0 equiv), a-TMS amine
(0.22 mmol, 1.1 equiv), and DMF (2.0 mL) were added to a 4 mL vial equipped with a stir bar in the glove box under
nitrogen atmosphere. The vial was then taken out of glove box and injected 16 uL MeOD (0.4 mmol, 2.0 equiv). The
resulting solution was allowed to stir inside the photo-reactor (described above) with the lamp and fan on for 3
hours. The reaction crude was quenched by the addition of DCM, concentrated in vacuo and then purified by basic

alumina chromatography to afford the desired product in 87% isolated yield, and 93% deuterium incorporation.
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Ph

Me 0.5 mol % [lr( dtbbpy)]PF

Ph . mo ppy)2(dtbbpy)]

e N II?/I%SI/\'\O : - = Ph)\/\N +
Ph

2.0 equiv MeOH

DMF-d7, 1t, 3h, blue LED 940, 11 D incorporation

Me
MeOSiPh
Me
87%

Procedure: [Ir(ppy)z(dtbbpy)]PFe (PC 3, 0.9 mg, 0.001 mmol, 0.5 mol %), alkene (0.2 mmol, 1.0 equiv), a-TMS amine

(0.22 mmol, 1.1 equiv), and DMF-d7 (2.0 mL) were added to a 4 mL vial equipped with a stir bar in the glove box

under nitrogen atmosphere. The vial was then taken out of glove box and injected 16 uL. MeOH (0.4 mmol, 2.0 equiv).

The resulting solution was allowed to stir inside the photo-reactor (described above) with the lamp and fan on for 3

hours. The reaction crude was directly analyzed by NMR spectroscopy in DMF-d7 upon the addition of the internal

standard. The product was obtained in 90% GC yield, and no deuterium incorporation.
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Ph ™S N 0.5 mol % [Ir(ppy)»(dtbbpy)]PFg
P : e
Ph 2.0 equiv MeOH
2.0 equiv additive

DMF, rt, 1.5 h, blue LED

Entry Additive GCYield
1 none 74%
2 Cs2C03 29%
3 HOAc 86%

Procedure: [Ir(ppy)2(dtbbpy)]PFe (PC 3, 0.45 mg, 0.0005 mmol, 0.5 mol %), alkene (0.1 mmol, 1.0 equiv), a-TMS
amine (0.11 mmol, 1.1 equiv), and DMF (1.0 mL) were added to a 4 mL vial equipped with a stir bar in the glove box
under nitrogen atmosphere. The vial was then taken out of glove box and injected 8 uL MeOH (0.2 mmol, 2.0 equiv).
The resulting solution was allowed to stir inside the photo-reactor (described above) with the lamp and fan on for 1.5
hours. The reaction crude was quenched by the addition of DCM, and then analyzed by GC upon the addition of the

internal standard. The yields are determined by comparing to the calibration curve.



1.0 mol %
Me_ CO,H [Ir(dF(CF3)ppy)2(dtbbpy)]PFg

1.5 equiv K3PO
PAY 4 i > /\/O + N /O
3.0 equiv TEMPO Ph 0

M
DMF, rt, 24 h, blue LED © Me

not observed detected by GCMS

Procedure: In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged
with [Ir(dF(CF3)ppy)2(dtbbpy)]PFe (1.2 mg, 1 umol, 1 mol %) and K3PO4 (31.8 mg, 0.15 mmol, 1.5 equiv). This was
followed by addition of carboxylic acid (0.15 mmol, 1.5 equiv), 0.5 mL DMF, and styrene (11.5 pL, 0.10 mmol, 1.0
equiv). The vial was sealed with a teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue
LEDs with stirring at 800 rpm at rt for 24 h. The reaction mixture was diluted with ethyl acetate (2.5 mL) and the
internal standard 1-methylnaphthalene (10 pL) was added. This mixture was then analyzed by GC and GC-MS.
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predex

1.0 mol %
[Ir(dF(CF3)ppy)2(dtobpy)]PFe

1.5 equiv K3PO4
DMF, rt, 24 h, blue LED

Me_CO,H

’q\“‘\/O
Ph Mo

not observed

Me

¥ PhW\O

23%, E/Z=6.8:1

Procedure: In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged
with [Ir(dF(CF3)ppy)2(dtbbpy)]PFe (1.2 mg, 1 umol, 1 mol %) and K3PO4 (31.8 mg, 0.15 mmol, 1.5 equiv). This was
followed by addition of carboxylic acid (0.15 mmol, 1.5 equiv), 0.5 mL DMF, and alkene (0.10 mmol, 1.0 equiv). The

vial was sealed with a teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue LEDs with

stirring at 800 rpm at rt for 24 h. The reaction mixture was diluted with ethyl acetate (2.5 mL) and the internal

standard 1-methylnaphthalene (10 pL) was added. The mixture was then washed with water (3x2 mL) to remove

most of the DMF. The organic layer was sampled and the solvent removed under vacuum. This mixture was then

analyzed by GC-MS and 1H NMR spectroscopy.
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1H NMR of reaction crude



CO,H 1.0 mol %

Ph [Ir(dF(CF3)ppy)2(dtobpy)]PFe w
+ >
Ph/& @ 1.5 equiv K3PO4 Ph

DMF-dy, rt, 24 h, blue LED

85%, no D incorporation

Procedure: In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged
with [Ir(dF(CF3)ppy)2(dtbbpy)]PFe (1.2 mg, 1 umol, 1 mol %) and K3PO4 (31.8 mg, 0.15 mmol, 1.5 equiv). This was
followed by addition of cyclohexane carboxylic acid (0.15 mmol, 1.5 equiv), 0.5 mL DMF-d7, and 1,1-diphenylethylene
(17.6 pL, 0.10 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed from the glove box, and
irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 24 h. The reaction mixture was diluted with
ethyl acetate (2.5 mL) and the internal standard 1-methylnaphthalene (10 puL) was added. The mixture was then
washed with water (3x2 mL) to remove most of the DMF. The organic layer was sampled and the solvent removed
under vacuum. This mixture was then analyzed by GC and 1H NMR spectroscopy, and the yield was determined by GC

(85%) by comparing to the calibration curve.
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F. Stern-Volmer Experiments

The fluorescence experiments were performed on a Horiba FluoroMax-4 fluorometer with FluorEssence (v3.5)
software. All emission intensity data was measured using a quartz tube at 23°C. The samples were excited at 420 nm
and emission was recorded at 581 nm.

The quenching experiments were run with freshly prepared solutions: 42uM [Ir(ppy)z(dtbbpy)]PFs, 0.1 M 1-
(trimethylsilyl) methyl)piperidine, 0.1 M 1,1-diphenylethylene, and 0.1 M MeOH in DMF. lo was measured with 500uL
of photocatalyst solution, and [ was measured upon the addition of appropriate amount of quencher.

Fluorescence quenching [Ir(ppy)z(dtbbpy)]PFe at variable concentrations of 1,1-diphenylethylene.

Alkene (mM) 0 0.2 0.4 0.6 0.8
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Fluorescence quenching [Ir(ppy)z(dtbbpy)]PFs at variable concentrations of 1-(trimethylsilyl) methyl)piperidine.

Amine (mM) 0 0.2 0.4 0.6 0.8 1.0
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Fluorescence quenching [Ir(ppy)z(dtbbpy)]PFs at variable concentrations of 1-(trimethylsilyl) methyl)piperidine and
MeOH

Amine (mM) 0 0.2 0.4 0.6

MeOH (mM) 0 0.4 0.8 1.2

I/Io 1 1.050 1.121 1.188
1.200

y =0.3177x + 0.9945
R? =0.9949
1.150 /
1.100

=
=
1.050 L 2
1.000 ©-
0.950 T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Concentration (mM)

Although the 1,1-dipheylethylene quenches the photocatalyst reductively was well, the rate of quenching by amine or
amine+MeOH is faster more than two folds.



G. Experimental Procedure, Isolation, and Characterization
Hydroalkylation Reactions:

1,1,3-triphenylpropane (1)

() (J

[Ir(dF(CF3)ppy)2(dtbbpy)]PFg (1 mol %)

+ KF,;B
guaiacol (3.0 equiv)
DMF (0.10 M), 24 W blue LED, rt, 48 h

1.0 equiv 1.5 equiv 1,71%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 umol, 1 mol %) and potassium benzyltrifluoroborate (59.4 mg, 0.30 mmo],
1.5 equiv). This was followed by addition of anhydrous DMF (2000 uL, 0.10 M), 1,1-diphenylethylene (35.3 pL, 0.20
mmol, 1.0 equiv), and guaiacol (67 pL, 0.60 mmol, 3.0 equiv). The vial was sealed with a teflon-lined cap, removed
from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The crude mixture
was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column chromatography on

silica (2% ethyl acetate in hexanes). The product 1 was obtained as a colorless oil (38.5 mg, 71%).

() ®

HOLC [Ir(dF(CF3)ppy)2(dtbbpy)]PFg (1 mol %)

.

O 2 /\© (Bu4N),CO3 (20 mol %), K,CO5 (3.0 equiv) O O
DMF (0.20 M), 24 W blue LED, rt, 48 h

1.0 equiv 3.0 equiv 1, 42%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFe (1.2 mg, 1 umol, 1 mol %), bis(tetrabutylammonium)carbonate (10.9 mg, 0.02 mmo],
0.20 equiv), potassium carbonate (41.4 mg, 0.30 mmol, 3.0 equiv), and phenylacetic acid (40.8 mg, 0.30 mmol, 3.0
equiv). This was followed by addition of anhydrous DMF (500 pL, 0.20 M) and 1,1-diphenylethylene (17.6 uL, 0.10
mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed from the glove box, and irradiated with two 24
W blue LEDs with stirring at 800 rpm at rt for 48 h. The reaction mixture was diluted with ethyl acetate (2.5 mL) and
the internal standard 1-methylnaphthalene (10 pL) was added. The mixture was then washed with water (3x2 mL) to
remove most of the DMF. The organic layer was sampled and the solvent removed under vacuum. This mixture was
then analyzed by 1H NMR spectroscopy and the yield of 1 was determined (45%, 39% for two independent runs, 42%

average).

1H NMR (400 MHz, CDCl3) &: 7.34 - 7.25 (m, 10H), 7.24 - 7.12 (m, 5H), 3.94 (t, ] = 7.7 Hz, 1H), 2.60 (t, ] = 7.7 Hz, 2H),
2.40 (q,] = 7.7 Hz, 2H).

13C NMR (126 MHz, CDCl3) §: 145.09, 142.37,128.75, 128.72, 128.61, 128.16, 126.44, 126.08, 50.96, 37.60, 34.38.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21Hzo0, 272.1565; found, 272.1566.



1,1,3-triphenylbutane (2)

0w ®
[Ir(dF(CF3)ppy)2(dtbbpy)IPFg (1 mol %) Me
+ KF3B
3 )\© PhOH (3.0 equiv)
DMF (0.20 M), 24 W blue LED, rt, 48 h

2,63%

1.0 equiv 1.5 equiv

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), potassium 1-phenylethyl-1-trifluoroborate (63.6 mg, 0.30
mmol, 1.5 equiv), and phenol (56.5 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous DMF
(1000 pL, 0.20 M) and 1,1-diphenylethylene (35.3 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined
cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The
crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column
chromatography on silica (1% ethyl acetate in hexanes). The product 2 was obtained as a colorless oil (35.9 mg,

63%).

1H NMR (400 MHz, CDCl3): § 7.35 - 7.28 (m, 4H), 7.28 - 7.24 (m, 2H), 7.24 - 7.18 (m, 6H), 7.18 - 7.12 (m, 3H), 3.79 (t,
J =7.9 Hz, 1H), 2.60 (sextet, ] = 6.9 Hz, 1H), 2.36 (dd, ] = 8.2, 7.0 Hz, 2H), 1.28 (d, ] = 6.9 Hz, 3H).

13C NMR (126 MHz, CDCl3): 6 147.31, 145.53, 144.80, 128.73, 128.72, 128.67, 128.42, 127.97, 127.46, 126.44, 126.33,
126.30, 49.09, 44.53, 37.75, 23.05.
HRMS (ESI-TOF) m/z: [M+H+] calculated for C22Hz22, 286.1722; found, 286.1726.



1,1-diphenyl-2-cyclohexylethane (3)

/O [Ir(dF(CF5)ppy)a(dtbbpy)]PFg (1 mol %) ‘
.
O KF3B PhOH (3.0 equiv) O

DMF (0.10 M), 24 W blue LED, tt, 48 h

1.0 equiv 1.5 equiv 3, 98%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 umol, 1 mol %), potassium cyclohexyltrifluoroborate (57.0 mg, 0.30 mmol],
1.5 equiv), and phenol (56.5 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous DMF (2000 pL,
0.10 M) and 1,1-diphenylethylene (35.3 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap,
removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The
crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column

chromatography on silica (1% ethyl acetate in hexanes). The product 3 was obtained as a colorless oil (51.9 mg,

98%).
l /O [Ir(dF(CF3)ppy)(dtbbpy)]PFg (1 mol %) l ‘
.
HO,C K3PO, (1.5 equiv)
DMF (0.10 M), 24 W blue LED, rt, 24 h

1.0 equiv 1.5 equiv 3, 99%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (1.2 mg, 1 pmol, 1 mol %) and K3POs4 (31.8 mg, 0.15 mmol, 1.5 equiv). This was
followed by addition of 1000 pL of a stock solution of cyclohexane carboxylic acid (0.15 mmol, 1.5 equiv) in
anhydrous DMF, and 1,1-diphenylethylene (17.6 pL, 0.10 mmol, 1.0 equiv). The vial was sealed with a teflon-lined
cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 24 h. The
reaction mixture was diluted with ethyl acetate (2.5 mL) and the internal standard 1-methylnaphthalene (10 pL) was
added. The mixture was then washed with water (3x2 mL) to remove most of the DMF. The organic layer was

sampled and the solvent removed under vacuum. The product 3 was obtained in 99% yield.

1H NMR (400 MHz, CDCl3) 8: 7.34 - 7.23 (m, 8H), 7.23 - 7.16 (m, 2H), 4.10 (t, ] = 8.0 Hz, 1H), 1.96 (dd, ] = 7.9, 6.8 Hz,
2H), 1.86 - 1.73 (m, 2H), 1.71 - 1.59 (m, 3H), 1.24 - 1.09 (m, 4H), 1.07 - 0.90 (m, 2H).

13C NMR (126 MHz, CDCl3) 8: 145.72, 128.64, 128.16, 126.21, 48.24, 43.90, 35.14, 33.70, 26.93, 26.43.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C20Hz24, 264.1878; found, 264.1879.



1,1-diphenylhexane (4)

@ (J

[Ir(dF(CF3)ppy)a(dtbbpy)]PFg (1 mol %)
+ HOQC/\/\MG >
(BuyN),CO; (20 mol %), K,CO3 (3.0 equiv) Me
DMF (0.20 M), 24 W blue LED, rt, 48 h

1.0 equiv 3.0 equiv 4, 34%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)2(dtbbpy)]PFs (1.2 mg, 1 umol, 1 mol %), bis(tetrabutylammonium)carbonate (54.4 mg, 0.10 mmo],
1.0 equiv) and potassium carbonate (27.6 mg, 0.20 mmol, 2.0 equiv). This was followed by addition of anhydrous
DMF (500 pL, 0.20 M), valeric acid (32.9 pL, 0.30 mmol, 3.0 equiv), and 1,1-diphenylethylene (17.6 pL, 0.10 mmol, 1.0
equiv). The vial was sealed with a teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue
LEDs with stirring at 800 rpm at rt for 48 h. The reaction mixture was diluted with ethyl acetate (2.5 mL) and the
internal standard 1-methylnaphthalene (10 pL) was added. This mixture was then analyzed by GC and the yield of 4

was determined by comparison to a calibration curve prepared from an authentic sample (34%).

(J J

[Ir(dF(CF3)ppy)2(dtbbpy)]PFe (1 mol %)

+ /\/\ -
KFsB Me PhOH (3.0 equiv) Me
DMF (0.20 M), 24 W blue LED, rt, 48 h

1.0 equiv 1.5 equiv 4, 64%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFe (2.3 mg, 2 umol, 1 mol %), potassium butyltrifluoroborate (49.2 mg, 0.30 mmol, 1.5
equiv), and phenol (56.5 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous DMF (1000 puL, 0.20
M) and 1,1-diphenylethylene (35.3 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed
from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The crude mixture
was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column chromatography on

silica (pentane). The product 4 was obtained as a colorless oil (30.4 mg, 64%).

1H NMR (500 MHz, CDCI3) &: 7.31 - 7.23 (m, 8H), 7.21 - 7.14 (m, 2H), 3.90 (t, / = 7.8 Hz, 1H), 2.05 (q, / = 7.8 Hz, 2H),
1.37 - 1.19 (m, 6H), 0.86 (t, J = 6.9 Hz, 3H).

13C NMR (126 MHz, CDCI3) 6: 145.64, 128.63, 128.14, 126.25, 51.66, 35.99, 32.15, 28.01, 22.82, 14.37.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C1sHz2z2, 238.1722; found, 238.1722.



methyl 5,5-diphenylpentanoate (5, R = Me)

O 0 O 0

/\)j\ [Ir(dF(CF3)ppy)a(dtbbpy)]PFg (1 mol %)
OMe

+ HO,C >
2 (Bu4N)2COy (20 mol %), KoCOy (3.0 equiv) OMe
DMF (0.20 M), 24 W blue LED, tt, 48 h

1.0 equiv 3.0 equiv 5 R = Me, 26%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs (1.2 mg, 1 umol, 1 mol %), bis(tetrabutylammonium)carbonate (10.9 mg, 0.02 mmo],
0.20 equiv), potassium carbonate (41.4 mg, 0.30 mmol, 3.0 equiv), and 4-methoxy-4-oxobutanoic acid (39.6 mg, 0.30
mmol, 3.0 equiv). This was followed by addition of anhydrous DMF (500 uL, 0.20 M) and 1,1-diphenylethylene (17.6
uL, 0.10 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed from the glove box, and irradiated
with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The reaction mixture was diluted with ethyl acetate
(2.5 mL) and the internal standard 1-methylnaphthalene (10 pL) was added. The mixture was then washed with
water (3x2 mL) to remove most of the DMF. The organic layer was sampled and the solvent removed under vacuum.
This mixture was then analyzed by 1tH NMR spectroscopy and the yield of 5 was determined (30%, 21% for two

independent runs, 26% average).12

HRMS (ESI-TOF) m/z: [M+H+] calculated for C18H2002, 268.1463; found, 268.1461.

ethyl 5,5-diphenylpentanoate (5, R = Et)

O 0 O 0

KF B/\)LOE [Ir(dF(CF3)ppy)2(dtbbpy)IPFs (1 mol %)

+ t -

8 guaiacol (3.0 equiv) OEt
DMF (0.20 M), 24 W blue LED, rt, 24 h

1.0 equiv 1.5 equiv 5 R = Et, trace

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)2(dtbbpy)]PFe (1.2 mg, 1 pmol, 1 mol %) and potassium 4-ethoxy-4-oxopropyltrifluoroborate (31.2
mg, 0.15 mmol, 1.5 equiv). This was followed by addition of anhydrous DMF (500 pL, 0.20 M), 1,1-diphenylethylene
(17.6 uL, 0.10 mmol, 1.0 equiv), and guaiacol (33.6 pL, 0.30 mmol, 3.0 equiv). The vial was sealed with a teflon-lined
cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 24 h. The
reaction mixture was diluted with ethyl acetate (2.5 mL) and the internal standard 1-methylnaphthalene (10 pL) was

added. GC and GCMS analysis indicated only trace product formation.



tert-butyl 4-(2-bromophenethyl)piperidine-1-carboxylate (6)

Br .Boc
Q'BOC [I(dF(CF3)ppy)s(dtbbpy)]PFg (1 mol %) Br N
X + -
©/\ KF3B 4-MeO-PhOH (3.0 equiv)
DMF (0.20 M), 24 W blue LED, rt, 24 h

1.0 equiv 1.5 equiv 6, 67%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), potassium N-boc-piperidine-4-trifluoroborate (87.3 mg,
0.30 mmol, 1.5 equiv), and 4-methoxyphenol (74.5 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of
anhydrous DMF (1000 pL, 0.20 M) and 2-bromostyrene (36.6 mg, 0.20 mmol, 1.0 equiv). The vial was sealed with a
teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt
for 24 h. The crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash
column chromatography on silica (1:1:8 Et20:CH2Cl2:hexanes). The product 6 was obtained as a colorless oil, which
was contaminated with ~25% of the protodeboronation byproduct. This could be removed under high vacuum with

light heating to provide the pure product as a clear oil (49.2 mg, 67%).

1H NMR (500 MHz, CDCl3) &: 7.59 - 7.45 (m, 1H), 7.25 - 7.17 (m, 2H), 7.12 - 7.01 (m, 1H), 4.09 (m, 2H), 2.89 - 2.59
(m, 4H), 1.79 - 1.68 (m, 2H), 1.61 - 1.50 (m, 2H), 1.46 (s, 9H), 1.45 - 1.42 (m, 1H), 1.22 - 1.11 (m, 2H).

13C NMR (126 MHz, CDCI3) 6: 155.16, 142.10, 133.09, 130.41, 127.78, 127.73, 124.64, 79.49, 44.16, 37.09, 36.16,
33.69, 32.33, 28.77.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C1sH27NO2Br, 368.1225; found, 368.1221.

4-(2-(cyclohex-2-en-1-yl)ethyl)pyridine (7)

/@ [Ir(dF(CF3)ppy)2(dtbbpy)]PFg (1 mol %)

z X + >

,\O/\ KF3B 4-MeO-PhOH (1.5 equiv) z ]
X DMF (0.20 M), 24 W blue LED, rt, 48h Ny

1.0 equiv 1.5 equiv 7, 74%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFe (2.3 mg, 2 pmol, 1 mol %), potassium 2-cyclohexenyltrifluoroborate (56.4 mg, 0.30
mmol, 1.5 equiv), and 4-methoxyphenol (37.2 mg, 0.30 mmol, 1.5 equiv). This was followed by addition of anhydrous
DMF (1000 pL, 0.20 M) and 4-vinylpyridine (21.6 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined
cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The
crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column
chromatography on silica (15-20% ethyl acetate in hexanes). The product 7 was obtained as a colorless oil (27.6 mg,

74%).



1H NMR (500 MHz, CDCl3) &: 8.47 (d, ] = 5.6 Hz, 2H), 7.11 (d, ] = 5.5 Hz, 2H), 5.71 (ddd, ] = 9.6, 6.1, 3.5 Hz, 1H), 5.63 -
5.50 (dd, ] = 10.1, 1.5 Hz, 1H), 2.71 - 2.57 (m, 2H), 2.14 - 2.05 (m, 1H), 2.04 - 1.92 (m, 2H), 1.87 - 1.78 (m, 1H), 1.77 -
1.69 (m, 1H), 1.70 - 1.61 (m, 1H), 1.61 - 1.47 (m, 2H), 1.32 - 1.20 (m, 1H).

13C NMR (126 MHz, CDCl3) 8: 152.00, 149.92,131.37,127.89, 124.14, 37.20, 34.92, 32.85, 29.17, 25.59, 21.64.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C13H1sN, 188.1439; found, 188.1443.

2-(2-(2-methylcyclohexyl)ethyl)pyridine (8)

Ir(dF(CF dtbbpy)]PF¢ (1 mol %
AN O (Ir(dF(CF3)ppy)2(ctbbpy)IPFs ( )
<N KF3BZ ™ 2-Ph-PhOH (3.0 equiv) “3
Me DMF (0.20 M), 24 W blue LED, rt, 24 h N Me
1.0 equiv 1.5 equiv 8, 69%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)2z(dtbbpy)]PFe (2.3 mg, 2 pmol, 1 mol %), potassium trans-2-methylcyclohexyltrifluoroborate (61.2
mg, 0.30 mmol, 1.5 equiv), and 2-phenylphenol (102.1 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of
anhydrous DMF (1000 pL, 0.20 M) and 2-vinylpyridine (21.5 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a
teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt
for 24 h. The crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash
column chromatography on alumina (100 mL alumina deactivated with 3 mL H20, eluting with 1:30 ethyl
acetate:hexanes +0.5% MeOH ramping to 1:15 ethyl acetate:hexanes +1% MeOH). The product 8 was obtained as a

colorless oil (28.1 mg, 69%). GC analysis of a crude reaction mixture indicated a diastereomeric ratio of 5:1.

1H NMR (500 MHz, CDCl3) &: 8.51 (d, ] = 5.5 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.14 (d, ] = 7.8 Hz, 1H), 7.11 - 7.04 (m,
1H), 2.91 - 2.61 (m, 2H), 2.03 - 1.90 (m, 1H), 1.91 - 1.79 (m, 1H), 1.76 - 1.55 (m, 3H), 1.53 - 1.40 (m, 2H), 1.30 - 1.09
(m, 3H), 1.07 - 0.92 (m, 2H), 0.90 (d, ] = 6.2 Hz, 3H).

13C NMR (126 MHz, CDCI3) &: 163.35, 163.16, 149.40, 149.37, 136.55, 122.91, 122.88, 121.08, 121.05, 44.13, 40.14,
37.21, 36.60, 36.16, 35.60, 34.32, 32.89, 32.53, 32.00, 27.84, 26.91, 26.83, 25.39, 22.40, 20.61, 17.84, 14.18. (mixture

of diastereomers).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C14H22N, 204.1752; found, 204.1757.



1-methoxy-4-(2-(1-methylcyclohexyl)ethyl)benzene (9)

/@/\ /O [Ir(dF(CF3)ppy)2(dtbbpy)]PFg (1 mol %)
. o
K3PO, (1.5 equiv)
EtO,C HOC1e DMF (0.10 M), 24 W blue LED, rt, 24 h Me
Et0,C

1.0 equiv 1.5 equiv 9, 57%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), K3POs4 (63.7 mg, 0.30 mmol, 1.5 equiv), and 1-
methylcyclohexane-1-carboxylic acid (42.7 mg, 0.30 mmol, 1.5 equiv). This was followed by addition of anhydrous
DMF (2000 pL, 0.10 M) and 4-(ethoxycarbonyl)styrene (35.2 mg, 0.20 mmol, 1.0 equiv). The vial was sealed with a
teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt
for 24 h. The crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash
column chromatography on silica (2.5% ethyl acetate in hexanes). The product 9 was obtained as a colorless oil (31.2

mg, 57%).
1H NMR (500 MHz, CDCl3) &: 7.95 (d, J = 8.2 Hz, 2H), 7.24 (d, ] = 8.2 Hz, 2H), 4.36 (q, ] = 7.1 Hz, 2H), 2.63 - 2.55 (m,
2H), 1.56 - 1.50 (m, 2H), 1.49 - 1.43 (m, 5H), 1.39 (t, ] = 7.1 Hz, 3H), 1.33 - 1.28 (m, 5H), 0.95 (s, 3H).

13C NMR (126 MHz, CDCI3) &: 166.99, 149.61, 129.92, 128.61, 128.15, 61.00, 44.31, 38.06, 33.17, 30.49, 26.79, 25.25,
22.35, 14.65.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C1sH2702, 275.2011; found, 275.2017.
1-methoxy-4-(2-(1-methylcyclohexyl)ethyl)benzene (10)

/@/\ /O [Ir(dF(CF3)ppy)2(dtbbpy)]PFg (1 mol %)
+
K3PO, (3.0 equiv)
MeO HO,C Me DMF (0.20 I\SII), 2‘2 W blue LED, rt, 48 h MeO Me

1.0 equiv 3.0 equiv 10, 52%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 pumol, 1 mol %), K3POs+ (127.4 mg, 0.60 mmol, 3.0 equiv), and 1-
methylcyclohexane-1-carboxylic acid (85.4 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous
DMF (1000 pL, 0.20 M) and 4-methoxystyrene (26.9 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined
cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The

MeO. ‘

Me

a colorless oil, which was contaminated with ~10% yield of a dimer byproduct (31.2 mg, 57%). An O ‘

crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash

column chromatography on silica (2.5% ethyl acetate in hexanes). The product 10 was obtained as

analytically pure sample of 10 (26.2 mg) could be obtained by pulling the product into the upper

Me
MeO

dimer byproduct

half of the vial by applying high vacuum and heat. The heavier byproduct could then be rinsed



away with pentane, leaving the pure product behind.
1H NMR (500 MHz, CDCI3) 6: 7.10 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 2.52 - 2.45 (m, 2H), 1.53 -
1.41 (m, 7H), 1.37 - 1.20 (m, 5H), 0.94 (s, 3H).

13C NMR (126 MHz, CDCl3) §: 157.83,136.16, 129.45, 114.04, 55.57, 44.90, 38.12, 33.08, 29.33, 26.86, 25.39, 22.38.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H250, 233.1905; found, 233.1901.
1-methyl-4-(2-(1-methylcyclohexyl)ethyl)benzene (11)

@/\ /O [Ir(dF(CF3)ppy).(dtbbpy)]PFg (1 mol %)
+
K3POy4 (3.0 equiv)
Me HO,C Me DMF (0.20 I\all), 244 W blue LED, rt, 48 h Me Me

1.0 equiv 3.0 equiv 11, 46%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)2(dtbbpy)]PFe (2.3 mg, 2 pumol, 1 mol %), K3POs (127.4 mg, 0.60 mmol, 3.0 equiv), and 1-
methylcyclohexane-1-carboxylic acid (85.4 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous
DMF (1000 uL, 0.20 M) and 4-methylstyrene (26.4 uL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined
cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm y ‘
atrt for 48 h. The crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and ) O Me
purified by flash column chromatography on silica (pentane). The product 11 was obtained as a O M
colorless oil, which was contaminated with ~10% yield of a dimer byproduct (20.0 mg, 46%). An ™" ~
analytically pure sample of 11 (14.0 mg) could be obtained by pulling the product into the upper B
half of the vial by applying high vacuum and heat. The heavier byproduct could then be rinsed away with pentane,
leaving the pure product behind.

1H NMR (500 MHz, CDCI3) &: 7.11 - 7.06 (m, 4H), 2.57 - 2.46 (m, 2H), 2.32 (s, 3H), 1.58 - 1.40 (m, 7H), 1.38 - 1.25 (m,

5H), 0.95 (s, 3H).
13C NMR (126 MHz, CDCls) 8: 141.02, 135.14, 129.27, 128.50, 44.78, 38.12, 33.10, 29.84, 26.86, 25.40, 22.38, 21.27.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C16Hz4, 216.1878; found, 216.1877.



(2-(1-methylcyclohexyl)ethyl)benzene (12)

N /O [Ir(dF(CF3)ppy)2(dtbbpy)]PFg (1 mol %)
. L
K3PO, (3.0 equiv)
©/\ HOC'yia DMF (0.20 M), 24 W blue LED, rt, 48 h Me

1.0 equiv 3.0 equiv 12, 57%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs (2.3 mg, 2 umol, 1 mol %), K3PO4+ (127.4 mg, 0.60 mmol, 3.0 equiv), and 1-
methylcyclohexane-1-carboxylic acid (85.4 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous
DMF (1000 pL, 0.20 M) and styrene (22.9 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap,
removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The
crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column

chromatography on silica (pentane). The product 12 was obtained as a colorless oil (29.2 mg, 72%).

1H NMR (500 MHz, CDCl3) 8: 7.31 - 7.25 (m, 2H), 7.22 - 7.15 (m, 3H), 2.58 - 2.51 (m, 2H), 1.57 - 1.51 (m, 3H), 1.48 -
1.43 (m, 5H), 1.39 - 1.25 (m, 4H), 0.96 (s, 3H).

13CNMR (126 MHz, CDCl3) §: 144.11, 128.64, 128.57, 125.74, 44.63, 38.11, 33.12, 30.33, 26.85, 25.38, 22.38.

HRMS (ESI-TOF) m/z: [M+H+] calculated for CisHz22, 202.1722; found, 202.1721.

tert-butyl ((4-(2,2-diphenylethyl)cyclohexyl)methyl)carbamate (13)

! I NHBoc
. O\ NHBoc [Ir(dF(CF3)ppy),(dtbbpy)]PFg (1 mol %L
g HO,C g

K3PO, (3.0 equiv)
DMF (0.20 M), 24 W blue LED, rt, 48 h

. . 13, 84%
1.0 equiv 3.0 equiv

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), K3P0O4 (127.4 mg, 0.60 mmol, 3.0 equiv), and N-boc-
tranexamic acid (154.4 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous DMF (1000 pL, 0.20
M) and 1,1-diphenylethylene (35.3 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed
from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The crude mixture
was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column chromatography on
alumina (115 mL alumina deactivated with 10 mL H20, eluting with 3% ethyl acetate in hexanes + 1% MeOH). The
product 13 was obtained as a colorless oil (64.0 mg, 81%). 1tH NMR of a crude reaction indicated the diastereomeric

ratio to be 1:1.



1H NMR (500 MHz, CDCl3) 8: 7.32 - 7.23 (m, 8H), 7.18 (t, ] = 6.9 Hz, 2H), 4.56 (br's, 1H), 4.08 (t,/ = 7.9 Hz, 0.5H), 4.02
(t,J=8.0 Hz, 0.5H), 3.07 (t, ] = 6.3 Hz, 1H), 2.94 (t,] = 5.9 Hz, 1H), 2.04 (t, ] = 7.5 Hz, 1H), 1.95 (t, ] = 7.3 Hz, 1H), 1.86
(d,J=12.3 Hz, 1H), 1.72 (d, ] = 11.3 Hz, 1H), 1.57 (m, 1H), 1.46 (apparent doublet, 9H), 1.40 - 1.33 (m, 2H), 1.27 -
1.07 (m, 1H), 1.04 - 0.91 (m, 1H), 0.89 - 0.77 (m, 1H). (1:1 mixture of diastereomers)

13C NMR (126 MHz, CDCI3) 6: 156.36, 145.46, 128.65, 128.10, 126.26, 79.24, 48.76, 48.36, 47.05, 44.81, 43.70, 40.23,
38.67,36.58, 35.21, 32.98, 32.55, 30.62, 28.94, 28.70, 26.57. (1:1 mixture of diastereomers)

HRMS (ESI-TOF) m/z: [M+Na+] calculated for C26H35N0O2Na, 416.2565; found, 416.2558.

2-((4,4-dimethyl-6-phenylhexyl)oxy)-1,4-dimethylbenzene (14)

Me Me
Me, Me [I(dF(CF3)ppy)a(dtobpy)IPF, (1 mol %)
X ~_O Me Me
N + HO,C
K3PO, (3.0 equiv)
Me DMF (0.20 M), 24 W blue LED, rt, 48 h
) , 14, 48%
1.0 equiv 3.0 equiv

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv), and gemfibrozil
(150.2 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous DMF (1000 pL, 0.20 M) and styrene
(22.9 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed from the glove box, and
irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The crude mixture was then directly
adsorbed onto diatomaceous earth (Celite®) and purified by flash column chromatography on silica (1-2.5% ethyl
acetate in hexanes). The product 14 was obtained as a colorless oil, which was contaminated with 5% of a dimer

byproduct and 5% of a double-addition byproduct (33.2 mg, 48%).

1H NMR (400 MHz, CDCl3) 8: 7.38 - 7.32 (m, 2H), 7.24 (m, 3H), 7.11 - 7.05 (m, 1H), 6.75 - 6.68 (m, 2H), 4.01 (t, ] = 6.4
Hz, 2H), 2.68 - 2.59 (m, 2H), 2.38 (s, 3H), 2.26 (s, 3H), 1.90 - 1.79 (m, 2H), 1.65 - 1.56 (m, 2H), 1.54 - 1.48 (m, 2H),
1.05 (s, 6H).

13C NMR (126 MHz, CDCl3) &: 157.34, 143.74, 136.72, 130.56, 128.60, 128.59, 125.82, 123.86, 120.86, 112.22, 68.81,
44.43,38.20,33.03, 31.02, 27.52, 24.59, 21.72, 16.13.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C22H310, 311.2375; found, 311.2374.

(6-(2,5-dimethylphenoxy)-3,3-dimethylhexane-1,1-diyl)dibenzene (15)



(] (]

e Me
Me, Me [I(dF(CF5)ppy)a(dtobpy)]PFg (1 mol %)

HO CMO Me L o Me
O + 2 :©/ K3POy, (3.0 equiv) O :©/
Me DMF (0.20 M), 24 W blue LED, rt, 48 h Me

1.0 equiv 3.0 equiv

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)2(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv), and gemfibrozil
(150.2 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of anhydrous DMF (1000 pL, 0.20 M) and 1,1-
diphenylethylene (35.3 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-lined cap, removed from the glove
box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 48 h. The crude mixture was then
directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column chromatography on silica (2.5%

ethyl acetate in hexanes). The product 15 was obtained as a colorless oil (76.4 mg, 99%).

1H NMR (400 MHz, CDCl3) 8: 7.33 - 7.29 (m, 4H), 7.28 - 7.21 (m, 4H), 7.16 - 7.10 (m, 2H), 7.01 (d, ] = 7.5 Hz, 1H), 6.66
(d,J = 7.5 Hz, 1H), 6.59 (s, 1H), 4.06 (t, ] = 6.6 Hz, 1H), 3.79 (t, ] = 6.4 Hz, 2H), 2.31 (s, 3H), 2.19 (s, 3H), 2.14 (d, ] = 6.6
Hz, 2H), 1.75 - 1.63 (m, 2H), 1.39 - 1.32 (m, 2H), 0.82 (s, 6H).

13C NMR (126 MHz, CDCls) &: 157.35, 146.98, 136.71, 130.55, 128.72, 128.05, 126.18, 123.88, 120.87, 112.34, 68.80,
48.27,47.39, 38.92, 34.09, 28.32, 24.58, 21.71, 16.15.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C28H350, 387.2688; found, 387.2683.



Hydroaminoalkylation reactions:

tert-butyl 2-phenethylpyrrolidine-1-carboxylate [(+)-16]

X f\ [Ir(dF(CF3)ppy),(dtbbpy)IPFg (1 mol %)
O/\ KF,B~ N 4-MeO-PhOH (3.0 equiv) N
Boc

Boc  DMF (0.20 M), 24 W blue LED, rt, 24 h

1.0 equiv 1.5 equiv (+)-16, 67%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)z(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), potassium N-boc-pyrrolidine-2-trifluoroborate (83.1 mg,
0.30 mmol, 1.5 equiv), and 4-methoxyphenol (74.5 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of
anhydrous DMF (1000 pL, 0.20 M) and styrene (22.9 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with a teflon-
lined cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm at rt for 24
h. The crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash column
chromatography on silica (1:1:8 Et20:CHz2Clz2:hexanes). The product (*)-16 was obtained as a colorless oil (36.7 mg,
67%).

1HNMR (500 MHz, CDCl3) 8: 7.32 - 7.24 (m, 2H), 7.23 - 7.16 (m, 3H), 3.95 - 3.68 (m, 1H), 3.56 - 3.23 (m, 2H), 2.97 -
2.41 (m, 2H), 2.25 - 1.88 (m, 2H), 1.92 - 1.74 (m, 2H), 1.77 - 1.54 (m, 2H), 1.45 (s, 9H).

13C NMR (126 MHz, CDCl3) 6: 154.92, 142.25, 128.59, 128.12, 126.03, 79.32, 79.21, 57.56, 57.18, 46.79, 46.42, 36.72,
36.27, 33.96, 33.10, 30.92, 30.34, 28.91, 28.85, 24.16, 23.46. (mixture of rotamers, see VT-NMR studies elsewhere in

this document for more information).

13C NMR (126 MHz, toluene-d8§, rt) 6: 154.30, 154.16, 142.50, 142.26, 137.46, 128.57, 128.52, 126.07, 125.93, 78.36,
57.42, 56.93, 46.68, 46.56, 36.98, 36.25, 33.13, 30.77, 30.13, 28.63, 24.10, 23.28. (mixture of rotamers, see VT-NMR

studies elsewhere in this document for more information).

13C NMR (126 MHz, toluene-d8, 100 °C) &: 154.60, 142.80, 137.73, 128.75, 126.14, 78.68, 57.68, 46.88, 36.85, 33.26,

31.06, 28.94, 24.00. (rotamers resolved, see VT-NMR studies elsewhere in this document for more information).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H26NO2, 276.1964; found, 276.1972.



tert-butyl 2-(1-phenylpropan-2-yl)pyrrolidine-1-carboxylate [(£)-17]

N p [IrdF (CF)ppy)(dtobpy)IPFs (1 mol %)
me KF,B” N 4-MeO-PhOH (3.0 equiv) N
Boc  DMF (0.20 M), 24 W blue LED, tt, 24 h Me Boc

1.0 equiv 1.5 equiv (+)-17, 55%

In a nitrogen-filled glove box, an oven-dried 4-mL reaction vial equipped with a stir bar was charged with
[Ir(dF (CF3)ppy)2(dtbbpy)]PFs (2.3 mg, 2 pmol, 1 mol %), potassium N-boc-pyrrolidine-2-trifluoroborate (83.1 mg,
0.30 mmol, 1.5 equiv), and 4-methoxyphenol (74.5 mg, 0.60 mmol, 3.0 equiv). This was followed by addition of
anhydrous DMF (1000 pL, 0.20 M) and (Z)-B-methylstyrene (26.0 pL, 0.20 mmol, 1.0 equiv). The vial was sealed with
a teflon-lined cap, removed from the glove box, and irradiated with two 24 W blue LEDs with stirring at 800 rpm atrt
for 24 h. The crude mixture was then directly adsorbed onto diatomaceous earth (Celite®) and purified by flash
column chromatography on silica (1:1:8 Et20:CH2Cl2:hexanes). The product (£)-17 was obtained as a colorless oil

(32.0 mg, 55%).

1H NMR (500 MHz, CDCI3) &: 7.28 - 7.23 (m, 2H), 7.20 - 7.10 (m, 3H), 3.94 - 3.68 (m, 1H), 3.67 - 3.42 (m, 1H), 3.34 -
3.08 (m, 1H), 2.91 - 2.51 (m, 1H), 2.51 - 2.34 (m, 1H), 2.29 - 2.08 (m, 1H), 1.99 - 1.71 (m, 4H), 1.47 (apparent
doublet, 9H), 0.78 (apparent doublet, 3H).

13C NMR (126 MHz, CDCI3) &: 155.30, 155.16, 141.75, 141.30, 129.34, 129.21, 128.48, 128.43, 126.05, 125.90, 79.40,
79.13, 62.39, 61.58, 60.75, 47.69, 47.34, 40.99, 40.71, 38.98, 38.02, 37.91, 37.08, 30.61, 29.98, 28.85, 27.57, 26.73,
26.26, 24.68, 24.20, 16.35, 13.98. (mixture of diastereomers and rotamers, see VT-NMR studies elsewhere in this

document for more information).

13C NMR (126 MHz, toluene-d8, rt) §: 154.57, 154.47, 141.41, 141.39, 129.45, 129.29, 128.52, 128.49, 125.99, 125.96,
78.48, 62.30, 61.37, 47.62, 47.52, 41.05, 40.86, 38.10, 28.63, 26.65, 25.72, 24.54, 24.09, 16.22, 13.81. (mixture of

diastereomers and rotamers, see VT-NMR studies elsewhere in this document for more information).

13C NMR (126 MHz, toluene-d8, 100 2C) &: 154.98, 154.85, 142.20, 141.76, 129.60, 129.47, 128.66, 128.63, 126.20,
126.12, 78.76, 62.72, 61.59, 47.81, 47.75, 41.31, 38.97, 28.94, 27.79, 26.63, 24.61, 24.51, 16.49, 14.27. (rotamers

resolved, still a mixture of diastereomers, see VT-NMR studies elsewhere in this document for more information).

HRMS (ESI-TOF) m/z: [M+H-+] calculated for C1s8H28NO2, 290.2120; found, 290.2123.



. R
! .~ .R? 0.5 mol % PC 4 Lo 5
AN + R™ N > AN R
A R1 DMF, 1t, 24 h A gl
_ ) blue LED
1.0 equiv 2.0 equiv

General procedure C: [Ir(dF(CF3)ppy)2(dtbbpy)]PFs (PC 4, 1.2 mg, 0.001 mmol, 0.5 mol %), alkene (0.2 mmol, 1.0
equiv), tertiary amine (0.4 mmol, 2.0 equiv), and DMF (1.0 mL) were added to a 4 mL vial equipped with a stir bar in
the glove box under nitrogen atmosphere. The vial was then taken out of glove box and allowed to stir inside the
photo-reactor (described above) with the lamp and fan on for 24 hours. The reaction crude was quenched by the
addition of DCM, concentrated in vacuo and then purified by basic alumina chromatography to afford the desired

product.

0.5 mol % PC 3
~n-R2 2.0 equiv MeOH

N+ TMSTN - ' R2
A’/\E' Rl DMF, t, 2-24 h Ar/\;/\Nl
blue LED R
1.0 equiv 1.1 equiv

General procedure D: [Ir(ppy)z(dtbbpy)]PFs (PC 3, 0.9 mg, 0.001 mmol, 0.5 mol %), alkene (0.2 mmol, 1.0 equiv), a-
TMS amine (0.22 mmol, 1.1 equiv), and DMF (2.0 mL) were added to a 4 mL vial equipped with a stir bar in the glove
box under nitrogen atmosphere. The vial was then taken out of glove box and injected 8 uL. MeOH (0.4 mmol, 2.0
equiv). The resulting solution was allowed to stir inside the photo-reactor (described above) with the lamp and fan
on for 2 to 24 hours. The reaction crude was quenched by the addition of DCM, concentrated in vacuo and then

purified by basic alumina chromatography to afford the desired product.

Ph N,N-diisopropyl-3,3-diphenylpropan-1-amine (Diisopromine, 18, Table 2): Prepared
ph)\/\NJ\ according to General procedure C from 1,1-diphenylethylene with diisopropylmethylamine for

18 20 hours in 76% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 3 g H20, 99 : 1 hexanes/EtOAc with 0.5%
MeOH to 60 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCs) &: 7.31 - 7.23 (m, 8H), 7.20 - 7.13 (m, 2H), 3.96 (t, ] = 7.6 Hz, 1H), 2.98 (hept, ] = 6.6 Hz,
2H), 2.43 - 2.31 (m, 2H), 2.18 (q, ] = 7.6 Hz, 2H) 0.93 (d, ] = 6.6 Hz, 12H).

13C NMR (125 MHz, CDCl3) §: 145.38, 128.50, 128.00, 126.13, 49.32, 48.79, 44.08, 37.45, 20.78.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21H30N, 296.2378; found, 296.2368.

Phi)\NJ\



(+)-19

N,N-diisopropyl-4,4-diphenylbutan-2-amine ((£)-19, Table 2): Prepared according to General procedure C from
1,1-diphenylethylene with diisopropylethylamine for 20 hours in 78% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 1.5 g H20, 99 : 1 hexanes/EtOAc with 0.2% MeOH as eluent.

1H NMR (500 MHz, CDCl3) &: 7.37 - 7.27 (m, 4H), 7.25 - 7.10 (m, 6H), 4.14 (dd, ] = 9.2, 5.9 Hz, 1H), 3.13 (hept, ] = 6.6
Hz, 2H), 2.86 - 2.69 (m, 1H), 2.10 - 1.91 (m, 2H), 1.05 (d, ] = 6.5 Hz, 3H), 0.94 (d, ] = 6.6 Hz, 6H), 0.91 (d, ] = 6.7 Hz,
6H).

13C NMR (125 MHz, CDCl3) &: 146.90, 144.69, 128.50, 128.46, 128.37, 128.00, 126.02, 125.88, 48.39, 47.18, 44.44,
42.80,24.41, 22.39, 21.04.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C22H32N, 310.2535; found, 310.2548.

Ph N,N-dimethyl-3,3-diphenylpropan-1-amine (20, Table 2): Prepared according to General
Ph)\/\N

Me hours in 71% isolated yield as a white solid. m.p. = 41-43 °C.
20

Me | procedure C from 1,1-diphenylethylene with 3 equiv trimethylaminesHCI and 3 equiv DBU for 24

Column Chromatography Condition: 100 g Al203 + 9 g H20, 30 : 1 hexanes/EtOAc with 0.5%
MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 7.31 - 7.22 (m, 8H), 7.20 - 7.15 (m, 2H), 3.99 (t, ] = 6.6 Hz, 1H), 2.42 - 2.01 (m, 10H).
13C NMR (125 MHz, CDCl3) 8: 145.03, 128.58, 127.96, 126.26, 58.22, 49.14, 45.74, 33.82.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H22N, 240.1752; found, 240.1747.

N,N-dimethyl-3-phenyl-3-(pyridin-2-yl)propan-1-amine (Pheniramine, 21, Table 2):
Prepared according to General procedure C from 2-(1-phenylvinyl)pyridine with 3 equiv
XN N~ | trimethylamineeHCl and 3 equiv DBU for 24 hours in 76% isolated yield as a colorless liquid.

I
N
21 Column Chromatography Condition: 100 g Al203 + 6 g H20, 6 : 1 hexanes/EtOAc with 0.5%

MeOH to 3 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 8.60 - 8.51 (m, 1H), 7.52 (td, ] = 7.7, 1.6 Hz, 1H), 7.36 - 7.30 (m, 2H), 7.29 - 7.22 (m, 2H),
7.20 - 7.11 (m, 2H), 7.08 - 7.02 (m, 1H), 4.12 (t, ] = 7.3 Hz, 1H), 2.49 - 2.36 (m, 1H), 2.27 - 2.13 (m, 9H).

13C NMR (125 MHz, CDCI3) &: 163.83, 149.37, 143.83, 136.48, 128.61, 128.16, 126.52, 122.92, 121.38, 58.04, 51.51,
45.66, 33.06.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H21N2, 241.1705; found, 241.1703.

N,N-dimethyl-3-phenyl-3-(p-tolyl)propan-1-amine (Tolpropamine, 22, Table 2):
O Prepared according to General procedure C from 1-methyl-4-(1-phenylvinyl)benzene with 3

! NT
I
22



equiv trimethylamineeHCI and 3 equiv DBU for 24 hours in 71% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 6 g H20, 30 : 1 hexanes/EtOAc with 0.5% MeOH to 15 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: § 7.32 - 7.22 (m, 4H), 7.20 - 7.13 (m, 3H), 7.10 (d, ] = 7.8 Hz, 2H), 3.96 (m, 1H), 2.31 (s,
3H), 2.26 - 2.16 (m, 10H).

13C NMR (125 MHz, CDCls) &: 145.31, 142.04, 135.73, 129.28, 128.56, 127.90, 127.81, 126.17, 58.29, 48.79, 45.73,
33.86,21.12.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C1sH24N, 254.1909; found, 254.1917.

N-methyl-N-(3-(pyridin-2-yl)propyl)aniline (23, Table 2): Prepared according to
/@ General procedure C from 2-vinylpyridine with N,N-dimethylaniline for 40 hours in 61%
N

X
CN(\B/\MQ isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 8 g H20, 30 : 1 hexanes/EtOAc with
0.5% MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 8.58 - 8.47 (m, 1H), 7.58 (td, ] = 7.7, 1.8 Hz, 1H), 7.24 - 7.18 (m, 2H), 7.14 (dt, ] = 7.8, 1.1
Hz, 1H), 7.11 (ddd, ] = 7.4, 4.9, 1.2 Hz, 1H), 6.81 - 6.51 (m, 3H), 3.39 (t, ] = 7.6 Hz, 2H), 2.93 (s, 3H), 2.83 (dd, ] = 8.9,
6.7 Hz, 2H), 2.04 (tt, ] = 9.0, 6.8 Hz, 2H).

13C NMR (125 MHz, CDCI3) &: 161.69, 149.45, 149.43, 136.45, 129.26, 122.85, 121.21, 116.14, 112.35, 52.45, 38.43,
35.93, 26.89.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C15sH19N2, 227.1548; found, 227.1543.

N-cyclohexyl-N-(2-methyl-3-(4-(trifluoromethyl) phenyl)propyl) cyclohexan-
O amine ((*)-24, Table 2): Prepared according to General procedure C from (E)-1-
N

m (prop-1-en-1-yl)-4-(trifluoromethyl)benzene with N-cyclohexyl-N-
FsC [ ]

(£)-24 methylcyclohexanamine for 24 hours in 73% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 3 g H20, 99 : 1 hexanes/EtOAc
with 0.5% MeOH as eluent.

1H NMR (500 MHz, CDCl3) &: 7.52 (d, ] = 8.0 Hz, 2H), 7.25 (d, ] = 8.0 Hz, 2H), 3.09 (dd, ] = 13.3, 4.0 Hz, 1H), 2.55 - 2.41
(m, 3H), 2.35 (dd, ] = 13.4, 8.0 Hz, 1H), 2.07 (dd, ] = 13.2, 9.9 Hz, 1H), 1.88 - 1.56 (m, 11H), 1.34 - 1.16 (m, 8H), 1.14 -
0.97 (m, 2H), 0.76 (d, ] = 6.6 Hz, 3H).

13C NMR (125 MHz, CDCl3) &: 147.03, 129.48, 127.89 (q, ] = 32.2 Hz), 125.09 (q, ] = 3.8 Hz), 124.65 (q, ] = 271.5 Hz).
58.21, 52.94, 41.42, 35.59, 32.69, 32.16, 26.91, 26.86, 26.49, 17.75.

19F NMR (471 MHz, CDCI3) § -62.21 (s).



HRMS (ESI-TOF) m/z: [M+H+] calculated for C23H35NF3, 382.2722; found, 382.2715.

Methyl 4-(1-(4-(4-(trifluoromethyl)phenyl)morpholin-3-yl)propan-2-yl) benzo-

o)
Me j ate (25, Table 2): Prepared according to General procedure C from methyl 4-(prop-1-
N en-2-yl)benzoate with 4-(4-(trifluoromethyl)phenyl)morpholine for 16 hours in 62%
MeO,C © isolated yield and 1.7:1 dr as a colorless liquid.
25 CF; /) Column Chromatography Condition: silica, 6 : 1 hexanes/EtOAc as eluent.

1H NMR (500 MHz, CDCl3) 6: major diastereomer 8.00 (d, ] = 8.2 Hz, 2H), 7.34 (d, ] = 8.5
Hz, 2H), 7.18 (d, ] = 8.2 Hz, 2H), 6.41 (d, ] = 8.5 Hz, 2H), 4.01 (d, ] = 11.8 Hz, 2H), 3.95 (s, 3H), 3.68 - 3.59 (m, 2H), 3.25
(dd, J = 8.3, 5.5 Hz, 1H), 3.22 - 3.16 (m, 2H), 2.84 - 2.74 (m, 1H), 2.28 (ddd, ] = 13.5, 11.2, 3.9 Hz, 1H), 1.54 - 1.46 (m,
1H), 1.24 (d, ] = 7.0 Hz, 3H); minor diastereomer 7.92 (d, ] = 8.0 Hz, 2H), 7.44 (d, ] = 8.5 Hz, 2H), 7.16 (d, ] = 8.3 Hz,
2H), 6.73 (d, ] = 8.5 Hz, 2H), 3.98 - 3.95 (m, 2H), 3.90 (s, 3H), 3.78 - 3.70 (m, 2H), 3.68 - 3.65 (m, 2H), 3.25 - 3.22 (m,
1H), 2.22 - 2.10 (m, 1H), 1.78 (ddd, ] = 13.5, 7.8, 4.9 Hz, 1H), 1.54 - 1.51 (m, 1H), 1.26 (d, ] = 8.4 Hz, 3H).

13C NMR (125 MHz, CDCl3) §: major diastereomer 167.08, 151.41, 151.17, 130.14, 128.88, 127.39, 126.51 (q, ] = 3.7
Hz), 124.87 (q, ] = 270.3 Hz), 120.09 (g, ] = 32.6 Hz), 113.68, 67.73, 66.85, 52.40, 52.27, 42.36, 37.51, 33.16, 23.49;
minor diastereomer 167.12, 152.24, 151.90, 130.06, 128.43, 127.10, 126.73 (q, ] = 3.7 Hz), 124.88 (q, ] = 270.3 Hz),
120.05 (q, ] = 32.9 Hz), 114.02, 68.86, 66.64, 53.33, 52.16, 42.36, 37.40, 34.59, 22.11.

19F NMR (471 MHz, CDCI3) 6 -61.28.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C22H25NO3F3, 408.1787; found, 408.1785.

1-(3,3-diphenylpropyl)piperidine (26, Table 3): Prepared according to General procedure D

)P:/\ from 1,1-diphenylethylene with 1-((trimethylsilyl)methyl)piperidine for 2 hours in 90% isolated
Ph N
O yield as a white solid. m.p. =41-42 °C.

26 Column Chromatography Condition: 100 g Al203 + 4.5 g H20, 50 : 1 hexanes/EtOAc with 0.5%
MeOH eluent.

1H NMR (500 MHz, CDCl3) 8: 7.30 - 7.21 (m, 8H), 7.20 - 7.13 (m, 2H), 3.95 (t, ] = 7.0 Hz, 1H), 2.34 (br, 4H), 2.29 - 2.19
(m, 4H), 1.57 (p, ] = 5.7 Hz, 4H), 1.47 - 1.35 (m, 2H).

13C NMR (125 MHz, CDCl3) §: 145.13, 128.54, 128.00, 126.22, 57.98, 54.86, 49.55, 32.99, 26.20, 24.65.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C20H26N, 280.2065; found, 280.2065.

Ph tert-butyl 4-(3,3-diphenylpropyl)piperazine-1-carboxylate (27, Table 3): Prepared
ph)\/\N according to General procedure D from 1,1-diphenylethylene with tert-butyl 4-

K/N'Boc

27



((trimethylsilyl)methyl) piperazine-1-carboxylate for 2 hours in 95% isolated yield as a white solid. m.p. =110-113
°C.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 30 : 1 hexanes/EtOAc with 0.5% MeOH to 15: 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 7.32 - 7.21 (m, 8H), 7.20 - 7.14 (m, 2H), 4.00 (t, ] = 7.2 Hz, 1H), 3.53 - 3.33 (m, 4H), 2.40
- 2.30 (m, 4H), 2.30 - 2.18 (m, 4H), 1.45 (s, 9H).

13C NMR (125 MHz, CDCls) §: 154.88, 144.88, 128.60, 127.96, 126.33, 79.71, 56.96, 53.20, 49.14, 44.17, 32.79, 28.58.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C24H33N202, 381.2542; found, 381.2553.

1-(3,3-diphenylpropyl)-4-methyl-1,4-diazepane (28, Table 3): Prepared according to

Ph
)\/\ General procedure D from 1,1-diphenylethylene with 1-methyl-4-((trimethylsilyl)methyl)-
Ph N N-Me
1,4-diazepane for 2 hours in 89% isolated yield as a colorless liquid.
28 Column Chromatography Condition: 100 g Al203 + 9 g H20, 15 : 1 hexanes/EtOAc with

0.5% MeOH to 8 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 7.32 - 7.22 (m, 8H), 7.21 - 7.13 (m, 2H), 4.02 (t, ] = 7.7 Hz, 1H), 2.70 - 2.65 (m, 4H), 2.65
- 2.61 (m, 2H), 2.61 - 2.55 (m, 2H), 2.41 (dd, ] = 8.6, 6.0 Hz, 2H), 2.35 (s, 3H), 2.21 (q, ] = 7.5 Hz, 2H), 1.79 (p, ] = 6.0
Hz, 2H).

13C NMR (125 MHz, CDCls) &: 145.16, 128.54, 128.03, 126.21, 58.34, 57.09, 56.87, 54.93, 54.42, 49.05, 47.26, 33.68,
27.65.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21H29N2, 309.2331; found, 309.2323.

2-(4-(3,3-diphenylpropyl)piperazin-1-yl)pyrimidine (29, Table 3): Prepared
Ph
according to General procedure D from 1,1-diphenylethylene with 2-(4-
Ph)\/\N/\ g p phenylethy (
K/NYN\ ((trimethylsilyl)methyl) piperazin-1-yl)pyrimidine for 2 hours in 91% isolated yield as a
|

29 N\) white solid. m.p. =111-112 °C.

Column Chromatography Condition: 100 g Al203 + 4.5 g H20, 15 : 1 hexanes/EtOAc with
0.5% MeOH to 8 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 8.29 (d, ] = 4.7 Hz, 2H), 7.31 - 7.26 (m, 7H), 7.26 - 7.24 (m, 1H), 7.21 - 7.15 (m, 2H), 6.47
(t,] = 4.7 Hz, 1H), 4.01 (t, ] = 7.1 Hz, 1H), 3.82 (dd, ] = 6.2, 4.0 Hz, 4H), 2.52 - 2.43 (m, 4H), 2.36 - 2.24 (m, 4H).

13C NMR (125 MHz, CDCI3) &: 161.74, 157.83, 144.89, 128.60, 127.95, 126.33, 109.92, 57.13, 53.32, 49.23, 43.82,
32.86.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C23H27N4, 359.2236; found, 359.2236.



benzyl (3,3-diphenylpropyl)-L-prolinate (30, Table 3): Prepared according to General
ph COzBn procedure D from 1,1-diphenylethylene with benzyl ((trimethylsilyl)methyl)-L-prolinate for

Ph N
|\/> 2 hours in 88% isolated yield as a colorless liquid.
30

Column Chromatography Condition: 100 g Al203 + 8 g H20, 30 : 1 hexanes/EtOAc with
0.5% MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 7.37 - 7.32 (m, 3H), 7.31 - 7.27 (m, 5H), 7.26 (s, 1H), 7.25 - 7.22 (m, 4H), 7.20 - 7.15 (m,
2H),5.11 (d, ] = 12.4 Hz, 1H), 5.08 (d, ] = 12.3 Hz, 1H), 3.97 (t,] = 7.7 Hz, 1H), 3.25 - 3.13 (m, 2H), 2.65 (dt, ] = 11.7, 7.5
Hz, 1H), 2.45 - 2.32 (m, 2H), 2.27 (q, ] = 7.7 Hz, 2H), 2.16 - 2.04 (m, 1H), 2.01 - 1.89 (m, 2H), 1.86 - 1.76 (m, 1H).

13C NMR (125 MHz, CDCI3) 6: 174.34, 144.94, 144.85, 136.03, 128.65, 128.55, 128.39, 128.32, 128.00, 127.87, 126.25,
126.23, 66.41, 66.05, 53.76, 53.55, 49.19, 34.63, 29.51, 23.41.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C27H30N40z, 400.2277; found, 400.2278.

N,N-dibenzyl-3,3-diphenylpropan-1-amine (31, Table 3): Prepared according to General

Ph
o ~ph procedure D from 1,1-diphenylethylene with N,N-dibenzyl-1-(trimethylsilyl)methanamine for
P NP
ph 2 hours in 95% isolated yield as a colorless liquid..
31 Column Chromatography Condition: 100 g Al203 + 4.5 g H20, 60 : 1 hexanes/EtOAc with

0.5% MeOH as eluent.

1HNMR (500 MHz, CDCl3) 8: 7.31 - 7.27 (m, 5H), 7.27 - 7.25 (m, 2H), 7.25 - 7.23 (m, 1H), 7.22 - 7.16 (m, 6H), 7.13 -
7.07 (m, 6H), 3.93 (t,] = 7.6 Hz, 1H), 3.53 (s, 4H), 2.41 (dd, ] = 8.2, 6.0 Hz, 2H), 2.24 (td, ] = 8.0, 6.0 Hz, 2H).

13C NMR (125 MHz, CDCls) 8: 145.06, 139.81, 128.95, 128.48, 128.27, 127.93, 126.87, 126.10, 58.41, 51.73, 48.84,
33.32.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C290H30N, 392.2378; found, 392.2372.

N-benzyl-3,3-diphenylpropan-1-amine (32, Table 3): Prepared according to General

Bh )\/\N procedure D from 1,1-diphenylethylene with N-benzyl-1-(trimethylsily])methanamine for 2
hours in 85% isolated yield as a white solid. m.p. =57-59 °C.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 15 : 1 hexanes/EtOAc with
0.5% MeOH to 8 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1HNMR (500 MHz, CDCl3) &: 7.34 - 7.20 (m, 13H), 7.20 - 7.15 (m, 2H), 4.04 (t, ] = 7.8 Hz, 1H), 3.73 (s, 2H), 2.62 (t, ] =
7.2 Hz, 2H), 2.27 (q, ] = 7.4 Hz, 2H), 1.37 (brs, 1H).

13C NMR (125 MHz, CDCI3) 6: 144.95, 140.56, 128.58, 128.49, 128.19, 127.97, 127.00, 126.29, 54.07, 49.15, 47.90,
36.02.



HRMS (ESI-TOF) m/z: [M+H+] calculated for C22H24N, 302.1909; found, 302.1918.

N-(3,3-diphenylpropyl)cyclohexanamine (33, Table 3): Prepared according to General
Ph
)\/\ procedure D from 1,1-diphenylethylene with N-((trimethylsilyl)methyl)cyclohexanamine for
Ph H

10 hours in 80% isolated yield as a colorless liquid.
33
Column Chromatography Condition: 100 g Al203 + 9 g H20, 15 : 1 hexanes/EtOAc with 0.5%

MeOH to 8 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 7.32 - 7.22 (m, 8H), 7.21 - 7.13 (m, 2H), 3.99 (t, ] = 7.8 Hz, 1H), 2.59 (dd, ] = 8.4, 6.5 Hz,
2H), 2.35 (tt, ] = 10.6, 3.8 Hz, 1H), 2.30 - 2.19 (m, 2H), 1.84 - 1.76 (m, 2H), 1.68 (dt, ] = 13.0, 3.4 Hz, 2H), 1.63 - 1.52
(m, 1H), 1.25 - 1.08 (m, 3H), 1.06 - 0.94 (m, 2H).

13C NMR (125 MHz, CDCl3) §: 144.87,128.57,127.89, 126.29, 56.88, 49.45, 45.46, 36.05, 33.44, 26.20, 25.16.

HRMS (ESI-TOF) m/z: [M+H:] calculated for C21H2sN, 294.2222; found, 294.2225.

1-(3,3-bis(4-fluorophenyl)propyl)piperidine (34, Table 3): Prepared according to

F
General procedure D from 4,4'-(ethene-1,1-diyl)bis(fluorobenzene) with 1-((trimethylsilyl)
O methyl) piperidine for 2 hours in 84% isolated yield as a yellow liquid.
Q I\O Column Chromatography Condition: 100 g Al203 + 4.5 g H20, 50 : 1 hexanes/EtOAc with
F 34

0.5% MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 7.20 - 7.13 (m, 4H), 6.99 - 6.92 (m, 4H), 3.94 (t, ] = 7.5 Hz,
1H), 2.42 - 2.25 (m, 4H), 2.23 - 2.15 (m, 4H), 1.57 (p, ] = 5.6 Hz, 4H), 1.47 - 1.35 (m, 2H).

13C NMR (125 MHz, CDCls) &: 161.46 (d, ] = 244.4 Hz), 140.64 (d, ] = 3.1 Hz), 129.26 (d, ] = 7.8 Hz), 115.36 (d, ] = 21.1
Hz), 57.64,54.86, 47.81,33.26, 26.19, 24.61.

19F NMR (471 MHz, CDCl3) &: -117.07 (m).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C20H24NF2, 316.1877; found, 316.1870.

1-(3,3-bis(4-methoxyphenyl)propyl)piperidine (35, Table 3): Prepared according

OMe
to General procedure D from 4,4'-(ethene-1,1-diyl)bis(methoxybenzene) with 1-
O ((trimethylsilyl) methyl)piperidine for 24 hours in 69% isolated yield as a light yellow
l '\O liquid.
MeO Column Chromatography Condition: 100 g Alz03 + 9 g H20, 30 : 1 hexanes/EtOAc

35 with 0.5% MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.



1H NMR (500 MHz, CDCls) &: 7.13 (d, ] = 8.5 Hz, 4H), 6.80 (d, ] = 8.5 Hz, 4H), 3.85 (t, ] = 7.0 Hz, 1H), 3.76 (s, 6H), 2.42 -
2.28 (m, 4H), 2.25 - 2.14 (m, 4H), 1.57 (p, ] = 5.6 Hz, 4H), 1.47 - 1.36 (m, 2H).

13C NMR (125 MHz, CDCl3) 8: 157.92, 137.70, 128.76, 113.89, 58.08, 55.34, 54.89, 47.85, 33.34, 26.20, 24.66.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C22H30NO2, 340.2277; found, 340.2272.

1-(3-phenyl-3-(4-(trifluoromethyl)phenyl)propyl)piperidine ((+)-36, Table 3): Pre-

O pared according to General procedure D from 1-(1-phenylvinyl)-4-(trifluoromethyl)
benzene with 1-((trimethylsilyl)methyl)piperidine for 2 hours in 80% isolated yield as a
N
O O colorless liquid.
F3sC

(+)-36 Column Chromatography Condition: 100 g Al203 + 4 g H20, 50 : 1 hexanes/EtOAc with
0.5% MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 7.52 (d, ] = 8.1 Hz, 2H), 7.36 (d, ] = 8.1 Hz, 2H), 7.32 - 7.27 (m, 2H), 7.25 - 7.16 (m, 3H),
4.04 (t,] = 7.3 Hz, 1H), 2.58 - 2.11 (m, 8H), 1.57 (p,] = 5.6 Hz, 4H), 1.46 - 1.36 (m, 2H).

13C NMR (125 MHz, CDCI3) &: 149.18, 144.00, 128.74, 128.49 (q, ] = 32.3 Hz), 128.29, 127.93, 126.63, 125.50 (q, ] =
3.9 Hz), 124.37 (q,] = 272.0 Hz), 57.59, 54.80, 49.22, 32.68, 26.09, 24.55.

19F NMR (471 MHz, CDCl3) §: -62.32 (s).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21H25NF3, 348.1939; found, 348.1928.

1-(3-(4-methoxyphenyl)-3-phenylpropyl)piperidine ((x)-37, Table 3): Prepared

O according to General procedure D from 1-methoxy-4-(1-phenylvinyl)benzene with 1-
N ((trimethylsilyl) methyl)piperidine for 8 hours in 85% isolated yield as a white solid.
Q O m.p. =54-55 °C.
MeO

(2)-37
Column Chromatography Condition: 100 g Al203 + 7 g H20, 30 : 1 hexanes/EtOAc with

0.5% MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent

1H NMR (500 MHz, CDCl3) &: 7.30 - 7.19 (m, 4H), 7.19 - 7.12 (m, 3H), 6.85 - 6.77 (m, 2H), 3.90 (t, ] = 3.7 Hz, 1H), 3.77
(s, 3H), 2.44 - 2.26 (m, 3H), 2.26 - 2.19 (m, 4H), 1.57 (p, ] = 5.6 Hz, 4H), 1.46 - 1.35 (m, 2H), 1.28 - 1.26 (m, 1H).

13C NMR (125 MHz, CDCls) &: 157.92, 145.49, 137.23, 128.84, 128.51, 127.84, 126.11, 113.86, 58.06, 55.32, 54.87,
48.69, 33.14, 26.17, 24.62.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21H28NO, 310.2171; found, 310.2162.



1-(3-(2-bromo-4-fluorophenyl)propyl)piperidine (38, Table 3): Prepared according to
N General procedure D from 2-bromo-4-fluoro-1-vinylbenzene with 1-

E O ((trimethylsilyl)methyl) piperidine for 3 hours in 82% isolated yield as a colorless liquid.
Column Chromatography Condition: 100 g Al203 + 3 g H20, 50 : 1 hexanes/EtOAc with

0.5% MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 7.26 (dd, ] = 8.3, 2.7 Hz, 1H), 7.18 (dd, ] = 8.5, 6.1 Hz, 1H), 6.94 (td, ] = 8.3, 2.7 Hz, 1H),
2.74 - 2.65 (m, 2H), 2.46 - 2.24 (m, 6H), 1.78 (tt,] = 9.7, 6.6 Hz, 2H), 1.58 (p, ] = 5.7 Hz, 4H), 1.48 - 1.36 (m, 2H).

13C NMR (125 MHz, CDCls) 8: 160.78 (d, ] = 248.0 Hz), 137.54 (d, ] = 3.4 Hz), 131.02 (d, ] = 8.2 Hz), 124.16 (d, ] = 9.5
Hz), 119.87 (d, ] = 24.2 Hz), 114.49 (d, ] = 20.7 Hz), 58.79, 54.73, 33.45, 27.37, 26.16, 24.63.

19F NMR (471 MHz, CDCl3) §: -115.57 (q, ] = 7.7 Hz).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C14H20NBrF, 300.0763; found, 300.0769.

1-(3-(4-(trifluoromethyl)phenyl)propyl)piperidine (39, Table 3): Prepared

/@M O according to General procedure D from 1-(trifluoromethyl)-4-vinylbenzene with 1-

((trimethylsilyl)methyl) piperidine for 2 hours in 84% isolated yield as a yellow liquid.

Column Chromatography Condition: 100 g Al203 + 3 g H20, 50 : 1 hexanes/EtOAc with
0.5% MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 7.52 (d, ] = 8.0 Hz, 2H), 7.29 (d, ] = 8.0 Hz, 2H), 2.67 (t, ] = 7.8 Hz, 2H), 2.46 - 2.23 (m,
6H), 1.83 (tt,] = 9.7, 6.7 Hz, 2H), 1.58 (p, ] = 5.6 Hz, 4H), 1.47 - 1.37 (m, 2H).

13C NMR (125 MHz, CDCl3) 8: 146.54 (q, ] = 1.3 Hz), 128.81, 128.18 (q, ] = 32.3 Hz), 125.32 (q, ] = 3.8 Hz), 124.50 (q, ]
= 271.7 Hz), 58.71, 54.68, 33.81, 28.51, 26.08, 24.56.

19F NMR (471 MHz, CDCI3) 6: -62.25 (s).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C1sH21NF3, 272.1626; found, 272.1628.

1-(4-(3-(piperidin-1-yl)propyl)phenyl)ethan-1-one (40, Table 3): Prepared according

N
W O to General procedure D  from  1-(4-vinylphenyl)ethan-1-one  with  1-

0 40 ((trimethylsilyl)methyl) piperidine for 3 hours in 83% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 15 : 1 hexanes/EtOAc with
0.5% MeOH to 8: 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 7.87 (d, ] = 8.2 Hz, 2H), 7.27 (d, ] = 8.0 Hz, 2H), 2.74 - 2.62 (m, 2H), 2.58 (s, 3H), 2.44 -
2.24 (m, 6H), 1.83 (tt, ] = 9.7, 6.6 Hz, 2H), 1.57 (p, ] = 5.6 Hz, 4H), 1.47 - 1.38 (m, 2H).

13C NMR (125 MHz, CDCIz) 6: 198.06, 148.35, 135.07, 128.74, 128.62, 58.82, 54.73, 34.01, 28.48, 26.74, 26.12, 24.58.



HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H24NO, 246.1858; found, 246.1851.

1-(3-phenylpropyl)piperidine (41, Table 3): Prepared according to General procedure D
©/\ﬂ|\© from styrene with 1-((trimethylsilyl)methyl) piperidine for 24 hours in 63% isolated yield as a
41

colorless liquid.

Column Chromatography Condition: 100 g Al203 + 6 g H20, 60 : 1 hexanes/EtOAc with 0.5%
MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 7.27 (t, ] = 7.7 Hz, 2H), 7.23 - 7.14 (m, 3H), 2.62 (t, ] = 7.8 Hz, 2H), 2.45 - 2.27 (m, 6H),
1.83 (tt, ] = 10.1, 6.6 Hz, 2H), 1.58 (p, ] = 5.7 Hz, 4H), 1.48 - 1.38 (m, 2H).

13C NMR (125 MHz, CDCl3) §: 142.58, 128.62, 128.50, 125.92, 59.22, 54.87, 34.19, 28.96, 26.29, 24.77.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C14H22N, 204.1752; found, 204.1762.

1-(3-(o-tolyl)propyl)piperidine (42, Table 3): Prepared according to General procedure D
N
@(\/\ O from 1-methyl-2-vinylbenzene with 1-((trimethylsilyl)methyl) piperidine for 24 hours in 50%
Me
42

isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 4 g H20, 60 : 1 hexanes/EtOAc with 0.5%
MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCI3) &: 7.18 - 7.03 (m, 4H), 2.60 (t, ] = 7.8 Hz, 2H), 2.45 - 2.33 (m, 6H), 2.31 (s, 3H), 1.85 - 1.72
(m, 2H), 1.59 (p,] = 5.7 Hz, 4H), 1.44 (q, ] = 6.0 Hz, 2H).

13C NMR (125 MHz, CDCI3) &: 140.67, 136.01, 130.23, 128.91, 125.99, 125.95, 59.39, 54.79, 31.36, 27.68, 26.20, 24.68,
19.43.

HRMS (ESI-TOF) m/z: [M+H:] calculated for C1sH24N, 218.1909; found, 218.1917.

MeO — 1-(3-(3-methoxyphenyl)propyl)-4-methyl-1,4-diazepane (43, Table 3):
\©/\/\’\\I\/IN‘M6 Prepared according to General procedure D from 1-methoxy-3-vinylbenzene with
1-methyl-4-((trimethylsilyl)methyl)-1,4-diazepane for 24 hours in 57% isolated

yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 10 : 1 hexanes/EtOAc with 0.5% MeOH to 5 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 7.21 (t,] = 7.8 Hz, 1H), 6.80 (dt, ] = 7.6, 1.2 Hz, 1H), 6.78 - 6.71 (m, 2H), 3.81 (s, 3H), 2.77
- 2.69 (m, 4H), 2.67 - 2.59 (m, 6H), 2.55 - 2.48 (m, 2H), 2.37 (s, 3H), 1.87 - 1.73 (m, 4H).



13C NMR (125 MHz, CDCI3) 8: 159.70, 144.19, 129.34, 120.97, 114.29, 111.09, 58.23, 58.05, 57.12, 55.25, 54.87, 54.34,
47.28,33.82,29.39, 27.58.

HRMS (ESI-TOF) m/z: [M+H-] calculated for C16H27N20, 263.2123; found, 263.2126.

OMe 1-(3-(2-methoxyphenyl)propyl)-4-methyl-1,4-diazepane (44, Table 3): Prepared
@MNﬁN—Me according to General procedure D from 1-methoxy-2-vinylbenzene with 1-methyl-4-
44 v ((trimethylsilyl) methyl)-1,4-diazepane for 24 hours in 31% isolated yield as a colorless

liquid.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 10 : 1 hexanes/EtOAc with 0.5% MeOH to 5 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 7.16 (td, ] = 7.8, 1.8 Hz, 1H), 7.13 (dd, ] = 7.4, 1.8 Hz, 1H), 6.87 (td, ] = 7.4, 1.2 Hz, 1H),

6.83 (dd, ] = 8.1, 1.1 Hz, 1H), 3.81 (s, 3H), 2.75 - 2.67 (m, 4H), 2.65 - 2.57 (m, 6H), 2.54 - 2.47 (m, 2H), 2.35 (s, 3H),
1.90 - 1.65 (m, 4H).

13C NMR (125 MHz, CDCI3) 6: 157.58, 130.95, 129.95, 127.02, 120.43, 110.32, 58.47, 58.25, 57.17, 55.36, 54.85, 54.36,
47.28,28.25,27.81, 27.59.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C16H27N20, 263.2123; found, 263.2126.

v 4-methyl-5-(3-(piperidin-1-yl)propyl)thiazole (45, Table 3): Prepared according to
e
NW'\O General procedure D from 4-methyl-5-vinylthiazole with 1-((trimethylsilyl)methyl)piperidine

for 4 hours in 47% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 3 g H20, 30 : 1 hexanes/EtOAc with 0.5%
MeOH to 15 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 8.53 (s, 1H), 2.76 (t, ] = 7.6 Hz, 2H), 2.37 (s, 3H), 2.35 - 2.24 (m, 6H), 1.87 - 1.72 (m, 2H),
1.56 (p, ] = 5.7 Hz, 4H), 1.47 - 1.36 (m, 2H).

13C NMR (125 MHz, CDCI3) 6: 149.00, 148.60, 131.77, 58.25, 54.71, 29.01, 26.13, 24.59, 24.19, 15.00.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C12H21N2S, 225.1425; found, 225.1420.

2-(3-(piperidin-1-yl)propyl)pyridine (46, Table 3): Prepared according to General

N N
m O procedure D from 2-vinylpyridine with 1-((trimethylsilyl)methyl)piperidine for 2 hours in
46 94% isolated yield as a yellow liquid.

Column Chromatography Condition: 100 g Al203 + 7 g H20, 8 : 1 hexanes/EtOAc with 0.5% MeOH to 4 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.



1H NMR (500 MHz, CDCl3) &: & 8.63 - 8.36 (m, 1H), 7.57 (td, ] = 7.6, 1.9 Hz, 1H), 7.14 (d, ] = 7.8 Hz, 1H), 7.08 (dd, ] =
7.5, 4.8 Hz, 1H), 2.85 - 2.71 (m, 2H), 2.49 - 2.24 (m, 6H), 2.00 - 1.84 (m, 2H), 1.56 (p, ] = 5.7 Hz, 4H), 1.47 - 1.34 (m,
2H).

13C NMR (125 MHz, CDCI3) 6: 162.16, 149.31, 136.36, 122.85, 121.05, 58.98, 54.66, 36.54, 27.17, 26.10, 24.60.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C13H21N2, 205.1705; found, 205.1695.

Y N,N-dibenzyl-3-(pyridin-3-yl)propan-1-amine (47, Table 3): Prepared according to
N N” "Ph
O/\/\ § General procedure D from 3-vinylpyridine with N,N-dibenzyl-1-(trimethylsily])methanamine
N Ph
47 for 7 hours in 91% isolated yield as a light yellow liquid.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 30 : 1 hexanes/EtOAc with 0.5% MeOH to 15 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 8.40 (dd, ] = 4.9, 1.7 Hz, 1H), 8.35 (d, ] = 2.3 Hz, 1H), 7.36 (d, ] = 7.1 Hz, 4H), 7.34 - 7.29
(m, 5H), 7.28 - 7.21 (m, 2H), 7.12 (dd, ] = 7.8, 4.8 Hz, 1H), 3.57 (s, 4H), 2.58 (dd, ] = 8.8, 6.8 Hz, 2H), 2.48 (t, ] = 6.9 Hz,
2H), 1.90 - 1.67 (m, 2H).

13C NMR (125 MHz, CDCl3) &: 150.09, 147.31, 139.85, 137.80, 135.84, 128.96, 128.35, 127.01, 123.28, 58.68, 52.88,
30.68, 28.92.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C22H25N2, 317.2018; found, 317.2004.

N-benzyl-3-(pyridin-4-yl)propan-1-amine (48, Table 3): Prepared according to
N
,\} H/\© General procedure D from 4-vinylpyridine with N-benzyl-1-(trimethylsilyl)methanamine

/

48 for 3 hours in 91% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 9 g H20, 8 : 1 hexanes/EtOAc with 1.0% MeOH to 4 : 1
hexanes/EtOAc with 2.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 8.47 (d, ] = 6.1 Hz, 2H), 7.39 - 7.19 (m, 5H), 7.09 (d, ] = 6.1 Hz, 2H), 3.78 (s, 2H), 2.67 (m,
4H), 1.88 - 1.79 (m, 2H), 1.30 (brs, 1H).

13CNMR (125 MHz, CDCls) §: 151.21, 149.85, 140.51, 128.54, 128.21, 127.09, 123.97, 54.13, 48.68, 33.00, 30.76.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C15sH19N2, 227.1548; found, 227.1547.

1-(3-phenylbutyl)piperidine ((+)-49, Table 3): Prepared according to General procedure D

Me
©)\/\N from a-methyl styrene with 1.5 equiv 1-((trimethylsilyl)methyl)piperidine and 1.0 equiv BHT
(2)-49 O as hydrogen donor for 24 hours in 57% isolated yield as a colorless liquid.

Column Chromatography Condition: 100 g Al203 + 6 g H20, 60 : 1 hexanes/EtOAc with 1.0%



MeOH to 30 : 1 hexanes/EtOAc with 2.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 7.28 (dd, ] = 8.2, 6.9 Hz, 2H), 7.22 - 7.13 (m, 3H), 2.71 (h, ] = 7.0 Hz, 1H), 2.31 (brs, 4H),
2.25 (ddd, ] = 12.3, 10.1, 5.9 Hz, 1H), 2.14 (ddd, ] = 12.2, 10.1, 5.5 Hz, 1H), 1.89 - 1.70 (m, 2H), 1.56 (p, ] = 5.7 Hz, 4H),
1.40 (p, ] = 6.3 Hz, 2H), 1.25 (d, ] = 7.0 Hz, 3H).

13C NMR (125 MHz, CDCI3) 6: 147.60, 128.44, 127.09, 126.00, 57.98, 54.85, 38.60, 35.58, 26.21, 24.68, 22.68.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C15H24N, 218.1909; found, 218.1904.

Me Methyl 4-(4-(piperidin-1-yl)butan-2-yl)benzoate ((*)-50, Table 3): Prepared
/@)\/\N according to General procedure D from methyl 4-(prop-1-en-2-yl)benzoate with 1-
MeO,C (£)-50 O ((trimethylsilyl) methyl)piperidine for 4 hours in 80% isolated yield as a colorless
liquid.
Column Chromatography Condition: 100 g Al203 + 9 g H20, 30 : 1 hexanes/EtOAc with 1.0% MeOH to 15 : 1
hexanes/EtOAc with 2.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: § 7.97 (d, ] = 8.2 Hz, 2H), 7.27 (d, ] = 8.3 Hz, 2H), 3.92 (s, 3H), 2.81 (h, ] = 7.1 Hz, 1H),
2.39 - 2.23 (m, 4H), 2.28 - 2.20 (m, 1H), 2.18 - 2.07 (m, 1H), 1.82 (q, ] = 7.6 Hz, 2H), 1.58 (p, ] = 5.7 Hz, 4H), 1.47 -
1.37 (m, 2H), 1.28 (d, ] = 6.9 Hz, 3H).

13C NMR (125 MHz, CDCIs) &: 167.31, 153.12, 129.88, 128.07, 127.18, 57.71, 54.83, 52.10, 38.63, 35.38, 26.18, 24.64,
22.38.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H26NO2, 276.1964; found, 276.1963.

1-(3-(3,5-bis(trifluoromethyl)phenyl)-2-methylpropyl)piperidine ((x)-51, Table 3):

F3C
ml\O Prepared according to General procedure D from (E)-1-(prop-1-en-1-yl)-3,5-bis (trifluoro
e

CE methyl)benzene with I-((trimethylsilyl)methyl)piperidine for 24 hours in 72% isolated
3 (#)-51

yield as a colorless liquid.
Column Chromatography Condition: 100 g Al203 + 3 g H20, 99 : 1 hexanes/EtOAc with 0.5% MeOH as eluent.

1H NMR (500 MHz, CDCls) §: 7.70 (s, 1H), 7.64 (s, 2H), 2.88 (dd, ] = 13.4, 3.4 Hz, 1H), 2.67 - 2.50 (m, 1H), 2.44 -2.18
(m, 4H), 2.12 - 1.99 (m, 3H), 1.65 - 1.48 (m, 4H), 1.47 - 1.37 (m, 2H), 0.82 (d, ] = 5.6 Hz, 3H).

13C NMR (125 MHz, CDCl3) 8: 143.59, 131.21 (q, ] = 32.9 Hz), 129.79 (m), 123.70 (q, ] = 272.5 Hz), 119.79 (sept, ] = 3.8
Hz), 64.98, 55.04, 40.51, 31.97, 26.23, 24.72, 17.90.

19F NMR (471 MHz, CDCls) &: -62.82 (s).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C17H22NFs, 354.1656; found, 356.1652.



N-(2-(1H-indol-3-yl)ethyl)-4-(3-(piperidin-1-yl)propyl)benzamide (52,

N Table 3): Prepared according to General procedure D from N-(2-(1H-indol-
©\/\C\ H O 3-yl)ethyl)-4-vinylbenzamide with 1-((trimethylsilyl)methyl)piperidine for 3

H - hours in 85% isolated yield as a light yellow solid. m.p. = 131-132 °C.
Column Chromatography Condition: 100 g Al203 + 9 g H20, 2 : 1

hexanes/EtOAc with 0.5% MeOH to 1: 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 8.19 (brs, 1H), 7.65 (d, ] = 7.9 Hz, 1H), 7.58 (d, ] = 8.0 Hz, 2H), 7.41 - 7.36 (m, 1H), 7.24 -
7.20 (m, 1H), 7.18 (d, ] = 8.1 Hz, 2H), 7.16 - 7.10 (m, 1H), 7.08 - 7.05 (m, 1H), 6.18 (t, ] = 5.8 Hz, 1H), 3.80 (q, ] = 6.4
Hz, 2H), 3.09 (t, ] = 6.7 Hz, 2H), 2.63 (t, ] = 7.7 Hz, 2H), 2.35 (s, 4H), 2.32 - 2.25 (m, 2H), 1.80 (dq, ] = 12.8, 7.6 Hz, 2H),
1.57 (p, ] = 5.6 Hz, 4H), 1.47 - 1.36 (m, 2H).

13C NMR (125 MHz, CDCI3) 6: 167.51, 146.23, 136.60, 132.35, 128.68, 127.50, 127.02, 122.41, 122.24, 119.70, 118.94,
113.27,111.41, 58.83, 54.77, 40.34, 33.85, 28.55, 26.18, 25.51, 24.64.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C25H32N30, 390.2540; found, 390.2540.

mycophenolic acid derivative (53, Table 3): Prepared according to General

Oy-OMe procedure D from the corresponding alkene with 1-
((trimethylsilyl)methyl)piperidine for 5 hours in 75% isolated yield as a white
OMe = solid. m.p. = 128-130 °C.

O
OJ\@\/H\O Column Chromatography Condition: 100 g Al0s + 6 g H20, 5 : 1
0]
(0]

hexanes/EtOAc with 0.5% MeOH to 3 : 1 hexanes/EtOAc with 1.0% MeOH as
53 gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 8.11 (d, ] = 7.9 Hz, 2H), 7.32 (d, ] = 7.9 Hz, 2H), 5.16
(s, 2H), 5.14 (t, ] = 6.4 Hz, 1H), 3.81 (s, 3H), 3.60 (s, 3H), 3.53 - 3.27 (m, 2H), 2.71 (t, ] = 7.7 Hz, 2H), 2.45 - 2.27 (m,
8H), 2.25 (s, 3H), 2.23 - 2.15 (m, 2H), 1.86 (p, ] = 7.7 Hz, 2H), 1.66 - 1.53 (m, 7H), 1.49 - 1.37 (m, 2H).

13C NMR (125 MHz, CDCl3) &: 173.82, 168.14, 164.64, 162.74, 149.08, 146.40, 146.31, 134.68, 130.67, 129.61, 128.80,
126.51, 123.07, 122.38, 114.07, 68.40, 61.36, 58.82, 54.77, 51.61, 34.53, 34.18, 32.76, 28.48, 26.21, 24.66, 23.87,
16.35,11.95.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C33H42N07, 564.2961; found, 564.2961.

a-D-galactopyranose derivative (54, Table 3): Prepared according to

O’% General procedure D from the corresponding alkene with N-benzyl-1-
XO"KIO\'(@/\/\H/\Q (trimethylsilyl) methanamine for 4 hours in 87% isolated yield as a
0o light yellow liquid.



Column Chromatography Condition: 100 g Al203 + 6 g H20, 5 : 1 hexanes/EtOAc with 0.5% MeOH to 2.5 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 7.96 (d, ] = 8.2 Hz, 2H), 7.37 - 7.29 (m, 4H), 7.26 - 7.24 (m, 1H), 7.23 (d, ] = 8.0 Hz, 2H),
5.57 (d, ] = 4.9 Hz, 1H), 4.65 (dd, ] = 7.9, 2.5 Hz, 1H), 4.52 (dd, ] = 11.5, 5.0 Hz, 1H), 4.41 (dd, ] = 11.5, 7.5 Hz, 1H), 4.37
- 4.30 (m, 2H), 4.18 (ddd, ] = 7.2, 5.1, 1.9 Hz, 1H), 3.78 (s, 2H), 2.72 (t, ] = 7.7 Hz, 2H), 2.66 (t, ] = 7.1 Hz, 2H), 1.84 (p, ]
= 7.3 Hz, 2H), 1.52 (s, 3H), 1.48 (s, 3H), 1.37 - 1.27 (brs, 1H), 1.36 (s, 3H), 1.33 (s, 3H).

13C NMR (125 MHz, CDCI3) 6: 166.56, 147.98, 140.58, 129.97, 128.54, 128.52, 128.23, 127.84, 127.05, 109.80, 108.92,
96.47,71.29,70.88, 70.70, 66.30, 63.84, 54.16, 48.85, 33.79, 31.56, 26.18, 26.13, 25.13, 24.65.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C29H38NO7, 512.2648; found, 512.2650.

Gram-scale synthesis of biologically active compounds

0.1 mol % PC 3
R2 2.0 equiv MeOH Ph

Ph
/& + TMS/\N . Ph)\/\N'RZ
Ph R DMF(0.1 M), rt, 8 h o
1.0 equiv 1.05 equiv Blue LED

Procedure: [Ir(ppy)z(dtbbpy)]PFe (PC 3, 3.0 mg, 0.003 mmol, 0.1 mol %), alkene (3.0 mmol, 1.0 equiv), a-TMS amine
(3.15 mmol, 1.05 equiv), and DMF (30 mL) were added to a 50 mL round-bottom flask equipped with a stir bar in the
glove box under nitrogen atmosphere. The flask was then taken out of glove box and injected 0.24 mL MeOH (6.0
mmol, 2.0 equiv). The resulting solution was allowed to stir inside the photo-reactor (described above) with the lamp
and fan on for 8 hours. The reaction crude was quenched by the addition of water, followed by the extraction with
EtOAc three times. The combined organic layers were washed with brine and water, dried over MgSO4, concentrated

in vacuo and then purified by basic alumina chromatography to afford the desired product.

Ph 1-(3,3-diphenylpropyl)piperidine (Fenpiprane, Scheme 4): Prepared according to previously
Ph)\/\I\O described procedure from 1,1-diphenylethylene with 1-((trimethylsilyl)methyl)piperidine in
87% isolated yield as a white solid. m.p. =41-42 °C.

Column Chromatography Condition: 150 g Al203 + 6.8 g H20, 50 : 1 hexanes/EtOAc with 0.5%
MeOH as eluent.

1H NMR (500 MHz, CDCl3) &: 7.30 - 7.21 (m, 8H), 7.20 - 7.13 (m, 2H), 3.95 (t, ] = 7.0 Hz, 1H), 2.34 (br, 4H), 2.29 - 2.19
(m, 4H), 1.57 (p, ] = 5.7 Hz, 4H), 1.47 - 1.35 (m, 2H).

13C NMR (125 MHz, CDCI3) 6: 145.13, 128.54, 128.00, 126.22, 57.98, 54.86, 49.55, 32.99, 26.20, 24.65.

HRMS (ESI-TOF) m/z: [M+H-] calculated for C20Hz26N, 280.2065; found, 280.2065.



oh 1-(3,3-diphenylpropyl)azepane (Prozapine, Figure 4): Prepared according to previously
Bh )\/\ '\O described procedure from 1,1-diphenylethylene with 1-((trimethylsilyl)methyl)azepane in 84%

isolated yield as a colorless liquid.

Column Chromatography Condition: 150 g Al203 + 7.5 g H20, 60 : 1 hexanes/EtOAc with 0.5%
MeOH to 30 : 1 hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCls) &: 7.31 - 7.22 (m, 8H), 7.19 - 7.13 (m, 2H), 4.03 (t, ] = 7.7 Hz, 1H), 2.67 - 2.51 (m, 4H), 2.40
(dd,] = 8.7, 6.0 Hz, 2H), 2.22 (q, ] = 7.5 Hz, 2H), 1.70 - 1.53 (m, 8H).

13C NMR (125 MHz, CDCl3) §: 145.28, 128.52, 128.06, 126.17, 56.56, 55.72, 49.16, 33.78, 28.40, 27.18.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C21H2sN, 294.2222; found, 294.2224.

N-(3,3-diphenylpropyl)pyridin-4-amine (Phenpyramine, Figure 4): Prepared according
)Pi/\ : |N to  previously  described procedure from  1,1-diphenylethylene  with  N-
Ph H ((trimethylsilyl)methyl)pyridin-4-aminefor 24 hours in 87% isolated yield as a white solid.

m.p. =123-124 °C.

Column Chromatography Condition: 150 g Al203 + 13.5 g H20, 3 : 1 hexanes/EtOAc with 0.5% MeOH to 1.5: 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) &: 8.21 - 8.10 (m, 2H), 7.30 (t, ] = 7.6 Hz, 4H), 7.28 - 7.22 (m, 4H), 7.23 - 7.18 (m, 2H), 6.33
- 6.26 (m, 2H), 4.12 - 4.05 (brs, 1H), 4.03 (t, ] = 7.6 Hz, 1H), 3.14 (q,] = 7.2, 6.8 Hz, 2H), 2.37 (q, ] = 7.4 Hz, 2H).

13C NMR (125 MHz, CDCl3) §: 153.27, 150.20, 144.18, 128.84, 127.84, 126.71, 107.66, 49.05, 41.38, 35.00.

HRMS (ESI-TOF) m/z: [M+H+] calculated for C20H21N2, 289.1705; found, 289.1698.

H 0.3 mo( % PC 3 H
/@\/ . TMS_N O 2.0 equiv MeOH . CQ\/\/N O
FsC = O DMF(0.1 M), rt, 24 h 3 O
Me Blue LED Me
3.0 mmol scale

1.0 equiv 1.05 equiv Sensipar
84% yield

Procedure: [Ir(ppy)z(dtbbpy)]PFe (PC 3, 9.0 mg, 0.009 mmol, 0.3 mol %), alkene (3.0 mmol, 1.0 equiv), a-TMS amine
(3.15 mmol, 1.05 equiv), and DMF (30 mL) were added to a 50 mL round-bottom flask equipped with a stir bar in the
glove box under nitrogen atmosphere. The flask was then taken out of glove box and injected 0.24 mL MeOH (6.0
mmol, 2.0 equiv). The resulting solution was allowed to stir inside the photo-reactor (described above) with the lamp
and fan on for 24 hours. The reaction crude was quenched by the addition of water, followed by the extraction with
EtOAc three times. The combined organic layers were washed with brine and water, dried over MgS04, concentrated

in vacuo and then purified by basic alumina chromatography to afford Sensipar in 87% yield as a colorless liquid.



Specific optical rotation: [a]p23 = 24.57 (c = 1.05 in CHCI3), known in literature as [a]p24 = 21.8 (¢ = 1.0 in CHCl3)13

Column Chromatography Condition: 150 g Al203 + 10 g Hz20, 30 : 1 hexanes/EtOAc with 0.5% MeOH to 15 : 1
hexanes/EtOAc with 1.0% MeOH as gradient eluent.

1H NMR (500 MHz, CDCl3) 8: 8.20 (d, ] = 8.2 Hz, 1H), 7.97 - 7.85 (m, 1H), 7.75 (d, ] = 8.2 Hz, 1H), 7.65 (d, ] = 7.1 Hz,
1H), 7.55 - 7.46 (m, 3H), 7.42 (d, ] = 8.2 Hz, 2H), 7.38 - 7.29 (m, 2H), 4.63 (q, ] = 6.6 Hz, 1H), 2.92 - 2.46 (m, 4H), 1.84
(p,] = 7.4 Hz, 2H), 1.50 (d, ] = 6.5 Hz, 3H), 1.42 (brs, 1H).

13C NMR (125 MHz, CDCl3) &: 143.24, 141.39, 134.14, 131.90, 131.45, 130.73 (q, ] = 31.9 Hz), 129.13, 128.80, 127.33,
125.89, 125.83, 125.46, 125.19 (q, ] = 3.8 Hz), 124.41 (q, ] = 271.2 Hz), 123.07, 122.81, 122.77 (q, ] = 3.8 Hz), 53.94,
47.45, 33.59, 32.06, 23.79.

19F NMR (471 MHz, CDCls) &: -62.56 (s).

HRMS (ESI-TOF) m/z: [M+H+] calculated for C2z2H22F3N, 358.1777; found, 358.1779.



F. References

1 Kawashima, S.; Aikawa, K.; Mikami, K. Eur. J. Org. Chem. 2016, 3166-3170.

2 Grigg, R. D.; Hoveln, R. V.; Schomaker, J. M. J. Am. Chem. Soc. 2012, 134, 16131-16134.

3 Lennox, A. ].].; Lloyd-Jones, G. C. Angew. Chem. Int. Ed. 2012, 51, 9385-9388.

4 Dai, J.-].; Zhang, W.-M.; Shu, Y.-].; Sun, Y.-Y.; Xu, ].; Feng, Y.-S.; Xu, H.-]. Chem. Commun. 2016, 52, 6793-6796.

5 Smoum, R.; Rubinstein, A.; Srebnik, M. Org. Biomol. Chem. 2005, 3, 941-944.

6 Yang, C.-T.; Zhang, Z.-Q.; Tajuddin, H.; Wu, C.-C.; Liang, |.; Liu, J.-H.; Fu, Y.; Czyzewska, M.; Steel, P. G.; Marder, T. B.;
Liu, L. Angew. Chem. Int. Ed. 2012, 51, 528-532.

7 Endo, K.; Hirokami, M.; Takeuchi, K.; Shibata, T. Synlett, 2008, 20, 3231-3233.

8 Unsworth, P. ].; Leonori, D.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2014, 53, 9846-9850.

9 Presset, M.; Fleury-Brégeot, N.; Oehlrich, D.; Rombouts, F.; Molander, G. A. J. Org. Chem. 2013, 78, 4615-4619.
10 Olsson, V. ].; Sebelius, S.; Selander, N.; Szabg, K. J. J. Am. Chem. Soc. 2006, 128, 4588-4589.

11 Cazorla, C.; Métay, E.; Lemaire, M. Tetrahedron 2011, 67,8615-8621.

12 Hasegawa, K.; Kazayama, S.; Mochizuki, N.; Sada, T. Sip3 Receptor Antagonist, JP2005247691A4, 2005.

13 Crockett, M. P.; Tyrol, C. C.; Wong, A. S.; Li, B.; Byers, ]. A. Org. Lett. 2018, 20, 5233-5237.



NARRRR35880 2 -3000
F _— WV

2800
L2600
2400
CH, -2200
F 2000
"H NMR, 500 MHz, CDCl; -1800
1600
L1400
11200
1000

800

600

L 400

' 200

I\ l _O
T ik
3 K S 200
M m o~
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 T T T T T T T T T T T T 1
105 100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0

f1 (ppm)



RE 8 22 23 b e L1400
3 | ] v Vv N/ N
L1300
11200
11100
CH,
L1000
F
900
3C NMR, 125 MHz, CDCls
800
700
600
500
400
300
200
|

‘\ i ﬂ 100

' = ' -0
L-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 T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



F NMR, 471 MHz, CDCls

AAAAAAAA

/
}

~6000

~5000

4000

~3000

2000

~1000

—
-114.0

T T T T
-114.4
f1 (ppm)

—
-114.8

—
-115.2

~9000
;8500
;8000
;7500
;7000
;6500
;6000
;5500
;5000
;4500
;4000
;3500
;3000
;2500
;2000
;1500
;1000
;500
o

——500

—
-10

-20

-30

~40

=50

-60

-70

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
-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



T T T T T
.0 10.5 10.0 95 90 85 80 75 7.

2 -7500
VR Y \Y -7000
HyC
¢ (
L6500
L6000
J- 5500
) i
CHe L5000
T -4500
CH,
L4000
"H NMR, 500 MHz, CDCls
3500
3000
L2500
2000
1500
o | 1000
[ | L
“ ” 500
1 1 ,
ron T T
N N 3 & F-500
<t m o LN
0

. . . . . . . . . . . . —
6.5 6.0 55 50 45 40 35 30 25 20 15 10 0.5 0.0 -05 -1.0
f1 (ppm)



HyC

O

CH,

3C NMR, 125 MHz, CDCls;

—159.44

CH,

149.12

—134.46

—129.57

—113.63
—111.81

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

e
N

1

55.45

~1100

~1000

~900

800

700

~600

500

~400

300

200

~100

——100

)0

T T T
190 180 170

—
160

—
150

—
140

T
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



~70000

~65000
~60000
~55000
~50000

~45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000
~5000

~-5000

£8'e—

9¢€°S
9¢€°S

ovel

€10ad 972
LT
LTL
87'L
67°L
67°L
€2
€2
1€
€L
€L
ze'L]
ze's]
ze2
e
€€/
Ve
ez
be 2
ez
sez
sez
ses
9¢°2
9¢°2
9g2

-

CH,

"H NMR, 500 MHz, CDCl;

(@)
|

CHy

Fecogl

mmAuo.ﬂ I

00°T

5.5

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

4.5

80 75 7.0 6.5 6.0 5.0
f1 (ppm)

8.5

9.0



g 2 &5 503gE ol %%g s 1400
. IS \ N 1300
~1200
1100
~1000
CH,
~900
T
Chs ~800
3C NMR, 125 MHz, CDCl3
~700
~600
~500
~400
~300
~200
l | | -100
L J ’
--100
f 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 T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



~70000

~65000
~60000
~55000
~50000

~45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000
~5000

~-5000

£8'e—

9¢€°S
9¢€°S

ovel

€10ad 972
LT
LTL
87'L
67°L
67°L
€2
€2
1€
€L
€L
ze'L]
ze's]
ze2
e
€€/
Ve
ez
be 2
ez
sez
sez
ses
9¢°2
9¢°2
9g2

-

CH,

"H NMR, 500 MHz, CDCl;

(@)
|

CHy

Fecogl

mmAuo.ﬂ I

00°T

5.5

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

4.5

80 75 7.0 6.5 6.0 5.0
f1 (ppm)

8.5

9.0



g 2 &5 503gE ol %%g s 1400
. IS \ N 1300
~1200
1100
~1000
CH,
~900
T
Chs ~800
3C NMR, 125 MHz, CDCl3
~700
~600
~500
~400
~300
~200
l | | -100
L J ’
--100
f 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 T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



H3C/ \CHZ

"H NMR, 500 MHz, CDCl;

—3.83

R

L
[

13.099

; — ; ; ; ; ;
.0 10.5 10.0 95 90 85 80 75 7.0



3 38 g g8 =EE 5 1400
| | | [\ N
L1300
L1200
(@]
H3C/ \CH2
~1100
11000
13C NMR, 125 MHz, CDCl,
900
800
700
~600
500
L400
300
200
~100
I I ,
L_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 T T T T T T T T T T T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



~45000

~40000

~35000
~30000

~25000

~20000

~15000

~10000

5000

98t —

9T’'s
LTS
62°S
mN.mu\u
€2°S
€2°S
92°S
LL°S
LL°S

/89
88'9
689
68°9
€6'9
€6'9
€6'9
$6'9
$6'9
969
wm.m&

Y02
902
202
(A
€L
YL
STL
S¢L
S¢L
S¢L
€12ad> 922
9L
L,
8¥L
8YL
6v°L
6v°2

\\\CW

HyC
3\

"H NMR, 500 MHz, CDClj3

L

1

6.0

=pzigl|

201y

FO00'T |

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

5.0 4.5
f1 (ppm)

5.5

80 75 7.0 6.5

8.5

9.0



INNC N
~1300
-1200
HyC
e
~1100
\CH2
~1000
~900
3C NMR, 125 MHz, CDCls
~800
~700
~600
-500
-400
-300
-200
-100
| : 0
--100
f 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 T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



~65000

~60000

~55000

~50000

~45000
~40000
~35000
~30000
~25000
~20000
~15000
~10000
~5000

~-5000

19°S
19°S
19°S
009
009
009
0221
0224
122
122
1L
L
L
L
€12ad> 922
922
922
yxava
8L
8L
8L
432
[4WA
€€/
€€/
€€/
veL
vEL
SE€L
S€L
S€YL
S€2
9€L
LEL
LEL
yAA
yAA
9L
9L
292
€92
92
S92
S9°Z

¥9'8
79'8
¥9'8
598
598
598
598
99'8

e

CH,

X
/N

'H NMR, 500 MHz, CDCl;

E00'T

E00'T

€0'T|
M@m.H
L6'Y

Rg60|

%quo.

6.0

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5
f1 (ppm)

10.0 9.5 9.0 8.5 80 7.5 7.0 6.5

10.5



o < < =) NMmo NO gg% _1400
| Y 1 N Y N -1300
1200
~1100
~1000
\ CH,
~900
/N

13C NMR, 125 MHz, CDCl5 800
~700
~600
~500
~400
~300
200
| 100

| | | ’
--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 T T T T T T T T T T T 1
)O 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



44
44
41
41
41

2.37

HsC

"H NMR, 500 MHz, CDClj;

L
[ —
L
L

~28000

~26000

~24000

~22000

~20000

~18000

~16000

~14000

~12000

~10000

~8000

~6000

4000

~2000

~-2000

s 25 T

o N~ o © o

Soo S o )

Tl — o o
S B I B E e e S T A B B

10.5 10.0 9.5 9.0 8.5 80 7.5 70 6.5 6.0 5.5 50 45 40 3.5 3.0 2.5



) o o o
=) o o o o o o o o o o o o
N — o o o o o (] o o (@] o —
T i in i i h ? i b T i in < !
Ze1e— N
€100 16'92~
€120aD 9T°2L—= ]
€10ad 1w
9 €TT—
127221
mN.mNH./.
mm.wNHW- —_—
mv.mﬁ.\.
00621
S9LET— —
928c1~"
¥8 THT — —_—
90°05T— E—
0
o @)
5 Q
©)
N
I
0
(V]
A
X
=
O Z
[sp)
T ®)
(]

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



o o o o o o o o o o o
o o o o o o o o o o o o
LN o LN o N o LN o N o o LN
ok ok T T T T i i i i ok < !
— =81°0
— 8 =€¢T1°0}
=)
§e)
[72]
[¢))
—
()
n -
— © Est10]
()]
e
©
C
(4]
o)
O
L
- < /00
9¢€°g L
WM”M\ — = = — 1660
6€°S
08°S
WN”MW —_ = Foo1|
¥8°S
999
mw.w%
029
ec9~% _ III% lemo
€L
vaL
V<L
me N F80°T
€122 922
om”m
m.mw. _ ——— 1860
Ll
€L,
€L°L
mv”w
i e
Feot

6%'8
G.wn\.
19'8

N N,
=
N

'H NMR, 500 MHz, CDClj

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



1800

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

_~149.03
™~-148.43

~1700

e
~N

133.61
133.15
132.74
—123.52
—116.32

e
N

~1600
1500
~1400

N N,

~1300
= -

N
1200

3C NMR, 125 MHz, CDCl3 1100
~1000
;900

;800
;700
;600
;500
;400
;300

. ~200
Et,O and hexane residues I

~100

--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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



8 100000
\ \ o ~ = | ¢
o, [ ( 90000
CH,
L 80000
H3C\/O
o _( _[ J J L 70000
"H NMR, 500 MHz, CDCl;
60000
L 50000
L 40000
130000
20000
I '
10000
|
JL J\_. A .~ _O
T 7 R T i
o ™M o O — O
o o o O o o
N oo o -
[ 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 T T T T T T T T 1
.0 10.5 10.0 9.5 9.0 85 80 7.5 55 5.0 0 35 30 25 20 15 1.0 05 0.0 -05 -1.0

f1 (ppm)



-2400
;2300
;2200
CH, ;2 100
;2000
;1900
~_"° :—1800
-1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
| 200

mj ~100
AL J Lo

129.72
129.09
114.69
77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

—125.57
52.19
21.78

167.07
—145.81
—142.62

X
va
X

CH,

HyC

(0]

3C NMR, 125 MHz, CDCl;

--100

--200

[ 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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



~26000
24000

~22000
~20000
~18000

~16000

~14000

~12000

~10000

~8000

~6000

4000

~2000

--2000

€S
mmmWY
SE°S

6.'S
6.'S

£8°
m@mUW
029
HNmWY
29

699
129
u9—F
wﬁmk\
202
202
L
€12
v
YTL
YTL
ST°L
9T,
172
17
€72
€L
€L
vz'L
vz'L
€100 92°2
'L
e
29°2
€9°2
v9°L
218

il T

NH

——CH,

'"H NMR, 500 MHz, CDCl;

|

I JJIJ

F96°1

Fse1r

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



~1200

~1100

~1000

~900

800
-700
600
500
400
300
200
100

--100

144 T4

Sy or—

€100 16'92
Rleh) S.RW
€D Tv'2L

9y TTT—
ZUETT—
96'STT~_

18811
mw.m:V
Lzeen

6ezo1—>
8€°92T

mN.RHW
9221

P EET ~—
L079ET ~_
09°96T—

90T —

12°291—

——CH,

NH

3C NMR, 125 MHz, CDCl;

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



~25000

~20000

~15000

~10000

5000

~0

€T~
91—
8V’ T ——

L9
vn.ww
SZ'9
wm.@.\:

€12a39¢°L—

vhL
HERS

Om,,,

HiC

O\\‘\‘“

HiC

H NMR, 500 MHz, CDClj;

LT°€

L0°€|

»Mﬁ.m

v0' €t

66707

602

Fsoz

4.5

7.5

8.0

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

6.0 5.5 5.0 4.0
f1 (ppm)

6.5

7.0

8.5

9.0



1200
~1100
~1000
~900
800

700

~600

500

~400

300

200

~100

—-100

99'%¢
PTSI~

¥1°9¢
wﬁ.mmw

1079 —
99—
0202
om.EW
2ETL

€002 16'92~\

L

€12aD 9T°2L—=
€12ad 1w

8¥'96 —

S6'80T ~—
¥8'60T—"

19911 —

2
£2°92T— 5
PE6ZT~_

9T 0ET — \

6T°9¢T—

YT evT—

(]

3C NMR, 125 MHz, CDCls

2€'99T—

C
CHs
O
O

OI[,,
o

>

HiC
HsC

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



NZEEEEN N VAR VANt S 55000
CH,
= 50000
45000
/ [ /' / J J - 40000
~35000
~30000
CHg
25000
H NMR, 500 MHz, CDCl;
~20000
15000
~10000
|
! I L5000
I Il m
il

T T R e i AV v P i

™M (o) o o o< N <t N AN <t N o

o o o o O 0O [@NeNe)) O OO <
A~ A~ — — — Mmm o NN A o) --5000

[ 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 T T T T T T T T T T T T T T 1
.0 10.5 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 0.0 -0.5 -1.0
f1 (ppm)



~1400
~1300

~1200

~1100

~1000

~900

800

700

~600
500
400
~300
200
100

--100

S6TT—

SE9T—

L8°€C—

9L7Ce—
SveE—

29°1S—

6ET9—
ir'89—

€102 06'92
Rleh) S.RW
€1Dad Tv'2L

I0vIT—
90°LTT—
€€~
LT eI
Py 92T~
$0'82T ~—

86621 —
88°0ET—

YL YET—
ST'9ET—

06'2bT—
TE°9pT
pEorT—>

¥, 29T—
LEVIT—

Y1°89T—

28 ELT—

CH,

|

I

CHy

3C NMR, 125 MHz, CDCl3
L

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



Y | SN ~90000
~80000
HyC
\/\
Si N
ne” \
3 oy J / -70000
"H NMR, 500 MHz, CDCl;
60000
~50000
~40000
~30000
~20000
~10000
A L L _0
T /] HH T
o < 00 O o
o — N %)
< AL A )
[ 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 T T T T T T T T T T T T T T T T T 1
.0 10.5 10.0 95 9.0 85 80 7.5 7.0 6.5 6.0 5.5 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

f1 (ppm)



77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

-0.85

2400
2300
2200
2100
L2000
L1900
1800
L1700
L1600
L1500
L1400
L1300
1200
1100
L1000
L900
800
700
600
500
400
300
200
100

--100

N I |
HyC
\ N
/Si N
he” \
CHs
3C NMR, 125 MHz, CDCl3
|
|
| l
f 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 T T T !
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

--200



~65000

3.40
3.39
3.38
2.33
2.32

<
<

7.26 CDCI3

2.31

2.30
—1.90
—1.45
—0.05

HsC ~60000

- Si N ( F
HsC \
oH L\\v// -55000

N\KO
o CH, -50000
e, J |
CH, J 45000

'"H NMR, 500 MHz, CDCl;
~40000
~35000
~30000
~25000
~20000
~15000

~10000

~5000

_I

~-5000

— T T T T T
10.5 100 95 9.0 &85 80 75 70 65 60 55 50 45 40 3

w|3.981 —-
3
_
-
T
o

7 4.05]
©72.00J
" 18.95
o |8.05

3.0 2. 1.0 0.5 0 -0.5 -1.0



\ N
we” \ O
CH3

13C NMR, 125 MHz, CDCl;

154.89

N\KO
) CH,
\\T<icH3
CHg

77.41 CDCI3

e
A
<7

77.16 CDCI3
76.90 CDCI3

79.51

—56.77

—50.97

—43.90

28.56

-1.10

4000
;3800
;3600
;3400
;3200
;3000
;2800
;2600
;2400
;2200
;2000
;1800
;1600
;1400
;1200
;1000
;800
;600
;400

200

--200

)0

A B —
190 180 170

—
160

—
150

—
140

—
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



e VR | ~55000
~50000
HyC
\Si/\N/\\ CH
ne” \ N—"C% 45000
CHy [
| | )
~40000
'H NMR, 500 MHz, CDCl5
-35000
~30000
~25000
~20000
~15000
~10000
~5000
|
|
A L_J\_L o "

e T

<t OO co

Q=30 0
M <t N 0 ~-5000

[ 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 T T T T T T T T T T T T T T T T T 1
.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1.0
f1 (ppm)



77.41 CDCI3
77.16 CDCI3
76.90 CDCI3

~2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

100

--100

N SN
HsC
PN
HaC \CH \\JN 3
3
3C NMR, 125 MHz, CDCls
|
f 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 T T !
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



~190000

7.26 CDCI3

6.46
6.45
6.45

<
<e
<

8

7

7

7
2.45
2.44
2.43
—1.94
—0.08

~180000
~170000
~160000

X
\\ﬂ// ~150000

" ///] J ~140000
"H NMR, 500 MHz, CDCl; ;130000
;120000
;110000
;1ooooo
;90000
;80000
;70000
;60000
;50000
;4oooo
;30000
;20000

~10000

1991 —

1.001 r=-——
14.02-4 Lza——

4039 =——-

T T T T T T T T
.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 2.

o 12.06=x

(9]
N



1800

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

-1.00

1700

\ -1600
Si/\N/\ |
N\
HC o L\\/// 1500
\ r
| -1400

~1300
3C NMR, 125 MHz, CDCl3 ~1200

—161.73
—157.83
109.76
—56.88
—>51.07
—43.97

e
N

1100
;1000
;900
;800
;700
;600
;500
;400
;300

200

| M 1100

--100

I 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 T T T '
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



™ rLOUUVUUV
ARARRARARANNg elede elelieleb i b b deleik bk bl b b el 150000
= N s —

140000

130000

q§§?// 120000

\ (@]
HsC 3
PN [ /! /_ / /f// 110000
H3C/ \

CHy 100000

H NMR, 500 MHz, CDCl; ~90000
80000

70000

60000

50000

L 40000

130000

20000

| | | 10000

if I | Il
I ol L
AN o T VAR ALY ’I'
T 23 5 geso : 10000
T T T T T T T T T T T T T |rr‘ ‘_'| T T T T T ‘_'| ‘_'l T T T T T ‘_'l T - ‘l\'I X T T T T “T T T T 1
105 100 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0



N N I
1300
1200
(0]
Q\_3,/0 -1100
HsC 5 |
NN -1000
/I N
me” \ Q _
CH;
1900
13
C NMR, 125 MHz, CDCl; 200
-700
600
1500
-400
1300
200
| |
l A 100
J | i
--100

I 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 T T T T T T T T T T T T !
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



~140000

3.47
1.94
—0.04

~130000
~120000

\ 110000

CH, -
/ J 100000

~90000
"H NMR, 500 MHz, CDCl; 80000
~70000
~60000
~50000
~40000
~30000

~20000

! 10000

|
L
L

~0

~—10000

©72.001
© {8.981

T — T T T T T T T T T T — T
10.5 10.0 95 9.0 85 80 75 1.5 1.0 0.5 0 -0.5 -1.0



140.45

_~128.82
=—128.26
™\-126.83

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

62.06

46.00

-1.10

;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100

--100

N
HyC
\
Si/\ N
H3C \CH
3
3C NMR, 125 MHz, CDCls
f 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 T T
)0 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10

f1 (ppm)

+-200



~55000

~50000

45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000

~5000

~--5000

€00
vo.ov

50—

10°T
01
0’1
0’1l
¥0'T

AR
8T'T
8T'1
6T'T
0Z'T
0Z'T
221
1
€21
vZ'T
A
ST
ST
9’1
171
85T
85T
65T
65T
09'T
09'T
09'1
191
19T
19T
291
29’1
29’1
02T
021
121
2L 1
€21
v21
/8°T]
£8°14
2814
68T
06°1
06T
06'T
90°2
vz e
vz
sz'z
9z'2
9z'2
12'2
822
622
622

9L —

HsC

Il

'H NMR, 500 MHz, CDCls

€6'T

90°€!

10°T

202
2002

Roe0f

1.0

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 1.5

2.5

3.0

3.5

4.0

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

60.87

-2.36

;2400
;2300
;2200
;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100
;—100
;—200

N Y
HyC /O
\
/Si/\NH
HyC \
CH;
13C NMR, 125 MHz, CDCl3

f 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 T T !
JO 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



N | S|
120000
110000
HyC
\ -/\N
/Sl
H,C \CH 100000
| J
-90000
"H NMR, 500 MHz, CDCl;
80000
70000
60000
50000
40000
30000
20000
| 10000
| L
It .
T T 1 T
N~ — 0 (@]
o o A S --10000
oM (a\] 0 (@)}
[ 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 T T T T T T T T T T T T T T T T 1
.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -0.5 -1.0

f1 (ppm)



HyC
AN N
Si
N\
FC CHy

13C NMR, 125 MHz, CDCl;

77.41 CDCI3
77.16 CDCI3
76.90 CDCI3

e
7.

59.56

50.72

_~27.80

™~-27.23

-1.02

;2400
;2300
;2200
;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100

--100

--200

)0

—
190

—
180

—
170

—
160

—
150

—
140

—
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



~1400
—1300
~1200

~1100

—1000

~900

—800

~700

—600

~500

~400

—300

—200
—100

—-100

0¥°¢
vd
¢
9¥°¢
09°¢
29'¢
¥9°¢

e

S6°
96°
86°

MmN M
~

AVA
61 /1
ON.N;
T2 LA
{l LA
€2/,
EN#
€12ad 9z’ 24
8Z°2
62°L]
0€°Z-
1€
€€/
gez!

1

H NMR, 400 MHz, CDCl;

HI

£

001

00°S
00°0T

f1 (ppm)



~1200
~1100
—1000
~900
—800
~700

—600

—500

~400

~300

8EVE~
09°2e—

96°05—

€1Ddd mo.mm/
€10dd OM.NNW
€10dD SS°22

80°92T
vt 92T
9T'8ZT A\

T19°8¢1
¢L'8¢1
9/°8¢1
LECYT~
60°SYT—

1

3C NMR, 126 MHz, CDCl;

-10

40 30 20 10

50

70

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

)0

f1 (ppm)



~650
—600

~550

~500

~450

~400

~350

—300

~250

—200

~150

—100

LT
62’1
ve¢
S€'¢
9¢°¢
LEC—
LS CF
65°¢
19°¢
29°¢
LL°E
mm.mw
18°¢

N

€12
ST°Z1
LT°Z
612
0¢°ZA
12°2
NN.%W
sZ'/
€12ad @N.\W
1229
622
1€/
26"/
pez]

CHy

(£)-2
'H NMR, 400 MHz, CDCl5

=00°¢

#=00°¢
=00'T

F00'1T

00°¢
009
91°¢
00t

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



=50
45

40

35

~30

25

—20

15

~10

SO0'€EC—

VAVAsd
I 4 AN
60°67~

€10dd mo.mm/
€10dd Om.mmﬂ
€10dD §S5°22

0€'92T
€€°9711
b 9211
9" 22T+
L6221
21871
19'821

22821

€2'821

ow.ilu/
€S SHT—
191/

T

CHy

(£)-2
'3C NMR, 126 MHz, CDCls

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



2000
—1900
—1800

o

o

~

—
|

—1600
—1500
~1400
—1300
—1200

1100

—1000

—900

—800

~700

—600

—500

~400

—300

9670
26701
66701
00°TH
10°TH
20°'T1
€11
b1
ST'T
91T
LT°T
81T
61T
02'T
29'1
€91
v9'T
S9'T
99°'T
2911
89T
6911
0211
61T
ow.i
Z8'1
¥6'T-
96T
86T
80t
0T P+
AR

—.m

LT7L
61/
122
€DAdd 9¢' L%
8¢L
0€Z
(424

S

3
"H NMR, 400 MHz, CDCl3

002
F00'¥
v 00°€
=002
200°C

Foo't

00°¢
Woo.w

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



momm i
ORONG)
aEala ~1700
o <t O~ LVOU L
N O — N N O N < O© <O mMmm
A %0 o6 O 1 Q NS ANOY ~1600
< NN N NN N cOM LNMWOWO L
— — — NN N T MmN
| ~/ ~J— [ NN 1500
1400
-1300
1200
1100
1000
3 ~900
3C NMR, 126 MHz, CDCl3 I
—800
700
~600
~500
| 400
-300
=200
100
A O AL T A YA L hnuMwmwmmnunmnmwuunumvunnuwummwwmuuunmmmwme mmuwnmmuwwumuuwuwwnhumumwﬁﬂwuanﬁmwaLmeﬁﬂdh -0
--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 T T T T T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



—1200
—1100

—1000

~900

—800

~700

600

-500
-400
-300
-200
=100

~0

~-100

$87°07
98701
88707
mm.j
9¢'TH
LT
8¢'1
62T
0¢€'T
TE'T
4!
€e'1
20'¢
€0'¢
¥0°¢
S0°¢
90°¢
£0°¢

e S N\t

88"
06°
16°

M on M
~

912
LTL
61/
92/
€1Ddd L2,
8¢L
0€Z

CH;

4
'H NMR, 500 MHz, CDCl5

=00°¢
=009

=00°¢

=00'T

2.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



~550

—500

~450

~400

~350

—300

~250

—200

—150

—100

50

=50

< M <t N
O O — N O AN ON N
LA 00 00 © © 1 o® ™
< AN NN — LN (N 00 <
— — LN MmN AN AN —
| ~/ | A |
CH;
3C NMR, 126 MHz, CDCls
|
f 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 T T T T T
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



—3500

~3000

—2500

—2000

—1500

—1000

~500

LN M AN O < — 00 O <
NnNN <t <t N
A A A A A

60'v—

€0z
144
902
612
022
12°.
€L
vl
€1Ddd 92,
1872
(44

CHg

o CH,
)k )<CH3
N (@]

Br

6
'H NMR, 500 MHz, CDClj

F00'v

Foo'z

=00'1T
200°C
=00'T

f1 (ppm)



—1500
~1400
—1300

~1200

~1100

—1000

~900

—800

~700

600

—500

~400

—300

—200

—100
0

—-100

9282~
PECE~
69°€E—
ST 9¢/
80°/€

9T vv”

m_uoumo.t/

€120 0§22\

€12add mm.tw
676/

e RgAl
E.NNHW
87421
Nv.oﬂw
60°€ET
IT 2T —

LT°QST—

CH3

p=4

Br

6
13C NMR, 126 MHz, CDCl;

SR | [

40 30 20 10

50

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

T
190

)0

f1 (ppm)



11000

9000

—8000

—7000

—6000

—5000

—4000

—3000

~2000

—1000

~-1000

012
117>
€pad 9z'z/

LV'8
w¢.wv.

M

X

Z

=z

7
'"H NMR, 500 MHz, CDClj

m\oo.ﬂ
00°2
koo.ﬁ
2001

00'T
1002

00'T
=002

=001
5001

=00°¢

—00°¢

2.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



—360
~340
~320

—300

—280

~260

~240

~220

~200

—180

~160

—140

~120

—100

80

~60

40
20
~0

~-20

--40

€9' T2~
85762~
L1°62~
T RAR
26'vE—
02’

€10dd mo.mm/
€10dd Om.mmﬂ
€10ddD §S5°22

STvZT—
68°/L21—
8ETET—

€66V~
10°¢ST—

X

Z

=z

7
13C NMR, 126 MHz, CDCl;

WWWMWMWWWWWWW A A

-10

10

20

30

40

50

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

T
190

)0

f1 (ppm)



~18000

15000
14000
13000
12000
11000
10000
9000

—8000

~7000

—6000

~5000

—4000

~3000

—2000

~1000

mMm < N
< NN
e

<M AN N LN S
LeeNs s s
—

LN
©
—

99'1

¢LT
LT
811
1205
S8°'TH
96°T1
£6°T1
00°¢1
S9°¢1
99°¢1
2971
€8°¢1
¥8¢1

8z
682
987
90°Z
80°Z
60°Z
€12
pT°2
€120 92°Z]
55/
1S/
65/
15°81
258/

CHg

7\

5:1 mixture of diastereomers

8
"H NMR, 500 MHz, CDClj;

2001
u/oo.ﬂ
=00'T

=00'T

f1 (ppm)



—600
~550

~500
~450

~400

~350

—300

~250

—200

~150

—100

50

—-50

T ANr—T N~ NN N (NN™— NN

AN — (N

pue T

—

i

Iseiq 8T 1
1seld v/ 1
1se1d 19°02
1se1d 0t° 22
IseId 6£°62
Jseiq £8°92
15e1d 16°92
1seld v8°/2
Iseiq 00°Z€
IseIg €576\
1se1qg mw.mmw
Iseiq ZEvE
I1seIq 09°S ¢
Jseiq 91°9¢
Iseiq 09°9¢
Iseiq 12°2€
Iseid ¢1°0%
1se1d €1 b

€10dd mo.mm/
€10dd OM.NNW
€10ddD §S9°2L

1seld SO'TZT
"1Seld 80°TZT
"1SeIQ 88°¢¢1
1seld 16°¢¢1

Iseld SS'9¢€T—

1sela Le76vl V
1Seld oY 6Pl

iseldg wﬁ.mwﬁv.
ISeIQ SETE9T

|J_

1

E

——

—

2 s 5
O
r 5 Q
o % O
— -

o) N N
17} I
© >

°

w ®g 3
0 A
o o
2 S

X

)\ E Z
E O
A3 ™
= o

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



AL

1

X
= CH,

5:1 mixture of diastereomers
8
COSY NMR, 500 MHz, CDCl3

_ S

10

10

2 (ppm)

f1 (ppm)



/ CHs;

5:1 mixture of diastereomers

8
NOESY NMR, 500 MHz, CDCl;

L

1

10

10 9 8 7

2 (ppm)

f1 (ppm)



Mol

5:1 mixture of diastereomers

8
HSQC, CDCls;

10

20

~30

40

~50

—60

70

—80

90

—100

—110

~120

~130

—140

~150

10 9 8 7

2 (ppm)

f1 (ppm)



—7000
—6500

6000

—5500
—5000
~4500
—4000

—3500

—3000

—2500

—2000

—1500

—1000

—-500

5609
0€'T1
TETH
€T
Nm.:
6€TH
(0} A1
SY'T
9’1
VA
0S'T

vevy
9¢€ ¥

6V

€L
mNNW
€1Ddd 92,

V6 L~
9627

CHs

|

9
H NMR, 500 MHz, CDCl;

0]

HsC

e
OO OOO
SESESESRS
AN LN M LI M

#=007¢

=007¢

=00°¢

#=00°¢

T
6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

7.5

8.0

T T
10.0 9.5 9.0 8.5

T
10.5




—900
—800

~700

—600

~500

~400

—300

—200

—100

SOvI
SE'ZT
TALTAN
6/.'9¢—
6’0"
L1168/
90°'8¢~"
IR 74 AN

00'19—

€10dd vo.mm/
€10dd Om.mmﬂ
€10ddD §S5°22

S1°8¢1
Hw.wNHW
¢6°6¢1

19°6v1—

66991 —

—_——

R

CHj

HsC

9
13C NMR, 126 MHz, CDCl;

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



60
121
821
0€'1
I€'1
2T
SE'T
SH'T o I .
9T 00°€
Ly'T _ _J 400§
8T —_— - +00°Z
Om.H\
1S°T
L¥'2
oy — = 2007
0S°2
6L7€— = =00°¢
28°9 )
bgroL — =002
oH.mV —_— =00¢
HH.N\
€120D 92°/
)
- o
o ©)
g
o2
3
o
=
Z
T
o—3

f1 (ppm)



—600
~550
~500

~450

~400

~350

~300

~250

—200

~150

—100

~50

—-50

8¢ 2z~
6€57—
@w.@&
€€'62

80°€€

218/
06" th—

L9°9S—

€10dd mo.mm/
€10dd Om.mmﬂ
€10ddD §S5°22

YO VIT—

Sv'6cT—
9T 9¢T—

€8°/LST—

CHy

O
|

CHg

10
3C NMR, 126 MHz, CDClj;

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



5670
B
~00°¢
Hluo.m
= 004
= —00'¢
607/ ] )
oH.mv - 3 =00V
€pad 9z’
o
(s} D
5 O
e
T
_=
— O
S
e}
"
=
Z
I

HyC

f1 (ppm)



~420

~400

—380
~360

~340

~320

—300

—280

~260

~240

~220

—200

—180

~160

~140

~120

—100

LTT12~
8€'22~—
ovmmw
@w.@N\
vw.mm\
0T €€

Z1°8¢

8/ vy

€10dd mo.mm/
€10dd Om.mmﬂ
€10ddD §S5°22

0S'8¢1-F
NN.@NH\
PI'SET
20 IVI~

CHy

HsC

11

3C NMR, 126 MHz, CDCls,

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



45000

~40000

35000

30000

25000

20000
15000
10000
—5000

9607
0€°T
1€ TH
€T
vm.;
9T
8¥'1
6v'1
IS'T
¢S'1
€Sl
7Sl
SS'1

912
LT7L
612
0¢'L—¢
€1Ddd 9¢’,
8¢L
6l'.

CH;

12
'"H NMR, 500 MHz, CDClj

- 00°¢
00°S
00°S

Wmoo.m

#=00°¢

00°¢
Wmm.m

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



~1000
—900

—800

~700

—600

~500

~400

~300

~200

—100

~-100

8€ 2z~
8€'Sz—
mw.omw
€€ 0¢

AR

1rge’/
€O bp—

€10dd mo.mm/
€10dd Om.mmﬂ
€10dD §S5°22

TATARN
15821
vo321/

TTvv1—

CH;

12
13C NMR, 126 MHz, CDCl;

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



(a0 30000

@)

D -

O 128000
—HOONOLNOONOOONMNOONOINTNINTMNNINTINTMNANNOONLNMINANNONSOLNMO
MANNNNNTTIN—T0000QQ000MN0N000Q0NNNRENNNTIMNMMM—A—~OS00)00®® |
NNNNMNNMNNNNNSYYSStTrFTMm o NNANANANANNS A A A A A AAAAAAAAA—AA—TODOD DO OO O
gg;;p;;;l__ | I L L L | I - LM\ /‘/ _il _EJJ_JQQQQ _26000

24000
22000
20000
/ I // /J /#///// ~18000
o] CHg
CHg r
16000
NH o CH,
14000
. . ~12000
1:1 mixture of diastereomers
13
~10000
H NMR, 500 MHz, CDCl;
8000
6000
| 4000
| 2000
| |
| M Y T -
‘ I W
0
S = 7 N —AE AR -
— O o o o cYeoloRoNoloRoNe)
— O S 9 S SS999959 ~2000
0 AN — — N NN — O AN
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 T T T T T T T T T T T T
10.5 100 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 0.0 -0.5 -1.0

f1 (ppm)



110
—100

—90

—80

70

~60

~50

-40

~30

20

£5°9¢
0£°8¢
¥6°8¢
29°0¢
mm.mm/
86°¢C¢
T2 SE~
8G9€~
L9°8¢

i
€ oy
om.mv\
18 vV
SOLY
9¢'8Y
9/°8Y

€1Ddd 0¢€°4L
€10dd mm.mm\
vZ'6.

€10ddD S0°4L
y
/r

92°92T+
0T'82T~
598717

OV SYI—

9€'9ST—

CH,
)< CHs
CH,

NH

1:1 mixture of diastereomers

13
13C NMR, 126 MHz, CDCls

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

190

f1 (ppm)



—4000

~3500

—3000
~2500

—2000

~1500
-1000
-500
-0

00°TH
St'T4
9% T+
A%
LY°T
81T+
6b'1
bS'T
$S'T
95°T
95'T
/ST
86°T
/7T
8/°1
61'T
621
08'T
08'T
I8°1
I8°T
I8°1
AR i
€8°1
122
bE'2
152
wm.&
652
09°Z1
192
b6 €]
96°¢
86°¢
$9°9
99'9
£9°9
899
699
699
2072
¥0°/
61°2
6121
0221
12721
€12aD 12°Z-
Y2
82"/
0€°/-
0€°Z
Z€ L
ze /]

Y 'Y

CHy

HyC

HsC

14
'H NMR, 500 MHz, CDCl,

UL

=009

=007
002
002
~00°€
~00°€
1002

=007¢

=002

001
wOo.m
=002

2.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



650

—600
~550

~500

~450

~400

~350

—300

~250

—200

~150

~100
50
0

—-50

Z1°91—
T2 T2~
6S vZ—
2822
20°1E
coee’/
618"
v vy~

18°89—

€10dd mo.mm/
€10dd OM.NNW
€10ddD §5°22

€ liT—

98'02T~
98'€2T~
€8'S2T—
09'821
G.wﬁ\
£S'0€ET

€/°9€T
s/ sv1/

SE/LST—

CHs

HsC

CHy

(e}

HyC

14
13C NMR, 126 MHz, CDCl;

MMWWWWMWWMWMWWL%WWWWW

-10

10

20

30

40

50

70

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

)0

f1 (ppm)



~3000
~2800

2600

2400
2200
—2000
—1800
1600
~1400
—1200

1000
-800
-600
-400

280
peT
9¢°'T
9¢°'T
L€°T
8¢ T
6T
/9'T
89°'T
69'T
69'T
02T
02T
12°1
€12
o i
612
2672
L€
6L°€
18°€
S0
90
807~
65 9
6591
S99
99°9,
wa.og
1021
20°/

21,

€1/

€1°/

b2

ST

ST

ST

€2’/

T

Vi

YV

€120 922

9221
L.
L2
121
6221
02
0E°/-
1621
2€° /1
2€° L

TR T

—

: ::: _CH;

)
H NMR, 500 MHz, CDClz

HyC

CHy

H;C

L

15

=009

=002
=002
7002
200°€
\o0'¢

=00°¢
=001

00T
J00'T
00T
Hwoo.m
0b't
00'%

6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



—1000
—900

—800

~700

—600

-500
-400
-300
200
=100

~-100

ST 917
12 12—
8S' v
2€'82
60 V<~
Z6°8€~

6S LY~
L8V

08'89—
€10dd mo.mm/
€10dd Om.mmﬂ
€10ddD §S5°22

PECIT—
zrort,
wH”mwNHW
osly
SOl

86 9V1—

SE/LST—

CH3

HyC

CHg

O

HsC

15
13C NMR, 126 MHz, CDCl;

-10

40 30 20 10

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
190

)0



Sh'T
85T
19T
2L
6/'T
28°1
e8 1 @ 00'6
78T - T
/9T ~__ = F00¢
98T _ = Loo¢
06T \ RN ) Fo002
oot
/172 — < 100
S.N\
29'2
mw.mv — "< 002
97" €~ _ .
g5 ¢ N 5 Foot
612 .
cDAD 972 p— - 00
1227 = gy
o o %
A [ ©
o ° N
Q %M
T wm
0
©
=
Z
T

T
6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

7.5

8.0

T T
10.0 9.5 9.0 8.5

T
10.5




~1300
~1200
—1100

—1000

—900

—800

~700

—600

~500

~400

—300

~200

—100

~-100

€
JoWwe]l0oy 9T ¢
$8'8¢
JoWweloy 16°']¢
Joweloy $£°0¢
26°0€
OT"E€
JowWe10y 96 €€\
JaweI0Y £Z'9E 7
2/°9¢

412N
Jsweioy 6/2°9v7

8T°/S~
Jsweioy 957257

€10dD S0°2Z
€1Ddd 0€°2L2

€10dD S8 2L
JoWweloy 12672
2e6l

£0°9ZT~
21821~
658217

S¢evi—

6'vS1T—

i

—=

—_

(0]

)&

(0]

CHy

CHy

HsC

(£)-16
13C NMR, 126 MHz, CDCl;

—_—
e

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



SNG-VII-109-1-PhMe-100degC
STANDARD PROTON PARAMETERS

100 °C

A\%
s
CHy

~

Q

N

"H NMR, 500 MHz, toluene-d8

SNG-VII-109-1-PhMe-90degC
STANDARD PROTON PARAMETERS

90 °C

SNG-VII-109-1-PhMe-80degC
STANDARD PROTON PARAMETERS

80 °C

N
JAN
AN

SNG-VII-109-1-PhMe-70degC
STANDARD PROTON PARAMETERS

70 °C

SNG-VII-109-1-PhMe-60degC
STANDARD PROTON PARAMETERS

60 °C

SNG-VII-109-1-PhMe-50degC
STANDARD PROTON PARAMETERS

50 °C

SNG-VII-109-1-PhMe-40degC
STANDARD PROTON PARAMETERS

40 °C

SNG-VII-109-1-PhMe-30degC
STANDARD PROTON PARAMETERS

30 °C

(x)-10

Liegee

SNG-VII-109-1-PhMe-rt
STANDARD PROTON PARAMETERS

rt

T T T T T T T
50 49 48 47 46 45 4.4

T
4.3

T
4.2

T
4.1

T
4.0

T
3.9

T
3.8

T
3.7

T
3.6

T
3.5

T
3.4

T
3.3

1
3.2 3.1
f1 (ppm)

T
3.0

T
2.9

T
2.8

T
2.7

T
2.6

T
2.5

T
2.4

T
2.3

T
2.2

T
2.1

T
2.0

T
1.9

T
1.8

T
1.7

T
1.6 1.

5



—3200
—3000
—2800
2600

2400

2200

—2000

—1800

—1600

~1400

~1200

~1000

—800

-600
400
200
)

~-200

8P-ausn|ol £4°0¢
82'€¢l
0T'v¢

9¢'8.—

8P-auan|ol TT1°5¢1
€6°S¢1
£0°9¢21

8P-auan|0l 56721
Nm.wNHW
m@wmﬁ\.

8P-3uanjol §8°8ZI
OV LET~
9¢° vl
Om.N¢Hv.

OT"vST
0m.¢mHv.

CHy

CH,

HsC

(£)-16

13C NMR, 126 MHz, toluene-d8, rt

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

)0

f1 (ppm)



—1000
~900

—800

~700

—600

—500

~400

—300

—200

—100

8P-2U3aN|01 £4°02~
00~
v6°82~\
90°'TE~
e d
G8'9¢”

889V —

89°/LS—

89'8.—

Y1°9¢1
8P-9uaN|0] ET°8CT~

92781
8P-3uanjol 1061

€L LET—

08°¢v1—

gp-auanjoy mm.mﬁ/
\

09'vST—

CH;

CHy

H;C

(£)-16

3C NMR, 126 MHz, toluene-d8, 100 °C

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)



SNG-VII-109-1-PhMe-100degC-13C2
STANDARD CARBON PARAMETERS

(£)-16
3C NMR, 126 MHz, toluene-d8, 100 °C
N
%O
CHy
HyC
CHy
SNG-VII-109-1-PhMe-rt-13C2
STANDARD CARBON PARAMETERS
(£)-16
3C NMR, 126 MHz, toluene-d8, rt
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 T T T T T T T
60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16

f1 (ppm)



45000
40000
35000
30000
25000
20000
15000
10000
—5000

N
N
o

~

|

T
o
o
™

O < — — O oo <
— = = Q)00 Q@
NN A A A

€22
1r°]
£52]
vLe]
127
£2°c]
343
65°€]
12°€ .
18°¢ 5 :
= v 00°€
98°c — 5§ . —= Xopz
s 5 O
m._”.mg o £ ° nDu
LT \.\A .8 3
“ o I
i S
o
€120 92°/ £ = o HQ
(@] o) ~
D 0
@ =
© Z
5 T
()
S
=
£

f1 (ppm)




—2000

—1900
800
~1700

—
s

—1600

—1500

~1400

—1300
~1200

1100

—1000

—900

—800

~700

—600

—500

~400

—300

~200
—100
-0

~-100

—-200

S6ET
SE9T
0242
89'hZ
92°92
€792
1S°22
$8°82
86°62
19°0€
16°L€
20°8¢
86'8€-\
66°0—
bE LY

%.?v

S2°09
wm.wa
6¢°29

€10ddD S0°4L
€10dd 0€°22
€10dD SS° 2L

CHj

CHg

HiC

mixture of diastereomers and rotamers

(£)-17

13C NMR, 126 MHz, CDCl;

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

)0

f1 (ppm)



SNG-VII-110-2-PhMe-100degC
STANDARD PROTON PARAMETERS

100 °C

VAN VAN

N

CHy %o

At

\x)-17/
"H NMR, 500 MHz, toluene-d8

SNG-VII-110-2-PhMe-90degC
STANDARD PROTON PARAMETERS

90 °C
/\

/\

SNG-VII-110-2-PhMe-80degC
STANDARD PROTON PARAMETERS

80 °C
HVAN

AN

SNG-VII-110-2-PhMe-70degC
STANDARD PROTON PARAMETERS

70 °C
VAN

SNG-VII-110-2-PhMe-60degC
STANDARD PROTON PARAMETERS

60 °C

SNG-VII-110-2-PhMe-50degC
STANDARD PROTON PARAMETERS

50 °C

SNG-VII-110-2-PhMe-40degC
STANDARD PROTON PARAMETERS

40 °C

A
A
N
N
A
N

SNG-VII-110-2-PhMe-30degC
STANDARD PROTON PARAMETERS

30 °C

SNG-VII-110-2-PhMe-rt
STANDARD PROTON PARAMETERS

rt

2.8

, :
2.6
f1 (ppm)



—3000
—2500
—2000
—1500
—1000
~500

X4\
mv.mﬁ/
8p-ausnjol m¢.om/

9/2'8.—

8p-auaNn|01 6Z°SZT
21°921
02921
gp-auan|ol £1°8Z1
€9'871
99'821
8p-3uan|ol 20'62T
Ly 621 =
S.mﬁv
8p-3UaN|01 H/ /ST~
92 THT~.
\Yakaand

S8°bST N\.\A " s
860517 \ﬁ
Q

mixture of diastereomers and rotamers
(x)-17
3C NMR, 126 MHz, toluene-d8, 100 °C

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190




50000

45000

~40000

35000

30000

25000

20000

~15000

10000

—5000

~-5000

Nm.og
mm.oy
ST'¢q
L1
L1
8T
6T 1
0¢°¢4

€e ¢y

<
mM
N

N NN
mMm on M
AN AN AN

NOITNOOOW OIS
2RSS TN

mm M MM AN AN AN AN AN
k\JK/) L\\&>§§m4;=:==£——4

viZ
STZ
STZ
912
912
LTL
812
812
S¢'L
€1Ddd 9,
LCL
LCL
2L
8¢,
8¢,
62/

CH;

CH;

CHy

HyC

18
'H NMR, 500 MHz, CDCls

/]

J

==

J1g1°21
]

00°T

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



ST UMW A

CH;

PN

N

A

HyC CHy

18
3C NMR, 125 MHz, CDCls,

CH;

—145.38

77.41 CDCI3
77.16 CDCI3
76.90 CDCI3

128.50
128.00
\126.13
49.32
48.79
\44.08
—37.45
—20.78

L
/[
\
\

)0

T T T T
190 180 170 160

T
150

T
140

T T T T T T T T T T T T T T T T T T T T T T 1
100 90

f1 (ppm)

T T T
130 120 110

~2800

2600

2400

2200

—2000

—1800

1600

~1400

~1200

—1000

—800

600

~400

—200

—-200




21000
20000

19000
18000

~17000

16000

~15000

14000
13000

12000
11000

10000

9000

—8000

—7000

—6000

~5000

~4000

—3000

—2000

—1000

c0

N

N
S

<
i
(a0

L

—

TA
€120D 92°Z-
122
87"/
87/
b/
bEL-
bl

Cod )

HsC

(x)-19
'"H NMR, 500 MHz, CDCl;

€02
~96°0

F86°0
Fo0°¢

Feo't

0.0

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

T
10.0 9.5

T
10.5




—1300
~1200

~1100

—1000

—900

—800

~700

-600
-500
-400
-300
-200
-100
’

;-100

$0' T2
6£22—
vz’

08°¢vy

vv.va
8T LY—
mm.wv\

€10dd Hm.om/
€10dd m:.mmﬂ
€nad 1v'LL

88°SZT
20921
00°8ZT~
L€'82T
98271
05821

69 vVI~
06'9VT-—

CH;

CHs,

CHy

CHy

HyC

(x)-19

3C NMR, 125 MHz, CDCls;

[—

-

S —

..

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



34000
32000
30000

28000

26000

24000
22000
20000
18000
16000
14000
12000
10000
—8000
—6000
~4000
—2000

91724
9T/
91"/~
LT L7
L1721
L1°LA
8T/
81"/
612
612
vz,
52/
52/
52/
€10aD 92°27
92°Z]
122
82/
82/
62°L
622"

CH,
N

CHs

20
"H NMR, 500 MHz, CDClj;

FsS'01

= 001

g
AN O
© O

o0 N

T
6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

7.5

8.0

8.5

9.5




mmm i
OO U
afafa) i
" 0 © © 00O 1100
o [Fal o) Mo\ — O N < < (V]
LA 0N O AARAS)) ~N — N 0 I
< AN AN AN NN O 0 [e) i ¥a) (ap]
i — o - NN N LN <t <t ™M ~1000
| ~/ - ~J— | | |
~900
CHg '
N
| ~800
CHy I
20 700
13C NMR, 125 MHz, CDCl; I
600
~500
~400
~300
200
| i
! 100
memwmwwmmmmw Lo
~-100

‘ T T T T T T T T T T T
)0 190

T T T T T T T T T T T T T T T T T T T T T T 1
100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

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



—110000

100000

90000

80000

~70000

60000

50000

40000

30000

20000

10000

—-10000

9T’
91"
91"
LT
81"
81"
61"
61"
02
02T

(V]

¢

12°¢
12°¢
ced
ced
¢
vé—

H._”.j
1Py
I
707/
S0/
S0/

wo.m%
wo.ﬁ
No.ﬁ
MH.E
A A
€T 7L
ST/
ST ZA
ST/

912
912
812
812
vl
vi'L
€1Ddd 9¢’'s
922
LCL
(424
(434
(424
€eL
veL
1872

252
25/
€g /A
€cg
vS 8]
S 8]
55°g

CH,
N

X

J

CHj

N

=

21
'"H NMR, 500 MHz, CDClj

N

E¥S'6
£660

F00'T

—I P
00O NO
ooaNCee
Or— NN —

Fse0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



mom i
OO0 ~1600
ayaNa
™M NMOO — OAN N 0 LLUL '
0 Mo Y Qoo m ~ o =Y © 1500
™M MO 000 WA — AR o wno S
to) <M NNNNAN NN O 00 — LN M -
— — — L B o B IR B | NN N LN N <t mM L1400
| <N N ~J— < VN |
N _CHs 1300
|
N CH, 1200
, 21 1100
C NMR, 125 MHz, CDCl; i
1000
900
800
700
600
500
400
300
| | I
' 200
|
| ‘ 100
l o ) -0
--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 T T T T T T T T T T T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



55000
50000

45000

40000

35000

30000

25000

20000

15000

10000

-5000

€100 92"/
92°Z1
121
122"
wmi
82°/
62 L1
0g 2]

—

CHj
”
CHy

HC

22
'H NMR, 500 MHz, CDCl;

v6v 0T
~pTE

F 001

1¢°¢
M LT°€
v ¥

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



—1000
~900

—800

~700

600

~500

~400

~300

—200

—100

T'T¢—
98°¢tE—

€L SY~
6,8V —

62'85—
€10dd Hm.om/

€10dd m:.mmﬂ
€enNaAd 1v'LL

///CHS

T

CHy

HC

22
3C NMR, 125 MHz, CDCls,

8

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



55000
50000

45000

~40000

35000

30000

25000

20000

~15000

10000

—5000

~-5000

No.ﬁ
mo.ﬁ
mo.Ng
v0° ¢
S0°¢1
S0°¢q
907+
18°¢7

€8°¢
€8°¢
¥8°¢
€6°¢
8¢°¢
6€°¢
IV €
N@.mﬁ
299
29791
89791
89791
89791
8991
mm.m:
6991
04797
OH.E
0T°Z7

T2
T2
T2
A
€12
€12
€12
ST°Z
ST°Z
ST°Z
61°L
61°2
0Z'L
12°2
12°2
2L

€1Dad 9Z°2
85"/
85/
€58
€68
€58
S8
S8
v 81

g/

T

X

|

"H NMR, 500 MHz, CDClj

CHj

23

N

=

——

Fetre

w112
R0C€

=0T°¢

Foo'1

0.0

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

T
10.0 9.5

T
10.5




mom i
Eﬁ éﬁ Eﬁ 1600
© < < T NN~ M — O - L AL L1500

— o o)) OO N—HON < o < Yo ®
O < < M AN AN AN NN O (@V] o0 LN O F
— — Lo TR e R R R R | NN N LN mMm M (@V]
| N <N SN NN ~— | \ o/ | 1400
1300
\ 1200
|

N CH, 1100
i3 23 1000

C NMR, 125 MHz, CDCl, I
900
800
700
600
500
400
300

|
200
| 100
l . N . Lo

-_100

‘ T T T T T T T T T T T
)0 190

T T T T T T T T T T T T T T T T T T T T T T 1
100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

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



16000
~15000
14000

~13000
12000
11000
10000

—9000

—8000

~7000

—6000

—5000

—4000

~3000
—2000
—1000

~0

~-1000

NOINMANN—T TN ONINTITMMNMAN—OOOMNLN
LrovowomMIIINANNANNNNNNNNNTOMNMN
A A A A A A A A A A A A A A A A A A A A A A A A OO

€12aD 92°Z-
15/

—

¢S.-

CHy

(+)-24
'H NMR, 500 MHz, CDCls

I

ON O
neo
0 NN

NS 'Z_' A
M oo LN O

Qoo
NO o

F S6°0

= ¥
= 00°¢

0.0 -0.5

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)

7.0

10.0 9.5 9.0 8.5 8.0 7.5

10.5



—3000

~2500

—2000

~1500

—1000

~500

S/ LT—
6192
9892
Hwomw
S.Nm\
mqmm\.
65°SE
Iy

v6'¢S—
T1¢'85—

€10dd Hm.wm/
€10dd m:.mmﬂ
€nNad 1v'LL

ITAT4S
LS E€2T
S0°'S2TH
80°S2T
T1°S2T
ANTAR
pT°S2T
€2°52T
05°221
92221
88221
10821
£2'821
£2'821
8v'621
€0 LYT—

CHy

(+)-24
13C NMR, 125 MHz, CDCl5

L.

l

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



i
~N
(@V]
O 65000
|
|
60000
N ¢ 60000 55000
Chs 50000
F i ~50000
. -40000
~30000 45000
(+)-24 -
19 F NMR, 471 MHz, CDClj ~20000
i ~40000
-10000
-0 L 35000
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 -
-61.7 -61.9 -62.1 -62.3 -62.5 -62.7 -62.9
f]. (ppm) ~30000
~25000
—20000
~15000
~10000
~5000
—0
~-5000
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 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 =220

f1 (ppm)



13000
12000

11000

10000
—9000
—8000
—7000

6000

~5000

~4000

~3000

2000

—1000
~-1000

-0

vm !
Sl
6v'1
IS°T
IS°'T
IS°T
¢s'T
4N
120!
S¢'¢
9¢°¢
8¢°¢
8¢°¢
8¢°¢
62°¢
0€"¢
T€°¢
LL°C
8.°¢
8.°¢
6/°¢
08°¢
08°¢
8T°¢
6T°¢
0c¢'¢
T¢°¢
vZe
SC'¢€
9¢'¢
L€
19 m
9 m
mm.m
€9°¢1
¥9°¢
S9°¢
S9°¢
99°¢
99°¢
S6°¢
00t
€0’y
0¥'9
v9
LT1°L
61/
612
€1D0dd 9¢’s
€el
S€Y/
00°8
10°8

1
1
1
1

|
]

H——uﬁﬁw__%*&& e

]

p

.

]
]
]
;
]
]
]
]

éﬁ 1

F

25
major diastereomer
"H NMR, 500 MHz, CDCl;

= +=00°¢

— =60

2 %607

— =00'¢

T
6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

7.5

8.0

8.5

9.5




7.26 CDCI3

CH;

minor diastereomer
"H NMR, 500 MHz, CDCl;

OO N—=—=0MNUO
OO NNNNO OO

MmoMm MM o N NN N M

=

< nm
AN AN AN
oM on MM

2.18
2.17
2.17
2.16
2.15
1.80
1.80
1.79
1.78
1.77
1.77

L 1.54

£1.53

1 1.51

11.27

L1.25

| ]

!

16000

—15000

el

T T T T T T T T T
6.5 6.0 5.5 5.0
f1 (ppm)



—800

~700

—600

~500

~400

—300

—200

—100

€DAd 9122
€nNaAd 1v'LL
RN
COVIT

81°0¢T

ve v
9¢"¢vy
91°¢S
L2°CS
0¥°¢S
€eEs
¥9°99
S98'99
€L°/9
98°'89
€D0dd 16°92
Dn.ﬂw._./

o -0

1

i

I

Ll

iii

$6°S2T
96°S21T
L1921
05921
€5°921T
957921
89921
127921
¥/°921
£2°921
0T°221
6€°221
€H 87T~k
888217
@o.oﬂ\
pT0€T

LTTIST
T¥'1ST
06°'TST
vZ ¢St

807491
NH.N@HV

CHs,

25
mixture of two diastereomers
13C NMR, 125 MHz, CDCls

|

80

-10

40 30 20 10

50

70

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

)0

f1 (ppm)



00
N
—_ 13000
©
I
o | I 12000
CH, 7000
N ~6000 11000
o ~5000
rgc”// L 10000
~4000
o) L
9000
~3000
F F I
-2000 L
25 | [ 8000
19 F NMR, 471 MHz, CDCl; 1000
L -7000
-0
T T T T T T T T T T T T T ~6000
-61.15 -61.25 -61.35 -61.45
f1 (ppm)
5000
4000
3000
2000
1000
-0
—-1000
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 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 -220

f1 (ppm)



26
'H NMR, 500 MHz, CDCl;

3.97
3.95
3.94

e
N

AN

— N O
0 N ©O

— <

~18000
;17000
;16000
;15000
;14000
;13000

~12000

T — T T T T T T — T T " T
.0 105 100 95 9.0 85 80 75 70 6.5

1 73.40
14.34

0

0



& N I I
—2500
N
26 —2000
13C NMR, 125 MHz, CDCl3
~1500
—1000
| ~500
|
| ‘ l |
| | B
f 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 T T T T T T T T T T T 1
)JO 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



28000

26000

~24000

~22000

~20000

~18000

~16000

~14000

~12000

~10000

~8000

~6000

4000
~2000

——-2000

9T/
912~
LT°L
LT°L
LT'LA
8T°/
8T°/
mﬁNJﬁ
€2,
MNNHV
Y2 L~
vau
sz'L
szzd
€100 972
9724
122
87
62'2-

CHg

27
'"H NMR, 500 MHz

CHy

N\KO
(o]
. CDCl, \K

CHj

JUA

=

—=

EvT6

A4

A S

Frow|

Foot

4.0

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

2 @ 2a3 FE R o L2800
N/ NN [ ] | ||

L2600

L2400

12200

N/”\W -2000
o |
\\Té% 1800
27 o -
1600
136 NMR, 125 MHz, CDCl5 \K _

1400
1200
~1000
800
600
400

| | ~200

——-200

[ 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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



~24000

22000
~20000
~18000

~16000

~14000

~12000

~10000

~8000

~6000

4000

~2000

--2000

92’1
LT
64T
6L'T
08’1l
18'T
61°¢
0Tz
12°¢
e
e
€2¢

SE'C
[0} 4xd
|44
|44
£€v'e
86°¢
6S°¢
65°¢
092
09'¢
9'¢
€9°¢
¥9'¢
99°¢
19'¢
19'¢
89°¢
69°¢
00'%
0'v
¥0'v

ST'ZA
ST'Z+
9T°Z
9T'Z
AR
AR
8T°L~
8T 'L~
8T,
ey
vZ'L
9z 2

€12ad 9z°2
9724
1224
82°2-

L
i

622
622

N—CHs

28

'H NMR, 500 MHz, CDCl;

E10°2(

[4rd

00°€|

¥0°¢

¥6'T
wmoﬁ.m.
€0'Y

F00'1T

4.0

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



2200

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

145.16
__-128.54
=-128.03
~126.21
—33.68
—27.65

2100

v
X
Z
X

~2000
;1900
;1800
;1700
N ;1600

/-\\ CH
N— ~M3
\\J -—1500

28 -1400
3C NMR, 125 MHz, CDClj; I
1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
' | | }200
li 1]
i L . ’
;—100
;—200
O 190 180 170 160 150 140 130 120 110 1?P(prwge 80 70 60 50 40 30 20 10 0 -10




N N\ [

29 \
H NMR, 500 MHz, CDCl; Z

/

—

)

11.01=x

N O
Q1RO
NN S A

2.03=

14.05-1

~17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

~1000

——1000

T T T T T 1 LI
.0 105 100 95 9.0 85 80 75 70 6.

(9]

f1 (ppm)

6.0 55 50 4.5

n14.013

20 1.5

1.0

0.5

—
0.0 -0.5

-1.0



X3 2 g8 5 ?éé - oa e o © ~1200
| N/ N I I
1100
1000
K/ \ 900
\(\
29 N A ~800
3C NMR, 125 MHz, CDCl;
~700
~600
=500
=400
~300
=200
I |

\ i l ~100

| | I ‘ | ‘ l i
-—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 T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



g 150000

[N eNo N X OONINTTNONVOVONNT MO N LN
NN A A LLoLVLVVVOTMMMMMMMMMAN NN

ﬁﬁﬁﬁﬁﬁﬁﬁ

5.12
5.10

|
%
{

5.10
5.07
3.98
3.97
3.95

21

45000
/ ~40000

_[ /. /, / ;35000

~30000

30
"H NMR, 500 MHz, CDCl3

~25000

~20000

~15000

~10000

| | ~5000
| I i
i I J ' ki
— -0

T i
(a8}
o
N

— T K o BN
nwmo O o, < o NO O 00
onwneQ o S) O—HO—HO
M <t = < AN (V] — — AN~ N
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 T T T T T T T T T T 1
.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5 -1.0
f1 (ppm)



2800
~2600

2400

2200

~2000
1800

~1600

~1400

~1200

~1000

800
~600
400
200
--200

Ivec—

1S'6¢—

£9ve—

6T 6V —

SSES
wm.mmv

S0'99~_
1599~

€100 16'92
Rleh) S.RW
€12aD Tr'2L

€921
ST°91
/87221

00°8¢T
2e'8¢T
6€°8¢T
SS'8¢1
S9'8¢1

€0°9ET—

S8 PY1
¢m.¢¢ﬁv

YEVLI—

30
13C NMR, 125 MHz, CDCls

-10

40 30 20 10

50

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

T
190

)0

f1 (ppm)



31
H NMR, 500 MHz, CDCl;

7

NMAN—A—A—TOONNWONN——— O <o
INANNNNNNNNT AT O 9%
NNNNNNNNNNNNNNNNNNNN M m

—3.53

NN < <N
SN

LN v = LN LN

~22000
;21000
;20000
;19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000
;1000

~-1000

T T T T T T
.0 10.5 10.0 9.5 9.0 8.5

T T " T T T T
75 70 6.5 6.0 55 50 45 4.0



3C NMR, 125 MHz, CDCls,

31

—145.06

—139.81

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

e
N

—58.41

—51.73
—48.84

33.32

~1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900

;800

;700

;600
;500
;400
;300
;200

100

--100

—
190

—
180

—
170

—
160

—
150

—
140

—
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



~40000

~35000
~30000
~25000

~20000

~15000

~10000

~5000

LET
mm.Hv

ar4
172
8TI—F
e
092
N@.NW
€97

€Lre—

€0y
wo.wW
90y

9T,
9T,
yA WA
LT°L
812
812
612
6T°Z
L
€L
veL
S¢L
S¢L
€12ad9¢°,
9¢'L
L,
L2,
8¢,
622
0€Z
€2
(434
[434

/]

|

N

32
'H NMR, 500 MHz, CDClj

€t

L0°7
20'¢

c0'¢
007]

98’

i

-1.0

T
-0.5

0.0

0.5

1.0

2.0

T
6.0

7.0 6.5

7.5

T T
8.0

T T
9.0 8.5

.0 10.5 10.0 9.5

f1 (ppm)



|| S\ N Y
5000
~4500
4000
NH
~3500
32
3C NMR, 125 MHz, CDCl; 3000
2500
~2000
1500
1000
~500
| |
e N |
| . "
~-500
[ 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 T 1
)O 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



ﬁﬁﬁﬁﬁ

. |

33
'H NMR, 500 MHz, CDCls

4.00
3.99
3.97
2.61
2.60
2.59
2.58

£

~85000
~80000
;75000
70000
;65000
~60000
~55000
;50000
45000
;40000
~35000
~30000
;25000
~20000
~15000
;10000

~5000

— T T T T T T
10.5 100 95 9.0 85 80 75 70 6.5



S 1900
Y/ N | | Y i
1700
1600
1500
1400
NH -1300
1200
33 -
13C NMR, 125 MHz, CDCl3 ~1100
1000
900
5800
700
600
500
400
300
| | | | 200
' ;100
! . "
100
- | | | | | | | | i
)0 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10

f1 (ppm)



NNNNNNNNNGECOOOEBOssso r«w %Nwww 90000
F
~80000
J‘ 70000
N
~60000
F
34
"H NMR, 500 MHz, CDClj3 ~50000
40000
~30000
~20000
| ~10000
L N ,
TT T 7 AN
o < o o0 M 0 M
R 2 0 N N
S — M <t <+ N
—— 1 + 1 + 1 + I+ 1 _‘*+ 1~ 1 *+ T+ 1 <+ T ‘1 °+ T =+ T + T =+ 1 ‘*+~ T _ ‘ T ‘*+ T * T ‘* T ‘T T ‘T T T T T
10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05



28 £S R i N S 583 5000
N N Y Y N I |
i ~4500
~4000
3500
N
F 3000
34
3C NMR, 125 MHz, CDCl;
~2500
2000
1500
1000
' ~500
I |
! -l
f 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 T |__500
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



HHHHHH

4200
;4000
;3800
;3600
;3400
;3200
;3000
;2800
;2600
;2400
;2200
;2000
;1800
;1600
;1400
;1200
;1000
;800
;600
;400
;200
o

--200

sg528s 4000
] NSYP=
~3000
|
~2000
~1000
-0
F T T T
34 -116.5 -117.0 -117.5
F NMR, 471 MHz, CDCls3 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 T T T T T T T T T T T T T T T T T T T T T
'0 10 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



VW N’ TR N
~50000
HaC
\o
~45000
/ -40000
N
-35000
|
HsC 35 ~30000
"H NMR, 500 MHz, CDCl;
~25000
~20000
~15000
~10000
~5000
I |I
I WL n
P S i Y
o 0 [e) [ Tp] o M ™M N
© o —Q N © o wn
< o —© <t < <+ ~-5000
[ 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 T T T T T T T T T T T T T 1
.0 10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0



HyC

(e}

HyC 35

157.92

13C NMR, 125 MHz, CDCl;

|

137.70

L

128.76

113.89

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

e
N

—58.08
55.34
54.89

<L

—47.85

—

—33.34

—26.20
——24.66

3200

~3000

2800

2600

~2400

~2200

~2000

1800

~1600

~1400

1200

1000

800

~600

400

200

--200

)0

T T T
190 180 170

—
160

—
150

—
140

—
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



jaa)

O

[a]

9}
MreAONOODONNOTITIMMANN———O O O 00 0 o wnwn S N OVINTMANOOTOTOTTMOOONOINTMAN —
NINMMNMANNNNNNNNNNNNNNR A e29° MOMMMNMANNNNNNGNINNNT Y Y S
NSNS NNNNNASNNNSNNSNNNNNNNNNNNN <+ < < < NANANANNNNNNNNNA A A A A A A A A

~40000
;38000
;36000
;34000
;32000
;30000
;28000
;26000
;24000
;22000
;20000
;18000
;16000
;14000
;12000
;10000
;8000

;6000

;4000

2000

--2000

] 7 I
F
F
F 36
"H NMR, 500 MHz, CDCl;
|
|
|
L A U\i - -
A . - BRAY
NooOAN O o o (@] 2N
SS oS S ® =0
ANANANM — N <t
.0 10.5 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 0.0 -0.5

f1 (ppm)



3200
~3000

SSv—
60'9¢—

892 —

ey —

08'vS—
65°25—

€100 16'92
Rleh) S.RW
€120aD Tv'2L

€T'1CT

62°€lt
ElaTaN
61°S2T
[4R-Tat
§8°S¢CT
€9'9¢1

Hm.mman/n

€6°L21
11°8¢1
62°821
9€'8¢1
29'8¢1
¥L'821
88°8¢1

00 v¥T—

8T'6¥T—

2800
2600
2400
2200
~2000
1800
~1600
~1400
~1200
~1000
800

600

400

200

--200

-10

10

20

30

40

50

60

70

160 150 140 130 120 110 100 90 80
f1 (ppm)

36
170

3C NMR, 125 MHz, CDCl3
180

190




36
9 F NMR, 471 MHz, CDCls

-62.32

-62.32

~25000
;20000
~15000
;10000

5000

T
-62.25

T T
-62.30 -62.35
f1 (ppm)

T
-62.40

~50000

~45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000

~5000

—
0 -10

-20

-30

~40

=50

-60

-70

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
-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



~110000

~100000
~90000
~80000

~70000

~60000

~50000

~40000

~30000

~20000

~10000

--10000

9¢'T
8¢'T
6€'T
o't
7'l
'l
€v'T
€T
ST
SS'T
LS°T
8S'T
6S'T
[44
44

NN AN

T N

€€7¢
€€¢
vee
vee
SE'C
9¢'¢
L€7C

mm.mn/l

69'€
owme
06'€

089
089
189
289
289
€89

vT'L
fa
YI'L
ST°L
ST°L
9T°L
9T°L
9T'Z
9T'L
T2
NNnu
2L
€72
€2
vZ2
sz.
szL
szs
szL
€120 922
972
972
172
8z

0@ |

37
H NMR, 500 MHz, CDCl;

HsC

I

=SE Tt

902

601

9T ¥l

T€€

YO ET

~10°1

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



2400
;2300
;2200
;2100
;2000
;1900
;1800
;1700
o }1600

| -1500
HsC 37 F
13C NMR, 125 MHz, CDCl3

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

157.92
—145.49
—137.23

128.84

128.51

127.84

126.11

113.86
—58.06

55.32

54.87

<

—48.69
—33.14
—26.17
—24.62

L
N
~N
L
N

~1400
L1300
L1200
L1100
L1000
900
800
700
600
500
400
300
j 200

100

--100

——-200

[ 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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



g 55000

~50000

Br

~45000

F {/ / j4oooo

38
"H NMR, 500 MHz, CDCl; ~35000

~30000
25000
~20000
~15000
~10000

~5000

--5000
T — T T T
0.5 0.0 -0.5 -1.0

T T T T T
.0 105 100 95 9.0 85 80 7.5

6.5 6.0 55 50 45 4.0 3.5
f1 (ppm)



—161.76
—159.79

Br

38
3C NMR, 125 MHz, CDCl3

137.55
137.52

<

131.05
130.98

<

124.20
124.12
119.96
119.77
114.57
114.41

<
<
<

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

e
N

—58.79

—54.73

—33.45

_—27.37

—26.16
—~—24.63

\ . L

;3600
;3400
;3200
;3000
;2800
;2600
;2400
;2200
;2000
;1800
;1600
;1400
;1200
;1000
;800

;600

;400

200

--200

)0

T T T T T T T T T T
190 180 170 160 150

—
140

—
130

T
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



Br

Y F NMR, 471 MHz, CDCljz

-115.55
-115.57
-115.58
-115.60

N
N ange
s 4000
N
38 -3000
2000
-1000
| |
-0
T T T T T T T T T T T T T T T
1152 -1156  -1160  -116.4
f1 (ppm)

5500

5000

4500

4000

~3500

~3000

2500

~2000

1500

~1000

500

f1 (ppm)

--500

T —7T1 T ' T _ ~ T *~ T ‘' T T T "~ T ‘' T ‘* T " T " T T "~ T " T T 1
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220



"H NMR, 500 MHz, CDCl;

39

M — o 0 ONOWONNOOINTMNMANN—TOONINTITITMMNMANTATOONON O T N
nin N NN LOUOMNMMMMMMMMM MM N O 00000000000V NVNONINNINT T <
NN NS NANNNNNNNNNNNNNNN A A A A A A A A A A A A A
\/\(/ L[[Ll!!!i iIIiIJJJJJJJJJJJ

~24000

22000

~20000

~18000

~16000

~14000

~12000

~10000

~8000

~6000

4000

~2000

T T 1
.0 10.5 10.0 9.5

9.0

8.5

8.0

Ty T = 2
o o o o ©Om
S o S N OO,
N 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
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

f1 (ppm)



~5000

4500

4000

3500

~3000
2500
~2000
1500
~1000
500

~--500

9S've—
80°9¢—"
1§5'8¢—

18°¢e—

89'vS—

12°85—

€100 16'92
Rleh) S.RW
€1Dad Tv'2L

9T’ 121

et
Leset
0e'set
€E'8CT
9€°s¢1

867521
vroseT
081218

90°8¢T
Te'8¢t
£8°821
18'8¢1
78'8C1

143140
mm.mvﬁvl

F

39
3C NMR, 125 MHz, CDCls

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



F

39

Y F NMR, 471 MHz, CDCls

-62.25

-62.25

;70000
;60000
;50000
;40000
;30000
;20000

~10000

-0

~-10000

—
-62.05

—
-62.15

T T T T
-62.25
f1 (ppm)

——
-62.35

i
-62.45

F8UVUV

75000

~70000

~65000

~60000

~55000

~50000

45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000

~5000

~0

~—5000

—
0 -10

-20

-30

~40

=50

-60

-70

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
-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



jaa)
(9]
[a)
[v]
0 © 0 ©v ©
Q%X NN
NN NNN

st oo

H NMR, 500 MHz, CDClj;

T T T T T T
.0 105 100 95 90 85 80 75 70 6.5 6.0 55 50 45

f1 (ppm)



s 2 5 e 325 3 R 5 zxam -5500

[ NV | RN
5000

N
e 4500
(6]
40 4000
13C NMR, 125 MHz, CDCls

13500
13000
2500
2000
L1500
1000
| 500

|

L | N

] . Lo

500

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 T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



OTIRI RIS R RRRNBARERARAERERARARIEEE 14000
—_— N\ it
-13000
" 12000
/ / ‘/ -11000
41 -10000
'H NMR, 500 MHz, CDCl;
9000
8000
7000
L6000
5000
4000
3000
| o 2000
I
l | |
KAvk 1000
A o

bR T o
A S I it --1000

AN N LA AN A

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 T T T T T T T T T T T T T T T T T 1
10.5 10.0 9.5 90 85 80 75 70 6.5 60 55 50 45 40 35 30 25 20 15 1.0 0.5 00 -0.5 -1.0

f1 (ppm)



77.53 CDCI3
77.27 CDCI3
77.02 CDCI3

1700

142.58

128.62

128.50
—~—125.92
—59.22
—54.87
—34.19
——28.96

_~26.29
—24.77

pu
il
N

1600
1500
\ ;1400
1300
41 1200
3C NMR, 125 MHz, CDCls I
1100
1000
900
800
700
600
500
400
300
200

~100

--100

--200
[ 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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)




PMNINNNINNNNNNNNN

CHg

42
'H NMR, 500 MHz, CDCl,

|

T T T T T
.0 105 100 95 9.0 85 80 7.5

< 4457

R TrT

O 0N~ O~ N

O O — N —

N A m NI
S I T E— L
3.0 25 20 15 1.0 0.5 0.0 -0.5



42

13C NMR, 125 MHz, CDCls

—140.67
—136.01

||

125.99
125.95

_~130.23
—128.91

<

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

e
N

—59.39

—54.79

—~~31.36
27.68
26.20

—_—24.68

e
-

—19.43

|

2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100

--100

--200

)0

—
190

—
180

—
170

—
160

—
150

—
140

—
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



§O°OI\G\OODOI\I\I\V<I’MMMNNHHH ON—HOOODNTMANN—L—OONV—ONNDNON—HOOO O O) 00 0 0N _85000
WP e B Y RN e 50000
-75000
-70000
(@]
H3C/ N/\\N/CHa -
\\\v//)/ [ / -65000
/ / -60000
43 L
'H NMR, 500 MHz, CDCl; -55000
-50000
-45000
-40000
-35000
-30000
-25000
20000
-15000
| I
| -10000
| I
| ! | i L5000
[l L
4‘}( L | A _0
M f A R T
O nm o O 00— LN -_5000
— — M o S LW—HO m
- - m <+ O N m <
[ 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 T T T T T T T T T T T T T T 1
.0 105 100 95 90 &85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0 -0.5 -1.0

f1 (ppm)



R 2 3 5 %8 gég P § o 1300
| | T N P T T  1ooo
1100
. ON/CH?’ 1000
43 ;900
3C NMR, 125 MHz, CDCl3
~800
700
-600
~500
-400
~300
| | | -200
| 100
memmwwwww o
--100
—_— 7T T T
JO 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



HsC

g 80000

WOOWWOWINTTMANNOVONNININT T NN —on o
N A A A 00 0O CO CO CO CO C0 C0 0 0 0 NN N

75000

o ~70000

~65000

//~\§\\w——0% -
\\\v//»/ / ~60000

44 I

~55000
"H NMR, 500 MHz, CDCls;

~50000
~45000
~40000
~35000
~30000
~25000
~20000
~15000
| ~10000

il | ~5000

|
I n ﬁ* B S Lo

T___

13.08—=

— T T T T T T T T T T T T 1 T T T T T T T
10.5 10.0 95 9.0 85 80 75 6.5 6.0 55 50 45 40 35 3.0 2.

f1 (ppm)



R gas 2 2 B REETE 922 4500
[/ Y N | %
HsC
N
o -4000
7N\ _
N—CHz
\\J 3500
44
13
C NMR, 125 MHz, CDCl; 3000
~2500
~2000
~1500
~1000
~500
‘ | L i Hm I J
| | | . ’
[ 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 T T T T T T T T T T T 1
)O 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



7.26 CDCI3

o -34000

8.53

32000
30000
e N 28000

~26000

45
'H NMR, 500 MHz, CDCls 24000

~22000
;20000
;18000
;16000
;14000

~12000

T T T T T T
.0 10.5 10.0 9.5 9.0

® 0,937
2.001

6.5 6.0 55 50 45 40 35 3.0 25 20
f1 (ppm)

3]
(92}
®
o
~
(9]
~
o



Y NE [ Ny 500
H,C
~ N
N
N
~2000
45
3C NMR, 125 MHz, CDCl;
~1500
~1000
~500
|
R L L0
[ 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 T T T T T T T T T T T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



o o o o o (@] o
o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o
LN < ™M o~ — (@) o o o o o o o (@) o —
T T T T T T i ° i L ok b T o T < !
66T
ov'1T
e
T
€91
ST
65T
95'T
LS°T
65T
68'T
06'T
16T
161
261
61 .
€6'T ,J[ S6°T
6T .
v6'T 80t
v6'T -
A —_ H\Ho l
e
see
see
9 /J —= wmw.m
152
L€°C
R.Nn/l .
e — - Fo0'2
102
80°2
60t £6°0
60°2
/
Y1 L—F —= .
.7 e . mmm 0
€002 92°2
5.
55z — Fv6°0
VAWA
VA WA
85°L
8572
0s'8
058
0s°8 .
158 — 980
158 ™
158 O
= o
N
I
=
(o]
¥ 8
0
£
/N z
I

1.5

T T T
8.5

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

1.0

2.0

2.5

3.0

3.5

4.0

75 70 65 6.0 55 5.0 4.5
f1 (ppm)

8.0

9.0



N W I (77 2500
\ N
N 2000
46
13C NMR, 125 MHz, CDCl5
1500
1000
~500
| L
|
J | J
{ ) l L 10
[ 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 T T T T T T T T T T T I-
)O 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



~40000

~35000
~30000
~25000
~20000
~15000
~10000
~5000

(Vva
112
[4 WA
€12
€L
€L
€L
YL
STL
S¢L
9L
€12a> 922
9L
0€L
€L
€L
[43vA
€eL
€€L
€€°L
9¢€L
LEL
LEL

S€'8
mm.w”/.
6€'8
0v'8
0v'8
78

J
M

47
"H NMR, 500 MHz, CDCl;

®
/
N

Fogz|

00'Z|

Feovy

wmwm.o.

00°T

T T T
8.5

10.5 10.0 9.5

-0.5

0.0

0.5

20 15 1.0

2.5

3.0

3.5

4.0

75 70 65 6.0 55 5.0 4.5
f1 (ppm)

8.0

9.0



o o o o o o
o o o o o o o o o o o o o o o
< m o~ — o o (=] o o (=] o o o o —
— — — — — o 0 ~ © N < m ~N — _
_ _ _ _ _ _ | ! _ _ _ _ ! _ _
2682 —
89°0£—
8825 — -
8985 —
€100 1692
Rleh) S.RW
€1D0D T+'2L
82'€21—
1021
mm.mﬁ#
96'82T—=
v8'SET—
08261 — —
$8'6ET— -
€LY —
60°0ST—
[se]
®)
(@)
©)
u7n_,
z
=
N~
~ &
—
0
=
P4
O
™

‘ X
G

N

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



~120000
~110000
~100000
~90000

~80000

~70000

~60000

~50000

~40000

~30000

~20000
~10000
~—10000

08'T
28T
281
€81 —_—
v8'T
s8'1
98'T

97
S.NW —_—
89'

8/ — —

802
60°L
€22
ve'L
ve'L
sz2
972

€202 92°2
97'L
LT
8L
8L —
67°L f,
€2
0g'L
1€
€2
2€L
23
33
vEL
vE'L
vE'L

LY'8
g8 —"

|

48
H NMR, 500 MHz, CDCljz

NH

X
F

N

= Feoz|

- ES0'v|

50'¢
- = Foosr

-—— ¥807

E00°¢y
\\4

T T T
8.5

10.5 10.0 9.5

-0.5

0.0

0.5

20 15 1.0

2.5

3.0

3.5

4.0

75 70 65 6.0 55 5.0 4.5
f1 (ppm)

8.0

9.0



noo ~2800
\ Vel \ ] [ 2000
~2400
| N NH 2200
N /
48 -2000
3C NMR, 125 MHz, CDCls

~1800
~1600
~1400
~1200
~1000

~800

~600

~400

~200

| P
=200
f 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 T T T T T T T T T T T 1
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



f1 (ppm)

: 132000
NNNNNNNNNNNNNNNNN TTTTTTTTTT{NN INANNNNNNANAA A A A A A A A _30000
CHg
28000
N
26000
24000
49 f /
1
H NMR, 500 MHz, CDCls 52000
20000
18000
16000
14000
12000
-10000
8000
L6000
L4000
|
i {AJ L2000
L A _o
PN e B B
™M — LA NSO — N L
= S <toNTam i
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 T T T T T T T T T T T T T 1
0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0



CHg

49

13C NMR, 125 MHz, CDCls

147.60

_~128.44
—127.09

™-126.00

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

e
N

M

—57.98

—54.85

—38.60
—35.58

—26.21
—24.68
—22.68

-2200
;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100

--100

—-200

)0

—
190

—
180

—
170

—
160

—
150

—
140

—
130

—
120

—
110

T T T
100 90
f1 (ppm)

80

70

60

50

40

30

20

10

-10



~50000

~45000
~40000
~35000

~30000

~25000

~20000

~15000

~10000

~5000

972
wN.NW
€202 62°2

96'L~_
86 L~

CHs

| //////

|

(x)-50
"H NMR, 500 MHz, CDCl;

—

.

682

Eereg

E88'T

2.0

8.0

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

1.0

1.5

2.5

3.0

3.5

4.0

6.5 6.0 55 50 4.5
f1 (ppm)

7.0

7.5

8.5

9.0



~1900

77.41 CDCI3
77.16 CDCI3
76.91 CDCI3

167.31
153.12

CHs

_~129.88
—-128.07
~127.18
—54.83
_~52.10
—38.63
—35.38
—26.18
—24.64
—22.38

~1800

™N\-57.71

.

~1700
;1600
HsC ;1500

0 ;1400

(x)-50 I

13C NMR, 125 MHz, CDCl3 ~1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400

~300

200

L , I N

--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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



5 -26000
Ve I s s T s ——ee -24000
F
. -22000
N
F 20000
CHs
. . j J[ /_ -18000
51 ~16000
'H NMR, 500 MHz, CDCl;
-14000
-12000
-10000
-8000
~6000
~4000
|
|
. -2000
|
| 0
P SN EaY o
m o0 o<t MmN LN LN O
e Qe cceao - ®Q — -_2000
— O —~ = <t M < AN m
[ 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 T T T T T T T T T 1
.0 105 10.0 9.5 9.0 85 80 7.5 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0

f1 (ppm)



4000

3500

~3000

2500

~2000

1500

~1000

500

06°LT—

ULyl —
€0°9¢—

L6'TE—

180 —

¥0°'SS—
86'v9—

€100 16'92
Rleh) S.RW
€1Dad 2L

27611
Y611
8L°611
18611
#8611
/8611

5021
N@.NNH*
6721
96'921

8/2'621
ow.mmﬁ%:
Z¢8°0€T
80°TET
PETET

T9'T€ET

65 EYT—

F

51
3C NMR, 125 MHz, CDCls,

Mg

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



9 F NMR, 471 MHz, CDCl3

F

51

CHs

P4

-62.82

; , ;
-62.6

: :
-62.7

—
-62.8
f1 (ppm)

T T T T
-62.9 -63.0

T
-63.1

~60000
;50000
;40000
;30000
;20000

~10000

~70000

~65000

~60000

~55000

~50000

45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000

~5000

~0

—-5000

—
-10

-20

-30

~40

=50

-60

-70

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
-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

f1 (ppm)



~13000

o't
't
'l
&'l
4t
SP'T
SS'T
98’1
LS8°T
8S'1
09'1
LLT
8L'1
6L'T
08’1
081
8'1
8’1
8’1
281
€81

122
622
622
Hm.N.\.
ez
297—F
m@.wn\n
s9'¢

wo.mV

60°€
e

8L'¢
64°¢
08¢
[4: 3

L1°9
819
09

902
L0°L
L0°L
(44
€12
€12
€T°L
YL
STZ
ST'Z
8T'L
6T°L
0T'L
1L
L
L
€L
yA A
8¢€'L
6€°L
6€°L
JA A
86°L
6S°L
¥9°L
997/
618

~12000
~11000
~10000
~9000
~8000
~7000
~6000
~5000
4000
~3000
~2000
~1000

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

55 5.0 4.5
f1 (ppm)

6.0

6.5

7.0

7.5

T
9.0 8.5 8.0

'H NMR, 500 MHz, CDCl;

NH

.0 10.5 10.0 9.5




~900
-850

800

750

700

650

~600

550

500

450

~400

350

300

250

200

~150

~100
50

—-50

Y9 vz ~_
15°52—
sr9z~"_
ss'8z—"

S8'eE—

PE0r—

LLYS—

€8'85—

€100 16'92
Rleh) S.RW
€1Dad Tv'2L

PIitT—
LTETT—

¥6'8TT~_
0L'61T—

veect
Hw.NNHV

20T —=
I\I

05221
ww.mNT\.
SEZET—

09'9€T—

€T —

1§91 —

A\

NH

27
3C NMR, 125 MHz, CDCls;

)

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



/ N/ N SsSNE Y N ittt = = —
~12000
11000
/ / / / ~10000
j / / 9000
~8000
N
-7000
28 6000
'H NMR, 500 MHz, CDCl;
~5000
~4000
~3000
~2000
I I | |
I | |I||
L -1000
|
JU U A L0
s T PAS A e B, i B
o ™M [e) W ¥s) MmO — — 00N <t N N
S o oo oo - CONS O — —
~ ~ =) m m Al NN AN AN A ~-1000
[ 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 T T T T T T T T T T T 1
.0 10.5 10.0 9.5 9.0 8.5 80 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0



~1100
~1000

~900

800

700

~600

500

400

300

200

100

--100

S6'TT—

SE9T—

1862~
99'p7—
1292~
8’87 —"
9226~_
8T'PE~
espe~

1915~
LLyS—
28'85~_
9€ T~

07’89 —

£12aD 16'92
£1ad S.RW.
€0aD Tr'2L

LO0VIT—

8€ 22T~
1021
15921 —
08°82T —

19621~
B.oﬂ.\.
89 bET—

€901
ow.@EV.
80°6vT~"

v2'29T—"
Y9 ¥9T—"
P1'89T~—

28°€LT—

13C NMR, 125 MHz, CDCl;

230 220 210 200

170 160 140 120 110 100

180

190

-10

80 70 60 50 40 30 20 10

90

130

150

f1 (ppm)



o o o o o o o o o
o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o
N (e} LN < ™M [qV] — o o o o o o o o o o —
-~ .. .+ . . . e,y ¥ 2
<
£ET~_ — T19°€
9 T— = .
V' 1T—— ” w.vm
es1" 91°¢
181 .
€8T~ —_ R H/NOM
v 86'T
/8T
597
99°Z .
w@.NW _ |\M mmmom
02 e - .
i S6'T
€7
8¢
Ty #
T
8Tt
IR J
8Tt .
611 — 3 E86'T
26 €0'T
ey
2y - _ H\. .
ver _ o ¥ 04
Ve H = 4!
SEY H/.MOH
sey —
or'y .
o 0T
Y
s
05t 1
ISy
€5y
ey — J o001
59y L
99'p
99'%
95°g T
15°S Z
2L
vz'L
ST
ST
€202 922
0€'L
0L
€72 .
157 -_— — HHMNNN
6 90t
€L
€€,
ve'L
ve'L
672 .
o6t — ES0°¢
o
-
o O
5 @)
@)
= (@) -
o N
I
=
(e} o
[e] n O
o
0
S o
5 > =
X H

HiC
HyC

0.0

.0 10.5 10.0 9.5

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

85 80 75 70 6.5 6.0 55 50 4.5
f1 (ppm)

9.0



~1600
1500

~1400
~1300

~1200

~1100

~1000

~900

800

700
600
500
400
300
200
100

--100

S9'%¢
€T~

€1°9¢

wﬁ.omwn
98’ TE—
6L€E—

S8 8y —

9T ¥Ss—

v8'E9—
0£'99—
02°0L
mm.omW
6271,

€002 16'92~\

€1Dad 9T°2L—=
€12ad 1w

L¥'96—

76'80T ~—
08°60T—"

507221
¥82¢1 |/|

€8T~
25°8¢1
vm.mNH%
mm.mmﬁ

85 0VT—

86 LY T —

98991 —

CHs,

CHy
0

(0}

Ony,,,

O\\‘““

>

HsC

HsC

(0]

53
3C NMR, 125 MHz, CDCls;

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



g ~28000
—/ N TS N 26000
-24000
-22000
N ] / /] -20000
_ -18000
Prozapine
"H NMR, 500 MHz, CDCl;
~16000
-14000
-12000
-10000
-8000
-6000
I -4000
| | [
I -2000
| | - |
—0
7 T T T
~N< o < O 0 <
0 = < Qo < --2000
[coMa\| — < oA 0
f 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 T T T T T T T T T T T T T 1
.0 10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0

f1 (ppm)



~900

77.41 CDCI3
77.16 CDCI3
76.90 CDCI3

145.28
_~128.52
™-128.06
™~-126.17
_—56.56
—~-55.72
—49.16
—33.78
—28.40
—27.18

-850

e
N

800
750
;700
;650

~600

Prozapine

3C NMR, 125 MHz, CDCls; -550

500
450
;400
;350
;300
;250
;200
;150

| 100

~50

=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 T T T T T T T T T T T 1
>0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



35000

30000
25000
20000
15000
10000

~5000

Sgd
9¢°¢
8¢°¢
6€¢
[A3
eT'¢e
v1'€
v1°¢
ST°¢
9T°¢
10"V
€0y
14V %
90t
VAV %
80t
0€9
0€9
T€9
T€9
T€9
612
61/
0¢.
0¢.
1¢°.
1¢.
[aavi
(Vi
[aavi
ve.
vZ'.
SYavi
9¢'/
€1Ddo 9,
6L
6.
0€Z
(42
v1'8
v1°8
ST°8
ST'8

1

-

———————

|

o -l -l

] -

-

|

”

Phenpyramine
'"H NMR, 500 MHz, CDCl;

~—==1F00C

~———=1002

——%00'¢

60°¢
%mw%
€0y

——F00°¢

f1 (ppm)



~900
—800

~700

—600

~500

~400

—300

~200

—100

oo.mm\
8E'TV—
mo.mv/

€10dd Hm.om/

EDADSEE
€Nad 1v'LL

99°/0T—

12°9¢1
vaNHW
¥8°8¢1

8T ¥v1—

0Z2'0ST~ .

LZEST~

\

NH

Phenpyramine
3C NMR, 125 MHz, CDCl3

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

160

f1 (ppm)



~28000
~26000
~24000
~22000
~20000
~18000
~16000

~14000

~12000

~10000

~8000

~6000

4000
2000

--2000

122+
197

Nw.wvu [
m@.wn\.

S9Y

€12aD 922~
0€°Z
0€Z
AW
€€/
S€Z/ZA
9€°/
vl
€v'L
9v°L
A A
8v°'LA
8/
6v°L
082
0S°Z
182
182
4 WA
€S2
€S2
¥9'L
99/
SLL
9/°L
18°L
1872
88/
68°L
68°L
618
128

|
e

'"H NMR, 500 MHz, CDClj;

Sensipar

26'0]

7.5

8.0

.0 10.5 10.0 9.5

0.0

-1.0

-0.5

0.5

20 15 1.0

2.5

3.0

3.5

4.0

6.5 6.0 55 50 4.5
f1 (ppm)

7.0

8.5

9.0



~900

800
~700

~600

500

~400

300

200

~100

6L°€C—

90'2e—
6S°€E—

Sty —

¥6'€S—

€100 16'92
Rleh) S.RW
€1Dad Tr'2L

91’121
€27221
97221
6,221
18°221
L0°€2T
2eeeT
ST'SZT
8T'S2T
T2'S2T
v2'SZT
9'S2T

6'S2T

€851

68'52T

€€'LeT
S9°221
08'8¢T
mﬁ.mmﬁ/

SE0ET

09'0€T~=

S8°0€T
TT'TET
SP'TIET
06'TET
PT'PET

6ETYT—
YOEYT—

Sensipar
3C NMR, 125 MHz, CDCl3

-10

40 30 20 10

50

70

80

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)



-62.56

~18000

~17000
~15000 A

“ -16000

10000 -15000
CH, i

. -14000
Sensipar -

F NMR, 471 MHz, CDCls ~5000 -13000

| -12000
B . |

~11000

- 1 - 1 1 1T ™ 17 L 1
-62.2 -62.4 -62.6 -62.8 -63.0
f1 (ppm) 10000

~9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

~1000

~0

--1000

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 T T T T T T T T T T T T T T
0O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)



	Table of Contents

