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l. General Information

The following chemicals were purchased from commercial vendors and were used as received: Cu(OAc)2
(99.999% from Alfa Aesar); (R)-(-)-4,4'-bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-3,3'-bi(1,2-
methylenedioxybenzene) ((R)-DTBM-SEGPHOS) and (S)-(+)-4,4"-bis[di(3,5-di-tert-butyl-4-
methoxyphenyl)phosphino]-3,3'-bi(1,2-methylenedioxybenzene) ((S)-DTBM-SEGPHOS) (TCl),
dimethoxy(methyl)silane (TCI); 2-propanol-OD (Millipore Sigma); 2-propanol-ds (Acros Organic); ethanol
(Oakwood Chemical); tert-butyldimethylsilyl chloride (TBSCI); D20 (Oakwood Chemical).

Anhydrous tetrahydrofuran (THF) was purified by an MBRAUN solvent purification system (MB-SPS).
Prior to use, triethylamine (EtsN) was distilled over CaHz and stored over 3A molecular sieves.
Chloroform-d (CDCIs) was stored over 3A molecular sieves. Thin-layer chromatography (TLC) was
conducted with Silicycle silica gel 60A F254 pre-coated plates (0.25 mm) and visualized with UV, lodine
and KMnO; stains. Flash chromatography was performed using Silia Flash® P60, 40-60 um (230-400
mesh), purchased from Silicycle. For reactions that required heating (optimization, transfer hydrogenation
and deuteration reactions), a PolyBlock for 2 dram vials was used on top of a Heidolph heating/stir plate.

"H NMR spectra were recorded on a Varian 300 or 400 MHz spectrometer and are reported in ppm using
solvent as an internal standard (CDCls at 7.26 ppm). Data reported as: s = singlet, d = doublet, t = triplet,
q = quartet, p = pentet, sxt = sextet, hep = heptet, sep = septet, oct = octet, m = multiplet, br = broad;
coupling constant(s) in Hz; integration. '*C NMR spectra were recorded on a Varian 76 MHz or 101 MHz
spectrometer and are reported in ppm using solvent as an internal standard (CDCls at 77.16 ppm). '°F
NMR spectra were recorded on a Varian 376 MHz spectrometer. 2H NMR spectra were recorded on a
Varian 61 MHz spectrometer. Labeled solvent impurities were calculated out when reporting isolated
yields.

High-resolution mass spectra were obtained for all new compounds not previously reported using the
resources of the Chemistry Instrument Center (CIC), University at Buffalo, SUNY, Buffalo, NY.
Specifically, high resolution accurate mass analysis was conducted using the following instruments: 12T
Bruker SolariXR 12 Hybrid FTMS, provided through funding from the National Institutes of Health,

NIH S10 RR029517; a Thermo Q-Exactive Focus Orbitrap Liquid Chromatograph Tandem Mass
Spectrometer and a Thermo Q-Exactive Orbitrap Gas Chromatograph Tandem Mass Spectrometer,
provided through funding from the National Science Foundation, MRI-1919594.



Il. Optimization Studies
General procedure A for optimization studies in Table S1.

In a N2 filled glovebox, ligand, Cu catalyst (Cu:L = 1:1.1), and THF were added to an oven-dried 2-dram
vial followed by dropwise addition of dimethoxy(methyl)silane (123 L, 1 mmol, 5 eq.). A color change
from green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram
vial was added 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.), THF (0.1 mL), and 2-
propanol (37 uL, 0.48 mmol, 2.4 eq.). The solution in the 1-dram vial was added dropwise over 20
seconds to the 2-dram vial. The total volume of THF was calculated based on having a final reaction
concentration of 1M based on the alkyne substrate. The 2-dram vial was capped with a red pressure relief
cap, taken out of the glovebox, and stirred for 16 h at 60 °C at which point the reaction was filtered
through a 1” silica plug with 20 mL of Et2O or CH2Cl2 followed by an additional 80 mL of the appropriate
solvent to elute the crude product into a 200 mL round bottom flask. The solvent was removed by rotary
evaporation, and the product was analyzed by 'H NMR using 1,3,5-trimethylbenzene as an internal
standard. Yields for all entries were obtained by isolating the product after flash column chromatography if
greater than 5% NMR yield was observed for 2b in the crude 'H NMR.



Table S1. Reaction Optimization? N
H
4 Cu Catalyst,
OO Ligand (Cu:L = 1:1.1)
~0 i-PrOH (2.4 eq), THF (1 M)
1 HSiMe(OMe), (5 eq)
60 °C, 16 h

Entry Cu Catalyst (mol%)? Ligand Yield of 2a (%) Yield of 2b (%) RSM 1 (%)

1 Cu(OAc), (5) L1 11 trace® 48
2  Stryker's Reagent (5) N/A 53 trace® 6
3 Cu(OAc), (5) L2 5 trace® 82
4 Cu(OAc), (5) L3 8 trace® 75
5 Cu(OAc), (5) L4 11 trace® 72
6 Cu(OAc), (5) L5 12 trace® 49
7 Cu(OAc), (5) L6 30 49 45
8 Cu(OAc), (5) L7 0 989
9 Cu(OAc), (1) L7 3.5 g7d
10 Cu(OAc), (2) L7 0 919
11 N/A N/A 4 0¢ 86
12 Cu(OAc), (2) N/A 3 0° 80
13¢ Cu(OAc), (2) L7 0 95¢
141 Cu(OAc), (2) L7 0 93¢
PPh, Ph @/Pth
PPh; @—P—CuH ©: Phep~oPpn  Fe
Pen: Ph @Pth
(L1) DPPBz (L2) DPPE (L3) DPPF (L4)
Stryker’s reagent o)

o O PAr,
PPh, PPh, o PA,
PPh; PP, ¢ O

0

Ar = 3,5-(’Bu)2-4-MeO-CGH2
rac- BINAP (L5) R) SEGPHOS (L6)  (R)-DTBM-SEGPHOS (L7)

@Reactions were conducted using 0.2 mmol of substrate. °Cu(OAc), was used in the reactions as a
0.2 M solution in THF. ¢Yield was determined by "H NMR analysis of the crude reaction mixture, using
1,3,5-trimethylbenzene as an internal standard. 9Yield determined after purification by flash column
chromatography. ¢Poly(methylhydrosiloxane) (5 eq) was used instead of dimethoxy(methyl)silane.
Diethoxy(methyl)silane (5 eq) was used instead of dimethoxy(methyl)silane.




Entry 1. According to the general procedure A for optimization studies, a stirring solution of
triphenylphosphine L1 (5.8 mg, 0.022 mmol, 0.11 eq.), Cu(OAc)2 (50 pL of a 0.2 M solution in THF, 0.01
mmol, 0.05 eq.), and dimethoxy(methyl)silane (123 L, 1.0 mmol, 5 eq.) in THF (0.05 mL) was prepared,
and to this was added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-
propanol (37 uL, 0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after
which it was filtered through a silica plug with Et2O (20 mL) and eluted with Et2O (80 mL). The solvent
was removed by rotary evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-
trimethylbenzene as an internal standard, (11% 2a, trace 2b, 48% RSM 1).

Entry 2. According to the general procedure A for optimization studies, a stirring solution of
(triphenylphosphine)copper hydride hexamer (Stryker's Reagent) (3.3 mg, 0.0017 mmol, 0.00083 eq.),
and dimethoxy(methyl)silane (123 pL, 1.0 mmol, 5 eq.) in THF (0.1 mL) was prepared, and to this was
added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 pL,
0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was
filtered through a silica plug with Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by
rotary evaporation, and the crude product was analyzed by '"H NMR with 1,3,5-trimethylbenzene as an
internal standard (53% 2a, 2.5% 2b, 6% RSM 1).

Entry 3. According to the general procedure A for optimization studies, a stirring solution of 1,2-
bis(diphenylphosphino)benzene L2 (4.9 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL of a 0.2 M solution
in THF, 0.01 mmol, 0.05 eq.), and dimethoxy(methyl)silane (123 uL, 1.0 mmol, 5 eq.) in THF (0.05 mL)
was prepared, and to this was added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol,
1 eq.) and 2-propanol (37 pL, 0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h
at 60°C, after which it was filtered through a silica plug with Et2O (20 mL) and eluted with Et2O (80

mL). The solvent was removed by rotary evaporation, and the crude product was analyzed by 'H NMR
with 1,3,5-trimethylbenzene as an internal standard (5% 2a, trace 2b, 82% RSM 1).

Entry 4. According to the general procedure A for optimization studies, a stirring solution of 1,2-
bis(diphenylphosphino)ethane L3 (4.4 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL of a 0.2 M solution in
THF, 0.01 mmol, 0.05 eq.), and dimethoxy(methyl)silane (123 pL, 1.0 mmol, 5 eq.) in THF (0.05 mL) was
prepared, and to this was added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1

eq.) and 2-propanol (37 pL, 0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at
60°C, after which it was filtered through a silica plug with Et2O (20 mL) and eluted with Et2O (80 mL). The
solvent was removed by rotary evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-
trimethylbenzene as an internal standard (8% 2a, trace 2b, 75% RSM 1).

Entry 5. According to the general procedure A for optimization studies, a stirring solution of 1,1"-
bis(diphenylphosphino)-ferrocene L4 (6.1 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL ofa 0.2 M
solution in THF, 0.01 mmol, 0.05 eq.), and dimethoxy(methyl)silane (123 pL, 1.0 mmol, 5 eq.) in THF
(0.05 mL) was prepared, and to this was added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg,
0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction
stirred for 16 h at 60°C, after which it was filtered through a silica plug with Et2O (20 mL) and eluted with
Et20 (80 mL). The solvent was removed by rotary evaporation, and the crude product was analyzed by 'H
NMR with 1,3,5-trimethylbenzene as an internal standard (11% 2a, trace 2b, 72% RSM 1).

Entry 6. According to the general procedure A for optimization studies, a stirring solution of (+)-2,2'-
bis(diphenylphosphino)-1,1'-binaphthalene L5 (6.8 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL of a 0.2
M solution in THF, 0.01 mmol, 0.05 eq.), and dimethoxy(methyl)silane (123 pL, 1.0 mmol, 5 eq.) in THF
(0.05 mL) was prepared, and to this was added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg,
0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction
stirred for 16 h at 60°C, after which it was filtered through a silica plug with Et2O (20 mL) and eluted with
Et20 (80 mL). The solvent was removed by rotary evaporation, and the crude product was analyzed by 'H
NMR with 1,3,5-trimethylbenzene as an internal standard (12% 2a, trace 2b, 49% RSM 1).



Entry 7. According to the general procedure A for optimization studies, a stirring solution of (R)-(+)-5,5'-
bis(diphenylphosphino)-4,4'-bi-1,3-benzodioxole L6 (6.7 mg, 0.011 mmol, 0.055 eq.), Cu(OAc): (50 pL of
a 0.2 M solution in THF, 0.01 mmol, 0.05 eq.), and dimethoxy(methyl)silane (123 pL, 1.0 mmol, 5 eq.) in
THF (0.05 mL) was prepared, and to this was added a solution of 2-ethynyl-6-methoxynaphthalene (36.4
mg, 0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction
stirred for 16 h at 60°C, after which it was filtered through a silica plug with Et2O (20 mL) and eluted with
Et20 (80 mL). The solvent was removed by rotary evaporation, and the crude product was analyzed by 'H
NMR with 1,3,5-trimethylbenzene as an internal standard. The crude product was dry loaded onto silica
gel, and was purified by flash column chromatography using gradient elution (50 mL of hexane, 100 mL of
2% ethyl acetate in hexane, and 50 mL of 5% ethyl acetate in hexane) to yield a white solid (28.8 mg,
30% 2a, 4% 2b, 45% RSM 1).

Entry 8. According to the general procedure A for optimization studies, a stirring solution of (R)-(-)-5,5"-
bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole L7 (13.0 mg, 0.011 mmol,
0.055 eq.), Cu(OAc)2 (50 yL of a 0.2 M solution in THF, 0.01 mmol, 0.05 eq.), and
dimethoxy(methyl)silane (123 L, 1.0 mmol, 5 eq.) in THF (0.05 mL) was prepared, and to this was added
a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48
mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was filtered
through a silica plug with Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by rotary
evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-trimethylbenzene as an internal
standard. The crude product was dry loaded onto silica gel, and was purified by column chromatography
using gradient elution (50 mL of hexanes, 100 mL of 2% ethyl acetate in hexane, and 50 mL of 5% ethyl
acetate in hexane) to yield a white solid (36.4 mg, 0.195 mmol, 98% vyield).

Entry 9. According to the general procedure A for optimization studies, a stirring solution of (R)-(-)-5,5"-
bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole L7 (2.6 mg, 0.0022 mmol,
0.011 eq.), Cu(OAc)2 (10 pL of a 0.2 M solution in THF, 0.002 mmol, 0.01 eq.), and
dimethoxy(methyl)silane (123 L, 1.0 mmol, 5 eq.) in THF (0.09 mL) was prepared, and to this was added
a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48
mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was filtered
through a silica plug with Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by rotary
evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-trimethylbenzene as an internal
standard. The crude product was dry loaded onto silica gel, and was purified by column chromatography
using gradient elution (50 mL of hexane, 100 mL of 2% ethyl acetate in hexane, and 50 mL of 5% ethyl
acetate in hexane) to yield a white solid (33.8 mg, 3.5% 2a, 87% 2b).

Entry 10. According to the general procedure A for optimization studies, a stirring solution of (R)-(-)-5,5"-
bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole L7 (5.2 mg, 0.0044 mmol,
0.022 eq.), Cu(OAc)2 (20 yL of a 0.2 M solution in THF, 0.004 mmol, 0.02 eq.), and
dimethoxy(methyl)silane (123 L, 1.0 mmol, 5 eq.) in THF (0.08 mL) was prepared, and to this was added
a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48
mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was filtered
through a silica plug with Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by rotary
evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-trimethylbenzene as an internal
standard. The crude product was dry loaded onto silica gel, and was purified by column chromatography
using gradient elution (50 mL of hexane, 100 mL of 2% ethyl acetate in hexane, and 50 mL of 5% ethyl
acetate in hexane) to yield a white solid (33.8 mg, 0.182 mmol, 91% vyield).

Entry 11. According to the general procedure A for optimization studies, a stirring solution of
dimethoxy(methyl)silane (123 L, 1.0 mmol, 5 eq.) in THF (0.1 mL) was prepared, and to this was added
a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 uL, 0.48
mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was filtered
through a silica plug with Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by rotary
evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-trimethylbenzene as an internal
standard (4% 2a, 86% RSM 1).



Entry 12. According to the general procedure A for optimization studies, a stirring solution of (Cu(OAc):
(20 pL of a 0.2 M solution in THF, 0.004 mmol, 0.02 eq.) and dimethoxy(methyl)silane (123 pL, 1.0 mmol,
5 eq.) in THF (0.08 mL) was prepared, and to this was added a solution of 2-ethynyl-6-
methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 yL, 0.48 mmol, 2.4 eq.) in THF (0.1
mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was filtered through a silica plug with
Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by rotary evaporation, and the
crude product was analyzed by "H NMR with 1,3,5-trimethylbenzene as an internal standard (3% 2a, 80%
RSM 1).

Entry 13. According to the general procedure A for optimization studies, a stirring solution of (S)-(-)-5,5'-
bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole L7 (5.2 mg, 0.0044 mmol,
0.022 eq.), Cu(OAc)2 (20 pL of a 0.2 M solution in THF, 0.004 mmol, 0.02 eq.), and
poly(methylhydrosiloxane) (67 pL, 1.0 mmol, 5 eq.) in THF (0.08 mL) was prepared, and to this was
added a solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 pL,
0.48 mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was
filtered through a silica plug with Et2O (20 mL) and eluted with Et2O (80 mL). The solvent was removed by
rotary evaporation, and the crude product was analyzed by '"H NMR with 1,3,5-trimethylbenzene as an
internal standard. The crude product was dry loaded onto silica gel, and was purified by column
chromatography using gradient elution (50 mL of hexane, 100 mL of 2% ethyl acetate in hexane, and 50
mL of 5% ethyl acetate in hexane) to yield a white solid (35.4 mg, 0.19 mmol, 95% yield).

Entry 14. According to the general procedure A for optimization studies, a stirring solution of (S)-(-)-5,5'-
bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole L7 (5.2 mg, 0.0044 mmol,
0.022 eq.), Cu(OAc)2 (20 yL of a 0.2 M solution in THF, 0.004 mmol, 0.02 eq.), and
diethoxy(methyl)silane (160 pL, 1.0 mmol, 5 eq.) in THF (0.08 mL) was prepared, and to this was added a
solution of 2-ethynyl-6-methoxynaphthalene (36.4 mg, 0.2 mmol, 1 eq.) and 2-propanol (37 pL, 0.48
mmol, 2.4 eq.) in THF (0.1 mL) dropwise. The reaction stirred for 16 h at 60°C, after which it was filtered
through a silica plug with Et20 (20 mL) and eluted with Et2O (80 mL). The solvent was removed by rotary
evaporation, and the crude product was analyzed by 'H NMR with 1,3,5-trimethylbenzene as an internal
standard. The crude product was dry loaded onto silica gel, and was purified by column chromatography
using gradient elution (50 mL of hexane, 100 mL of 2% ethyl acetate in hexane, and 50 mL of 5% ethyl
acetate in hexane) to yield a white solid (34.7 mg, 0.186 mmol, 93% vyield).

lll. Transfer Hydrogenation Reaction Scope

General procedure for transfer hydrogenation (B)

In a N2 filled glovebox, (R or S)-DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 pL
of a 0.2 M solution in THF, 0.008 mmol, 0.02 eq.), and THF (0.16 mL) were added to an oven-dried 2-
dram vial followed by dropwise addition of dimethoxy(methyl)silane (247 yL, 2 mmol, 5 eq.). A color
change from green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-
dram vial was added the alkyne substrate (0.4 mmol, 1 eq.), THF (0.2 mL), and either ethanol or 2-
propanol (2.4-5 eq. based on substrate). The solution in the 1-dram vial was added dropwise over 20
seconds to the 2-dram vial. The total volume of THF was calculated based on having a final reaction
concentration of 1M based on the alkyne substrate. The 2-dram vial was capped with a red pressure relief
cap, taken out of the glovebox, and stirred for 9-24 h at the appropriate temperature at which point the
reaction was filtered through a 1” silica plug with 20 mL of Et2O followed by 80 mL of Et20 to elute the
remaining product into a 200 mL round bottom flask. After removing the Et2O by rotary evaporation, the
crude product was isolated by flash column chromatography.

General purification for alcohol containing substrates after transfer hydrogenation reaction (C)
The crude product was dissolved in THF (1.6 mL) and tetrabutylammonium fluoride (0.8 mL of 1.0 M in
THF solution, 2 eq.) was added. The reaction was stirred at room temperature for 1-2 hours until
complete by TLC analysis. Upon completion, reaction mixture was diluted with Et20 (10 mL) and
quenched with saturated aqueous NH4ClI (5 mL). The aqueous layer was extracted with Et2O (3 x 10 mL)
and the combined organic layers were washed with water (10 mL) and brine (10 mL), then dried over



anhydrous Na2SO4. The mixture was filtered, and the solvent was removed by rotary evaporation. The
crude product was purified by flash column chromatography to give the desired product.

Scheme S1. Transfer Hydrogenation Substrate Scope
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Ethyl Benzene [4a]. According to the general transfer hydrogenation procedure B, (S)-DTBM-SEGPHOS
(10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 pL of a 0.2 M solution in THF, 0.008 mmol, 0.02 eq.),
THF (0.16 mL), then dimethoxy(methyl)silane (247 yL, 2 mmol, 5 eq.) were combined in a 2-dram vial
followed by addition of a solution of ethynylbenzene (40.9 mg, 0.4 mmol, 1 eq.), THF (0.2 mL), and 2-
propanol (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red pressure relief cap, and the
reaction stirred for 10 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the eluent, the
solvent was concentrated, and 18.5 L of 1,3,5-trimethylbenzene was used as an internal standard to
determine the "H NMR crude yield (66% crude yield by '"H NMR).

'H NMR: (400 MHz, CDCls)
67.29(t, J=7.6Hz, 2H), 7.25-7.16 (m, 3H), 2.66 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H).

2-Ethylnaphthalene [4b]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 yL, 2 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of 2-ethynyl-napthalene (60.9 mg, 0.4 mmol, 1 eq.), THF (0.2
mL), and 2-propanol (74 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red pressure relief
cap, and the reaction stirred for 14 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the
eluent, the solvent was concentrated, and the crude brown oil was dry loaded onto a silica gel column.
Flash chromatography using 350 mL of hexanes as eluent gave the pure product as a clear, colorless oil
(45.8 mg, 0.29 mmol, 73% yield). The spectra for the title compound matched previously reported
spectra.’

'H NMR: (400 MHz, CDCls)
57.86 — 7.76 (m, 3H), 7.65 (s, 1H), 7.51 — 7.39 (m, 2H), 7.38 (d, J = 8.4 Hz, 1H), 2.84 (q, J = 7.6 Hz, 2H),
1.36 (t, J = 7.6 Hz, 3H).

13C NMR: (101 MHz, CDCls)
5141.9, 133.9, 132.1, 127.9, 127.7, 127.6, 127.2, 126.0, 125.7, 125.1, 29.20, 15.7.

S

2-Ethyl-9H-fluorene [4c]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 yL, 2 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of 2-ethynyl-9H-Fluorene (76.1 mg, 0.4 mmol, 1 eq.), THF (0.2
mL), and 2-propanol (74 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red pressure relief
cap, and the reaction stirred for 9 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the
eluent, the solvent was concentrated. The crude brown oil was dry loaded onto a silica gel column. Flash
chromatography using 100 mL of hexanes as eluent gave the pure product as a yellow solid (60.0 mg,
0.309 mmol, 77% vyield). The spectra for the title compound matched previously reported spectra.?

'H NMR: (400 MHz, CDCls)
57.77 (d, J = 7.6, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.56 — 7.52 (m, 1H), 7.42 — 7.34 (m, 2H), 7.31 — 7.26 (m,
1H), 7.25 — 7.21 (m, 1H), 3.89 (s, 2H), 2.75 (q, J = 7.6 Hz, 2H), 1.31 (t, J = 7.6 Hz, 3H).



13C NMR: (101 MHz, CDCls)
5 143.7, 143.3, 143.3, 141.9, 139.5, 126.8, 126.6, 126.3, 125.1, 124.7, 119.8, 119.7, 37.0, 29.2, 16.1.

4-Ethyl-1,1"-biphenyl [4d]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 pL, 2 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of 4-ethynyl-1,1’-Biphenyl (71.3 mg, 0.4 mmol, 1 eq.), THF
(0.2 mL), and 2-propanol (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red pressure
relief cap, and the reaction stirred for 9 h at 60 °C. After silica plug filtration using diethyl ether (100 mL)
as the eluent, the solvent was concentrated, and the crude brown oil was dry loaded onto a silica gel
column. Flash chromatography using 100 mL of hexanes as eluent gave the pure product as a clear,

yellow oil (57.5 mg, 0.316 mmol, 79% yield). The spectra for the title compound matched previously
reported spectra.’

'H NMR: (400 MHz, CDCls)
6 7.63-7.60 (m, 2H), 7.58 — 7.53 (m, 2H), 7.48 — 7.43 (m, 2H), 7.38 — 7.33 (m, 1H), 7.31 (d, J = 8.1 Hz,
2H), 2.73 (q, J = 7.6 Hz, 2H), 1.32 (t, J = 7.6 Hz, 3H).

13C NMR: (101 MHz, CDCls)
5 143.5, 141.4, 138.8, 128.8, 128.4, 127.2, 127.2, 127.1, 28.7, 15.7.

os

1-Ethyl-4-phenoxybenzene [4e]. According to the general transfer hydrogenation procedure B, (S)-
DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008
mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 uL, 2 mmol, 5 eq.) were combined in
a 2-dram vial followed by addition of a solution of 1-ethynyl-4-phenoxy-benzene (77.7 mg, 0.4 mmol, 1
eq.), THF (0.2 mL), and 2-propanol (74 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red
pressure relief cap, and the reaction stirred for 9 h at 60 °C. After silica plug filtration using diethyl ether
(100 mL) as the eluent, the solvent was concentrated, and the crude brown oil was dry loaded onto a
silica gel column. Flash chromatography using 100 mL of hexanes as eluent gave the pure product as a

clear, yellow oil (66.5 mg, 0.335 mmol, 84% yield). The spectra for the title compound matched previously
reported spectra.3

'H NMR: (400 MHz, CDCls)
57.37 — 7.30 (m, 2H), 7.18 (d, J = 8.5 Hz, 2H), 7.12 — 7.06 (m, 1H), 7.04 — 6.99 (m, 2H), 6.98 —6.94 (m,
2H), 2.66 (q, J = 7.6 Hz, 2H), 1.26 (t, J = 7.6 Hz, 3H).

13C NMR: (101 MHz, CDCls)
5 157.9, 155.0, 139.4, 129.8, 129.2, 123.0, 119.2, 118.6, 28.3, 15.9.

S
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1-Ethyl-4-methoxybenzene [4f]. According to the general transfer hydrogenation procedure B, (S)-
DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 pL of a 0.2 M solution in THF, 0.008
mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 uL, 2.0 mmol, 5 eq.) were combined
in a 2-dram vial followed by addition of a solution of 1-ethynyl-4-methoxybenzene (52.9 mg, 0.4 mmol, 1
eq.), THF (0.2 mL), and 2-propanol (153 pL, 2.0 mmol, 5 eq.). The 2-dram vial was capped with a red
pressure relief cap, and the reaction stirred for 12 h at 60 °C. After silica plug filtration using diethyl ether
(100 mL) as the eluent, the solvent was concentrated, and the crude colorless liquid was dry loaded onto
a silica gel column. Flash chromatography using 100 mL of hexanes as eluent gave the pure product as a
clear and colorless liquid (30.9 mg, 0.227 mmol, 57% yield). The spectra for the title compound matched
previously reported spectra.

'H NMR: (300 MHz, CDCls)
6712 (d, J=8.5Hz 2H), 6.84 (d, J = 8.5 Hz, 2H), 3.79 (s, 3H), 2.60 (q, J= 7.6 Hz, 2H), 1.22 (t, J=7.5
Hz, 3H).

13C NMR: (75 MHz, CDCls)
5 157.7, 136.5, 128.9, 113.9, 55.4, 28.1, 16.0.

AT

2-Ethyl-6-methoxynaphthlene [2b]. According to the general transfer hydrogenation procedure B, (S)-
DTBM-SEGPHOS (142.4 mg, 0.12 mmol, 0.022 eq.), Cu(OAc)2 (0.549 mL of a 0.2 M solution in THF,
0.11 mmol, 0.02 eq.), THF (2.5 mL), then dimethoxy(methyl)silane (3.39 mL, 27.45 mmol, 5 eq.) were
combined in a 20-dram vial followed by addition of a solution of 2-ethynyl-6-methoxynapthalene (1.0 g,
5.49 mmol, 1 eq.), THF (2.5 mL), and 2-propanol (1.01 mL, 13.18 mmol, 2.4 eq.). The 20-dram vial was
capped with a red pressure relief cap, and the reaction stirred for 15 h at 60 °C. After silica plug filtration
using diethyl ether (200 mL) as the eluent, the solvent was concentrated under vacuum. Purification by
flash chromatography using gradient elution (100 mL of hexanes, 200 mL of 5% of ethyl acetate in
hexanes, 500 mL of 8% ethyl acetate in hexanes) gave the pure product as a cream colored solid (0.97 g,
5.21 mmol, 95% yield). The spectra for the title compound matched previously reported spectra.’

'H NMR: (400 MHz, CDCls)

57.70 — 7.64 (m, 2H), 7.57 — 7.54 (m, 1H), 7.32 (dd, J = 8.4, 1.8 Hz, 1H), 7.15 — 7.09 (m, 2H), 3.91 (s,
3H), 2.78 (q, J = 7.6 Hz, 2H), 1.31 (t, J = 7.6, 3H).

13C NMR: (101 MHz, CDCls)

0 157.2, 139.6, 133.0, 129.3, 129.0, 127.7, 126.8, 125.6, 118.7, 105.8, 55.4, 29.0, 15.8.

SRR

1-((Benzyloxy)methyl)-4-ethylbenzene [4g]. According to the general transfer hydrogenation procedure
B, (S)-DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF,
0.008 mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (296 L, 2.4 mmol, 6 eq.) were
combined in a 2-dram vial followed by addition of a solution of 1- ethynyl- 4- [(phenylmethoxy) methyl] -
benzene (88.9 mg, 0.4 mmol, 1 eq.), THF (0.2 mL), and ethanol (61 pL, 1.04 mmol, 2.6 eq.). The 2-dram

vial was capped with a red pressure relief cap, and the reaction stirred for 18 h at 60 °C. After silica plug
filtration using diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the crude brown oil
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was dry loaded onto a silica gel column. Flash chromatography using gradient elution (75 mL of hexanes,
100 mL of 1% ethyl acetate in hexanes, 100 mL of 2% ethyl acetate in hexanes, 200 mL of 5% ethyl
acetate in hexanes) gave the pure product as a clear, yellow oil (58.5 mg, 0.26 mmol, 65% yield).

'H NMR: (400 MHz, CDCls)
5 7.43 —7.35 (m, 4H), 7.34 — 7.28 (m, 3H), 7.22 (d, J = 7.9 Hz, 2H), 4.57 (d, J = 7.6 Hz, 4H), 2.68 (q, J =
7.6 Hz, 2H), 1.26 (t, J = 7.6 Hz, 3H).

13C NMR: (101 MHz, CDCls)
5 143.9, 138.6, 135.6, 128.5, 128.1, 128.0, 127.9, 127.7, 72.2, 72.1, 28.8, 15.8.

ATR-IR (cm™):
3029, 2964, 2929, 2856, 1718, 1090, 1072.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C16H1sNaO 249.1250; Found 249.1257.

_0O

@)

Methyl 4-ethylbenzoate [4h]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 pL, 2 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of methyl 4-ethynylbenzoate (64.1 mg, 0.4 mmol, 1 eq.), THF
(0.2 mL), and 2-propanol (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red pressure
relief cap, and the reaction stirred for 22 h at 40 °C. After silica plug filtration using diethyl ether (100 mL)
as the eluent, the solvent was concentrated under vacuum. Purification by flash chromatography using
gradient elution (100 mL of hexanes, 200 mL of 10% of DCM in hexanes, 200 mL of 20% DCM in
hexanes, 200 mL of 30% DCM in hexanes) gave the pure product as a clear colorless liquid (47.0 mg,
0.286 mmol, 72% vyield). The spectra for the title compound matched previously reported spectra.’

'H NMR: (400 MHz, CDCls)

57.95(d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.1 Hz, 2H), 3.89 (s, 3H), 2.70 (q, J = 7.6 Hz, 2H), 1.25 (t, J= 7.6
Hz, 3H).

13C NMR: (101 MHz, CDCls)

0 167.3, 149.9, 129.8, 128.0, 127.8, 52.1, 29.1, 15.3.

o
o’/S\\O

N,N,4-Triethylbenzenesulfonamide [4i]. According to the general transfer hydrogenation procedure B,
(S)-DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc): (40 pL of a 0.2 M solution in THF,
0.008 mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 yL, 2 mmol, 5 eq.) were
combined in a 2-dram vial followed by addition of a solution of N, N-diethyl-4-ethynyl-benzenesulfonamide
(95 mg, 0.4 mmol, 1 eq.), THF (0.2 mL), and ethanol (56 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was
capped with a red pressure relief cap, and the reaction stirred for 20 h at 60 °C. After silica plug filtration
using diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the crude brown oil was dry
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loaded onto a silica gel column. Flash chromatography using gradient elution (100 mL of hexanes, 100
mL of 5% ethyl acetate in hexanes, 100 mL of 6% ethyl acetate in hexanes, 200 mL of 8% ethyl acetate
in hexanes, 200 mL of 10% ethyl acetate in hexanes, 200 mL of 12% ethyl acetate in hexanes) gave the
pure product as a clear, yellow oil (76.4 mg, 0.317 mmol, 79% yield). The spectra for the title compound
matched previously reported spectra.®

'H NMR: (400 MHz, CDCls)
57.70 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 3.21 (q, J = 7.2 Hz, 4H), 2.69 (q, J = 7.6 Hz, 2H), 1.24
(t, J = 7.6 Hz, 3H), 1.11 (t, J = 7.2 Hz, 6H).

13C NMR: (101 MHz, CDCls)
5 149.2, 137.7, 128.5, 127.2, 42.2, 28.8, 15.2, 14.3.

4-Ethylnitrobenzene [4j]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 yL, 2 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of methyl-4-ethynylnitrobenzene (58.9 mg, 0.4 mmol, 1 eq.),
THF (0.2 mL), and 2-propanol (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red
pressure relief cap, and the reaction stirred for 24 h at room temperature. After silica plug filtration using
diethyl ether (100 mL) as the eluent, the solvent was concentrated, under vacuum. Purification by flash
chromatography using gradient elution (100 mL of hexanes, 200 mL of 5% ethyl acetate in hexanes 200
mL of 10% of ethyl acetate in hexanes, 200 mL of 20% ethyl acetate in hexanes) gave the pure product
as a clear brown liquid (39.4 mg, 0.26 mmol, 65% yield). The spectra for the title compound matched
previously reported spectra.’

'H NMR: (400 MHz, CDCls)
58.13(d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 2.75 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H).
13C NMR: (101 MHz, CDCls)

0 152.2, 146.3, 128.7, 123.7, 29.0, 15.2.

5-Ethyl-1-tosyl-1H-indole [4k]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (13.0 mg, 0.011 mmol, 0.055 eq.), Cu(OAc):2 (50 pL of a 0.2 M solution in THF, 0.01 mmol,
0.05 eq.), THF (0.05 mL), then dimethoxy(methyl)silane (123 pL, 1.0 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of 5-ethynyl-1-tosyl-1H-indole (59.1 mg, 0.2 mmol, 1 eq.), THF
(0.1 mL), and 2-propanol (77 pL, 1.0 mmol, 5 eq.). The 2-dram vial was capped with a red pressure relief
cap, and the reaction stirred for 24 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the
eluent, the solvent was concentrated, and the crude brown liquid was dry loaded onto a silica gel column.
Flash chromatography using gradient elution (100 mL of 10% ethyl acetate in hexanes, 100 mL of 20%
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ethyl acetate in hexanes followed by 200 mL of 30% ethyl acetate in hexanes) gave the pure product as a
clear and colorless oil (36.1 mg, 0.12 mmol, 60% yield).

'H NMR: (400 MHz, CDC3)

57.90 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 3.6 Hz, 1H), 7.33 (s, 1H), 7.20 (d, J = 8.2
Hz, 2H), 7.16 (d, J = 8.5 Hz, 1H), 6.59 (d, J = 3.6 Hz, 1H), 2.70 (g, J = 7.6 Hz, 2H), 2.33 (s, 3H), 1.25 (t, J
= 7.6 Hz, 3H).

13C NMR: (101 MHz, CDCls)
5 144.9, 139.5, 135.5, 133.3, 131.1, 130.0, 126.9, 126.5, 125.1, 120.1, 113.4, 109.1, 28.8, 21.7, 16.1.

ATR-IR (cm™):
2962, 2926, 2873, 1596, 1367, 1130.

HRMS: (ESI*) m/z: [M+Na]" Calcd for C17H17NNaO2S 322.0872; Found 322.0882.

08

S

5-Ethylbenzo[b]thiophene [4]]. According to the general transfer hydrogenation procedure B, (S)-
DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008
mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 uL, 2 mmol, 5 eq.) were combined in
a 2-dram vial followed by addition of a solution of 5-ethynylbenzo[b]thiophene (63 mg, 0.4 mmol, 1 eq.),
THF (0.2 mL), and 2-propanol (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red
pressure relief cap, and the reaction stirred for 13 h at 60 °C. After silica plug filtration using diethyl ether
(100 mL) as the eluent, the solvent was concentrated under vacuum. Purification by flash

chromatography using gradient elution (100 mL of hexanes, 200 mL of 5% ethyl acetate in hexanes) gave
the pure product as a clear red oil (46.9 mg, 0.289 mmol, 72% yield).

'H NMR: (400 MHz, CDCls)

57.82 (d, J= 8.1 Hz, 1H), 7.69 — 7.66 (m, 1H), 7.43 (d, J = 5.4 Hz, 1H), 7.31 (dd, J = 5.4, 0.8 Hz, 1H),
7.24 (dd, J = 8.2, 1.7 Hz, 1H), 2.80 (g, J = 7.6 Hz, 2H), 1.33 (t, J = 7.6 Hz, 3H).

13C NMR: (101 MHz, CDCls)

0 140.6, 140.1, 137.3, 126.5, 125.1, 123.8, 122.4, 122.3, 29.0, 16.2.

ATR-IR (cm™):
2962, 2928, 2868, 1738, 808, 691.

HRMS: (EI*) m/z: [M]* Calcd for C10H10S 162.0503; Found 162.0496.

©/\AOH

3-Phenyl-1-propanol [4m]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 pL, 2.0 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of 3-phenyl-2-propyn-1-ol (52.9 mg, 0.4 mmol, 1 eq.), THF (0.2
mL), and 2-propanol (74 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red pressure relief
cap, and the reaction stirred for 18 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the
eluent, the solvent was concentrated. The clear crude oil was treated with tetrabutylammonium fluoride
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following the general procedure C. Flash chromatography using gradient elution (100 mL of hexanes, 100
mL of 5% ethyl acetate in hexanes, 100 mL of 10% ethyl acetate in hexanes, 200 mL of 15% ethyl
acetate in hexanes) gave the pure product as a clear and colorless oil (31 mg, 0.227 mmol, 57% yield).
The spectra for the title compound matched previously reported spectra.®

'H NMR (400 MHz, CDCls)
57.33—7.27 (m, 2H), 7.24 — 7.17 (m, 3H), 3.68 (t, J = 6.5 Hz, 2H), 2.72 (t, J =7.64 Hz, 2H), 1.95 — 1.86
(m, 2H), 1.64 (s, 1H).

13C NMR (101 MHz, CDCl3)
5 141.9, 128.5, 128.5, 126.0, 62.4, 34.3, 32.2.

OH

2-Naphthalenepropanol [4n]. According to the general transfer hydrogenation procedure B, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 pL, 2.0 mmol, 5 eq.) were combined in a 2-
dram vial followed by addition of a solution of 3-(2-Napthhalenyl)-2-propyn-1-ol (72.8 mg, 0.4 mmol, 1
eq.), THF (0.2 mL), and 2-propanol (74 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red
pressure relief cap, and the reaction stirred for 18 h at 60 °C. After silica plug filtration using diethyl ether
(100 mL) as the eluent, the solvent was concentrated. The clear crude oil was treated with
tetrabutylammonium fluoride following the general procedure C. Flash chromatography using gradient
elution (100 mL of hexanes, 100 mL of 5% ethyl acetate in hexanes, 200 mL of 10% ethyl acetate in
hexanes, 200 mL of 15% ethyl acetate in hexanes) gave the pure product as a white solid (56 mg, 0.30
mmol, 75% yield). The spectra for the title compound matched previously reported spectra.®

'H NMR (400 MHz, CDCls)
57.85—7.74 (m, 3H), 7.65 (s, 1H), 7.50 — 7.40 (m, 2H), 7.36 (d, J = 8.4 Hz, 1H), 3.72 (t, J = 6.4 Hz, 2H),
2.89 (t, J = 7.6 Hz, 2H), 2.03 — 1.93 (m, 2H), 1.76 (s, 1H).

13C NMR (75 MHz, CDCls)
5 139.4, 133.7, 132.1, 128.1, 127.7, 127.5, 127.4, 126.5, 126.0, 125.3, 62.3, 34.1, 32.3.

\ /
K

(3-([1,1'-Biphenyl]-4-yl)propoxy)(tert-butyl)dimethylsilane [40]. According to the general transfer
hydrogenation procedure B, (S)-DTBM-SEGPHOS (8.0 mg, 0.0068 mmol, 0.022 eq.), Cu(OAc)2 (31 uL of
a 0.2 M solution in THF, 0.0628 mmol, 0.02 eq.), THF (0.12 mL), then dimethoxy(methyl)silane (191 pL,
1.55 mmol, 5 eq.) were combined in a 2-dram vial followed by addition of a solution of ((3-([1,1'-biphenyl]-
4-yl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane (100 mg, 0.31 mmol, 1 eq.), THF (0.15 mL), and 2-
propanol (119 uL, 1.55 mmol, 5 eq.). The 2-dram vial was capped with a red pressure relief cap, and the
reaction stirred for 10 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the eluent, the
solvent was concentrated. Flash chromatography using gradient elution (100 mL of hexanes, 100 mL of
2% ethyl acetate in hexanes, 100 mL of 5% ethyl acetate in hexanes gave the pure product as a white
crystalline solid (71 mg, 0.217 mmol, 70% yield).

'H NMR: (400 MHz, CDCls)
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57.59 (d, J=7.2 Hz, 2H), 7.52 (d, J = 8.2 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.36 — 7.30 (m, 1H), 7.30 —
7.26 (m, 2H), 3.68 (t, J = 6.3 Hz, 2H), 2.76 — 2.70 (m, 2H), 1.95 — 1.83 (m, 2H), 0.93 (s, 9H), 0.08 (s, 6H).

13C NMR: (75 MHz, CDCls)
5 141.6, 141.3, 138.8, 129.0, 128.8, 127.2, 127.1, 127.1, 62.5, 34.6, 31.9, 26.1, 18.5, -5.1.

FT-IR (thin film, cm™):
2930, 2925, 2854, 1250, 1098, 1077.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C21H30NaOSi 349.1958; Found 349.1968.

Fj@MOH

F

3,4-Difluorobenzenepropanol [4p]. According to the general transfer hydrogenation procedure B, (S)-
DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008
mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 uL, 2.0 mmol, 5 eq.) were combined
in a 2-dram vial followed by addition of a solution of 3,4-difluorobenzenepropynol (67.3 mg, 0.4 mmol, 1
eq.), THF (0.2 mL), and 2-propanol (74 pL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped with a red
pressure relief cap, and the reaction stirred for 19 h at 60 °C. After silica plug filtration using diethyl ether
(100 mL) as the eluent, the solvent was concentrated. The clear crude oil was treated with
tetrabutylammonium fluoride following the general procedure C. Flash chromatography using gradient
elution (100 mL of hexanes, 100 mL of 5% ethyl acetate in hexanes, 100 mL of 10% ethyl acetate in
hexanes, 200 mL of 15% ethyl acetate in hexanes) gave the pure product as a clear oil (39.0 mg, 0.227
mmol, 57% yield).

'H NMR (400 MHz, CDCls)
57.10 —6.95 (m, 2H), 6.92 — 6.86 (m, 1H), 3.66 (q, J = 5.9 Hz, 2H), 2.67 (t, J = 7.4, 2H), 1.90 — 1.81 (m,
2H), 1.31 (s, TH).

13C NMR (101 MHz, CDCls)
5 150.8 (dd, J = 144.6, 12.6 Hz), 148.3 (dd, J = 142.6, 12.7 Hz), 138.9 (dd, J = 5.5, 3.9 Hz), 124.3 (dd, J =
6.0, 3.5 Hz), 117.2 (d, J = 16.6 Hz), 117.1 (d, J = 16.8 Hz), 61.9, 34.1, 31.3.

"F NMR (376 MHz, CDCls)
0 -138.53, -142.39.

ATR-IR (cm™):
3319, 2934, 2868, 1717, 1510, 1209, 1116, 1048.

HRMS: (ESI*) m/z: [M+H]* Calcd for CoH11OF2 173.0778; Found 173.0780.

OH
\/O

O
Ethyl-4-(-3-hydroxypropyl)benzoate [4q]. According to the general transfer hydrogenation procedure B,
(S)-DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 puL of a 0.2 M solution in THF,
0.008 mmol, 0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane (247 pL, 2.0 mmol, 5 eq.) were
combined in a 2-dram vial followed by addition of a solution of ethyl-4-(-3-hydroxypropynyl)benzoate (81.8
mg, 0.4 mmol, 1 eq.), THF (0.2 mL), and 2-propanol (73.9 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was
capped with a red pressure relief cap, and the reaction stirred for 18 h at 60 °C. After silica plug filtration
using diethyl ether (100 mL) as the eluent, the solvent was concentrated. The clear crude oil was treated
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with tetrabutylammonium fluoride following the general procedure C. Flash chromatography using
gradient elution (100 mL of hexanes, 100 mL of 5% ethyl acetate in hexanes, 100 mL of 10% ethyl
acetate in hexanes, 200 mL of 15% ethyl acetate in hexanes) gave the pure product as a clear yellow oil
(51 mg, 0.244 mmol, 61% yield).

'H NMR (400 MHz, CDCls)
57.95(d, J = 8 Hz, 2H), 7.25 (d, J = 7.7 Hz, 2H), 4.35 (q, J = 7 Hz, 2H), 3.66 (t, J = 6.3 Hz, 2H), 2.76 (t, J
=8, 2H), 1.90 (p, 2H), 1.65 (s, 1H), 1.37 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3)
5 166.8, 147.5, 129.8, 128.5, 128.2, 62.0, 60.9, 33.9, 32.2, 14.4.

ATR-IR (cm™):
3412, 2986, 2933, 2873, 1713, 1610, 1272, 1102, 1041, 1020.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C12H1sNaOs 231.0992; Found 231.0999.

D

@)

(8R,9S,13S,14S)-3-Ethyl-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane] [4r]. According to the general
procedure B, (S)-DTBM-SEGPHOS (5.7 mg, 0.00486 mmol, 0.022 eq.), Cu(OAc)2 (22 yL of a 0.2 M
solution in THF, 0.0044 mmol, 0.02 eq.), THF (0.1 mL), then dimethoxy(methyl)silane (136 uL, 1.1 mmol,
5 eq.) were combined in a 2-dram vial followed by addition of a solution of (8R,9S,13S,14S)-3-(ethynyl)-
13-methyl-6,7,8,9,11,12,13,14,15,16 decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane]
(71.3 mg, 0.22 mmol, 1 eq.), THF (0.1 mL), and 2-propanol (85 uL, 1.1 mmol, 5 eq.). The 2-dram vial was
capped with a red pressure relief cap, and the reaction stirred for 19 h at 60 °C. After silica plug filtration
using dichloromethane as the eluent (100 mL), the solvent was concentrated, and the crude brown oil
was dry loaded onto a silica gel column. Flash chromatography using gradient elution (100 mL of
hexanes, 100 mL of 3% ethyl acetate in hexanes, 100 mL of 5% ethyl acetate in hexanes, 100 mL of 8%
ethyl acetate in hexanes, 200 mL of 9% ethyl acetate in hexanes, 100 mL of 10% ethyl acetate in
hexanes) gave the pure product as a clear, yellow oil (56.2 mg, 0.172 mmol, 78% yield).

'H NMR (400 MHz, CDCls)
57.25 (d, J= 7.9 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.95 (s, 1H), 4.02 — 3.86 (m, 4H), 2.94 — 2.80
(m, 2H), 2.60 (q, J = 7.6 Hz, 2H), 2.41 — 2.23 (m, 2H), 2.11 — 2.00 (m, 1H), 1.96 — 1.73 (m, 4H),
1.71=1.60 (m, 1H), 1.59 — 1.30 (m, 5H), 1.24 (t, J = 7.6 Hz, 3H), 0.90 (s, 3H).

13C NMR (101 MHz, CDCls)

0 141.6, 137.8, 136.7, 128.6, 125.5, 125.3, 119.6, 65.4, 64.7, 49.6, 46.3, 44.1, 39.1, 34.4, 30.9,
29.7,28.4,27.2,26.1,22.5, 15.8, 14.5.

ATR-IR (cm™):
2965, 2933, 2872, 1735, 1693, 1610, 1103, 1040.

HRMS: (ESI*) m/z: [M+H]* Calcd for C22H3102 327.2319; Found 327.2329.
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(R)-6-Ethyl-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chromane [4s]. According to the general
procedure B, (S)-DTBM-SEGPHOS (13 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 pL of a 0.2 M solution
in THF, 0.01 mmol, 0.05 eq.), THF (0.05 mL), then dimethoxy(methyl)silane (99 pL, 0.8 mmol, 4 eq.) were
combined in a 2-dram vial followed by addition of a solution of (R)-6-ethynyl-2,8-dimethyl-2-((4R,8R)-
4,8,12-trimethyltridecyl)chromane (82.1 mg, 0.2 mmol, 1 eq.), THF (0.1 mL), and 2-propanol (77 uL, 1.0
mmol, 5 eq.). The 2-dram vial was capped with a red pressure relief cap, and the reaction stirred for 16 h
at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the eluent, the solvent was
concentrated, and the crude colorless liquid was dry loaded onto a silica gel column. Flash
chromatography using gradient elution (100 mL of hexanes followed by 200 mL of 2% ethyl acetate in
hexanes) gave the pure product as a clear and colorless liquid (51.2 mg, 0.124 mmol, 62% yield).

'H NMR: (400 MHz, CDCls)
5 6.80 (s, 1H), 6.73 (s, 1H), 2.80 — 2.66 (m, 2H), 2.53 (q, J = 7.6 Hz, 2H), 2.15 (s, 3H), 1.87 — 1.68 (m,
2H), 1.62 — 1.47 (m, 3H), 1.46 — 1.01 (m, 24H), 0.92 — 0.81 (m, 12H).

13C NMR: (101 MHz, CDCls)

0 150.2, 134.5, 128.0, 126.1, 126.0, 120.3, 75.9, 40.4, 39.5, 37.6, 37.6, 37.4, 33.0, 32.9, 31.5, 28.1, 28.1,
25.0,24.6,24.5,22.9,22.8, 22.5, 21.2, 19.9, 19.8, 16.2, 16.1.

ATR-IR (cm™):
2957, 2924, 2854, 1733, 1598, 1220, 1151.

HRMS: (ESI*) m/z: [M+H]* Calcd for C29H510 415.3934; Found 415.3946.
IV. Transfer Deuteration Reaction Scope

Procedure for the synthesis of dimethoxy(methyl)silane-d

D, (1 atm)
Pt(PPhg), (1 mol%)
(MeO),MeSiH (MeO),MeSiD  (S7)
hexane, 60 'C

56% vyield, 295% D inc.
94 mmol scale 5.67g isolated

The procedure was adapted from a previously reported method.'® To an oven-dried 500 mL Schlenk flask
equipped with a Teflon stir bar in a N2 filled glovebox was added the Pt(PPhs)s (1.17 g, 0.941 mmol, 0.01
eq.), dimethoxy(methyl)silane (11.6 mL, 94.1 mmol, 1 eq.), and 5.0 mL of degassed anhydrous hexanes.
The Schlenk flask was sealed with a rubber septa and removed from the glovebox, connected to a
manifold line, and cooled to -78 °C. A single freeze-pump-thaw cycle was performed, and the Schlenk
flask was backfilled with D2 gas from a D2 purged balloon at room temperature. The flask was sealed with
parafilm and heated to 60 °C. After 2 hours, the reaction was cooled to room temperature and then a
single freeze-pump-thaw was performed again, backfilling with D2 gas. The process was repeated 6 times
or until the '"H NMR showed 295% D incorporation. It is important to maintain a N2 (g) inert atmosphere
while obtaining a minimal quantity of sample for '"H NMR analysis.

The solution was purified through a distillation apparatus; the set up consisted of a flame-dried 25 mL
round-bottom receiving flask and a cannula. The 25 mL round-bottom receiving flask was flame-dried,
and then filled with N.. Once the receiving flask reached room temperature, the cannula was inserted,
maintaining positive pressure, and tightly sealed with parafilm to prevent condensation from

entering. Upon confirmation of positive N2 flow, the open end of the cannula was inserted into the Schlenk
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reaction flask. The 25 mL round-bottom receiving flask was cooled to -78 "C and closed to the manifold
line, and then the Schlenk flask was heated to 80 °C. The heat initiated the distillation of the
dimethoxy(methyl)silane-d and the hexane through the cannula which were trapped in the cold 25 mL
round-bottom receiving flask. Vacuum was also applied to the 25 mL round-bottom receiving flask to
promote this process. Once all of the silane and hexane were trapped in the 25 mL round-bottom
receiving flask, the flask was removed from the heat and the manifold was closed to vacuum line while
the 25 mL round-bottom receiving flask warmed to room temperature. Under positive nitrogen flow, the
cannula was removed from the 25 mL round-bottom receiving flask, while keeping it inserted in the
Schlenk reaction flask. The 25 mL round-bottom receiving flask was tightly sealed with Parafilm, and
stored in the -4 °C freezer. The final product was in a solution of hexane, and the molarity was calculated
by 'H NMR using 1,3,5-trimethylbenzene as an internal standard, and used for the transfer deuteration
reactions (5.67 g in a 5.29 M hexane solution, 52.9 mmol, 56% yield).

*Note: it is important to monitor that the end of the cannula does not get clogged by frozen solvent/silane.
If this occurs, remove the Schlenk reaction flask from heat and close manifold to vacuum line. Warm the
25 mL round-bottom receiving flask until the solids on the tip of the cannula melt, and then distillation can
be resumed.

General procedure for transfer deuteration. (D)

In a N2 filled glovebox, (R or S)-DTBM-SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 pL
of a 0.2 M solution in THF, 0.008 mmol, 0.02 eq.), and THF (0.16 mL) were added to an oven-dried 2-
dram vial followed by dropwise addition of dimethoxy(methyl)silane-d in hexanes (2 mmol, 5 eq.). A color
change from green/blue to orange was observed while stirring for 15 minutes. In a separate 1-dram vial
was added the alkyne substrate (0.4 mmol, 1 eq.), THF (0.2 mL), and either 2-propanol-OD or 2-
propanol-ds (2.4-5 eq. based on substrate). The solution in the 1-dram vial was added dropwise over 20
seconds to the 2-dram vial. The total volume of THF was calculated based on having a final reaction
concentration of 1M based on the alkyne substrate. The 2-dram vial was capped with a red pressure relief
cap, taken out of the glovebox, and stirred for 13-24 h at 60 °C at which point the reaction was filtered
through a 1” silica plug with 20 mL of Et.O followed by 80 mL of Et20 to elute the remaining product into a
200 mL round bottom flask. After removing the Et20 by rotary evaporation, the crude product was isolated
by flash chromatography.

Method for calculating deuterium incorporation at each labeled carbon of each substrate:

In the "H NMR spectra, if both benzylic and homobenzylic peaks were clearly visible and no overlap with
other peaks was observed, then the deuterium incorporation was calculated from the integration of the
protonated peak. If overlap of other peaks or overlap with an impurity such as water or grease was
observed in the homobenzylic region of the "H NMR spectra, a 2H NMR spectra was obtained. The ratio
of the two peaks that appear in the ?H NMR spectra was correlated to the calculated deuterium
incorporation at the benzylic peak in the '"H NMR spectra.

*2-propanol-ds was used due to a 2-propanol-OD backorder from the supplier during COVID-19.
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Scheme S2. Transfer Deuteration Substrate Scope

Cu(OAC), (2 mol%)
(R or S)-DTBM-SEGPHOS 2 2 mol%) w
i-PrOD (2.4-5 eq), THF (1 M)

R'= D or alkyl DSiMe(OMe), (4-6 eq)
30, 5aj 60 °C, 13-24 h 6a-k®

D. DI88] D D[95] D[91]

um O
6a, 73%> 194 6b, 71% [9” 6c, 81%) [92]

D D[95 D. D[92] D[94]

\/Ej)Qﬁ EtzN. m

[93] // \\ [94]

6e, 76%" 6f 88%P
D[95]

Tss 78%b.¢ 6h, 69%P

D_ DI[91]

[90

6j, 77%P
D" "D[93]

aDeuterium incorporation measured by "H NMR and/or 2H NMR. ?2-propanol-dg used and found to be
equally effective as i-PrOD. °5 mol% Cu(OAc), and 5.5 mol% DTBM SEGPHOS used. Reaction run
for 38 h.

1-Butyl-4-(ethyl-ds)benzene [6a]. According to the general procedure D, (S)-DTBM-SEGPHOS (5.2 mg,
0.0044 mmol, 0.022 eq.), Cu(OAc)2 (20 yL of a 0.2 M solution in THF, 0.004 mmol, 0.02 eq.), THF (0.08
mL), then dimethoxy(methyl)silane-d (0.17 mL of a 5.9 M solution in hexanes, 1.0 mmol, 5 eq.) were
combined in a 2-dram vial followed by addition of a solution of 1-butyl-4-(ethynyl-d)benzene (31.8 mg, 0.2
mmol, 1 eq.), THF (0.1 mL), and 2-propanol-ds (77 uL, 1.0 mmol, 5 eq.). The 2-dram vial was capped with
a red pressure relief cap, and the reaction stirred for 17 h at 60 °C. After silica plug filtration using diethyl
ether (100 mL) as the eluent, the solvent was concentrated, and the crude yellow liquid was dry loaded
onto a silica gel column. Flash chromatography using 200 mL of hexanes as eluent gave the pure product
as a colorless oil (24.4 mg, 0.146 mmol, 73% yield).

'H NMR: (400 MHz, CDCls)

07.12 (s, 4H), 2.62 — 2.57 (m, 2.24H due to overlap of two benzylic sites), 1.65 -1.55 (m, 2H), 1.43 —
1.31 (m, 2H), 1.19 (br s, integration not determined due to overlap with grease), 0.94 (t, J = 7.3 Hz, 3H).
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2H NMR: (61 MHz, CHCls)
0 2.58 (brs, 1.76D), 1.19 (br s, 2.82D).

13C NMR: (101 MHz, CDCls)
5 141.4, 140.2, 128.5, 127.8, 35.4, 34.0, 28.3 — 27.2 (m), 22.6, 15.5 — 14.6 (m), 14.1.

ATR-IR (cm™):
2956, 2927, 2857, 2222, 2079, 1514.

HRMS: (EI*) m/z: [M]* Calcd for C12H13Ds 168.1722; Found 167.1716.

2-(Ethyl-ds)naphthalene [6b]. According to the general procedure D, (S)-DTBM-SEGPHOS (10.4 mg,
0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol, 0.02 eq.), THF (0.16
mL), then dimethoxy(methyl)silane-d (0.38 mL of 5.3 M solution in hexanes, 2 mmol, 5 eq.) were
combined in a 2-dram vial followed by addition of a solution of 2-(ethynyl-d)naphthalene (61.2 mg, 0.4
mmol, 1 eq.), THF (0.2 mL), and 2-propanol-OD (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped
with a red pressure relief cap, and the reaction stirred for 21 h at 60 °C. After silica plug filtration using
diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the crude brown oil was dry
loaded onto a silica gel column. Flash chromatography using 350 mL of hexanes as eluent gave the pure
product as a clear, yellow oil (46.0 mg, 0.285 mmol, 71% yield).

"H NMR: (400 MHz, CDCl3)
07.85-7.75(m, 3H), 7.64 (s, 1H), 7.51 — 7.40 (m, 2H), 7.37 (d, J = 8.4, 1H), 2.80 (br s, 0.11H), 1.30 (br
s, integration not determined due to overlap with grease).

2H NMR: (61 MHz, CHCl3)
52.80 (br's, 1.89D), 1.31 (br s, 2.72D).

13C NMR: (101 MHz, CDCls)
5 141.9, 133.9, 132.1, 127.9, 127.7, 127.6, 127.2, 126.0, 125.7, 125.1, 29.0 — 27.7 (m), 15.5 — 13.9 (m).

FT-IR (thin film, cm™):
2961, 2922, 2851, 2221, 1508, 1462.

HRMS: (EI*) m/z: [M]* Calcd for C12H7Ds 161.1253; Found 161.1247.

D D

D
D
~0 OO D

2-(Ethyl-ds)-6-methoxynaphthalene [6¢]. According to the general procedure D, (R)-DTBM-SEGPHOS
(5.2 mg, 0.0044 mmol, 0.022 eq.), Cu(OAc)2 (20 yL of a 0.2 M solution in THF, 0.004 mmol, 0.02 eq.),
THF (0.08 mL), then dimethoxy(methyl)silane-d (0.17 mL of a 5.9 M solution in hexanes, 1.0 mmol, 5 eq.)
were combined in a 2-dram vial followed by addition of a solution of 2-(ethynyl-d)-6-methoxynaphthalene
(36.6 mg, 0.2 mmol, 1 eq.), THF (0.10 mL), and 2-propanol-ds (77 uL, 1.0 mmol, 5 eq.). The 2-dram vial
was capped with a red pressure relief cap, and the reaction stirred for 17 h at 60 °C. After silica plug
filtration using diethyl ether (100 mL) as the eluent, the solvent was concentrated and the crude colorless
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solid was dry loaded onto a silica gel column. Flash chromatography using elution (50 mL of hexanes,
200 mL of 2% ethyl acetate in hexanes) gave the pure product as a white solid (31.0 mg, 0.162 mmol,
81% yield).

'H NMR: (400 MHz, CDCls)
07.72-7.67 (m, 2H), 7.58 (d, J= 0.9 Hz, 1H), 7.34 (dd, J = 8.4, 1.7 Hz, 1H), 7.17 - 7.12 (m, 2H), 3.93
(s, 3H), 2.77 (br s, 0.18H), 1.29 (br s, integration not determined due to overlap with grease).

2H NMR: (61 MHz, CHCls)
52.77 (br s, 1.82D), 1.30 (br s, 2.77D).

13C NMR: (101 MHz, CDCls)
5 157.2, 139.5, 133.0, 129.3, 129.0, 127.7, 126.8, 125.6, 118.7, 105.7, 55.4, 28.6 — 27.7 (m), 15.2 — 14.5

(m).

ATR-IR (cm™):
2961, 2938, 2838, 2218, 2062, 1161.

HRMS: (ESI*) m/z: [M+H]* Calcd for C13sH10Ds0 192.1436; Found 192.1426.

D D

D

Cﬂ D
S

4-(Ethyl-ds)-1,1'-biphenyl [6d]. According to the general procedure D, (S)-DTBM-SEGPHOS (10.4 mg,
0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol, 0.02 eq.), THF (0.16
mL), then dimethoxy(methyl)silane-d (0.51 mL of 3.9 M solution in hexanes, 2 mmol, 5 eq.) were
combined in a 2-dram vial followed by addition of a solution of 4-ethynyl-d-1,1’-biphenyl (71.6 mg, 0.4
mmol, 1 eq.), THF (0.2 mL), and 2-propanol-OD (74 uL, 0.96 mmol, 2.4 eq.). The 2-dram vial was capped
with a red pressure relief cap, and the reaction stirred for 13 h at 60 °C. After silica plug filtration using
diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the crude brown oil was dry
loaded onto a silica gel column. Flash chromatography using 350 mL of hexanes as eluent gave the pure
product as a clear, yellow oil (51.6 mg, 0.276 mmol, 69% yield).

"H NMR (400 MHz, CDCls)
07.68—-7.59 (m, 2H), 7.59 — 7.52 (m, 2H), 7.50 — 7.42 (m, 2H), 7.40 — 7.33 (m, 1H), 7.33 — 7.29 (m, 2H),
2.70 (br s, 0.10H), 1.27 (br s, integration not determined due to overlap with grease).

2H NMR: (61 MHz, CHCls)
6 2.70 (br s, 1.90D), 1.28 (br s, 2.87D).

13C NMR (75 MHz, CDCls)
5 143.5, 141.3, 138.7, 128.8, 128.4, 127.2, 127.2, 127.1, 28.6 — 27.0 (m), 15.7 — 14.1 (m).

ATR-IR (cm™):
3054, 3028, 2936, 2221, 2067.

HRMS: (EI*) m/z: [M+H]* Calcd for C14HsDs 187.1409; Found 187.1404.

D. D

SUNSRT
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1-((Benzyloxy)methyl)-4-(ethyl-ds)benzene [6e]. According to the general procedure D, (S)-DTBM-
SEGPHOS (5.2 mg, 0.0044 mmol, 0.022 eq.), Cu(OAc)2 (20 puL of a 0.2 M solution in THF, 0.004 mmol,
0.02 eq.), THF (0.08 mL), then dimethoxy(methyl)silane-d (0.20 mL of a 5.9 M solution in hexanes, 1.2
mmol, 6 eq.) were combined in a 2-dram vial followed by addition of a solution of 1-((benzyloxy)methyl)-4-
(ethynyl-d)benzene (45 mg, 0.2 mmol, 1 eq.), THF (0.1 mL), and 2-propanol-ds (77 pL, 1.0 mmol, 5 eq.).
The 2-dram vial was capped with a red pressure relief cap, and the reaction stirred for 18 h at 60 °C. After
silica plug filtration using diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the
crude brown oil was dry loaded onto a silica gel column. Flash chromatography using gradient elution (50
mL of hexanes, 100 mL of 3% ethyl acetate in hexanes, 200 mL of 5% ethyl acetate in hexanes) gave the
pure product as a colorless oil (35.0 mg, 0.151 mmol, 76% yield).

"H NMR: (400 MHz, CDCl3)
07.42—-7.35(m, 4H), 7.34 — 7.29 (m, 3H), 7.22 (d, J = 8.1 Hz, 2H), 4.58 (s, 2H), 4.56 (s, 2H), 2.64 (br s,
0.17H), 1.21 (br s, integration not determined due to overlap with grease).

2H NMR: (61 MHz, CHCls)
52.64 (br s, 1.83D), 1.22 (br s, 2.78D).

13C NMR: (101 MHz, CDCls)
5 143.8, 138.5, 135.6, 128.5, 128.1, 128.0, 127.9, 127.7, 72.1, 72.1, 28.4 — 27.3 (m), 15.5 — 14.3 (m).

ATR-IR (cm™):
3029, 2853, 2222, 2081, 1615, 1090, 1071.

HRMS: (ESI*/FTICR) m/z: [M+Na]* Calcd for C1sH13DsNaO 254.1564; Found 254.1570.

D

77\

N,N-Diethyl-4-(ethyl-ds)benzenesulfonamide [6f]. According to the general procedure D, (S)-DTBM-
SEGPHOS (10.4 mg, 0.0088 mmol, 0.022 eq.), Cu(OAc)2 (40 uL of a 0.2 M solution in THF, 0.008 mmol,
0.02 eq.), THF (0.16 mL), then dimethoxy(methyl)silane-d (0.38 mL of 5.3 M solution in hexanes, 2 mmol,
5 eq.) were combined in a 2-dram vial followed by addition of a solution of N,N-diethyl-4-(ethynyl-
d)benzenesulfonamide (95 mg, 0.4 mmol, 1 eq.), THF (0.2 mL), and 2-propanol-ds (153 uL, 2.0 mmol, 5
eq.). The 2-dram vial was capped with a red pressure relief cap, and the reaction stirred for 24 h at 60 °C.
After silica plug filtration using diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the
crude brown oil was dry loaded onto a silica gel column. Flash chromatography using gradient elution
(100 mL of hexanes,100 mL 4% ethyl acetate in hexane, 300 mL of 8% ethyl acetate in hexanes) gave
the pure product as a clear, yellow oil (86.1 mg, 0.35 mmol, 88% yield).

"H NMR (400 MHz, CDCls)
07.68 (d, J=8.3 Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 3.19 (q, J = 7.2 Hz, 4H), 2.63 (br s, 0.12H), 1.16 (br s,
integration not determined due to overlap with grease), 1.09 (t, J = 7.2 Hz, 6H).

2H NMR: (61 MHz, CHCl3)
52.63 (brs, 1.88D), 1.17 (br s, 2.83D).

13C NMR (101 MHz, CDCl3)
5 149.0, 137.6, 128.4, 127.1, 42.1, 32.3 — 31.6 (m), 28.5 — 27.4 (m), 14.2.

ATR-IR (cm™):
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2976, 2936, 2870, 2225, 2079, 1332, 1150.

HRMS: (ESI*/FTICR) m/z: [M+Na]* Calcd for C12H14DsNNaO2S 269.1343; Found 269.1351.

D D
y D
D
N D
(0]
\\S/
S0

5-(Ethyl-d5)-1-tosyl-1H-indole [6g]. According to the general procedure D, (S)-DTBM-SEGPHOS (13.0
mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL of a 0.2 M solution in THF, 0.01 mmol, 0.05 eq.), THF (0.05
mL), then dimethoxy(methyl)silane-d (0.17 mL of a 5.9 M solution in hexanes, 1.0 mmol, 5 eq.) were
combined in a 2-dram vial followed by addition of a solution of 5-(ethynyl-d)-1-tosyl-1H-indole (59.3 mg,
0.2 mmol, 1 eq.), THF (0.1 mL), and 2-propanol-ds (77 pL, 1.0 mmol, 5 eq.). The 2-dram vial was capped
with a red pressure relief cap, and the reaction stirred for 24 h at 60 °C. After silica plug filtration using
diethyl ether (100 mL) as the eluent, the solvent was concentrated, and the crude brown liquid was dry
loaded onto a silica gel column. Flash chromatography using gradient elution (100 mL of hexanes, 100
mL of 5% ethyl acetate in hexanes, 200 mL of 10% ethyl acetate in hexanes) gave the pure product as a
colorless oil (47.7 mg, 0.156 mmol, 78% yield).

"H NMR: (400 MHz, CDCl3)

07.90(d,J=8.5Hz 1H), 7.76 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 3.6 Hz, 1H), 7.33 (d, J = 1.4 Hz, 1H), 7.20
(d, J=8.4 Hz, 2H), 7.16 (dd, J = 8.5, 1.4 Hz, 1H), 6.60 (d, J = 3.6 Hz, 1H), 2.66 (br s, 0.18H), 2.32 (s,
3H), 1.20 (br s, integration not determined due to overlap with grease).

2H NMR: (61 MHz, CHCls)
52.66 (br s, 1.82D), 1.21 (br s, 2.84D).

13C NMR: (101 MHz, CDCls)
5144.9, 139.4, 135.4, 133.3, 131.1, 129.9, 126.9, 126.5, 125.1, 120.1, 113.4, 109.1, 28.5 — 27.4 (m),
21.7, 15.9 — 14.6 (m).

ATR-IR (cm™):
3038, 2922, 2221, 2081, 1367, 1130.

HRMS: (ESI*/FTICR) m/z: [M+Na]* Calcd for C17H12DsNNaO2S 327.1186; Found 327.1195.

D_ D \ /
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tert-Butyldimethyl(3-phenylpropoxy-2,2,3,3-ds)silane [6h]. According to the general procedure D, (R)-
DTBM-SEGPHOS (7.8 mg, 0.0066 mmol, 0.022 eq.), Cu(OAc)2 (30 uL of a 0.2 M solution in THF, 0.006
mmol, 0.02 eq.), THF (0.12 mL), then dimethoxy(methyl)silane-d (0.28 mL, 1.5 mmol, 5.3 M solution in
hexanes, 5 eq.) were combined in a 2-dram vial followed by addition of a solution of ((3-(phenyl)prop-2-
yn-1-yl)oxy)(tert-butyl)dimethylsilane (73.8 mg, 0.3 mmol, 1 eq.), THF (0.15 mL), and 2-propanol-ds (115
ML, 1.5 mmol, 5.0 eq.). The 2-dram vial was capped with a red pressure relief cap, and the reaction stirred
for 19 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the eluent, the solvent was
concentrated, and the crude brown oil was dry loaded onto a silica gel column. Flash chromatography
using gradient elution (100 mL of hexanes) gave the pure product as a clear and colorless oil (53.0 mg,
0.208 mmol, 69% vyield).
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'H NMR (300 MHz, CDCls)
57.38 - 7.26 (m, 2H), 7.22 — 7.19 (m, 3H), 3.65 (s, 2H), 2.67 (br s, 0.11H), 1.83 (br s, 0.16H), 0.94 (s,
9H), 0.08 (s, 6H).

3C NMR (75 MHz, CDCls)
0 142.3, 128.6, 128.4, 125.8, 62.4, 34.5 — 33.1 (m), 32.2 — 30.7 (m), 26.1, 18.5, -5.1.

ATR-IR (cm™):
2928, 2894, 2856, 2211, 2116, 1085.

HRMS: (ESI*) m/z: [M+H]* Calcd for C1sH23D4OSi 255.2082; Found 255.2072.

D_ D \ /
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(3-([1,1'-Biphenyl]-4-yl)propoxy-2,2,3,3-ds)(tert-butyl)dimethylsilane [6i]. According to the general
procedure D, (S)-DTBM-SEGPHOS (8 mg, 0.0068 mmol, 0.022 eq.), Cu(OAc)2 (31 uL of a 0.2 M solution
in THF, 0.0062 mmol, 0.02 eq.), THF (0.13 mL), then dimethoxy(methyl)silane-d (0.29 mL, 1.55 mmol,
5.3M solution in hexanes, 5 eq.) were combined in a 2-dram vial followed by addition of a solution of ((3-
([1,1'-biphenyl]-4-yl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane (100 mg, 0.31 mmol, 1 eq.), THF (0.15
mL), and 2-propanol-OD (119 pL, 1.55 mmol, 5 eq.). The 2-dram vial was capped with a red pressure
relief cap, and the reaction stirred for 24 h at 60 °C. After silica plug filtration using diethyl ether (100 mL)
as the eluent, the solvent was concentrated. Flash chromatography using gradient elution (100 mL of
hexanes, 100 mL of 2% ethyl acetate in hexanes, 100 mL of 5% ethyl acetate in hexanes gave the pure
product as a white crystalline solid (89 mg, 0.27 mmol, 87% yield).

'H NMR: (400 MHz, CDCls)

5 7.64 —7.59 (m, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.46 (t, J = 8.4 Hz, 2H), 7.38 — 7.32 (m, 1H), 7.32 — 7.27
(m, 2H), 3.69 (s, 2H), 2.73 (br s, 0.08 H), 1.88 (t, J = 6.6 Hz, 0.13 H), 0.96 (d, J = 2.6 Hz, 9H), 0.11 (d, J =
1.3 Hz, 6H).

13C NMR: (101 MHz, CDCls)

6 141.5, 141.3, 138.8, 129.0, 128.8, 127.2, 127.1, 127.1, 62.4, 34.3 — 33.2 (m), 31.5 - 30.7 (m), 26.1,
18.5, -5.1.

ATR-IR (cm™):
2953, 2926, 2854, 2203, 2115, 1251, 1110, 1065.

HRMS: (ESI*/FTICR) m/z: [M + Na]* Calcd for C21H26D4sNaOSi 353.2209; Found 353.2219.

D

D \ /
F O,Si\’<
D D
F

tert-Butyl(3-(3,4-difluorophenyl)propoxy-2,2,3,3-ds)dimethylsilane [6j]. According to the general
procedure D, (S)-DTBM-SEGPHOS (5.2 mg, 0.0044 mmol, 0.022 eq.), Cu(OAc)2 (20 yL ofa 0.2 M
solution in THF, 0.004 mmol, 0.02 eq.), THF (0.08 mL), then dimethoxy(methyl)silane-d (0.14 mL of a 5.9
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M solution in hexanes, 0.8 mmol, 4 eq.) were combined in a 2-dram vial followed by addition of a solution
of 1-((benzyloxy)methyl)-4-(ethynyl-d)benzene (56.5 mg, 0.2 mmol, 1 eq.), THF (0.1 mL), and 2-propanol-
ds (77 pL, 1.0 mmol, 5 eq.). The 2-dram vial was capped with a red pressure relief cap, and the reaction
stirred for 24 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the eluent, the solvent
was concentrated, and the crude colorless oil was dry loaded onto a silica gel column. Flash
chromatography using gradient elution (100 mL of hexanes followed by 200 mL of 1% ethyl acetate in
hexanes) gave the pure product as a clear and colorless oil (44.6 mg, 0.154 mmol, 77% yield).

'H NMR: (400 MHz, CDCls)
5 7.08 — 6.95 (m, 2H), 6.90 — 6.85 (m, 1H), 3.60 (s, 2H), 2.61 (br s, 0.19H), 1.76 (br s, 0.20H), 0.91 (s,
9H), 0.05 (s, 6H).

13C NMR: (75 MHz, CDCls)

5 150.3 (dd, J = 247.1, 12.6 Hz), 148.8 (dd, J = 245.1, 12.6 Hz), 139.3 (dd, J = 4.3 Hz), 124.3 (dd, J = 5.7,
3.5 Hz), 117.3 (d, J = 16.6 Hz), 117.0 (d, J = 16.9 Hz), 61.9, 34.2 — 32.8 (m), 31.3 — 30.1 (m), 26.1, 18.5, -
5.2.

F NMR: (376 MHz, CDCls)
5 -138.80, -142.71.

ATR-IR (cm™):
2955, 2929, 2857, 2211, 2119, 1607, 1518, 1254, 1087.

HRMS: (ESI*) m/z: [M+H]* Calcd for C1sH21D4F20Si 291.1894; Found 291.1881.

(8R,9S,13S,14S)-3-(Ethyl-ds)-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane] [6k]. According to the general
procedure D, (R)-DTBM-SEGPHOS (5.2 mg, 0.0044 mmol, 0.022 eq.), Cu(OAc)2 (20 yL of a 0.2 M
solution in THF, 0.004 mmol, 0.02 eq.), THF (0.08 mL), then dimethoxy(methyl)silane-d (0.19 mL of 5.3 M
solution in hexanes, 1 mmol, 5 eq.) were combined in a 2-dram vial followed by addition of a solution of
(8R,9S,13S,14S)-3-(ethynyl-d)-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane] (64.6 mg, 0.2 mmol, 1 eq.), THF (0.1
mL), and 2-propanol-OD (77 uL, 1.0 mmol, 5 eq.). The 2-dram vial was capped with a red pressure relief
cap, and the reaction stirred for 38 h at 60 °C. After silica plug filtration using diethyl ether (100 mL) as the
eluent, the solvent was concentrated, and the crude brown oil was dry loaded onto a silica gel column.
Flash chromatography using gradient elution (100 mL of hexanes,100 mL of 3% ethyl acetate in hexane,
100 mL of 5% ethyl acetate in hexanes, 100 mL of 8% ethyl acetate in hexanes, 200 mL of 9% ethyl
acetate in hexanes, 100 mL of 10% ethyl acetate in hexanes) gave the pure product as a clear, yellow oil
(48.7 mg, 0.147 mmol, 74% yield).

'H NMR (400 MHz, CDCls)
57.25(d, J=8.0 1H), 7.01 (d, J = 8.0, 1H), .95 (s, 1H), 4.08 — 3.83 (m, 4H), 2.92 — 2.83 (m,
2H), 2.58 (br s, 0.15H), 2.41 — 2.24 (m, 2H), 2.11 — 2.00 (m, 1H), 1.96 — 1.74 (m, 4H), 1.71 — 1.61
(m, 1H), 1.60 — 1.30 (m, 5H), 1.20 (br s, 0.20H), 0.90 (s, 3H).

2H NMR: (61 MHz, CHCl3)
52.58 (brs, 1.85D), 1.21 (br s, 2.80D).
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13C NMR (101 MHz, CDCls)
5 141.5, 137.8, 136.7, 128.6, 125.5, 125.3, 119.6, 65.4, 64.7, 49.6, 46.3, 44.1, 39.1, 34.4, 30.9,

29.7,28.1-27.4 (m), 27.2, 26.1, 22.5, 15.5 - 14.2 (m), 14.5.

ATR-IR (cm™):
2966, 2936, 2872, 2221, 2075, 1700, 1610, 1103, 1042.

HRMS: (ESI*) m/z: [M + Na]* Calcd for C22H2sDsNaO2 354.2452; Found 354.2462.
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V. Synthesis of Alkyne Substrates

General TBS protection of internal alkynes (E)

To a flame-dried round bottom flask was added the alcohol substrate (2.5 mmol, 1 eq.), dry DCM (7.5 mL)
followed by imidazole (340 mg, 5.0 mmol, 2 eq.) and ftert-butyldimethylsilyl chloride (414 mg, 2.75 mmol,
1.1 eq.). The reaction was stirred at room temperature overnight. Upon completion, the reaction mixture
was quenched with water (20 mL) and extracted with diethyl ether (2 x 15 mL). The combined organic
layers were washed with brine (15 mL) and dried over anhydrous Na2SO4. The mixture was filtered, and
the solvent was removed by rotary evaporation. The crude product was purified by flash column
chromatography to give the desired TBS protected alcohol.

General Sonogashira Coupling for the synthesis of internal alkynes™! (F)

To a flame-dried round bottom flask under N2 was added triethylamine (15 mL), which was degassed for
10 minutes. The aryl halide (3.0 mmol, 1 eq.), Pd(PPhs)2Cl2 (42 mg, 0.06 mmol, 0.02 eq.) and Cul (23 mg,
0.12 mmol, 0.04 eq.) were then sequentially added at room temperature. The mixture was stirred for 10
minutes followed by the addition of propargyl alcohol (3.3 mmol, 1.1 eq.). After 16 h of stirring at room
temperature, the reaction was quenched with water (10 mL) and extracted with ethyl acetate (3 x 15 mL).
The organic layers were washed with water (4 x 10 mL) and then dried over anhydrous Na2S0Oa. The
mixture was filtered, and the solvent was removed by rotary evaporation. The crude product was purified
by flash column chromatography to give the desired aryl substituted propargyl alcohol.

General Aryl Finkelstein procedure'? (G)

In a N2 filled glovebox, a 25 mL dry Schlenk tube was charged with Cul (46.1 mg, 0.242 mmol, 0.05 eq.),
aryl bromide compound (4.83 mmol, 1 eq.), and Nal (1.45g, 9.66 mmol, 2 eq.), followed by addition of
trans-N,N’-dimethyl-1,2-cyclohexane diamine (0.076 mL, 0.483 mmol, 0.1 eq.) and anhydrous dioxane
(4.83 mL). The Schlenk tube was equipped with a cold finger condenser, sealed and removed from the
glovebox. The reaction was stirred at reflux in an oil bath under N2 for 24 hours. Upon completion, the
reaction was cooled to room temperature and was quenched with ammonia aqueous solution (prepared
by diluting 0.5 mL of 0.5 M NHa/dioxane solution in 40 mL of water). The aqueous layer was then
extracted with CH2Cl2 (3 x 15 mL). The combined organic layers were washed with water (1 x 20 mL),
dried over anhydrous Na>2SOys, filtered, and concentrated under vacuum. The crude product was purified
by column chromatography to give the desired aryl iodide.
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Scheme S3: Synthesis of 1-((benzyloxy)methyl)-4-ethynylbenzene
2 NaBH, 2 NaH, BnBr Z
H MeOH, 0°C HO THF, reflux ©\/O
=
HO

4-Ethynylbenzyl alcohol

To a flame dried 500 mL round bottom flask equipped with a Teflon stir bar was added 4-
ethynylbenzaldehyde (3.94 g, 30.3 mmol, 1 eq.), NaBH4 (2.29 g, 60.6 mmol, 2 eq.), and anhydrous
methanol (235 mL). Reaction was stirred in ice bath until completion, monitored by TLC. Upon
completion, the reaction was quenched with saturated NaHCO3 aqueous solution and extracted with
CH2Cl2 (4 x 100 mL). The combined organic layers were washed with water, dried over Na2SO4, and
concentrated under vacuum. Excess solvent was removed by vacuum, and pure product was afforded as
a yellow solid (3.38 g, 25.6 mmol, 85% yield). The spectra for the title compound matched previously
reported spectra.'®

'H NMR (400 MHz, CDCls)
5 7.49 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.70 (s, 2H), 3.07 (s, 1H), 1.75 (s, 1H).

.

1-((Benzyloxy)methyl)-4-ethynylbenzene [3g]

The benzyl protection was performed using a procedure adapted from the literature 4, a flame dried 300
mL round bottom flask was equipped with a Teflon stir bar and to this was added 4-ethynylbenzyl alcohol
(1.0 g, 7.57 mmol, 1 eq.), THF (7.8 mL), and NaH (60% dispersion in mineral oil) (0.303 g, 7.57 mmol, 1
eq.). Reaction was heated to reflux in an oil bath for 30 minutes, then cooled to room temperature. Benzyl
bromide (0.89 mL, 7.5 mmol, 0.99 eq.) was added, and reaction was heated to reflux for 48 hours.
Reaction was monitored by TLC and when reaction reached completion, reaction was cooled to room
temperature followed by addition of water (10 mL). Solvent was removed by rotary evaporation, and 3M
KOH was added into the round bottom flask until pH = 12 was reached. The crude reaction mixture was
transferred to a separatory funnel with DCM and extracted with DCM (3 x 10 mL). The combined organic
layers were washed with brine (2 x 10 mL), dried over anhydrous Na>SO4, and concentrated under
vacuum. Crude product was dry loaded onto a column, and the pure product was purified by flash column
chromatography with elution gradient (100 mL of hexanes, 200 mL of 10% ethyl acetate in hexanes, 400
mL of 25% ethyl acetate in hexanes), the title compound was afforded as a colorless oil (1.15 g, 5.17
mmol, 68% yield). The spectra for the title compound matched previously reported spectra.'®

'H NMR (400 MHz, CDCls)
5 7.49 (d, J = 8.1 Hz, 2H), 7.39 — 7.28 (m, 7H), 4.56 (s, 2H), 4.55 (s, 2H), 3.07 (s, 1H).
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Scheme S4: Synthesis of N,N-diethyl-4-ethynylbenzenesulfonamide |
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N,N-Diethyl-4-iodobenzenesulfonamide

To a flame-dried round bottom flask was added pyridine (11 mL) and 4-iodo-benzenesulfonylchloride (2.0
g, 6.6 mmol, 1 eq.), followed by addition of diethyl amine (0.75 mL, 7.27 mmol, 1.1 eq.) in THF (4 mL).
The reaction flask was cooled over an ice bath and was added 4-DMAP (4-dimethylaminopyridine) (6.5
mg, 0.053 mmol, 0.008 eq.). The reaction was then warmed to room temperature and stirred for 48 hours.
Reaction was monitored by TLC and upon completion, the mixture was poured into water (30 mL). The
resulting precipitate was collected by vacuum filtration and rinsed with water (2 x 10 mL). The solid was
dissolved in ethyl acetate (15 mL) and washed with 5% HCI (3 x 10 mL), water (2 x 10 mL), and brine (10
mL). The ethyl acetate solution was dried over anhydrous Na2SO4 and concentrated under vacuum. The
crude product was dry loaded onto a column, and the pure product was eluted out through flash column
chromatography (200 mL of hexanes, 300 mL of 5% ethyl acetate in hexanes, 300 mL of 10% ethyl
acetate in hexanes, 300 mL of 15% ethyl acetate in hexanes, and 300 mL of 20% ethyl acetate in
hexanes) to afford the pure product (1.40 g, 4.14 mmol, 63% yield). The spectra for the title compound
matched previously reported spectra.'®

'H NMR (300 MHz, CDCls)
067.74 (d, J=8.6 Hz, 2H), 7.41 (d, J = 8.6 Hz, 2H), 3.10 (q, J = 7.2 Hz, 4H), 0.99 (t, J = 7.2 Hz, 6H).
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N,N-Diethyl-4-trimethylsilylethynylbenzenesulfonamide
Under N2 atomosphere, to a stirred solution of N,N-diethyl-4-iodo-benzenesulfonamide (1.40 g, 4.14
mmol, 1 eq.) in degassed triethylamine (7 mL) was added Pd(PPhs)2Cl2 (58 mg, 0.083 mmol, 0.02 eq.)
and Cul (39 mg, 0.21 mmol, 0.05 eq.) at room temperature. The mixture was then stirred for 10 minutes
followed by the addition of trimethylsilyl acetylene (0.86 mL, 6.21 mmol, 1.5 eq.). Reaction was stirred at
60 °C in an oil bath overnight, and upon completion, was quenched with water (10 mL) and extracted with
diethyl ether (3 x 15 mL). The combined organic layers were washed with 1 M HCI (100 mL) and water (4
x 10 mL), dried over anhydrous Na>SOx, filtered, and concentrated under vacuum. The crude product was
purified by flash column chromatography (100 mL of hexanes, 200 mL of 5% ethyl acetate in hexanes,
300 mL of 10% ethyl acetate in hexanes, 200 mL of 20% ethyl acetate in hexanes) to afford the pure
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orange solid product. Quantitative yield was assumed, and product was taken immediately to the TMS-
deprotection step.

"H NMR (300 MHz, CDCls)
07.72 (d, J=8.5Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 3.21 (q, J= 7.2 Hz, 4H), 1.09 (t, J = 7.2 Hz, 6H), 0.24
(s, 9H).

Z
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N,N-Diethyl-4-ethynylbenzenesulfonamide [3i].

The mixture of the TMS-protected sulfonamide (1.28 g, 4.14 mmol, 1 eq.), KOH (4.55 mL of 1 M aqueous
solution, 4.55 mmol, 1.1 eq.), and MeOH (26 mL) were stirred at room temperature for 14 hours. The
reaction progress was monitored by TLC. Upon completion, the reaction mixture was diluted with water
(10 mL) and extracted with Et2O (3 x 15 mL). The combined organic layers were washed with 1 M HCI (20
mL), water (20 mL) and brine (20 mL), dried over anhydrous Na2SOs, and filtered. The solvent was then
removed by rotary evaporation. The crude product was dry loaded onto a column, and purified by flash
column chromatography (100 mL of hexanes, 200 mL of 5% ethyl acetate in hexanes, 800 mL of 10%
ethyl acetate in hexanes, 200 mL of 20% ethyl acetate in hexanes) to afford the pure orange solid product
(703 mg, 2.96 mmol, 72% yield). The spectra for the title compound matched previously reported
spectra.'’

'H NMR: (400 MHz, CDCls)
07.74 (d, J =83 Hz, 2H), 7.57 (d, J = 8.2 Hz, 2H), 3.27 — 3.17 (m, 5H), 1.10 (t, J = 7.2 6H).

Scheme S5: Synthesis of 5-ethynyl-1-tosyl-1H-indole
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5-Ethynyl-1-tosyl-1H-indole [3k]. Following a previously reported method, from 5-iodo-1-tosyl-1H-indole
(0.863 g, 2.17 mmol), the title compound was obtained as a yellow solid (0.492 g, 1.67 mmol, 77% yield).
The spectra for the title compound matched previously reported spectra.'®

"H NMR: (300 MHz, CDCl3)

07.96 (d, J=8.6 Hz, 1H), 7.75 (d, J = 8.3 Hz, 2H), 7.67 (d, J= 1.4 Hz, 1H), 7.59 (d, J = 3.7 Hz, 1H), 7.44
(dd, J = 8.6, 1.4 Hz, 1H), 7.19 (d, J = 8.3 Hz, 2H), 6.61 (d, J = 3.7, 1H), 3.05 (s, 1H), 2.29 (s, 3H).

Scheme S6: Synthesis of ((3-([1,1'-biphenyl]-4-yl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane
\ /
O/Si
| PdCIy(PPhg),, Cul TBSCl, imidazole // \K
/©/ propargyl aIcohoI dry CH,Cl,
Ph EtsN Ph
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((3-([1,1"-Biphenyl]-4-yl)prop-2-yn-1-yl)). Synthesized according to the general procedure F from 4-

iodo-1,1’-biphenyl (1.00 g, 3.57 mmol), the title compound was obtained as a light yellow solid (633 mg,
3.04 mmol, 85%). The spectra for the title compound matched previously reported spectra.’®

'H NMR (300 MHz, CDCls)
0 7.63 —7.48 (m, 6H), 7.45 (t, 2H), 7.40 — 7.32 (m, 1H), 4.53 (d, J = 6.2, 2H), 1.66 (t, J = 6.1 Hz, 1H).

((3-([1,1'-Biphenyl]-4-yl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane [30]. Following the general
procedure E, the alcohol substrate (500 mg, 2.4 mmol, 1 eq.) in dry DCM (7.5 mL) followed by imidazole
(327 mg, 4.8 mmol, 2 eq.) and tert-butyldimethylsilyl chloride (398 mg, 2.64 mmol, 1.1 eq.). Purified

with flash column chromatography using gradient elution (100 mL of hexanes, 100 mL of 3% ethyl acetate
in hexanes, 300 mL of 5% of ethyl acetate in hexanes), the title compound was obtained as a light yellow

solid (633 mg, 1.96 mmol, 82% yield). The spectra for the title compound matched previously reported
spectra.?®

\ /
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Z O\K

'H NMR (400 MHz, CDCls)
57.61—7.56 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.44 (t, J = 7.7 Hz, 2H), 7.36 (t, J
= 7.4 Hz, 1H), 4.57 (s, 2H), 0.95 (s, 9H), 0.19 (s, 6H).

13C NMR (75 MHz, CDCls)
5 141.1, 140.4, 132.1, 128.9, 127.7, 127.1, 127.0, 122.0, 88.7, 84.8, 52.4, 26.0, 18.5, -4.9.

Scheme S7: Synthesis of tert-butyl((3-(3,4-difluorophenyl)prop-2-yn-1-yl)oxy)dimethylsilane
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3-(3,4-Difluorophenyl)-2-propyn-1-ol [3p]. Following the general procedure F, Pd(PPh3)2Cl2 (117 mg,
0.167 mmol, 0.02 eq.) and Cul (63 mg, 0.33 mmol, 0.04 eq.) were sequentially added to a solution of 1,2-
difluoro-4-iodobenzene (2.0 g, 8.34 mmol, 1 eq.) in degassed triethylamine (42 mL) under nitrogen at
room temperature. To the reaction mixture was added propargyl alcohol (0.53 mL, 9.17 mmol, 1.1 eq.).
The reaction mixture was stirred for 22 hr. Crude product was purified with flash chromatography using
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gradient elution (100 mL of hexanes, 100 mL of 5% ethyl acetate in hexanes, 100 mL of 10% of ethyl
acetate in hexanes, 400 mL of 15% of ethyl acetate in hexanes), 3u was obtained as a clear dark yellow
oil (0.959 g, 5.70 mmol, 68.4% yield).

'H NMR (400 MHz, CDCls)
57.25—7.18 (m, 1H), 7.17 — 7.12 (m, 1H), 7.11 = 7.03 (m, 1H), 4.47 (s, 2H), 2.34 (br s, 1H).

13C NMR (75 MHz, CDCls)
5 152.1 (dd, J = 58.5, 12.8 Hz), 148.7 (dd, J = 55.8, 12.7 Hz), 128.5 (dd, J = 6.5, 3.6 Hz), 119.5 (dd, J =
7.6, 4.2 Hz), 121.1 - 116.9 (m), 87.9, 83.7, 51.5.

"F NMR (376 MHz, CDCls)
5 -135.60, -137.11.

ATR-IR (cm™): 3321, 2927, 2866, 2232, 1734, 1512, 1216, 1167.

HRMS: (EI*) m/z: [M]" Calcd for CoHeOF2 168.0400; Found 168.0380.
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tert-Butyl((3-(3,4-difluorophenyl)prop-2-yn-1-yl)oxy)dimethylsilane [5i]. According to the general
procedure E, from alcohol 3u (0.330g, 1.96 mmol) the title compound was obtained as a clear and
colorless oil (0.47 g, 1.66 mmol, 85% yield).

'H NMR: (300 MHz, CDCls)
57.26 — 7.03 (m, 3H), 4.51 (s, 2H), 0.94 (s, 9H), 0.16 (s, 6H).

13C NMR: (101 MHz, CDCls)
5 150.7 (dd, J = 251.3, 12.5 Hz), 150.1 (dd, J = 249.1, 13.1 Hz), 128.3 (dd, J = 5.8, 3.9 Hz), 120.7 (d, J =
18.4 Hz), 120.0 (dd, J = 7.4, 4.3 Hz), 117.5 (d, J = 17.8 Hz), 88.7, 82.8, 52.2, 26.0, 18.5, -5.0.

"9F NMR: (376 MHz, CDCls)
5 -136.07, -137.28.

ATR-IR (cm™): 2954, 2856, 2215, 1513, 1251, 1217, 1080.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C1sH20F2NaOSi 305.1144; Found 305.1147.
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Scheme S8: Synthesis of (8R,9S,13S,14S)-3-ethynyl-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane]

O Pd(PPhs),, Cul 2

Tf,0, Et3N Pr,NH
DCM TMS Acetylene
TfO DMF

p-TsOH-H,O
Ethylene glycol

Benzene, reflux

(8R,9S,13S,14S)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-
cyclopenta[a]phenanthren-3-yl trifluoromethanesulfonate. In a 100 mL flame dried round bottom flask
equipped with a Teflon stir bar was added estrone (1 g, 3.7 mmol, 1 eq.), EtsN (1.03 mL, 7.4 mmol, 2 eq.),
and DCM (18 mL), and was stirred in an ice bath for 15 minutes. Triflic anhydride (0.685 mL, 4.07 mmol,
4 eq.) was added dropwise, and a brown color persisted in the reaction flask. The reaction was stirred at
room temperature for 8 hours and progress was monitored by TLC. Upon completion the reaction was
quenched with saturated aqueous NaHCO3 (10 mL). The aqueous layer was extracted with DCM (3 x 20
mL), the combined organic layers were washed with brine (20 mL), dried over Na2SO4 and concentrated
under vacuum. The crude product was dry loaded onto a column, and purified by flash column
chromatography (100 mL of hexanes, 100 mL of 5% ethyl acetate in hexanes, 100 mL of 7% ethyl
acetate in hexanes, 100 mL of 10% ethyl acetate in hexanes, 300 mL of 12% ethyl acetate in hexanes,
300 mL of 15% ethyl acetate in hexanes, and 300 mL of 17% ethyl acetate in hexanes) to afford the pure,
white solid product (1.36 g, 3.38 mmol, 91% yield). The spectra for the titte compound matched previously
reported spectra.?’

'H NMR (400 MHz, CDCls)
5 7.34 (d, 1H), 7.07 — 6.97 (m, 2H), 2.99 — 2.88 (m, 2H), 2.52 (dd, J = 18.8, 8.7 Hz, 1H), 2.46 — 2.36 (m,
1H), 2.35 — 2.27 (m, 1H), 2.23 — 1.94 (m, 4H), 1.72 — 1.40 (m, 6H), 0.92 (s, 3H).

(8R,9S,13S,14S)-13-Methyl-3-((trimethylsilyl)ethynyl)-6,7,8,9,11,12,13,14,15,16-decahydro-17 H-
cyclopenta[a]phenanthren-17-one. In a 100 mL oven dried Schlenk tube equipped with a Teflon stir bar
was added (8R,9S,13S,14S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-
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cyclopenta[a]phenanthren-3-yl trifluoromethanesulfonate (1 g, 2.49 mmol, 1 eq.), DMF (30 mL),
Pd(PPhs)4 (287 mg, 0.249 mmol, 0.1 eq.), Cul (47 mg, 0.249 mmol, 0.1 eq.), and 'Pr2NH (1.05 mL, 7.46
mmol, 3 eq.). The reaction mixture was degassed with N2 for 20 minutes, followed by addition of
trimethylsilyl acetylene (0.414 mL, 2.99 mmol, 1.2 eq.). Using a cold finger condenser, the reaction was
heated to reflux in an oil bath for 24 hours. The reaction progress was monitored by TLC. Upon
completion, reaction was diluted with Et20, washed with brine (3 x 10 mL), dried over Na2S0O4, and
concentrated under vacuum. The crude product was dry loaded onto a column, and purified by flash
column chromatography (200 mL of hexanes, 100 mL of 2% ethyl acetate in hexanes, 300 mL 4% ethyl
acetate in hexanes, 600 mL of 6% ethyl acetate in hexanes, 500 mL of 7% ethyl acetate in hexanes, and
600 mL of 8% ethyl acetate in hexanes) to afford the pure white solid product (474 mg, 1.35 mmol, 54%
yield). The spectra for the title compound matched previously reported spectra.??

'H NMR (400 MHz, CDCls)
57.25—7.18 (m, 3H), 2.92 — 2.83 (m, 2H), 2.51 (dd, J = 18.8, 8.7 Hz, 1H), 2.45 — 2.35 (m, 1H), 2.34 —
2.24 (m, 1H), 2.21 — 1.91 (m, 4H), 1.70 — 1.36 (m, 6H), 0.91 (s, 3H), 0.24 (s, 9H).

(8R,9S,13S,14S)-3-Ethynyl-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-
cyclopenta[a]phenanthren-17-one. In a round bottom flask, (8R,9S,13S,14S)-13-methyl-3-
((trimethylsilyl)ethynyl)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (514
mg, 1.47 mmol, 1 eq.), TBAF (1.62 mL of 1 M TBAF in THF, 1.1 eq.) and THF (6.6 mL) were combined
and stirred for 5 hours, reaction progress was monitored by TLC. Upon completion, the reaction was
quenched with distilled water (20 mL), extracted with DCM (3 x 10 mL), dried over Na2SOs4, and
concentrated under vacuum. The crude product was dry loaded onto a column, and purified by flash
column chromatography (100 mL of hexanes, 100 mL of 2% ethyl acetate in hexanes, 100 mL 4% ethyl
acetate in hexanes, 300 mL of 6% ethyl acetate in hexanes, and 600 mL of 8% ethyl acetate in hexanes)
to afford the white solid product (310 mg, 1.11 mmol, 76% yield). The spectra for the title compound
matched previously reported spectra.??

'"H NMR (400 MHz, CDCls)
6 7.30-7.19 (m, 3H), 3.02 (s, 1H), 2.94 — 2.85 (m, 2H), 2.51 (dd, J = 18.8, 8.7 Hz, 1H), 2.45 - 2.37 (m,
1H), 2.36 — 2.25 (m, 1H), 2.21 - 1.92 (m, 4H), 1.69 — 1.38 (m, 6H), 0.91 (s, 3H).

(8R,9S,13S,14S)-3-Ethynyl-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane] [3r] To a 100 mL round bottom
flask equipped with a Teflon stir bar was added (8R,9S,13S,14S)-3-ethynyl-13-methyl-
6,7,8,9,11,12,13,14,15,16-decahydro-17 H-cyclopenta[a]phenanthren-17-one (307 mg, 1.1 mmol, 1 eq.),
p-TsOHeH20 (19 mg, 0.10 mmol, 0.091 eq.), ethylene glycol (1.23 mL, 22 mmol, 20 eq.), and benzene (8
mL). The reaction flask was fitted with a condenser equipped with a Dean Stark trap for the removal of
water, and heated to reflux in an oil bath. Progress was monitored by TLC, and upon completion, reaction
was poured into 10 mL of water, and extracted with DCM (3 x 10 mL). The combined organic layers were
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washed with water (10 mL), brine (10 mL), and dried over Na2SOa. Solvent was removed by rotary
evaporation, and the crude product was dry loaded onto a column, and purified by flash column
chromatography (80 mL of hexanes, 100 mL of 3% ethyl acetate in hexanes, 100 mL of 5% ethyl acetate
in hexanes, 100 mL of 6% ethyl acetate in hexanes, 100 mL of 8% ethyl acetate in hexanes, and 500 mL
of 9% ethyl acetate in hexanes) to afford the white solid product (148 mg, 0.459 mmol, 42% yield). The
spectra for the title compound matched previously reported spectra.'®

'H NMR: (400 MHz, CDCls)
57.28 —7.21 (m, 3H), 4.01 — 3.84 (m, 4H), 3.00 (s, 1H), 2.87 — 2.80 (m, 2H), 2.37 — 2.22 (m, 2H), 2.08 —
1.98 (m, 1H), 1.96 — 1.71 (m, 4H), 1.69 — 1.59 (m, 1H), 1.59 — 1.28 (m, 5H), 0.88 (s, 3H).

Scheme S9: Synthesis of (R)-6-Ethynyl-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chromane

HO
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(R)-6-Ethynyl-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chromane [3s]. Following a previously
reported method, from (R)-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl
trifluoromethanesulfonate (1.07 g, 2.00 mmol), the title compound was obtained as a pale yellow oil (0.41
g, 1.00 mmol, 50% yield). The spectra for the titte compound matched previously reported spectra.'®

'H NMR: (300 MHz, CDCl)
5 7.17 — 7.06 (m, 2H), 2.94 (s, 1H), 2.79 — 2.67 (m, 2H), 2.16 (s, 3H), 1.90 — 1.70 (m, 2H), 1.67 — 1.04 (m,
24H), 0.97 — 0.81 (m, 12H).

Scheme $10: Synthesis of ((3-(phenyl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane

\S'/
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((3-(Phenyl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane [5h]. The compound was synthesized
according to the general procedure E. 3-phenylprop-2-yn-1-ol (2.0 g, 15.1 mmol, 1 eq.) and dry DCM (45
mL) were added to a flame dried 200 mL round bottom flask equipped with a Teflon stir bar, followed by
imidazole (1.87 g, 30.2 mmol, 2 eq.) and tert-butyldimethylsilyl chloride (2.50 g, 16.6 mmol, 1.1 eq.). The
reaction was allowed to stir at room temperature overnight. The mixture was then transferred to a
separatory funnel and extracted with diethyl ether (2 x 30 mL). The combined organic layers were washed
with brine (15 mL) and dried over anhydrous Na2SOa4. The mixture was filtered, and the solvent was
removed by rotary evaporation. The crude oil was purified by flash chromatography (250 mL of hexanes,
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200 mL of 2% ethyl acetate in hexanes) to afford a clear oil (3.6 g, 14.6 mmol, 97%). The spectra for the
title compound matched previously reported spectra.?

'H NMR (300 MHz, CDCls)
5 7.50 — 7.36 (m, 2H), 7.35 — 7.27 (m, 3H), 4.55 (s, 2H), 0.95 (s, 9H), 0.18 (s, 6H).
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VI. Synthesis of D-alkyne Substrates

General Procedure for Preparation of D-alkynes (H)

Following a previously reported procedure for the terminal deuteration of alkynes?*, a flame dried round
bottom flask equipped with a Teflon stir bar was purged with N2 and to this was added, aryl alkyne (1 eq.),
anhydrous K2COs (1.5 eq.), and anhydrous CH3CN sequentially. After stirring for 30 minutes, D20 (50 eq.)
was added to the round bottom flask and the reaction was stirred at room temperature for 12 — 48 hours.
Reaction progress was followed by "H NMR. Upon completion, the mixture was extracted with
dichloromethane or diethyl ether. The combined organic extracts were dried over anhydrous Na2SOu,
filtered, and concentrated under vacuum. The products were used in the next step without further
purification.

D
Z

1-Butyl-4-(ethynyl-d)benzene [5a]. Following the general procedure H, in a N2 filled glovebox, 1-butyl-4-
ethynylbenzene (0.63 g, 4.0 mmol, 1 eq.), anhydrous K2CO3 (0.83 g, 6.0 mmol, 1.5 eq.) and anhydrous
CH3sCN (12.0 mL) were stirred for 30 min. D20 (3.61 mL, 200 mmol, 50 eq.) was added to the reaction,
and the mixture was stirred for 36 h at room temperature under nitrogen atmosphere. Upon completion,
the reaction was extracted with diethyl ether (3 x 10 mL). The combined extracts were dried over
anhydrous Naz2SOq4, filtered, and concentrated under vacuum to afford the title compound as a light yellow
liquid (0.52 g, 3.27 mmol, 82% yield).

'H NMR: (400 MHz, CDCls)
67.44 (d, J=8.1Hz 2H), 7.15 (d, J = 8.1 Hz, 2H), 3.05 (br s, 0.07H), 2.63 (t, J = 7.5 Hz, 2H), 1.67 — 1.55
(m, 2H), 1.44 — 1.30 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H).

3C NMR: (101 MHz, CDCls)
0 144.0, 132.1, 128.5, 119.3, 83.5 (t, J = 7.6 Hz, 1C), 76.8 —75.9 (multiplet overlapping with CDCls signal,
1C), 35.7, 33.5, 22.4, 14 1.

ATR-IR (cm™): 3296, 3081, 3028, 2957, 2929, 2871, 2859, 2584, 1910, 1508, 1466, 821.
HRMS: (EI*) m/z: [M]* Calcd for C12H13D 159.1200; Found 159.1153.

D
Z

2-(Ethynyl-d)naphthalene [5b]. Following the general procedure H, in a Nz filled glovebox, 2-ethynyl-
napthalene (200 mg, 1.31 mmol, 1 eq.), K2COs (272 mg, 1.97 mmol, 1.5 eq.), and CH3CN (2.0 mL) were
added to a flame dried 200 mL round bottom flask equipped with a Teflon stir bar. After stirring for 30
minutes, deuterium oxide (1.18 mL, 66.5 mmol, 50 eq.) was added to round bottom flask. After stirring at
room temperature for 12 h, the reaction was quenched with distilled water (10 mL), and extracted with
dichloromethane (3 x 10 mL). The organic layers were combined, dried over anhydrous Na>SO4 and
concentrated to afford the white solid (200 mg, 1.31 mmol, >99% vyield).

'H NMR: (400 MHz, CDCls)
58.04 (s, 1H), 7.87 — 7.76 (m, 3H), 7.57 — 7.47 (m, 3H), 3.15 (br s, 0.09H).

13C NMR: (75 MHz, CDCls)

0133.2,132.9, 132.4, 128.7, 128.2, 127.9 (+ 1 overlapping signal), 127.0, 126.7, 119.5,83.7 (t, J=7.3
Hz, 1C), 77.9 —77.3 (multiplet overlapping with CDClIs signal, 1C).

38



ATR-IR (cm™): 3276, 3049, 2922, 2572, 1971, 1593.

HRMS: (EI*) m/z: [M]" Calcd for C12H7D 153.0700; Found 153.0680.

D
=
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2-(Ethynyl-d)-6-methoxynaphthalene [5c]. Following the general procedure H, in a Nz filled glovebox,
2-ethynyl-6-methoxynaphthalene, (0.18 g, 0.99 mmol, 1 eq.) anhydrous K>COs (0.205 g, 1.49 mmol, 1.5
eq.) and anhydrous CHsCN (3.0 mL) were stirred for 30 min. D20 (0.90 mL, 50 mmol, 50 eq.) was added
to the reaction. The reaction mixture was stirred for 36 h at room temperature under nitrogen atmosphere.
Upon completion, the reaction was extracted with diethyl ether (3 x 5 mL). The combined extracts were
dried over anhydrous Na2SOQyu, filtered, and concentrated under vacuum to afford the title compound as a
light yellow solid (0.18 g, 0.98 mmol, 99% yield).

'H NMR: (400 MHz, CDCls)
57.96 (s, 1H), 7.69 (t, J = 8.8 Hz, 2H), 7.50 (dd, J = 8.2, 1.0 Hz, 1H), 7.17 (dd, J = 8.9, 2.3 Hz, 1H), 7.10
(d, J = 2.2 Hz, 1H), 3.92 (s, 3H), 3.13 (br s, 0.06H).

3C NMR: (75 MHz, CDCls)
0 158.6, 134.5, 132.2, 129.5, 129.3, 128.4, 127.0, 119.6, 117.0, 105.9, 83.9 (t, J=7.2 Hz, 1C), 77.0 —
76.2 (multiplet overlapping with CDCls signal, 1C), 55.5.

ATR-IR (cm™): 3257, 3059, 3002, 2967, 2938, 2903, 2841, 2564, 1225, 1028.

HRMS: (EI*) m/z: [M]* Calcd for C13HsDO 183.0800; Found 183.0788.

D
gl

4-(Ethynyl-d)-1,1"-biphenyl [5d]. Following the general procedure H, in a N2 filled glovebox, 4-ethynyl-
1,1’-biphenyl (200 mg, 1.12 mmol, 1 eq.), K2COs (0.698 g, 5.05 mmol, 4.5 eq.), and CHsCN (1.5 mL) were
combined. After stirring for 30 minutes, D20 (75 uL, 4.14 mmol, 3.7 eq.) was added to round bottom flask
and the reaction was stirred at room temperature for 12 h. The reaction was quenched with distilled
water, and extracted with dichloromethane (3 x 10 mL). The organic layers were combined and dried over
anhydrous Na2SO4 then concentrated. The reaction was repeated three times to allow for full deuterium

incorporation. The title compound was afforded as an orange solid product (200 mg, 1.12 mmol, >99%
yield).

'H NMR (300 MHz, CDCls)
5 7.65 — 7.52 (m, 6H), 7.50 — 7.41 (m, 2H), 7.41 — 7.32 (m, 1H), 3.14 (br s, 0.09H).

3C NMR (75 MHz, CDCls)

0 141.7,140.4, 132.7, 129.0, 127.9, 127.2, 127.1, 121.1, 83.2 (t, J = 6.9 Hz, 1C), 78.3 — 77.3 (multiplet
overlapping with CDCIs signal, 1C).
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ATR-IR (cm™): 3272, 3056, 3028, 2922, 2851, 2572.

HRMS: (EI*) m/z: [M]* Calcd for C14HsD 179.0800; Found 179.0837.

el

1-((Benzyloxy)methyl)-4-(ethynyl-d)benzene [5e]. Following the general procedure H, in a N2 filled
glovebox, 1-((benzyloxy)methyl)-4-ethynylbenzene (1.11 g, 4.99 mmol, 1 eq.), anhydrous K2COs (1.04 g,
7.49 mmol, 1.5 eq.) in anhydrous CHsCN (15.0 mL) were stirred for 30 min. D20 (4.51 mL, 250 mmol, 50
eq.) was added to the reaction. The reaction mixture was stirred for 36 h at room temperature under
nitrogen atmosphere. Upon completion, the reaction was extracted with diethyl ether (3 x 15 mL). The
combined extracts were dried over anhydrous Na2SOsa, filtered, and concentrated under vacuum to afford
the title compound as a white solid (1.05 g, 4.70 mmol, 94% yield).

'H NMR: (300 MHz, CDCls)
57.55 (d, J = 8.4 Hz, 2H), 7.48 — 7.33 (m, 7H), 4.61 (s, 2H), 4.60 (s, 2H), 3.13 (s, 0.00H).

3C NMR: (75 MHz, CDCls)
0 139.2, 138.1, 132.2, 128.5, 127.8, 127.8, 127.6, 121.3, 83.2 (t, J = 7.1 Hz, 1C), 77.4 — 76.6 (multiplet
overlapping with CDCls signal), 72.3, 71.6.

ATR-IR (cm™): 3287, 3087, 3063, 3031, 2925, 2856, 2580, 1702, 1087, 1070

HRMS: (ESI*) m/z: [M+Na]* Calcd for C16H13sDNaO 246.1000; Found 246.1002.

D
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N,N-Diethyl-4-(ethynyl-d)benzenesulfonamide [5f]. Following the general procedure H, in a N2 filled
glovebox, N,N-diethyl-4-(ethynyl)-benzenesulfonamide (500 mg, 2.11 mmol, 1 eq.), K2CO3 (0.437 g, 3.16
mmol, 1.5 eq.), and CH3CN (3.24 mL) were added to a 200 mL flame dried round bottom flask equipped
with a Teflon stirbar. After stirring for 30 minutes, D20 (1.91 mL, 106 mmol, 50 eq.) was added to the
reaction and stirred at room temperature for 12 h. The reaction was quenched with distilled water (10
mL), and extracted with dichloromethane (3 x 10 mL). The organic layers were combined and dried over
anhydrous Na2S04, then concentrated to afford the product as a yellow solid (470 mg, 1.97 mmol, 93%
yield).

'H NMR: (400 MHz, CDCls)
67.75(d, J=8.5Hz 2H), 7.58 (d, J = 8.5 Hz, 2H), 3.22 (q, J = 7.1 Hz, 4.1H), 1.11 (t, J = 7.2 Hz, 6H).

13C NMR: (101 MHz, CDCls)
5 140.5, 132.7, 127.0, 126.4, 81.8 (t, J = 7.1 Hz, 1C), 80.6 (t, J = 19.7 Hz, 1C), 42.1, 14.2.

ATR-IR (ecm™): 3253, 2977, 2923, 2565, 1963, 1331, 1154.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C12H14aDNNaO-S 261.0778; Found 261.0781.
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5-(Ethynyl-d)-1-tosyl-1H-indole [5g]. Following the general procedure H, in a N2 filled glovebox, 5-
(ethynyl)-1-tosyl-1H-indole (0.40 g, 1.35 mmol, 1 eq.), anhydrous K2COs (0.280 g, 2.03 mmol, 1.5 eq.) in
anhydrous CH3CN (4.0 mL) were stirred for 30 min. D20 (1.22 mL, 67.5 mmol, 50 eq.) was added to the
reaction. The reaction mixture was stirred for 36 h at room temperature under nitrogen atmosphere. Upon
completion, the reaction was extracted with ethyl acetate (3 x 10 mL). The combined extracts were dried
over anhydrous Na2SOys, filtered, and concentrated under vacuum to afford the title compound as a white
solid (0.38 g, 1.28 mmol, 95% yield).

'H NMR: (400 MHz, CDCls)

57.97 (d, J = 8.6 Hz, 1H), 7.75 (d, J = 8.3 Hz, 2H), 7.67 (d, J = 1.6 Hz, 1H), 7.59 (d, J = 3.7 Hz, 1H), 7.45
(dd, J = 8.6, 1.6 Hz, 1H), 7.18 (d, J = 8.3 Hz, 2H), 6.61 (d, J = 3.7 Hz, 1H), 3.07 (br s, 0.05H), 2.27 (s,
3H).

13C NMR: (75 MHz, CDCls)

5 145.3, 134.9, 134.5, 130.6, 130.0, 128.4, 127.4, 126.8, 125.5, 117.1, 113.5, 108.8, 83.4 (t, J = 5.5 Hz,
1C), 76.4 (t, J = 38.4 Hz, 1C), 21.5.

ATR-IR (cm™): 3117, 2920, 2573, 1370, 1116.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C17H12DNNaO.S 319.0622; Found 319.0626.

(8R,9S,13S,14S)-3-(Ethynyl-d)-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane] [5j]. Following the general
procedure H, in a N2 filled glovebox, (8R,9S,13S,14S)-3-(ethynyl)-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydrospiro[cyclopenta[a]phenanthrene-17,2'-[1,3]dioxolane (213 mg, 0.661 mmol, 1 eq.), K2CO3
(0.137 g, 0.991 mmol, 1.5 eq.), and CHsCN (2 mL) were added to a flame dried 300 mL round bottom
flask equipped with a Teflon stir bar. After stirring for 30 minutes, D20 (0.597 mL, 33.1 mmol, 50 eq.) was
added to round bottom flask. After stirring at room temperature for 24 h, reaction was quenched with
distilled water, and extracted with dichloromethane (3 x 10 mL). The organic layers were combined and
dried over Na2SOs, then concentrated to afford a white solid (215 mg, 0.665 mmol, >99% yield).

'H NMR: (400 MHz, CDCls)

57.25—7.22 (m, 2H), 7.22 — 7.19 (m, 1H), 3.99 — 3.81 (m, 4H), 2.99 (br s, 0.07H), 2.88 — 2.79 (m, 2H),
2.36 — 2.21 (m, 2H), 2.07 — 1.97 (m, 1H), 1.95 — 1.70 (m, 4H), 1.69 — 1.59 (m, 1H), 1.59 — 1.24 (m, 5H),
0.87 (s, 3H).

13C NMR: (101 MHz, CDCls)
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6 141.6, 137.0, 132.6, 129.3, 125.5, 119.4, 119.2, 83.6 (br s), 76.6 —75.3 (multiplet overlapping with
CDCls signal, 1C), 65.3, 64.7, 49.5, 46.2, 44.2, 38.7, 34.3, 30.7, 29.3, 26.8, 25.9, 22.4, 14.4.

ATR-IR (cm™):
2978, 2939, 2875, 2587, 2249, 1735, 1620, 1590, 1179, 1044.

HRMS: (ESI*) m/z: [M + H]" Calcd for C22H26D0O2 324.2068; Found 324.2075.
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VII. Mechanistic Studies
General Procedure for Time Reaction Analysis

In a N2 filled glovebox, (R)-DTBM-SEGPHOS (5.2 mg, 0.0044mmol, 0.022 eq.), Cu(OAc)2 (20 uL of a 0.2
M solution in THF, 0.004 mmol, 0.02 eq.), and THF (0.08 mL) were added to an oven-dried 2-dram vial
followed by dropwise addition of dimethoxy(methyl)silane (123 L, 1 mmol, 5 eq.). A color change from
green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram vial
was added the ((3-(phenyl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane (49 mg, 0.2 mmol, 1 eq.), THF
(0.1 mL), and 2-propanol (37 L, 0.48 mmol, 2.4 eq.). The solution in the 1-dram vial was added dropwise
over 20 seconds to the 2-dram vial. The total volume of THF was calculated based on having a final
reaction concentration of 1M based on the alkyne substrate. The 2-dram vial was capped with a red
pressure relief cap, taken out of the glovebox, and stirred at 60 °C for the designated time. The reaction
mixture was then filtered through a 1” silica plug with 20 mL of Et.O followed by 80 mL of Et20 to elute
the remaining product into a 200 mL round bottom flask. After removing the Et20 by rotary evaporation,
the crude product was isolated by flash column chromatography using gradient elution (100 mL of
hexanes followed by 200 mL of 5% ethyl acetate in hexanes) to give tert-butyldimethyl(3-
phenylpropoxy)silane as a clear, colorless oil. The spectra for the title compound matched previously
reported spectra.?®

Table S2. Reaction Analysis

OTBS

ﬁ%

Cu(OAc); (2 mol%),
= OTBS(R)-DTBM-SEGPHOS (2.2 mol%)

OTBS
i-PrOH (2.4 eq.), THF (1 M)
5h HSiMe(OMe), (5 eq), 60 °C E7

OTBS

X

Entry Reaction Time (min) Z-7%(%) E-73(%) 84(%)
1 15 74 0 6
2 30 48 2 25
3 45 40 5 36
4 90 17 7 54
5 180 7 5 61
6 9h 0 0 79

aYields of each product were determined by "H NMR of the combined products after purification.
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tert-Butyldimethyl(3-phenylpropoxy)silane (8)

'H NMR (400 MHz, CDCls)
5 7.33 — 7.25 (m, 2H), 7.23 — 7.16 (m, 3H), 3.65 (t, J = 6.3 Hz, 2H), 2.69 (t, J = 7.9 Hz, 2H), 1.90 — 1.80
(m, 2H), 0.93 (s, 9H), 0.07 (s, 6H).

13C NMR (101 MHz, CDCI3)
5 142.4, 128.6, 128.4, 125.8, 62.5, 34.6, 32.2, 26.1, 18.5, -5.1

Cu(OAc), (2 mol%),
(S)-DTBM-SEGPHOS (2.2 mol%)

N OTBS OTBS (S2)
i-PrOH (2.4 eq.), THF (1 M) H H
HSiMe(OMe), (5 eq)

E-7 8. 83% vield
60 °C, 23 h , 83% yie

tert-Butyldimethyl(3-phenylpropoxy)silane (8)

In a N2 filled glovebox, (S)-DTBM-SEGPHOS (7.8 mg, 0.0066mmol, 0.022 eq.), Cu(OAc)2 (30 uL of a 0.2
M solution in THF, 0.006 mmol, 0.02 eq.), and THF (0.12 mL) were added to an oven-dried 2-dram vial
followed by dropwise addition of dimethoxy(methyl)silane (185 uL, 1.5 mmol, 5 eq.). A color change from
green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram vial
was added the E-7 (74.5 mg, 0.3 mmol, 1 eq.), THF (0.15 mL), and 2-propanol (55 pL, 0.72 mmol, 2.4
eq.). The solution in the 1-dram vial was added dropwise over 20 seconds to the 2-dram vial. The total
volume of THF was calculated based on having a final reaction concentration of 1M based on the alkyne
substrate. The 2-dram vial was capped with a red pressure relief cap, taken out of the glovebox, and
stirred at 60 °C for 23 h. The reaction mixture was then filtered through a 1” silica plug with 20 mL of Et.O
followed by 80 mL of Et20 to elute the remaining product into a 200 mL round bottom flask. After
removing the Et20 by rotary evaporation, the crude product was isolated by flash column chromatography
using gradient elution (100 mL of hexanes followed by 100 mL of 2% ethyl acetate in hexanes) to give
tert-butyldimethyl(3-phenylpropoxy)silane as a clear, colorless oil (62 mg, 0.248 mmol, 83% yield). The
spectra for the title compound matched previously reported spectra.?®

Ha
Ny
z-7 OTBS
Cu(OAc); (2 mol%), He

X oT1Bs (R)-DTBM-SEGPHOS (2.2 mol%)

W Ny NotBs (83
i-PrOH (2.4 eq.), THF (1 M) Ha
E-7 HSiMe(OMe), (5 eq)

60°C, 1 h E-7
He  He

OTBS
Hi"  Hf

8
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tert-Butyldimethyl(3-phenylpropoxy)silane (8)

In a N2 filled glovebox, (S)-DTBM-SEGPHOS (7.8 mg, 0.0066mmol, 0.022 eq.), Cu(OAc)2 (30 pL of a 0.2
M solution in THF, 0.006 mmol, 0.02 eq.), and THF (0.12 mL) were added to an oven-dried 2-dram vial
followed by dropwise addition of dimethoxy(methyl)silane (185 uL, 1.5 mmol, 5 eq.). A color change from
green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram vial
was added the E-7 (74.5 mg, 0.3 mmol, 1 eq.), THF (0.15 mL), and 2-propanol (55 pL, 0.72 mmol, 2.4
eq.). The solution in the 1-dram vial was added dropwise over 20 seconds to the 2-dram vial. The total
volume of THF was calculated based on having a final reaction concentration of 1M based on the alkyne
substrate. The 2-dram vial was capped with a red pressure relief cap, taken out of the glovebox, and
stirred at 60 °C for 1 h. The reaction mixture was then filtered through a 1” silica plug with 20 mL of Et2O
followed by 80 mL of Et20 to elute the remaining product into a 200 mL round bottom flask. After
removing the Et20 by rotary evaporation, the crude product was isolated by flash column chromatography
using gradient elution (100 mL of hexanes followed by 100 mL of 2% ethyl acetate in hexanes) to give
tert-butyldimethyl(3-phenylpropoxy)silane as a clear, colorless oil (61 mg combination of all products, 42%
alkane 8, 39% E-7, trace Z-7).

Transfer Hydrodeuteration Experiments:

Method for calculating deuterium incorporation at each carbon:

In the "H NMR spectra, if both benzylic and homobenzylic peaks were clearly visible and no overlap with
other peaks was observed, then the deuterium incorporation was calculated from the integration of the
protonated peak. If overlap of other peaks or overlap with an impurity such as water or grease was
observed in the homobenzylic region of the "H NMR spectra, a 2H NMR spectra was obtained. The ratio
of the two peaks that appear in the ?H NMR spectra was correlated to the calculated deuterium
incorporation at the benzylic peak in the '"H NMR spectra.

Scheme S$11: Regioselective Transfer Hydrodeuteration

=~ "OTBS 5 mol% Cu(OAc), H/D HZ/ D
5.5 mol% (R)-DTBM SEGPHOS 3 OTBS
HD” HID

(69% yield): C3=78% D inc.

C,=18% D inc.
bob (58% yield): C3=30% D inc.
C,=57% D inc.

5h (MeO);MeSi=H/D (5 eq) g
RO-H/D (5 eq), THF, 60 °C ~2

= 5 mol% Cu(OAc), HID H/D
5.5 mol% (R)-DTBM SEGPHOS ™SR
H/D” "H/ID
10 (MeQ),MeSi—-H/D (5 eq) A~ :
RO-H/D (5 eq), THF, 60 °C °11a (85% yield): %1 = 77%;/052).|nc.
2=7% D inc.

911b (79% vyield): C4 = 23% D inc.

C,=68% D inc.

All reactions performed with Cu(OAc), (5 mol%), (R)-DTBM-SEGPHOS (5.5 mol%), THF (0.2 M,
based on alkyne substrate), 60 “C. All yields are isolated and %D inc. was determined using 'H NMR
and/or 2H NMR. 95 eq (MeO),MeSi-H, 5 eq EtOD, 24 h. b5 eq (MeO),MeSi-D, 5 eq EtOH, 24 h. 9b

was isolated as a mixture with alkene (23% yield) present due to incomplete conversion. See Sl for
details. °5 eq (MeO),MeSi-H, 5 eq 2-propanol-dg, 21 h. 95 eq (MeO),MeSi-D, 5 eq i-PrOH, 21 h.
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H/D_ H/D

=~ OTBS  5mol% Cu(OAc),
5.5 mol% (R)-DTBM SEGPHOS WOTBS
H/D” “H/D
(MeO),MeSi-H (5 eq)

_ ‘~ 9a(69% yield): C3=78% D inc.
RO-D (5 eq), THF, 60 °C C, = 18% D inc.

Tert-butyldimethyl(3-phenylpropoxy)silane-d2[9a].

In a N2 filled glovebox, (R)-DTBM-SEGPHOS (13 mg, 0.011mmol, 0.055 eq.), Cu(OAc)2 (50 yL ofa 0.2 M
solution in THF, 0.01 mmol, 0.05 eq.), and THF (0.05 mL) were added to an oven-dried 2-dram vial
followed by dropwise addition of dimethoxy(methyl)silane (123 L, 1 mmol, 5 eq.). A color change from
green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram vial
was added the ((3-(phenyl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane (49 mg, 0.2 mmol, 1 eq.), THF
(0.10 mL), and ethanol-OD (58 pL, 1 mmol, 5 eq.). The solution in the 1-dram vial was added dropwise
over 20 seconds to the 2-dram vial. The 2-dram vial was capped with a red pressure relief cap, taken out
of the glovebox, and stirred at 60 °C for 24 h. The reaction mixture was then filtered through a 1” silica
plug with 20 mL of Et2O followed by 80 mL of Et20 to elute the remaining product into a 200 mL round
bottom flask. After removing the Et2O by rotary evaporation, the crude product was isolated by flash
column chromatography using gradient elution (100 mL of hexanes followed by 100 mL of 2% ethyl
acetate in hexanes) to give tert-butyldimethyl(3-phenylpropoxy)silane-d: as a clear, colorless oil (34.9 mg,
0.138 mmol, 69% vyield).

'H NMR (400 MHz, CDCls):

57.31—7.26 (m, 2H), 7.21 — 7.17 (m, 3H), 3.66 — 3.63 (M, 2H), 2.69 — 2.65 (m, 0.44H), 1.87-1.82 (m,
1.65H), 0.92 (s, 9H), 0.06 (s, 6H).

13C NMR (101 MHz, CDCl):
5142.3, 128.6, 128.4, 125.8, 62.5, 34.5— 34.0 (m), 32.3 — 31.2 (m), 26.1, 18.5, -5.1.
ATR-IR (cm'): 3084, 3062, 3026, 2953, 2928, 2894, 2856, 2132, 1091.

HRMS: (ESI*) m/z: [M+Na]* Calcd for C1sH24D2NaOSi 275.1771; Found 275.1773.

=~ "OTBS 5 mol% Cu(OAc), H/D H2/ D
5.5 mol% (R)-DTBM SEGPHOS 3 OTBS
HD” HID

9b (58% yield): C3=30% D inc.
C,=57% D inc.

5h (MeO),MeSi-D (5 eq)
RO-H (5 eq), THF, 60 °C

Tert-butyldimethyl(3-phenylpropoxy)silane-d:[9b].

In a N2 filled glovebox, (R)-DTBM-SEGPHOS (13 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL of a 0.2 M
solution in THF, 0.01 mmol, 0.05 eq.), and THF (0.05 mL) were added to an oven-dried 2-dram vial followed by
dropwise addition of dimethoxy(methyl)silane-d (0.14 mL, 1 mmol, 7.1 M solution in hexanes, 5 eq.). A color
change from green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram
vial was added the ((3-(phenyl)prop-2-yn-1-yl)oxy)(tert-butyl)dimethylsilane (49 mg, 0.2 mmol, 1 eq.), THF (0.1
mL), and ethanol (58 pL, 1 mmol, 5 eq.). The solution in the 1-dram vial was added dropwise over 20 seconds to
the 2-dram vial. The 2-dram vial was capped with a red pressure relief cap, taken out of the glovebox, and stirred
at 60 °C for 24 h. The reaction mixture was then filtered through a 1” silica plug with 20 mL of Et2O followed by 80
mL of Et20 to elute the remaining product into a 200 mL round bottom flask. After removing the Et20 by rotary
evaporation, the crude product was isolated by flash column chromatography using gradient elution (100 mL of
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hexanes followed by 100 mL of 2% ethyl acetate in hexanes) to give tert-butyldimethyl(3-phenylpropoxy)silane-d2
as a clear, colorless oil (40.5 mg, 58% alkane, 23% alkene).

"H NMR (300 MHz, CDCIs)

07.42 -7.14 (m, 7.2H, overlap with alkene aromatic protons), 6.61 (d, J = 14.1 Hz, 0.12H), 6.50 (s, 0.14H), 6.35
—6.23 (m, 0.11H), 5.89 — 5.78 (m, 0.10H), 4.50 — 4.41 (m, 0.4H), 4.40 — 4.33 (m, 0.38H), 3.73 — 3.55 (m, 2H),
2.75-2.55(m, 1.4H), 1.92 — 1.74 (m, 0.87H), 0.96 (s, 1.79H), 0.92 (s, 10.5H), 0.13 (s, 1.24H), 0.06 (s, 6.76H).

ATR-IR (cm™): 3085, 3062, 3027, 2954, 2928, 2895, 2856, 2153, 1087.

HRMS: (EI*) m/z: [M-H]* Calcd for C1sH24D20Si 251.1830; Found 251.1795.

= 5 mol% Cu(OAc), H/D HZ’ D
5.5 mol% (R)-DTBM SEGPHOS 1
H/D H/D
10 (MeO),MeSi-H (5 eq) 1 N~ a0 M
_ . a (85% yield): C4=79% D inc.
RO-D (5 eq), THF, 60 °C Cy = 7% D inc.

Hexylbenzene-d: [11a].

In a N2 filled glovebox, (R)-DTBM-SEGPHOS (13 mg, 0.011 mmol, 0.055 eq.), Cu(OAc)2 (50 uL of a 0.2
M solution in THF, 0.01 mmol, 0.05 eq.), and THF (0.05 mL) were added to an oven-dried 2-dram vial
followed by dropwise addition of dimethoxy(methyl)silane (123 pL, 1 mmol, 5 eq.). A color change from
green/blue to orange was observed while stirring for 15 minutes. In a separate oven-dried 1-dram vial
was added the 1-hexyn-1-yl-benzene (31.7 mg, 0.2 mmol, 1 eq.), THF (0.1 mL), and 2-propanol-ds (77
ML, 1 mmol, 5 eq.). The solution in the 1-dram vial was added dropwise over 20 seconds to the 2-dram
vial. The 2-dram vial was capped with a red pressure relief cap, taken out of the glovebox, and stirred at
60 °C for 21 h. The reaction mixture was then filtered through a 1” silica plug with 20 mL of Et20 followed
by 80 mL of Et20 to elute the remaining product into a 200 mL round bottom flask. After removing the
Et20 by rotary evaporation, the crude product was isolated by flash column chromatography using 200
mL of hexanes to give hexylbenzene-d: as a clear, colorless oil (28 mg, 0.17 mmol, 85% yield).

"H NMR (400 MHz, CDCls)
07.32-7.24 (m, 2H), 7.22 — 7.13 (m, 3H), 2.64 — 2.55 (m, 0.42H), 1.66 — 1.54 (m, 1.94H, overlaps with
H20), 1.40 — 1.21 (m, 6H, overlaps with grease), 0.89 (i, J = 6.7 Hz, 3H).

2H NMR: (61 MHz, CHCl3)
52.59 (br's, 1.58D), 1.62 (br s, 0.13D).

13C NMR (101 MHz, CDCl3)
5 143.1, 128.5, 128.4, 125.7, 36.4 — 35.3 (m), 31.9, 31.8 — 30.9 (m), 29.2, 22.8, 14.2.

ATR-IR (cm™): 3084, 3061, 3025, 2956, 2923, 2855, 2191, 1074.

HRMS: (EI*) m/z: [M]* Calcd for C12H16D2 164.1500; Found 164.1528.

Y 5 mol% Cu(OAc), HDg HID
5.5 mol% (R)-DTBM SEGPHOS ™%
H/D” "H/D
10 (MeO),MeSi-D (5 eq)

h ! 11b (79% yield): C; = 23% D inc.
RO-H (5 eq), THF, 60 °C G 63% D inc.

Hexylbenzene-d: [11b].
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In a N2 filled glovebox, (R)-DTBM-SEGPHOS (26 mg, 0.022 mmol, 0.055 eq.), Cu(OAc)2 (100 uL of a 0.2
M solution in THF, 0.02 mmol, 0.05 eq.), and THF (0.15 mL) were added to an oven-dried 2-dram vial
followed by dropwise addition of dimethoxy(methyl)silane-d (288 pL, 2 mmol, 7.1 M solution in hexanes, 5
eq). A color change from green/blue to orange was observed while stirring for 15 minutes. In a separate
oven-dried 1-dram vial was added the 1-hexyn-1-yl-benzene (63 mg, 0.4 mmol, 1 eq.), THF (0.15 mL),
and 2-propanol (153 pL, 2 mmol, 5 eq.). The solution in the 1-dram vial was added dropwise over 20
seconds to the 2-dram vial. The 2-dram vial was capped with a red pressure relief cap, taken out of the
glovebox, and stirred at 60 °C for 21 h. The reaction mixture was then filtered through a 1” silica plug with
20 mL of Et20 followed by 80 mL of Et2O to elute the remaining product into a 200 mL round bottom flask.
After removing the Et20 by rotary evaporation, the crude product was isolated by flash column
chromatography using 200 mL of hexanes to give hexylbenzene-d- as a clear, colorless oil (52.0 mg,
0.317 mmol, 79% yield).

"H NMR (400 MHz, CDCls)
07.33-7.27 (m, 2H), 7.24 — 7.17 (m, 3H), 2.66 — 2.58 (m, 1.54H), 1.69 — 1.56 (m, 0.76H, overlaps with
H20), 1.42 — 1.24 (m, 6H, overlaps with grease), 0.92 (t, J = 6.8 Hz, 3H).

2H NMR: (61 MHz, CHCls)
6 2.61 (brs, 0.46D), 1.60 (br s, 1.34D).

13C NMR (101 MHz, CDCls)
5 143.1, 128.5, 128.4, 125.7, 36.2-35.3 (m), 31.9, 31.7 — 30.9 (m), 29.1, 22.8, 14.3.

ATR-IR (cm™): 3085, 3063, 3026, 2956, 2921, 2871, 2855, 2361, 2150, 1077.

HRMS: (EI*) m/z: [M]* Calcd for C12H1sD2 164.1500; Found 164.1528.
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4 Pulse Sequence s2pul 320
5 Experiment 1D i
6 Probe ASWPFG8319 300
7 Number of Scans 8 I
8 Receiver Gain 44 [ / _280
9 Relaxation Delay 1.0000 L
10 Pulse Width 8.0000 4b L 260
11 Acquisition Time 2.5559 _240
12 Spectrometer 399.73 r
Frequency '220
13 Spectral Width 6410.3 L
14 Lowest Frequency -804.9 -200
15 Nucleus 1H r
16 Acquired Size 16384 '180
17 Spectral Size 65536 ' 160
-140
-120
-100
-80
-60
40
L*,A.‘_/JIJ N
I "
R T T I
00 O — LN o — -—20
% G 0) O S N
N O —= O o m
T T T T T T T T T T T T T T T T 1
13 12 11 10 9 8 7/ 6 3 2 1 -1 -2
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13
14
15
16
17

Parameter
Origin
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

Value

Varian
cdcl3
20.0
s2pul
1D

ASWPFG8319

1024
30
1.0000
5.7500
1.3107
100.52

25000.0
-1443.7
13C
32768
65536

A AR DA U

141.90
133.85
132.09

127.94

127.74

127.55
127.22

125.96

125.68
125.14

|
|
|

77.16 CDCI3

29.86 Grease

N29.19
—15.66

4b

55

-50

45

40

-35

-30

-25

-20

-15

-10

230

210

190

170

150

130

110
f1 (ppm)

.90.



w 800
= S @ a i
O 2 O ©
(] O N go ‘750
O < T 00O |
OO ANOINMNMErEHOOONNININHOOONNMNUOSTAN LN COWOTANOO I mMr— O 00 i
NNNRNnnEImmmmmmmmaNNNNN NN o NNNN— nomeaNo -700
B e N e I
Parameter Value 650
1 Origin Varian |
2 Solvent cdcl3 // [ // 600
3 Temperature 20.0 4¢c
4 Pulse Sequence s2pul _5 50
5 Experiment 1D I
6 Probe ASWPFG8319 -500
7 Number of Scans 8 '
8 Receiver Gain 46 '450
9 Relaxation Delay 1.0000 r
10 Pulse Width 8.0000 400
11 Acquisition Time 2.5559 3
12 Spectrometer 399.73 -
Frequency 3 50
13 Spectral Width 6410.3
14 Lowest Frequency -805.8 _300
15 Nucleus 1H I
16 Acquired Size 16384 _2 50
17 Spectral Size 65536 I
-200
| r
-150
-100
-50
UL | ! -0
’ h &5 ‘
LN
N — N 50
o o~ m
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 1
.0 11.0 10.0 9.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0
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13
14
15
16
17

Parameter
Origin
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

Value

Varian
cdcl3
20.0
s2pul
1D
ASWPFG8319
1000
30
1.0000
5.7500
1.3107
100.52

25000.0
-1430.7
13C
32768
65536

O 0 A o o

/
\
i
|

143.65
143.27

141.93

139.49
127.25
126.62

126.34

125.08

124.28
119.80
119.70

| ——

77.16 CDCI3

—36.96
—29.21

QF

4c

40

~35

-30

25

-20

-15

-10

30

210

190

170

150

130

110
f1 (ppm)



) )]
O By
Parameter Value 8 S 450
—
1 Origin Varian v O
MMN A1 NOINONOIINST T TONNINSANO O O <t ANO MmN ON
2 Solvent ddi LV TITLTNNMMMNM N NNNR S mp@o
3 T t 20.0 NINNNNMNNNNMNNNMNNMNNMNNNMNNMNNNMNNMNNDM N ANAN N - O
emperature R S R T S e S M M \V’ \// _400
4 Pulse Sequence s2pul
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 8 4d -350
8 Receiver Gain 42
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 -300
12 Spectrometer 399.73
Frequency
13 Spectral Width 6410.3
14 Lowest Frequency -804.2 _2 50
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536 _2 OO
-150
-100
ALJL J§ -0
T T
o o
< N
N m
T T T T T T T T T T T T T T 1
13 12 11 10 9 5 3 1 0 -1 -2




-60

-55

-50

-45

40

-35

-30

25

-20

-15

-10

2a) A
Parameter Value ) 8
()] —
1 Origin Varian NINNTANANOO v e
LN MM MNOO < AN o N O ™M
2 Solvent cdcl3 o - 000 0N NN — 0 © (o))
3 Temperature 20.0 E E ﬂ r‘_|\‘ 2 ﬁ g ﬂ ,': o{\] ﬁ E
4 Pulse Sequence s2pul N2 SNe=—=—" N/ |
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 512
8 Receiver Gain 30
9 Relaxation Delay 1.0000
10 Pulse Width 5.7500 4d
11 Acquisition Time 1.3107
12 Spectrometer 100.52
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1429.9
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
U%mmmmemwwmmmmmmMHmmmemmmmwmmmwwWMmmmhmmwmwmmmmm
r—— 1 T 1 "~ 1 1 "~ 17 "~ 1T *~ T "~ T "~ T "~ T "~ T "~ T " T ° I I T T T T T 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



[V}
m n L
@) @) 8 5 50
o N —
@) I O
OININMMANrAT OO NATATOONNNANNOOOONNMNOINTSONLYM N0 O
MOMMMMMMAN—TTTT10000003330 0000000V Y NNNNO -500
NNNNNMNNNMNNMNNMNNNMNNNMNNMNNMNMNNMNNMNODODODOOOANNAN AN - O
[ |- D ———————————— I [ N R N N I N —
B W N T N
Parameter Value 0
1 Origin Varian _450
2 Solvent cdcl3
3 Temperature 20.0
4 Pulse Sequence s2pul 4e 400
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 8 _350
8 Receiver Gain 42
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000 -300
11 Acquisition Time 2.5559
12 Spectrometer 399.73
Frequency ‘2 50
13 Spectral Width 6410.3
14 Lowest Frequency -803.9
15 Nucleus 1H | -200
16 Acquired Size 16384
17 Spectral Size 65536
| -150
[l
-100
|
-50
|
|
’ L | | _O
QS LOWOoOHm < <
Qoo — N
o L
T T T T T T T T AR |‘_| a T T T T N, 0 T T 1 50
13 12 11 10 9 8 7 6 5 4 3 1 0 -1 -2
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13
14
15
16
17

Parameter
Origin
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

Value

Varian
cdcl3
20.0
s2pul
1D

ASWPFG8319

512
30
1.0000
5.7500
1.3107
100.52

25000.0
-1429.2
13C
32768
65536

R

—~157.92
~155.05

_~137.86
129.78

129.16
122.96

/
/
/

119.21
~-118.58

77.16 CDCI3

_~30.47 Grease

~-28.74

O —15.44

60

-55

-50

~45

40

-35

-30

25

-20

-15

-10

230

210

190

170

150

130

110
f1 (ppm)

.90.

.10.

10



750
700
;650
;600
;550
;500
450
;400
;350
;300
;250
200
;150
;100
50

——50

™M D} (]
O 3 B
Parameter Value O @)
()] ~ 2 o
1 Origin Varian O TO O
O < = 1NN <t = OO N Ot NO O
2 Solvent CDCI3 AN — — 00 00 OOV NN AN — 00
3  Temperature 3.0 NI O© O NANANAN A dAH—AO
~N/ I R e
4  Pulse Sequence s2pul
5 Experiment 1D
6 Number of Scans 8 T
7 Receiver Gain 26
8 Relaxation Delay 1.0000
9 Pulse Width 6.2000 4f
10 Acquisition Time 1.9979
11 Probe ATB_300
12 Spectrometer 300.13
Frequency
13 Spectral Width 4803.1
14 Lowest Frequency -600.1
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 65536
|
1
|
! I
k ‘._Jk \ !
T T T i)
N O (@] o ™M
~N N o S N
— o — m
— T T T T T T 1 U — T " T T T "~ T " T " T " T T T " T " T T T T T



aa) A
Parameter Value O 8
o S
1 Origi Vari -
rigin arian m 8 £ o'\o o ~ © — . 9000
2 Solvent CDCI3 ~ i~ oo " — < 00 i o
3 Temperature 3.0 AN m AN = ,': a m% 2
4 Pulse Sequence s2pul | | | N/ |
5 Experiment 1D 8000
6 Number of Scans 576
7 Receiver Gain 36
8 Relaxation Delay 1.0000 ~. -7000
9 Pulse Width 7.2500 D
10 Acquisition Time 1.8150 4f
11 Probe ATB_300 _6000
12 Spectrometer 75.48
Frequency
13 Spectral Width 18867.9
14 Lowest Frequency -1137.9 -5000
15 Nucleus 13C
16 Acquired Size 34246
17 Spectral Size 131072
4000
3000
-2000
| |
1000
|
|
WWWWWMMMWWWMMWMM«MWMW 0
—-1000
S o B 5 s s s B I e e B L L A I O
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



a8
@)
Parameter Value 8 _3 50
1 Origin Varian OONNOOLOLOINMM—EAOOMMAN — O — — O N O MmO
2 Instrument vnmrs Lo IInMmmMmMmMAN =~ — = S oMM M mm
NNNMNNNMNNNMNMNMNNNMNNMNMNNNMNNMNNNMNMNNNMNNMN on AN AN AN AN — -
3 Solvent cdcl3 e L et — .\]r/
4 Temperature 20.0
5 Pulse Sequence s2pul _300
6 Experiment 1D
7 Probe ASWPFG8319
8 Number of Scans 8
9 Receiver Gain 48 _2 50
10 Relaxation Delay 1.0000
11 Pulse Width 8.0000
12 Acquisition Time 2.5559 ‘H“‘G
13 Spectrometer 399.73
Frequency '2 OO
14 Spectral Width 6410.3 2b
15 Lowest Frequency -805.6
16 Nucleus 1H
17 Acquired Size 16384
18 Spectral Size 65536 B 1 50
k
L. N JL \ _O
AT f i) f
— O NO o — (9)]
00 00 00 I S o R
— O O mM — o
T T T T T T T T T T T T T T T T T T T T 1

f1 (ppm)



™ -1lY
@)
Parameter Value 8 L 1 8
L Origin varian N ASMSdBAN @ © ~ ~ "
2 Instrument vnmrs N oMo AN O LA 0 LA — < %)) ~ 17
LN MMM ANNNNN - o N LN 0 LN L
3 Solvent cdcl3 — A — N~ LN N — 16
4 Temperature 20.0 ~N | | L
5 Pulse .Sequence s2pul B 1 5
6 Experiment 1D L
7 Probe ASWPFG8319 -14
8 Number of Scans 512 —
9 Receiver Gain 30 0 ‘13
10 Relaxation Delay 1.0000 2b
11 Pulse Width 5.7500 -12
12 Acquisition Time 1.3107 | 1 1
13 Spectrometer 100.52 |
Frequency
14 Spectral Width 25000.0 | 10
15 Lowest Frequency -1428.2 _9
16 Nucleus 13C L
17 Acquired Size 32768 -8
18 Spectral Size 65536 r
-7
-6
-5
-4
-3
| L
| -2
-1
HJ“WMWMWWWWWWWWWMWMWWWWW -0
-1
-2
—— 71 1 *~ T ~ T *~ T * T *~ T *~ T T T T T ‘T T T T — — — N — 1
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



" -
O o) -180
Parameter Value () N I
O I
1 Origin Varian OO0 OTMHOOM 00 © — AN LN 0000 N LN 170
AR R R LA 0 N©O©O©O nAANN :
2 Solvent cdcl3 NNNNNNNNNNNKN < <t NANANN A 1
3 Temperature 20.0 e\ A————" AN AN ~ 60
4 Pulse Sequence s2pul I
5 Experiment 1D _150
6 Probe ASWPFG8319
7 Number of Scans 8 | 140
8 Receiver Gain 32 _130
9 Relaxation Delay 1.0000 L
10 Pulse Width 8.0000 O -120
11 Acquisition Time 2.5559 r
12 Spectrometer 399.73 ‘1 10
Frequency L
13 Spectral Width 6410.3 —100
14 Lowest Frequency -803.9 49 3
15 Nucleus 1H -90
16 Acquired Size 16384 r
17 Spectral Size 65536 _80
-70
-60
-50
40
-30
-20
I
L n -10
I L
P | S L A J U L _O
TR i i\ f I
< Lh o o ~N ——10
0 0 O) S S —
m N <t o m
T T T T T T T T T T T T T T T T T T T T T 1
13 12 11 10 9 8 7 6 5 4 3 1 -1 -2



-100

-90

-80

-70

60

-50

-40

-30

-20

-10

m
Parameter Value LD)
83 R3] © © - o
2 Solvent cdcl3 M 00 LA 00 00 00 I~ I~ = ™ ™
3 Temperature 20.0 : 2 N‘—|.’ g g g ‘: (: l': E Q % ﬁ
4 Pulse Sequence s2pul ‘\‘.\.‘\.‘\%/ \ \/ |
5 Experiment 1D
6 Probe ASWPFG8319 O
7 Number of Scans 512
8 Receiver Gain 30
9 Relaxation Delay 1.0000
10 Pulse Width 5.7500 4g
11 Acquisition Time 1.3107
12 Spectrometer 100.52
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1430.7
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
| | |
| J.r L |
e O e O O s O B I L e e e e e e I
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

——10



m L
Parameter Value O o 1 500
1 Origin Varian 8 g I
2 Instrument vnmrs N NOLWN o mMm — O N ON LM _1400
QO NN ! NNO©O  oNANN _
3 Solvent cdcl3 MN NNN rvA AN AN A — | —
4 Temperature 15.0 NP N N -1300
5 Pulse Sequence s2pul L
6 Experiment 1D _1200
7 Probe ASWPFG8319 O |
8 Number of Scans 8 -
9 Receiver Gain 44 i 1 100
10 Relaxation Delay 10.0000 I
11 Pulse Width 8.0000 _1000
12 Acquisition Time 2.5559 4h r
13 Acquisition Date 2019-10-15T11:42:26 —900
14 Modification Date 2019-10-15T11:43:28 L
15 Spectrometer 399.73 N
Frequency 800
16 Spectral Width 6410.3 I
17 Lowest Frequency -806.7 '700
18 Nucleus 1H r
19 Acquired Size 16384 600
20 Spectral Size 65536 L
-500
400
-300
|
' 200
-100
JL QL. i J L.\__,\ _O
yol Dy !
o~
S S S S --100
o o~ oM o (ga]
T 1 T T —— T T T T T — T T T — T — — T T T T
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 .0 3.0 2.0 1.0 -1.0 -2.0



e 2 -230
Parameter Value @) 3 -
D — -
1 Origin Varian — () N O N O O L
2 Instrument vnmrs ~” « enN ‘K_|J 8 g 8 Sr; ‘2 10
3 Solvent cdcl3 E E NANA ": m ON’ 2 b i
4 Temperature 20.0 | ~\ | % | L
5 Pulse Sequence s2pul ‘190
6 Experiment 1D _
7 Probe ASWPFG8319 L
8 Number of Scans 1000 u ]_ 70
9 Receiver Gain 30 i
10 Relaxation Delay 1.0000 L
11 Pulse Width 5.7500 0 -150
12 Acquisition Time 1.3107
13 Acquisition Date 2019-10-15T18:11:28 4h i
14 Modification Date 2019-10-15T18:13:18 -130
15 Spectrometer 100.52 I
Frequency B
16 Spectral Width 25000.0 '_1 10
17 Lowest Frequency -1430.5 3
18 Nucleus 13C B
19 Acquired Size 32768 _90
20 Spectral Size 65536 L
-70
-50
-30
| | -
| -10
--10
f—— 7T 71 1 *~ 1 ~ T T~ T T T T 1T T~ T T T ~ T * T "~ T T+ T 7 — | — — T T —
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



m
Parameter Value LD) -1 OO 0
o ) O
1 Origin Varian — O WO TNOONOONOTANMH D
2 Solvent cdcl3 NoOmMmMAa A NANAN—TNNOOANANAN — ©
NNNNN MmN MANANNN— — —
3 Temperature 20.0 \ \// M '\‘Z/ '\ﬁ\ _900
4 Pulse Sequence s2pul
5 Experiment 1D s r
6 Probe ASWPFG8319
7 Number of Scans 8 A _800
8 Receiver Gain 36 [ [ ] Nx L
9 Relaxation Delay 1.0000 . S
10 Pulse Width 8.0000 o -700
11 Acquisition Time 2.5559 O 4
12 Spectrometer 399.73
Frequency '600
13 Spectral Width 6410.3
14 Lowest Frequency -803.9
15 Nucleus 1H
16 Acquired Size 16384 _500
17 Spectral Size 65536
400
-300
-200
|
o I
-100
JUL -0
by L o
A M m m (o N e]
N ® S a9 N Q
- <t — oNLO
T T T T T T T T T T T T T T T 1
13 12 11 10 8 7 4 1 0 -1 -2



-110

-100

-90

-80

-70

60

-50

-40

-30

-20

-10

m
Parameter Value LD)
1 Origin Varian 2 E ; m g e < ~N O
2 Solvent cdcl3 o N0 N = - o NN
3 Temperature 20.0 : ﬂ (: ﬁ l': g 2 2 E
4 Pulse Sequence s2pul | | \ / | | \/
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 512 >
8 Receiver Gain 30 ,
9 Relaxation Delay 1.0000 N
10 Pulse Width 5.7500 1lS_
11 Acquisition Time 1.3107 O': W
12 Spectrometer 100.52 O i
Frequency 4i
13 Spectral Width 25000.0
14 Lowest Frequency -1430.7
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
|
|
L J
e O e O O s O B I L e e e e e e I e Y
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

——10



m
Parameter Value LD)
o . 9 L
1 Origin Varian 4N T NO 0 W< N o NN 550
2 Instrument vnmrs = mMmmaA NN N r\ﬁ N
3 Solvent cdcl3 Q% K™ YIS T
NSNS 2 ~} 500
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D
7 Probe ASWPFG8319 OEN 450
8 Number of Scans 8 4_]
9 Receiver Gain 36
10 Relaxation Delay 1.0000 400
11 Pulse Width 8.0000
12 Acquisition Time 2.5559 B
13 Spectrometer 399.73 3 50
Frequency
14 Spectral Width 6410.3
15 Lowest Frequency -805.1 _300
16 Nucleus 1H
17 Acquired Size 16384
18 Spectral Size 65536 2 50
-200
-150
-100
-50
|
JL - JL A | L\A_—J\_ _O
f f U f
o — N (o)}
< — ~N <
o~ o~ o oM __50
T T T T T T T T T T T T T 1
13 12 11 10 8 7 6 3 1 -1 -2
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14
15
16
17
18

Parameter
Origin
Instrument
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

Value

Varian
vnmrs
cdcl3
20.0
s2pul
1D
ASWPFG8319
1000
30
1.0000
5.7500
1.3107
100.52

25000.0
-1432.4
13C
32768
65536

—152.15
—146.32

—128.74
—123.72

77.16 CDCI3

~29.81 Grease

o A
co LN
N —
/
O,N
4

1220
-200
-180
160
-140
-120

-100

»0 210 200 190 180 170

f1 (ppm)

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

~10

A/



v (<))
5 y B
O
2 S s 1500
O O (&)
—AONLMANMOAONT OO M= NM ONLLN MO N
QRNNINNMNN—= QN NROEN mANN® gL d
NNNNNMNNNMNNNMNMNNNMNOO NNN(‘JN =~ O ""S__—-:O |
———e e W N N\ 450
Parameter Value
1 Origin Varian L
2 Solvent cdcl3 400
3 Temperature 20.0 / [ f [ [ 4k
4 Pulse Sequence s2pul
5 Experiment 1D _350
6 Number of Scans 8
7 Receiver Gain 42
8 Relaxation Delay 1.0000 _300
9 Pulse Width 8.0000
10 Acquisition Time 2.5559
11 Probe ASWPFG8319 _2 50
12 Spectrometer 399.73
Frequency
13 Spectral Width 6410.3
14 Lowest Frequency -803.9 -200
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536 -150
-100
! I
]
" -50
I
L | | L‘A——AAJJ
I
-0
b b b o i
NOSWLMNMNO m o N
oo o-— O — ™ oA
T T T T T T T T T T T T T T T T T T T 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/
2.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 3.0 2.0 1.0 0.0 -1.0 -2.0



aa) A
Parameter Value @) 8 K 1 5
()] bt
1 Origin Varian OO0OW—H—HIT OO N .t O
HNIM=R TS MO © SN 14
2 Solvent cdcl3 T OINA OO OO ™o — 00 00 ©
3 Temperature 20.0 :ﬂmmﬂgﬁﬁﬁ‘::g ": 2£:£
4 Pulse Sequence s2pul ~muN/ =7 I~ |\ 13
5 Experiment 1D
6 Number of Scans 256 / 12
7 Receiver Gain 30
8 Relaxation Delay 1.0000 N L 1 1
9 Pulse Width 5.7500 O:S;“‘
10 Acquisition Time 1.3107 ‘HO
11 Probe ASWPFG8319 _10
12 Spectrometer 100.52
Frequency 4k _9
13 Spectral Width 25000.0
14 Lowest Frequency -1429.6 _8
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536 _7
-6
)
-4
-3
| _2
. -1
—1
71T - 1 T 1 71T 1 1 1 1 "~ 1 "~ T 1 "~ T " 1T *~ T "~ T "~ T "~ T "~ T "~ T " T 7 1
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



Parameter Value 8 _6 5 0
[
1 Origin Varian [2a) E* '
2 Instrument vnmrs 8 5 600
3 Solvent cdcl3 ) = I
4 Temperature 00 BREOEEITMmMMMN NN NN Ko RN M M m c5q
5 Pulse Sequence s2pul NNINNNNNNNNNNNNNNN o~ NN AN — = 55
6 Experiment 1D —_—— SN ———— ~ — ~} L
7 Probe ASWPFG8319 _500
8 Number of Scans 8
9 Receiver Gain 40 / l ///
10 Relaxation Delay 1.0000 '450
11 Pulse Width 8.0000 L
12 Acquisition Time 2.5559
13 Spectrometer 399.73 4 400
Frequency 3
14 Spectral Width 6410.3 B
15 Lowest Frequency -806.7 3 5 O
16 Nucleus 1H I
17 Acquired Size 16384 —300
18 Spectral Size 65536 I
250
200
-150
-100
-50
L |
‘ -0
R 7 f
O = OO uWn 0 —
2o a9 N < L _50
— O o~ ™M -
S T T T ~ T T~ T *~ T * T * T 7 — L — T T T T — L — ™
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



) 7
Parameter Value O 8
. | o S 45
1 Origin Varian OO O—=INOTM
2 Instrument vnmrs e anNYm 2 £ g :
oOOoONOINMAN N . g .
3 Solvent cdcl3 IITMANANNANA ": 2 ﬁ ©
4 Temperature 20.0 N o S\ — N/ 40
5 Pulse Sequence s2pul
6 Experiment 1D
7 Probe ASWPFG8319 //
8 Number of Scans 496 -35
9 Receiver Gain 30 S
10 Relaxation Delay 1.0000 4
11 Pulse Width 5.7500
12 Acquisition Time 1.3107 _30
13 Spectrometer 100.52
Frequency
14 Spectral Width 25000.0
15 Lowest Frequency -1432.5 '2 5
16 Nucleus 13C
17 Acquired Size 32768
18 Spectral Size 65536 _20
-15
-10
|
-5
|
mrmmmmmmwwmmmmlwmwmmmmw&wmemmwm -0
—— T T - 1 "~ 1 T T T 1T T~ T T T T T T~ T ‘" T "~ T 7 - - - - I 1
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



f1 (ppm)

[N )
< ©
Parameter Value 2 o O -350
U | W -
1 Origin Varian ()] o O
O I T
2 Solvent cdcl3 NNOOOWONO OO OV TNOTMNAN—=—TONDNMN ©
3 Temperature 20.0 Mmooy NANAN N oo NN OO0 00 W©N
NNNNNNNNNNN MmN o NANNA—AAAA—"AAAA— - O
4  Pulse Sequence s2pul I N N Y | P e n\l ‘\.| n\l / _300
5 Experiment 1D
6  Probe ASWPFG8319 OH
7 Number of Scans 8
8 Receiver Gain 38
9 Relaxation Delay 10.0000 -2 50
10 Pulse Width 8.0000 4m
11 Acquisition Time 2.5559
12 Spectrometer Frequency 399.73
13 Spectral Width 6410.3
14 Lowest Frequency -806.0 '2 OO
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536
-150
-100
-50
|
_J L JJL J J JA _O
o T T T
o LN LN — O
SO S S — o
oM o~ o~ N 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
2.0 11.0 10.0 9.0 7.0 6.0 5.0 4.0 3.0 2.0 0.0 -2.0



m
O
Parameter Value a
1 Origin Varian g g : 'a z LA ™M o _5 5
2 Solvent cdcl3 — 00 0 LA — ™M ™M -
< N NN N o~ < N
3  Temperature 20.0 — — o~ N () mMm M
4  Pulse Sequence s2pul | \// \/ _50
5 Experiment 1D OH
6 Probe ASWPFG8319
7 Number of Scans 1000 45
8 Receiver Gain 30
9 Relaxation Delay 1.0000 4m _40
10 Pulse Width 5.7500
11 Acquisition Time 1.3107
12 Spectrometer Frequency 100.52 _35
13 Spectral Width 25000.0
14 Lowest Frequency -1432.2
15 Nucleus 13C —30
16 Acquired Size 32768
17 Spectral Size 65536
-25
-20
-15
-10
|
-5
A N et U " " _O
-5
A ——7T 7T 71T 1 T 71T 71T 1 71T 1T 717 "7 "~ T "~ T "~ T "~ 1T "~ T "~ T " T " T "~ T "~ T * T 7
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



7.26 CDCI3
1.28 H grease
0.89 H grease
0.17 Grease

inknnininkol

4n

1170
160
150
140
130
120
110
100
90

80

70
60
50
40
30
20
10

—10

Parameter Value

1 Origin Varian
2 Solvent dd3 M=o o
3 Temperature 20.0 0'3 z o'\o :: '“\) :
4 Pulse Sequence s2pul L
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 8
8 Receiver Gain 40
9 Relaxation Delay 10.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559
12 Spectrometer 399.73

Frequency

Spectral Width 6410.3

Lowest Frequency -805.6

Nucleus 1H

Acquired Size 16384

Spectral Size 65536

1 I — T T T T
2.0 11.0 10.0 9.0

“1.0  -2.0



u 38
Parameter Value a L
(@] L
1 Origin Varian QE:S:mmmgN © ~ <+ 36
2 Instrument vnmrs OMANONNNG O LA — N =N
MM N ANNNNNNAN N o~ <t — ‘34
3 Solvent cdcl3 — N Vo) mMm M L
4 Temperature 20.0 ———v—— \/ -32
5 Pulse Sequence s2pul OH -
6 Experiment 1D ‘30
7 Probe ASWPFG8319 I
8 Number of Scans 1000 28
9 Receiver Gain 30 4n _26
10 Relaxation Delay 1.0000 i
11 Pulse Width 5.7500 _24
12 Acquisition Time 1.3107 3
13 Spectrometer 100.52 ‘22
Frequency 3
14 Spectral Width 25000.0 20
15 Lowest Frequency -1437.4 i
16 Nucleus 13C -18
17 Acquired Size 32768 _16
18 Spectral Size 65536 |
-14
-12
-10
-8
-6
-4
-2
mmwwmmww«mwwmmmmmwmmmw A At o o s on st - ()
-2
-4
f——7T ~— 717 *+~ T *+~ T ~ T *~ T *~ 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
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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O 600
OoOMere Nt ANINININSS MMAN—T OO0 NN O A0 OINSTTMMeEANOOONOMN O LN MO |
QNN LITMNMNMMAMNMNNMMNNNNNN  COONNNNNOG G K0 W00 AS
NNNMNNNMNMNNNMNNMNNMNNNMNMNNNMNNMNNNMNMNNNDNMN MmN MANANANNNS A A A A~ OO _550
| I S S — L L L __J ) N I R —
Parameter Value i
1 Origin Varian “-\,S, _500
2 Solvent cdcl3 0"' || L
3  Temperature 20.0
4  Pulse Sequence s2pul ///// j / / 4 50
5 Experiment 1D i
6 Probe ASWPFG8319 40 _400
7 Number of Scans 8
8 Receiver Gain 36
9 Relaxation Delay 1.0000 ‘3 50
10 Pulse Width 8.0000 L
11 Acquisition Time 2.5559
12 Spectrometer Frequency 399.73 _300
13 Spectral Width 6410.3 r
14 Lowest Frequency -805.7 _2 50
15 Nucleus 1H
16 Acquired Size 16384 I
17 Spectral Size 65536 -200
-150
100
| -50
g ﬁ
lid i »
b L 0
—A S i) T T i) T
LN N0 O LN oM < o~ < o~
—HooQoQ — ! ! ™ ! -
AN = AN o o o o O -50
T T 1 T T T T "~ T T T T T T T T T " T T T T T T T T T T T T 7T T T T 71 A
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



sa) A
Parameter Value ) 8
(@) s
1 Origin Varian oo TTNM O o
INANNOOO — V] — NOOMNMNO (o)}
2 Solvent cDel3 R — LA N0 < — < & 40000
3 Temperature 3.0 E E ‘: 2 g ﬁ g ,': g ; a % g O‘_|° "?
4  Pulse Sequence s2pul \/ / \// \ /// / |
5 Experiment 1D
6 Probe ATB_300 ~ -35000
7 Number of Scans 1000 O;SI
8 Receiver Gain 36 |
9 Relaxation Delay 1.0000
10 Pulse Width 7.2500 30000
11 Acquisition Time 1.8150 40
12 Spectrometer Frequency 75.48
13 Spectral Width 18867.9 _2 5000
14 Lowest Frequency -1141.8
15 Nucleus 13C
16 Acquired Size 34246
17 Spectral Size 131072 _2 0000
15000
10000
| -5000
| ' '
|
A W W l'__'._ ) " _O
//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 /I/
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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o N pudt
@] T O r§5§5
CONOVOINTTITMNANNTOONNORNNOAAAOOONDNNVVONAINOTOVONNONNOONTIITMNNON LN
NQCQOOCQOLQQOQCaOGq) 00 00 00 G ) Q0000000 0)00(0 WY WIWMN W©ILWOOe0 000000000000 MAN
NNNNMNNNNMNNMNNNMNNOOO OO O OOV OVVOVOVOLOLOLLOLLLOWOMMMM (9 @\ o I I B O O O O T IO IO IO B e B B |
— |- L L L L | Y S S I S — I [ [ [ [ [N I— N— I [ [ I TR T T— —
.A&ﬁﬁi ‘4%’ “/' _50
Parameter Value
1 Origin Varian F OH 4
2 Solvent cdcl3 5
3  Temperature 20.0
4  Pulse Sequence s2pul F _40
5 Experiment 1D 4p
6 Probe ASWPFG8319
7 Number of Scans 8 _3 5
8 Receiver Gain 42
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000 _3 O
11 Acquisition Time 2.5559
12 Spectrometer Frequency 399.73
13 Spectral Width 6410.3 -25
14 Lowest Frequency -806.4
15 Nucleus 1H
16 Acquired Size 16384 '20
17 Spectral Size 65536
|
mad o ", _O
7 T T T i
(o lNe)] O LN [ o
) O N N No© -5
- O o o o —
L e B B 1 e o s B B e B e A L B S S S s Sy B B R O
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



m
O
()]
NN A1 OONNONMONO WO O A O -55
N O "0 OInoooomMmmMmMANM— — O Vo] m O m
A O OMONNOWOO T IEENNNN ! S QM
nmumnmmnINnstttrTrmmnmmmMmANNNN A A A A N — <+ —
A A A A A A A A A A A A A A A~~~ N~ Ce) mMm M
e S N \ / -50
Parameter Value
1 Origin Varian OH _45
2 Solvent cdcl3
3  Temperature 20.0
4  Pulse Sequence s2pul _40
5 Experiment 1D 4p
6 Probe ASWPFG8319
7 Number of Scans 1000 _3 5
8 Receiver Gain 30
9 Relaxation Delay 1.0000
10 Pulse Width 5.7500 -30
11 Acquisition Time 1.3107
12 Spectrometer Frequency 100.52
13 Spectral Width 25000.0 25
14 Lowest Frequency -1429.2
15 Nucleus 13C
16 Acquired Size 32768 _20
17 Spectral Size 65536
-15
-10
Mmmwwwwwllmmw )
|
IV A b s Y Ui - O
=5
A ————T0 7 T 7T T 7T 7T 7T 7T 7T 7T 7T 7 7T 7T 7T 7T 71T 71 1T 1 A/
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



M o 1900
Parameter Value 22 g OH 11800
1 Origin Varian ‘_I' ‘_I' F
2 Solvent cdcl3 l I '1700
3  Temperature 20.0 I 1600
S om0 4p -
6 Probe ASWPFG8319 __1 500
7 Number of Scans 16 L
8 Receiver Gain 60 L 1400
9 Relaxation Delay 1.0000 -1300
10 Pulse Width 5.0000 r
11 Acquisition Time 0.7340 -1200
12 Spectrometer Frequency 376.09 I
13 Spectral Width 89285.7 1100
14 Lowest Frequency -76613.1 I
15 Nucleus 19F _1000
16 Acquired Size 65536 _900
17 Spectral Size 131072 L
-800
-700
600
-500
400
-300
200
-100
-0
--100
20 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200

f1 (ppm)



220
210
1200
190
180
170
160
1150
140
-130
120
-110
1100

v v
v un
Parameter Value ™M 3 8 b
@) - = (@©
1 Origin Varian ()] ooy
| del U] T O
2 Solvent cdel3 ot O VOTANOT NOSFTNLHANNINONINIANM
3 Temperature 20.0 o NN MMMMOLOLO RNV KWOMMMMN O —
4 PulsesS >pul NN~ NN~ SEFETTTFTMmMom NANAN A A A A A OO
ulse Sequence s2pu N2 N — ~ ~J — —
5 Experiment 1D
6 Probe ASWPFG8319 OH
7 Number of Scans 8
8 Receiver Gain 38
9 Relaxation Delay 10.0000 O
10 Pulse Width 8.0000 4q
11 Acquisition Time 2.5559
12 Spectrometer Frequency 399.73
13 Spectral Width 6410.3
14 Lowest Frequency -806.3
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536
|
I
J L ) L J J Lk‘/'\___/'\
T T T T T AN
(@) (o) o — ™M < N -
S N S © S S o~
o~ o o~ o o N~ M
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 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



2] b
Parameter Value v s
D —
1 Origin Varian o~ (o)) N O < o o _90
co < N m©n AN (o) O NN O o
2 Solvent cdcl3 © ~ oy 00 o0 — o o o — N <
3  Temperature 20.0 g : ﬁ g 2 ,': G 8 m % 2 S,
4  Pulse Sequence s2pul | | '\.\/ \/ \ / / | _80
5 Experiment 1D
6 Probe ASWPFG8319 OH
7 Number of Scans 1000 O
8 Receiver Gain 30 ~ -70
9 Relaxation Delay 1.0000
10 Pulse Width 5.7500 O
11 Acquisition Time 1.3107 4q _60
12 Spectrometer Frequency 100.52
13 Spectral Width 25000.0
14 Lowest Frequency -1434.1
15 Nucleus 13C -50
16 Acquired Size 32768
17 Spectral Size 65536
40
-30
20
|
-10
WNNW |
e—— ILWMWJNM NITPIRALI| P smss—" iy | ()
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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OTNOOOVONOINTITITANNOIONDOONOTNOOINOOLNNMNMITNETHONS N—ONDNO O LN
NNSSNSNQNNNNNNNNNRVXXOOOUMMMS S GG 0)® W0 0000 N LN N ' 1550
NNNNOITOMTOMOMmMOO oo aNANANANANNNNANANANNNN A A A A A A A A A A A A A
e e
Parameter Value -500
1 Origin Varian
2 Solvent cdcl3
3 Temperature 20.0 /’ 450
4 Pulse Sequence s2pul H
5 Experiment 1D _400
6 Probe ASWPFG8319
7 Number of Scans 16
8 Receiver Gain 38 -350
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 '300
12 Spectrometer 399.73
Frequency
13 Spectral Width 6410.3 ‘2 50
14 Lowest Frequency -806.7
15 Nucleus 1H
16 Acquired Size 16384 -200
17 Spectral Size 65536
-150
-100
J -50
-0
S T
— <t N
— o9 o0
— OO m '—50
T T T T T T T T T T T 1
4 13 12 11 10 6 5 4 -1 -2



O© 00 N O v h W N =

= R
N = O

13
14
15
16
17

Parameter
Origin
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

Value

Varian
cdcl3
20.0
s2pul
1D
ASWPFG8319
1000
30
1.0000
5.7500
1.3107
100.52

25000.0
-1432.0
13C
32768
65536

141.55

_~137.78
N136.73

~128.59
125.46

125.28

<

N119.57

77.16 CDCI3

4r

65

60

-55

-50

45

40

~35

-30

~25

-20

-15

-10

230

210

190

170

150

130

110
f1 (ppm)



e 1100
O
(]
O
SSREIRRNRRANNS 11000
oo
Parameter Value ‘900
1 Origin Varian
2 Solvent cdcl3
3 Temperature 20.0 _800
4 Pulse Sequence s2pul
5 Experiment 1D
6 Number of Scans 8 4s _700
7 Receiver Gain 40
8 Relaxation Delay 1.0000
9 Pulse Width 8.0000 | 600
10 Acquisition Time 2.5559
11 Probe ASWPFG8319
12 Spectrometer 399.73 ‘500
Frequency
13 Spectral Width 6410.3
14 Lowest Frequency -805.5 _400
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 32768 I _300
|
200
|
|
L | _O
— e
(o) MoV
AW =M< N
N mMm ] L _
AEm— — OO0 M ey , 100
4 13 12 11 10 B NN N o -1 -2



-170

f1 (ppm)

aa) A
Parameter Value O 8
()] bt r
1 Origin Varian N N O O N LN O O _160
— TOOON ONNMOMNMAEANSOWNINNSANAHINNOO MO AN — 0
2 Solvent cdel3 S < 66O O HRXMUONTARLTRAHROITRONINARNONO i
7 ANSSS N ANNNNARASSNINANRN228S 150
4 Pulse Sequence s2pul N SN/ e ee——— —— r
5 Experiment 1D _140
6 Number of Scans 3200 = L
7 Receiver Gain 30 : 130
8 Relaxation Delay 1.0000 L
9 Pulse Width 5.7500 -120
10 Acquisition Time 1.3107 L
11 Probe ASWPFG8319 4g -1 10
12 Spectrometer 100.52 L
Frequency L
13 Spectral Width 25000.0 | 100
14 Lowest Frequency -1427.6 L
15 Nucleus 13C | 90
16 Acquired Size 32768 80
17 Spectral Size 65536 |
-70
-60
-50
40
-30
|
| -20
-10
y il - e it NI e oA -0
10
—T T~ T ~ T *~ T *~ T *~ T *~ T *~ T * T *~ T T T | — T |
30 210 190 170 150 130 110 50 10 -10



- v ~ZBUU
Parameter Value ) 8 r
()] b
1 Origin Varian © o 2600
O N — O OY I\ NN OONNWWOVOTMNOT AN
2 Solvent cdcl3 N ©UINn  ©OOVOMININTMMMAN QOO
) NN AN AN A A A A AAAAAAAA O O O
3 Temperature 20.0 \ — i —— -2 400
4  Pulse Sequence s2pul |
5 Experiment 1D
6 Probe ASWPFG8319 DD -2200
7 Number of Scans 16 D r
8 Receiver Gain 46 -2 000
9 Relaxation Delay 10.0000 D |
10 Pulse Width 8.0000 D 1
11 Acquisition Time 2.5559 800
12 Spectrometer 399.73 6a '
Frequency '1600
13 Spectral Width 6410.3
14 Lowest Frequency -806.9
15 Nucleus 1H _1400
16 Acquired Size 16384 r
17 Spectral Size 65536 _1200
1000
-800
600
| 400
il | i I
| -200
| ' t I
_JL - _O
T i R,
< N ANl m -
(— — T T T T T T T T T T — T — — —— —— T T T T T T T T T T T —
.0 11.0 10.0 9.0 8.0 /. 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



Parameter Value D
1 Origin Varian D
2 Solvent cdcl3 D
3 Temperature 3.0 D
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ASWPFG8319 6a
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -113.9
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
U R R

O o~

™ ®

— o
T T T T T T T T T T T T T T T

5.5 5.0 4.5 4.0 3.5 3.0 2. 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5




;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200
;100

——100

2a) A
Parameter Value O g
()] -
1 Origin Varian <t N O m O O
Ty i@ 2 3R8S5833R8K85853
5% AN N PP EINNININNE R A R
4 Pulse Sequence s2pul N/ N e/ ===
5 Experiment 1D D' D
6 Probe ASWPFG8319 D
7 Number of Scans 7872
8 Receiver Gain 30 D
9 Relaxation Delay 5.0000 D
10 Pulse Width 5.7500
11 Acquisition Time 1.3107
12 Spectrometer 100.52 6a
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1430.5
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
|
|
|
| ! TR
r—— 1 T -~ 1 "~ 1 "~ 1 "~ 17 "~ 1T "~ T "~ T "~ T "~ T "~ T "~ T " T I T T T T T 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



™M v v
Parameter Value — S L
O o v
. . o N —- 3
1 Origin Varian @) T GG _220
2 Solvent cdcl3 — O 00 W (@] <t O 0O L
< EmMmmn AN [N LN mMAN O
3 Temperature 20.0 ~NNeNNNN ~ —_— - i
4 Pulse Sequence s2pul e —— | \ \/ / D _200
5 Experiment 1D r
6 Probe ASWPFG8319 i
7 Number of Scans 8 D _180
8 Receiver Gain 50 r
9 Relaxation Delay 10.0000 i
10 Pulse Width 8.0000 ! 6b 160
11 Acquisition Time 2.5559 _
12 Spectrometer 399.73 L
Frequency '140
13 Spectral Width 6410.3 r
14 Lowest Frequency -803.8 _
15 Nucleus 1H —120
16 Acquired Size 16384 I
17 Spectral Size 65536 L
-100
-80
-60
40
-20
| A -‘
J U | A J _O
P i B
— O M 0 —
M= NO o ‘—20
T T T T T T T T T T T T T T T T T T 1
4 13 12 11 10 9 8 7 6 5 1 0 -1 -2



Parameter Value
1 Origin Varian
2 Solvent cdcl3 D
3 Temperature 3.0 D.
4 Pulse Sequence s2pul
5 Experiment 1D D
6 Probe ASWPFG8319 D
7 Number of Scans 2048
8 Receiver Gain 30 6b
9 Relaxation Delay 0.0100
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -103.9
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
T T

(@) o~

® ™

— o

T T T T T T T T T T T T T T T T T T

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0 -1.5

f1 (ppm)

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




~400

-350

-300

250

-200

-150

-100

-50

f1 (ppm)

.
@)
&) o
N OO0 — < < O N o < .t O
Parameter Value CO0O—HO N LA (N O — (Co) NOO AT I1NMOO O
—H M ANNNN LWL L — NV NoOONY
1 Origin Varian t MmN N NN N C) 00 00 00 00 00 <+ <+ <
— — N ANANANANANAN A A
2 Solvent cdcl3 e | —_— ) ~
3 Temperature 20.0 D D
4  Pulse Sequence s2pul D
5 Experiment 1D
6 Probe ASWPFG8319 D D
7 Number of Scans 10000
8 Receiver Gain 30
9 Relaxation Delay 5.0000 6b
10 Pulse Width 5.7500
11 Acquisition Time 1.3107
12 Spectrometer 100.52
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1427.6
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
1
[
l |
-
" " I
r— 1 T 1 "~ T 1 1 *~ T "~ T "~ T "~ T * T * T "+~ T "~ T 7 - T T T T T * T T 1



M v v L
- " wn
Parameter Value LD) 8 g § -190
1 Origin Varian o LO0U |
AA A OO NWONNINLAM N O O Ln < M ™M © O 00 — 180
2 Solvent cdds  NNNKROQOOuOInMmMmmaN—==——H  Q N © N o -
z ;emperature 20.0 iy Enn by '\\x NN | N 7‘ 7‘ Cq DD L1170
ulse Sequence s2pul -
5 Experiment 1D D '160
6 Probe ASWPFG8319 D I
7 Number of Scans 16 _150
8 Receiver Gain 20
| O 1140
9 Relaxation Delay 10.0000 s (e L
10 Pulse Width 8.0000 —]_30
11 Acquisition Time 2.5559 F
12 Spectrometer 399.73 ‘120
Frequency L
13 Spectral Width 6410.3 -110
14 Lowest Frequency -807.5 I
15 Nucleus 1H _100
16 Acquired Size 16384 _90
17 Spectral Size 65536 L
-80
-70
-60
-50
40
-30
| | -20
| 10
| | | I 0
J —
AR U T I
t+ oA ) 00 -——10
SSo9 S —
AN = — oM o
T T T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 1 0 -1 -2



Parameter Value
1 Origin Varian D
2 Solvent cdcl3 D L
3 Temperature 3.0 D
4  Pulse Sequence s2pul O
5 Experiment 1D
6 Probe ASWPFG8319 6C
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -101.2
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
T T
o~ N
® ™
— o~
T T T T T T T T T T T T T T T T T T T
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 -1.5



850
1800
750
700
650
600
550
500
450
400
350
1300
250
1200
150
1100
50

aa) 7
Parameter Value O 8

D —
1 Origin Varian N —ONANOO NN < v o
2 Solvent cdcl3 - AN ™ g ;-' Qﬂﬁgggﬁgggmﬁ
3 Temperature 200 . OmMNNNNND O N IR T
4 Pulse Sequence s2pul /= | | —e— =
5 Experiment 1D D D
6 Probe ASWPFG8319
7 Number of Scans 5184 D
8 Receiver Gain 30
9 Relaxation Delay 5.0000 ~ D
10 Pulse Width 5.7500 O
11 Acquisition Time 1.3107
12 Spectrometer 100.52 6C

Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1431.8
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
| |
|

A Ll A

—— 1 1 T~ 1 1 "~ 1 ~ T *~ T *~ T "~ T *~ T "~ T "~ T " T 7 - T " T T T T T T T
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

=50



338U
aa) oo i
@)
a Qe ¢ 360
@) IO (&) L
N [@Ncn) MO NN
CER8LEEREANnRIA M NS A@ N o DD ~340
l\'l\'l\'l\'l\'l\'l\l\l\Ll\l\l\l\ N NN —— - o 3
— L L [ [ b L L | I | \ \/ / D _320
Parameter Value I
| o D 300
1 Origin Varian L
2 Solvent cdcl3 -2 80
3 Temperature 20.0 6d L
4 Pulse Sequence s2pul / -260
5 Experiment 1D 3
6 Probe ASWPFG8319 -240
7 Number of Scans 8 I
8 Receiver Gain 42 '220
9 Relaxati.on Delay 10.0000 1200
10 Pulse Width 8.0000 | I
11 Acquisition Time 2.5559 _180
12 Spectrometer 399.73 -
Frequency _160
13 Spectral Width 6410.3 i
14 Lowest Frequency -804.3 —140
15 Nucleus 1H L
16 Acquired Size 16384 -120
17 Spectral Size 65536 r 100
! -80
-60
40
| L
[ | II _20
| L
A 1 o
r-/n;HTH% i L
o -—
SHRSR S 20
AN o
T T T T T T T T T T T T T 1
13 12 11 10 8 7 6 3 1 -1 -2



Parameter Value 24
1 Origin Varian
2 Solvent cdcl3 D D,
3 Temperature 3.0 D —22
4  Pulse Sequence s2pul
5 Experiment 1D D
6 Probe ASWPFG8319 D 20
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000 6d 18
10 Pulse Width 300.0000
11 Acquisition Time 1.1125 -16
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2 -14
14 Lowest Frequency -107.7
15 Nucleus 2H
16 Acquired Size 512 _12
17 Spectral Size 1024
-10
-8
-6
-4
-2
-0
e —
3 S
= ~ -2
T T T T T T T T T T T T T T T T T T T
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 -1.5



110000

-100000

-90000

-80000

-70000

60000

-50000

-40000

-30000

-20000

-10000

-0

o) 7
Parameter Value O 8

D —
1 Origin Varian nmmMmMmMAN - O .t o
2 Solvent CDCI3 NN aN—Q 8 %mgg‘@;:ggg
3 Temperature 3.0 ::mgggﬁﬁ ": 2%%{:{:&"-2333
4 Pulse Sequence s2pul N SN=——" e =
5 Experiment 1D D D
6 Probe ATB_300 D
7 Number of Scans 3488
8 Receiver Gain 36 D
9 Relaxation Delay 5.0000 D
10 Pulse Width 7.2500
11 Acquisition Time 1.8150 6C|
12 Spectrometer 75.48

Frequency
13 Spectral Width 18867.9
14 Lowest Frequency -1143.4
15 Nucleus 13C
16 Acquired Size 34246
17 Spectral Size 131072
I TR
L e L e e I T T T " T " T T I
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

-—-10000



aa) A A
Parameter Value O @) 8 8 -1000
o N o pudt
1 Origin Varian O TO O
OO0V OWOWMAN—TIOOUMH 0 O < OO0 =< N
2 Salvent edel3 R R R R © NN NO O m
3T 20.0 l\l\l\l\l\l\l\-{l\l\l\l\l\l\l\ < < N ——H—H 00 O 900
L e e e —— \L | NN DD
ulse Sequence s2pul |
5 Experiment 1D D
6 Probe ASWPFG8319 D _800
7 Number of Scans 16 O D
8 Receiver Gain 42
9 Relaxation Delay 10.0000 )
10 Pulse Width 8.0000 6e 700
11 Acquisition Time 2.5559
12 Spectrometer 399.73
Frequency '600
Spectral Width 6410.3
Lowest Frequency -808.2
Nucleus 1H
Acquired Size 16384 500
Spectral Size 65536
~400
300
-200
100
I
| | hl
ﬂ_J L AL | H,NU\ e ! -0
R f T
NN O 0 N
Mmoo (@))] —
<t MmN o 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
13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2



Parameter Value
1 Origin Varian
2 Solvent cdcl3
3 Temperature 3.0 O D
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ASWPFG8319 6e
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -112.7
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
S R S
™M o0
® ™
— N
T T T T T T T T T T T T T
.5 5.0 4.5 4.0 3.5 3.0 2. 0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5



) A
Parameter Value Lé) 8
—
1 Origin Varian HoOLVOoOOTOO v O ~1100
5 ol del LN O O N ©O M~ TMTTOOA STFTINTOLNN O
olvent cdcl3 M 00 LA 00 00 00 IN N - —Q omMmEoOaNOY NTQOONOL
3 Temperature 20.0 MMM ANNNNAN NN AN QWO NNNN NN S < T <H
: — NNN NANNANANNN A
4 Pulse Sequence s2pul ==\ NN I \ et — 1000
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 5632 -900
8 Receiver Gain 30
9 Relaxation Delay 5.0000 O D
10 Pulse Width 5.7500 800
11 Acquisition Time 1.3107
12 Spectrometer 100.52 be
Frequency _700
13 Spectral Width 25000.0
14 Lowest Frequency -1434.7
15 Nucleus 13C _600
16 Acquired Size 32768
17 Spectral Size 65536 500
| L
- I____‘L LJL’ L _O

zéo' T '2]I-O' T 'léo' T T T T T T T T T T T T T T T T T T T T T T T T T T T

110 90 70 50 30 10 ~10
f1 (ppm)

170 150 130



o g ¢ 650
Parameter Value O 8 8 |
D — —
1 Origin Varian O O O _600
O 0 O — O 00 WM NO = O N <
2 Solvent cdcl3 ©O©woNN NN~ —© N — —O O
3 Temperature 20.0 NSNS Mmmnmnmnma — - - O r
. NV N N 550
ulse Sequence s2pul D' D
5 Experiment 1D L
6 Probe ASWPFG8319 B D‘SOO
7 Number of Scans 8 | D
8 Receiver Gain 28 [ [ ' D I
9 Relaxation Delay 10.0000 ) OH’S*‘ 450
10 Pulse Width 8.0000 O 6f |
11 Acquisition Time 2.5559
12 Spectrometer 399.73 '400
Frequency L
Spectral Width 6410.3
Lowest Frequency -794.4 _3 50
Nucleus 1H -
Acquired Size 16384 _300
Spectral Size 65536
250
-200
-150
100
-50
1 |
rf T f T
O N < (qV] (@]
oS o o o 50
oL <t O (e} -
T T
1

13 12 11 10 9 8 7 6 5 4 3 2



Parameter Value
1 Origin Varian
2 Solvent cdcl3 D D
3 Temperature 3.0 B
4  Pulse Sequence s2pul A N
5 Experiment 1D \ D
6 Probe ASWPFG8319 .
7 Number of Scans 128 0 - “‘O 6f
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -117.0
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
T U I
0 ™M
e e
— N
T T T T T T T T T T T T T T T T T T




2] A
Parameter Value @) 3

()] b
1 Origin Varian o o < O O
S 2 37 2 SUBHRRBLLIHYYR
3 Temperature 20.0 E m ANA I': ggg;gmggﬁ%hmm:
4 Pulse Sequence s2pul | | N/ ——— s DD
5 Experiment 1D
6 Probe ASWPFG8319 B D'
7 Number of Scans 1000 \_ N D
8 Receiver Gain 30 ' D
9 Relaxation Delay 5.0000 $S~c~
10 Pulse Width 5.7500 0 O 6f
11 Acquisition Time 1.3107
12 Spectrometer 100.52

Frequency

13 Spectral Width 25000.0
14 Lowest Frequency -1437.9
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536

|

|
|
J_ ot}
—— 1~ 1 T 1 1 "~ 1~ T ~ T *~ T "~ T *~ T "~ T "~ T "+ T 7 T T T T T T " T T T T 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

-550

-500

450

400

-350

-300

250

-200

-150

-100

-50

--50



™ 3 9 '
Parameter Value O @] 8 8 ~1500
o AN o o |
1 Origin Varian O o O
A ONINTSNETMOAOONNLINLINO O N N —AN OO D _1400
2 Solvent edel3 NONNIINMMANN = === O ©m ©ONNS
3 Temperature 20.0 NNNNMNNNNMNNMNNNMNNNMNOO AN o\ - O D-
e ——
4  Pulse Sequence s2pul N\\', | \ \/ / / '1300
5 Experiment 1D D 3
6 Probe ASWPFG8319 O"-— JN _1200
7 Number of Scans 16 "“S;‘-:O L
8 Receive.rGain 40 69 _1100
9 Relaxation Delay 10.0000 I |
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 _1000
12 Spectrometer 399.73 I
Frequency 900
13 Spectral Width 6410.3 L
14 Lowest Frequency -806.7 _800
15 Nucleus 1H |
16 Acquired Size 16384
17 Spectral Size 65536 700
600
-500
-400
-300
| '
| -200
I L
L | 1100
| L
|
| | | _O
P L S L -
ON—=OO—=HO o0 LN
ceeoceQ — 9 ——100
— N~ O N o -m
T T T T T T T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 1 0 -1 -2

f1 (ppm)



Parameter Value D D
1 Origin Varian /
2 Solvent cdcl3
3 Temperature 3.0 N D
4  Pulse Sequence s2pul O:SI::
5 Experiment 1D O 6
6 Probe ASWPFG8319 9
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -112.8
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
S T
3 5
— N
T T T T T T T T T T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5



™ A I
P t val O ©
arameter alue o v _1600
1 Origin Varian ONMOO MONNO NN O O 3
QAT ITANOONOFTOOMO (o) MreEAANNOONNNSSYSSINTONNO
2 Solvent cdel3 TR MG OIS m oY X ©®ITNOXNOYONNTMAN—~oa® 1500
3 Temperature 200 IMOOMMNNNNN O N IZBRNRRNRNALGLLLGRL NS
4 Pulse Sequence s2pul —=N ) = e TS e=—="""" 11400
5 Experiment 1D D. D L
6 Probe ASWPFG8319 _1300
7 Number of Scans 6784 / D L
8 Receiver Gain 30 D _1200
9 Relaxation Delay 5.0000 N D I
; i
10 Pulse Width 5.7500 O:“Sm 1100
11 Acquisition Time 1.3107 “‘O 69 L
12 Spectrometer 100.52 L
Frequency 1000
13 Spectral Width 25000.0
14 Lowest Frequency -1434.5 _900
15 Nucleus 13C I
16 Acquired Size 32768 _800
17 Spectral Size 65536 I
-700
600
500
-400
-300
, -200
-100
| . '
A ] 0
-—100
r—— 1+~ T *~ 1 *~ T +*~ T +~ T *~ T +*~ T *~ T *~ T *~ T * T * T "~ T T T T T T T T T T )
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



m -300
Parameter Value 8 I
- _ O -340
1 Origin Varian N — 00 © — O 00 LA ™M LA — ~ o) L
2 Solvent CDCI3 MmN NN~ A © ©o o C —320
NNNNNMNNNN mM (@V] — o
3 Temperature 3.0 e | | | | L
4  Pulse Sequence s2pul —300
5 Experiment 1D DD -
6 Probe ATB_300 -280
7 Number of Scans 8 r
8 Receiver Gain 12 ‘260
! J DD J |
9 Relaxation Delay 10.0000 B P
10 Pulse Width 6.2000 6h -240
11 Acquisition Time 1.9979 I
12 Spectrometer Frequency 300.13 ‘220
13 Spectral Width 4803.1 I
14 Lowest Frequency -600.7 _200
15 Nucleus 1H I
16 Acquired Size 9596 __180
17 Spectral Size 65536
-160
-140
-120
-100
-80
-60
| | L
40
| -
] N
| I L |
: -0
o T f T T T I
o - — — (o) N m __20
N < — — © —
NN o (=) (=) [*)) O
T T T T T T T T T T T T T T T 1
13 12 11 10 8 7/ 6 5 2 1 0 -1 -2



-220000

-200000

-180000

-160000

-140000

-120000

-100000

-80000

-60000

-40000

-20000
-0

>
-
Parameter Value 5 D' D \ .-‘"
(o} "
1 Origin Varian g 0,S|
2 Solvent cDCi3 - \|<
3 Temperature 3.0 g D D'
4  Pulse Sequence s2pul § [aa}
; c @)
5 Experiment 1D ) 6h a
6 Probe ATB_300 A < R .t
< mM O < 0 OANTOTANOMNNANNOVOOWINHOO O
7 Number of Scans 4544 o0 ~ 0 00 LA OO MOOWUOT—ONOTMEO AT
8 Receiver Gain 36 LN < AN AN AN Nt mMmmm Mmoo MNMeA A A A A= O OO0 LN
— — — — NOMM MMM MmN N I
9 Relaxation Delay 10.0000 | | N~ | ee——_——— |
10 Pulse Width 7.2500
11 Acquisition Time 1.8150
12 Spectrometer Frequency 75.48
13 Spectral Width 18867.9
14 Lowest Frequency -1140.2
15 Nucleus 13C
16 Acquired Size 34246 |
17 Spectral Size 131072
|
|
|
J J - m Ml
r—— 1 1 T 1 1 71T 71T 717 71T "~ T1T 1 "~ T "~ 1 "~ 1 "~ T "~ T "~ T "~ T "~ T "~ T "~ T " T " T " 1

f1 (ppm)

+-20000



" L
Parameter Value 8 B 1 5 00
- . O L
1 Origine (v B P 00 ONNOININTEETNNA—A OO OO © o ™M
2 Solent QLLOOPM T T EMMMMMNMMNMNMNMNMANNNN © ™ -1400
NNNNNNMNNMNNNINNMNNMNNNMNNMNNMNNMNNMNNMNNMNNMNNMNNMNNMNMNMNDNM mM N L
4  Pulse Sequence s2pul '1300
5 Experiment 1D 3
6 Probe ASWPFG8319 -1200
7 Number of Scans 8 L
8 Receiver Gain 34 _1100
9 Relaxation Delay 10.0000 / /[ ) I
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 oi 1000
12 Spectrometer Frequency 399.73
13 Spectral Width 6410.3 _900
14 Lowest Frequency -804.0 I
15 Nucleus 1H '800
16 Acquired Size 16384 I
17 Spectral Size 65536 -700
-600
-500
-400
-300
-200
| L
0 -100
iy -
| | 't ﬂ L0
—AT— f T i) T T |
— O) O O) 00 O o m — o -——100
S %0 %) 0 ) %0 S — o) =)
N = O — =) o 00 LN r
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 /I/
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 .0 1.0 0.0 -1.0 -2.0



750
;700
;650
;600
;550
;500
450
;400
;350
;300
;250
;200
;150
;100
50

—50

2a) X
Parameter Value ©) 8
D —
1 Origin Varian aaOoONMTOMA O O
<TANNOO = \o) o0 NANMNMTNNMOOLLAN O —
2 Solvent cdel3 0 G o8 N N N X ™ NOROYLONRO AT
3 Temperature 20.0 ::mgggﬁﬁ I': % xxmmmg%%ﬂgoﬁ '-’I"
4 Pulse Sequence s2pul N N= e\ =" |
5 Experiment 1D D D N\ /
6 Probe ASWPFG8319 ,SI
7 Number of Scans 8512 O
8 Receiver Gain 30 D D \’<
9 Relaxation Delay 5.0000
10 Pulse Width 5.7500
11 Acquisition Time 1.3107 6i
12 Spectrometer 100.52
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1443.7
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
[ | |
‘ ‘ W | A
—— 1~ 1 T "~ 1 1 "~ 1 *~ T *~ T *~ T "~ T * T "~ T *~ T "~ T 7 - e e O e
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



()
c () r
m o b
@) — [go] -
) g Q¢ 7500
@) < o r
NS S Q9993590000 0 S KKK 00w R D © © =N N o) S
e R I — 0NN NS I L6500
Parameter Value D D \ .r"’ L
1 Origin Varian F 0‘S|\|< 6000
2 Solvent cdcl3 -
3 Temperature 20.0 //—F D D [ ) _5 500
4  Pulse Sequence s2pul g - i
5 Experiment 1D 6_] I |
6 Probe ASWPFG8319 | 5000
7 Number of Scans 16
8 Receiver Gain 46 _4500
9 Relaxation Delay 10.0000 |
10 Pulse Width 8.0000 ~4000
11 Acquisition Time 2.5559 | I
12 Spectrometer 399.73 '3 500
Frequency L
13 Spectral Width 6410.3 _3000
14 Lowest Frequency -806.9 |
15 Nucleus 1H
16 Acquired Size 16384 _2 500
17 Spectral Size 65536 I
-2000
-1500
1000
| L
) -500
i thﬁ ' \ L L JL )
) T T T T T I
0 O — (@) o m O
%S S — S M —~ 500
— o o (=) o)) O
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 T
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



()]
< Q
o ™M c
5 - o
< o w)
(@)] NOMreEOTONONOOOST NO T INO o <
~ NMONOANTNN—TMMMAN MO D © SN0 QOO g inn ©
N A O OO ONNOOOASTTTTNNN O — o oMMV YOINMOY
o mmINnmeaes g T mom o ANANANN = = N — MMM MMM AN—TOOOO WO n
N AA A A A A A A A A A AA A~ A~~~ N Vo) MmN~
Parameter Value D D \ f"
1 Origin Varian F ,Si
2 Solvent cdcl3 0 \K
3  Temperature 20.0 D D
4 Pulse Sequence s2pul F
5 Experiment 1D 6_]
6 Probe ASWPFG8319
7 Number of Scans 6464
8 Receiver Gain 30
9 Relaxation Delay 5.0000
10 Pulse Width 5.7500
11 Acquisition Time 1.3107
12 Spectrometer 100.52
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1443.7
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
|
[NIN |
! 1L | Ah
r— 1 T 1 "~ T " 1 1 *~ T T "~ T "~ T *~ T * T "~ T "~ T 7 I T " T " T " T Tt T T 1

f1 (ppm)

--200



D

;24000
;22000
;20000
;18000
-16000
-14000
;12000
-10000
;8000
;6000
;4000
;2000

-0

——2000

A4
Parameter Value .
1 Origin Varian F OISI\K
2 Solvent cdcl3 D D
3 Temperature 20.0 F
4  Pulse Sequence s2pul
5 Experiment 1D 6_]
6 Probe ASWPFG8319
7 Number of Scans 256
8 Receiver Gain 60
9 Relaxation Delay 1.0000
10 Pulse Width 5.0000
11 Acquisition Time 0.7340
12 Spectrometer 376.09
Frequency
13 Spectral Width 89285.7
14 Lowest Frequency -76613.1
15 Nucleus 19F
16 Acquired Size 65536
17 Spectral Size 131072
1 r—— 717 7 1 T -~ T~ 1T T 1T 1T~ 1T " T "~ T " T " T " T "~ T ‘"~ T "~ T "~ T " T " 1
20 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200

f1 (ppm)



-7.26 CDCI3

TANOLNMNOOONOINTMANOONONODOINMMULMAN—TONINTMEHOONON 0 O LN
NSS9NNNNNNNNNNRVRXMMNOOOONNNNRVOREROINNN YOO
NNNOMNMMNMNMMMMMMANNNNNNNNNN A A A A A
e e el —
Parameter Value
1 Origin Varian
2 Solvent cdcl3
3 Temperature 20.0
4 Pulse Sequence s2pul j /{
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 8
8 Receiver Gain 34
9 Relaxation Delay 10.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559
12 Spectrometer 399.73 I
Frequency
13 Spectral Width 6410.3 -200
14 Lowest Frequency -806.8
15 Nucleus 1H |
16 Acquired Size 16384 _1 50
17 Spectral Size 65536
-100
, -50
]
-0
e
o) 0 O L
O 0 0
- O O
T T T T T T T T T T T T T T T T T T 1
4 13 12 11 10 9 8 V4 6 5 -1 -2



Parameter Value
1 Origin Varian
2 Solvent cdcl3
3 Temperature 3.0
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 1.1125
12 Spectrometer 61.36
Frequency
13 Spectral Width 460.2
14 Lowest Frequency -112.8
15 Nucleus 2H
16 Acquired Size 512
17 Spectral Size 1024
T SR
LN o
® ®
— N
T T T T T T T T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2. 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5



" ~1800
Parameter Value O '
- | o -1700
1 Origin Varian O 00 — I\ LN 00 0 i
< NNLDL < AN WDN O 0 i
2 Solvent cdcl3 —_ N O B LA LA o — M N _1600
3 Temperature 20.0 : MMANANAN— ',: S % L
4 Pulse Sequence s2pul NN NV L/ | N —1500
5 Experiment 1D 3
6 Probe ASWPFG8319 -1400
7 Number of Scans 8320 r
8 Receiver Gain 30 ‘1300
9 Relaxation Delay 5.0000 r
10 Pulse Width 5.7500 _1200
11 Acquisition Time 1.3107 '
12 Spectrometer 100.52 -1100
Frequency M
13 Spectral Width 25000.0 -1000
14 Lowest Frequency -1431.3 I
15 Nucleus 13C _900
16 Acquired Size 32768 I
17 Spectral Size 65536 _800
-700
600
-500
~400
300
-200
! -100
L L,_.,«J\JJ L J WL,.,.JL ) -0
-—100
r—-— 1. -+~ 1 1~ 1 -~ T -~ 1 1 1 1 1 1 1 "~ 1 *~ T *~ T ~ T *~ T *~ T "~ T "~ T " T "~ T "~ T * 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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S ©
m v L
O I T
OOONNOO NANN—=HOOO 0O O O N O O —65
¥, MMM MmMMmMMMNNN NN S N0
| I N S S —— — )
N | ] f;, 60
Parameter Value
1 Origin Varian _55
2 Solvent cdcl3
3 Temperature 20.0 l _50
4 Pulse Sequence s2pul
5 Experiment 1D 3g _45
6 Probe ASWPFG8319
7 Number of Scans 8
8 Receiver Gain 32 '40
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000 -35
11 Acquisition Time 2.5559
12 Spectrometer 399.73 |
Frequency 30
13 Spectral Width 6410.3
14 Lowest Frequency -805.6 —2 5
15 Nucleus 1H
16 Acquired Size 16384 _20
17 Spectral Size 65536
-15
-10
| -5
P U f
o wn o~ N
QX < v -—5
oNLO <t (=)
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 T T T T T I
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0



™M [
Parameter Value g %
1 Origin Varian O < O N O Nm e o 0N — O
2 Solvent cdcl3 NN NANANAN O =~ O
3 Temperature 20.0 '\n\'\\ w oo i‘_"i-‘_' -1 100
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ASWPFG8319 1000
7 Number of Scans 8 “f;_‘,;
8 Receiver Gain 38 _900
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000 N |
11 Acquisition Time 2.5559 N~ "S 800
12 Spectrometer 399.73 A
Frequency 0 0
13 Spectral Width 6410.3 3 -700
14 Lowest Frequency -803.4
15 Nucleus 1H
16 Acquired Size 16384 _600
17 Spectral Size 65536 -
500
400
300
. -200
|
I
-100
| h ] 0
7 i\ i)
% % I
o A S --100
T T T T T T T T T T T T T T T 1
13 12 11 10 8 7 6 3 2 1 0 -1 -2



7.26 CDCI3

COLNIN 0000 O00WWOMMWO — 00 ©o
SOV ANNA < )
NNNMNNNNNNNNNN NN m N
T ———— I

Parameter Value

1 Origin Varian

2 Solvent CDCI3

3 Temperature 3.0

4  Pulse Sequence s2pul [ ”/

5 Experiment 1D

6 Probe ATB_300

7 Number of Scans 8

8 Receiver Gain 10

9 Relaxation Delay 1.0000

10 Pulse Width 6.2000

11 Acquisition Time 1.9979

12 Spectrometer Frequency 300.13

13 Spectral Width 4803.1

14 Lowest Frequency -600.7

15 Nucleus 1H

16 Acquired Size 9596

17 Spectral Size 65536

I|
)L UL J U RN
—P T
<t ONAN MO DN
eeaaace 9
1 — T 1 ‘_'(I\IOIOO(I\IOI T
11.5 10.5 9.5 7.5 6.

;650
;600
;550
;500
450
;400
;350
;300
250
;200
;150
;100

-50

——50



17.26 CDCI3
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240
;220
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;180
;160
140
;120
;100
;80
60
~40

-20

--20

Parameter

1 Origin
2 Solvent
3 Temperature
4 Pulse Sequence
5 Experiment
6 Probe ATB_300
7 Number of Scans 8
8 Receiver Gain 32
9 Relaxation Delay 10.0000
10 Pulse Width 6.2000
11 Acquisition Time 1.9979
12 Spectrometer Frequency 300.13
13 Spectral Width 4803.1
14 Lowest Frequency -600.3
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 65536
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Parameter Value B 1 2 0
1 Origin Varian |
2 Solvent cdcl3 -110
3 Temperature 20.0 S| i
4 Pulse Sequence s2pul ///// /,-// | —100
5 Experiment 1D i
6 Probe ASWPFG8319
-90
7 Number of Scans 8 3
8 Receiver Gain 42 0
9 Relaxation Delay 1.0000 _80
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 _70
12 Spectrometer 399.73
Frequency
13 Spectral Width 6410.3 '60
14 Lowest Frequency -805.3
15 Nucleus 1H _50
16 Acquired Size 16384
17 Spectral Size 65536
40
-30
-20
" -10
I
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-0
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NOINnMNM — N
coooo o o -——10
NN —H = O o 0
T T T T T T T T L L T T L T
11.0 10.0 9.0 5.0 3.0 2.0 1.0 -2.0

f1 (ppm)



™M
Parameter Value LD) _90000
. ) O
1 Origin varian SITAR3IS o n© ~ o in ©
2 Solvent cpci3 —~ O NOONNN N N e X Q
T FTMmANANNN N 0 < I~ oV O <t
3 Temperature 3.0 — 00 00 I\ LN o~ — ] _80000
4 Pulse Sequence s2pul N e 7N | | | |
5 Experiment 1D J<
T
6 Probe ATB_300 S|
-
7 Number of Scans 1040 /;// O | -70000
8 Receiver Gain 36
9 Relaxation Delay 1.0000 30
10 Pulse Width 7.2500
11 Acquisition Time 1.8150 _60000
12 Spectrometer Frequency 75.48
13 Spectral Width 18867.9
14 Lowest Frequency -1148.5 _50000
15 Nucleus 13C
16 Acquired Size 34246
17 Spectral Size 131072
40000
30000
20000
|
10000
Il | I |
J l | |
._JM m il -0
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30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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NNNNNNNNTFAATdd 1T 4 4000000 Q¥, ™ N 00
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Parameter Value — | | | // OH
= -500
1 Origin Varian
2 Solvent cdcl3
3  Temperature 20.0 F 3 _450
4  Pulse Sequence s2pul y, P
5 Experiment 1D F |
6 Probe ASWPFG8319 400
7 Number of Scans 8
8 Receiver Gain 40 _3 5 0
9 Relaxation Delay 10.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 -300
12 Spectrometer Frequency 399.73
13 Spectral Width 6410.3
14 Lowest Frequency -806.7 250
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536 200
-150
| 100
|
, -50
|
Ny . P
— O O o LN
ceQ Q Q
— o~ o — _—50
T T T T T T T T T T T T T T T T T T T
13 12 11 10 9 8 7/ 6 5 4 3 2 1 0 -1 -2



;24000
;22000
-20000
;18000
-16000
;14000
;12000
;10000
;8000

;6000

;4000
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Parameter Value — (]
U —
1 Origin Varian O T
MO OO MWOOLONMNMOOWO-H <O MO O
2 Solvent CDCI3 NnMMNINHOSANINTETTMOOIINTETTMN I N0 O 0 —
3 Temperature 3.0 NN BB BBHBOSOSHARNN RO~ . 0
NnmINnmnmInNcst st stTANNNNNNA A A A A NMN — (o))
4  Pulse Sequence s2pul —HrA A A A A~ A~~~ 00 00N LN o~ OH
5 Experiment 1D \"/// ‘\\/ '/'// l /f
6 Probe ATB_300
7 Number of Scans 1024 3 p
8 Receiver Gain 36
9 Relaxation Delay 1.0000
10 Pulse Width 7.2500 F
11 Acquisition Time 1.8150
12 Spectrometer Frequency 75.48
13 Spectral Width 18867.9
14 Lowest Frequency -1140.7
15 Nucleus 13C
16 Acquired Size 34246
17 Spectral Size 131072
|
|
|
|
| JﬁJ
me WWMMWWMMMM*MW
-— - - Y Y 7

f1 (ppm)
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-3500
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Parameter Value '\ /' /;? OH
1 Origin Varian
2 Solvent cdcl3
3 Temperature 20.0
4 Pulse Sequence s2pul F 3p
5 Experiment 1D F
6 Probe ASWPFG8319
7 Number of Scans 16
8 Receiver Gain 56
9 Relaxation Delay 1.0000
10 Pulse Width 5.0000
11 Acquisition Time 0.7340
12 Spectrometer Frequency 376.09
13 Spectral Width 89285.7
14 Lowest Frequency -76613.1
15 Nucleus 19F
16 Acquired Size 65536
17 Spectral Size 131072
1 r—— 717 7 1 T -~ T~ 1T T 1T 1T~ 1T " T "~ T " T " T " T "~ T ‘"~ T "~ T "~ T " T " 1
20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200

f1 (ppm)
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— L L L L. L | I I N S S I [ [ W R —
e NN | F 5i
Parameter Value
1 Origin Varian F _2 500
2 Solvent CDCI3
3 Temperature 3.0
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ATB_300
7 Number of Scans 8 _2000
8 Receiver Gain 6
9 Relaxation Delay 1.0000
10 Pulse Width 6.2000
11 Acquisition Time 1.9979
12 Spectrometer Frequency 300.13 _1 500
13 Spectral Width 4803.1
14 Lowest Frequency -599.9
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 32768 _1000
500
il t A "
T T T T
LN o < LN
N o @V} O
T T T T T T T —eNhy T T — T O T L T — & T T T
11.5 10.5 9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5 -1.5



Parameter Value 8
1 Origin Varian 8 _'_.//-" OTBS
Q0O LNOWOMNOOMO WO =M
2 Solvent cdcl3 QuoMANLIMOAOANMMMNL O 8££ o~
N— 0110000000000 MNIMN ) : ~N
3 Temperature 20.0 NMINININSTSITSTTITNNNNN — ENEN ~ 5
4 Pulse Sequence s2pul A A A A A A A A A A H LA I
. Tee— Y N AN | F
5 Experiment 1D
6 Probe ASWPFG8319 F
7 Number of Scans 256
8 Receiver Gain 30
9 Relaxation Delay 1.0000
10 Pulse Width 5.7500
11 Acquisition Time 1.3107
12 Spectrometer Frequency 100.52
13 Spectral Width 25000.0
14 Lowest Frequency -1424.6
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
|
|
|
|
l I

|

|

i A ﬂ

s e o s e B B e B A R B S I S A s
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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Parameter Value 3 (: '3400
o . b = OTBS |
1 Origin Varian
2 Solvent cdcl3 I\/I / _3200
3  Temperature 20.0 |
4  Pulse Sequence s2pul S5i | 3000
5 Experiment 1D F _2 800
6 Probe ASWPFG8319 F i
7 Number of Scans 16 _2600
8 Receiver Gain 60 L
9 Relaxation Delay 1.0000 _2400
10 Pulse Width 5.0000 L
11 Acquisition Time 0.7340 -2200
12 Spectrometer Frequency 376.09 3
13 Spectral Width 89285.7 -2000
14 Lowest Frequency -76613.1 3
15 Nucleus 19F 1800
16 Acquired Size 65536 r
17 Spectral Size 131072 -1600
-1400
-1200
1000
-800
600
-400
-200
-0
--200
20 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200

f1 (ppm)
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Parameter Value B l 3 O
1 Origin Varian I
2 Solvent cdcl3 -120
3 Temperature 20.0 '
4  Pulse Sequence s2pul B 1 10
5 Experiment 1D I
6 Probe ASWPFG8319 -100
7 Number of Scans 8 r
8 Receiver Gain 48 90
9 Relaxation Delay 1.0000
10 Pulse Width 8.0000 _80
11 Acquisition Time 2.5559
12 Spectrometer 399.73 |
Frequency 70
13 Spectral Width 6410.3
14 Lowest Frequency -804.7 _60
15 Nucleus 1H
16 Acquired Size 16384 ‘50
17 Spectral Size 65536
-40
-30
-20
-10
J -0
f
N - —
N 10
™M
T T T T T T T I
4 13 12 11 10 -1 -2



7.26 CDCI3
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T e e e e i i 99999

Parameter Value
1 Origin Varian
2 Solvent coci3 N
3 Temperature 3.0 \
4 Pulse Sequence s2pul
5 Experiment 1D
6 Number of Scans 8
7 Receiver Gain 0
8 Relaxation Delay 1.0000 3s
9 Pulse Width 6.2000
10 Acquisition Time 1.9979
11 Probe ATB_300
12 Spectrometer 300.13

Frequency
13 Spectral Width 4803.1
14 Lowest Frequency -600.7
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 32768
|
T T T T T T T
11.0 10.0 9.0 8.0 4.0

-350

-300

250

-200

-150

-100

-50




;700
;650
;600
;550
;500
450
;400
;350
;300
;250
;200
150
;100

-50

—50

m
Parameter Value (@) @)
(] o
1 Origin Varian O T
NETMANN—AN— OO O LN [Ce) LN 0
2 solvent cocls NARARANANNIRARK 1 A S
—
3 Temperature 3.0 '\.J\.J\;'\.\'\.\'\ L\L\L\L\L\ T | g o|
4 Pulse Sequence s2pul "
5 Experiment 1D
6 Probe ATB_300
7 Number of Scans 8
8 Receiver Gain 20 H“"-Si
9 Relaxation Delay 10.0000 / [ _/’f 0"
10 Pulse Width 6.2000 = |
11 Acquisition Time 1.9979
12 Spectrometer Frequency 300.13 5h
13 Spectral Width 4803.1
14 Lowest Frequency -599.8
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 65536
|
| |
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Parameter Value 8
1 Origin Varian NN O N S
2 Solvent CDCI3 LN
NNNNNMN
3 Temperature 3.0 — | 2
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ATB_300
7 Number of Scans 16
8 Receiver Gain 10
9 Relaxation Delay 10.0000
10 Pulse Width 6.2000
11 Acquisition Time 1.9979
12 Spectrometer 300.13 >a
Frequency
13 Spectral Width 4803.1
14 Lowest Frequency -598.9
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 32768
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-320
;300
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260
240
;220
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;180
;160
;140
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;100
;80

;60

40

20
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Parameter Value LD)
1 Origin Varian 8 :m g -—ivogomv oo ~ LA
2 Solvent cdcl3 < N O I ANMO ~ Y ¥ Q
3 Temperature 20.0 E 22 : ggg{:'ﬂ\)gm Qm Q S! D
4 Pulse Sequence s2pul | | | — N—=" N/ | | "/
5 Experiment 1D .r‘"/
6 Probe ASWPFG8319
7 Number of Scans 256
8 Receiver Gain 30
9 Relaxation Delay 10.0000 5
10 Pulse Width 5.7500 a
11 Acquisition Time 1.3107
12 Spectrometer 100.52
Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1443.7
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
| |
|
LM N1 .
r—— 1T T 1 1 17 "~ 17 1T "~ 17 "~ 1T "~ T *~ T "~ T "~ T "~ T "~ T ° I T " T T T 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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Parameter Value — 3
O C 9o
.. . o AN O o
1 Origin Varian O TOOUO
2 Solvent cdcl3 tTTMNMAN—HOOOIINTMAN OO0 LN <t OO -550
S0 QQENNINMINININNY, YN — L N 0
3 Temperature 20.0 ONNNNNNNNNNNNNNNN " 77? D
4  Pulse Sequence s2pul T ———
5 Experiment 1D _,-/;’ _500
6 Probe ASWPFG8319
7 Number of Scans 8
8 Receiver Gain 52 450
9 Relaxation Delay 10.0000 J 5b
10 Pulse Width 8.0000 ! 400
11 Acquisition Time 2.5559
12 Spectrometer Frequency 399.73
13 Spectral Width 6410.3 _3 5 O
14 Lowest Frequency -804.0
15 Nucleus 1H
16 Acquired Size 16384 -300
17 Spectral Size 65536
250
200
-150
-100
. 50
‘ |
JU ..J ll | _O
L f
3 O I\ (@)}
o 0 o) S
o N AN o '—50
T T T T T T T T T T T T 1
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-20000

2a) b
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Parameter Value nmT MmN AN M o O
N _ =¥ ©H®EOON I ST ZUme ©
L Orgin varian e N N o o o e o D
2 Solvent CDCI3 oA A A 00 0 00 N~ o~ ,/—’
3 Temperature 3.0 N‘ \W N \'/ | //
4 Pulse Sequence s2pul
5 Experiment 1D
6 Probe ATB_300
7 Number of Scans 5216 5b
8 Receiver Gain 36
9 Relaxation Delay 5.0000
10 Pulse Width 7.2500
11 Acquisition Time 1.8150
12 Spectrometer 75.48
Frequency
13 Spectral Width 18867.9
14 Lowest Frequency -1132.5
15 Nucleus 13C
16 Acquired Size 34246
17 Spectral Size 131072
|
L .L
r— -~ 1~ 1+~ 1 -~ T ~ 1 1 ~ 1 1T * 1T "~ T * 1T * T " T T T L L L — T T T
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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E——— e | | 1600
Parameter Value I
1 Origin Varian D I 1500
2 Solvent cdcl3 '__,./ _1400
3 Temperature 20.0 "/ L
4 Pulse Sequence s2pul J -1300
5 Experiment 1D e r
6 Probe ASWPFG8319 O 1200
7 Number of Scans 16 I
8 Receiver Gain 38 5c¢ -1100
9 Relaxation Delay 10.0000 I
10 Pulse Width 8.0000 | 1000
11 Acquisition Time 2.5559 B
12 Spectrometer 399.73 | 900
Frequency
13 Spectral Width 6410.3 | 800
14 Lowest Frequency -808.1 _700
15 Nucleus 1H L
16 Acquired Size 16384 _600
17 Spectral Size 65536 r
-500
400
-300
200
-100
| L
.JL | 1 I I _O
T |
2 8 --100
M o ]
[— T T T T — T T T T 1 T T 1 T T T T T T — T T 1 A/
.0 11.0 10.0 9.0 6.0 5.0 .0 3. 2.0 1.0 0.0 -1.0 -2.0




f1 (ppm)

m
o -100
Parameter Value 8 f;-//
1 Origin Varian A 88$£8g$8£ LN 0O = © 00 O N LN
2 Solvent cdcl3 0 TN OWONN LN QY —oonN < 90
LN MM ANNNN—A— O MmN O OO LN
3 Temperature 20.0 — e e B R B B B e B OO0 NNNMN LN
4 Pulse Sequence s2pul -~ | — N —=—" |
5 Experiment 1D
6 Probe ASWPFG8319 5¢ -80
7 Number of Scans 640
8 Receiver Gain 30
9 Relaxation Delay 5.0000 -70
10 Pulse Width 5.7500
11 Acquisition Time 1.3107
12 Spectrometer 100.52 L
Frequency 60
13 Spectral Width 25000.0
14 Lowest Frequency -1443.7
15 Nucleus 13C -50
16 Acquired Size 32768
17 Spectral Size 65536
40
-30
-20
-10
| |
AR AN A A ALY mmmmmmmmmmm%ﬂinwwjmm NP i WA —O
—7T 1 +~ I *~ T *~ T +*~ T *~ T *~ T *~ T ~ T *~ T *~ T *~ T *~ T * T *~ T | E— |'__1O
30 210 190 170 150 130 110 90 70 30 -10
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Parameter Value OWONOLANM O N LA O . Gt ON
‘9'—”'—’?“2“[“’.“’!”’.“’?‘\! - L N
1 Origin Varian NNNNNNNNNN M — O
2 Solvent cpci3 T\ A
3 Temperature 3.0
4 Pulse Sequence s2pul
5 Experiment 1D
6 Probe ATB_300
7 Number of Scans 8 /
8 Receiver Gain 30
9 Relaxation Delay 10.0000
10 Pulse Width 6.2000
11 Acquisition Time 1.9979
12 Spectrometer Frequency 300.13
13 Spectral Width 4803.1
14 Lowest Frequency -599.9
15 Nucleus 1H
16 Acquired Size 9596
17 Spectral Size 65536
|
-
[
| |
- A A
A f
<O m (@]
%SO S
LN v = o
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--20
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Parameter Value E) g _130000
1 Origin Varian DOV OoOWooM v o D' L
2 Solvent CDCI3 f mee o'\o : : : m : g g J_,.-"
3 Temperature 3.0 : g E § g g ﬁ ﬁ g g g AN ,': Or\] f""/ _120000
4 Pulse Sequence s2pul ~\ =\ —/ |= | I
5 Experiment 1D '110000
6 Probe ATB_300 L
7 Number of Scans 3104 L
8 Receiver Gain 36 5d 100000
9 Relaxation Delay 5.0000 I
10 Pulse Width 7.2500 90000
11 Acquisition Time 1.8150 -
12 Spectrometer 75.48
Frpeqttlencyt _80000
13 Spectral Width 18867.9 r
14 Lowest Frequency -1143.5 _70000
15 Nucleus 13C |
16 Acquired Size 34246
17 Spectral Size 131072 60000
-50000
40000
-30000
20000
“t 10000
. J o
--10000
A 1 — T T *~ T +* T * T *~ T "~ T "~ T * T "~ T T+ T — — - — T 1 A/
30 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



7.26 CDCI3

7.56
7.54
7.43
7.42
7.40
7.39
7.37
7.36
7.35
7.34
7.34
4.61
4.60
3.13

<

Se

L.

00 L_
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;3000
;2800
;2600
;2400
;2200
;2000
;1800
;1600
;1400
;1200
;1000
;800

;600
;400
;200

—200

Parameter Value
1 Origin Varian
2 Solvent cdcl3
3 Temperature 20.0
4  Pulse Sequence s2pul
5 Experiment 1D
6 Probe ASWPFG8319
7 Number of Scans 16
8 Receiver Gain 30
9 Relaxation Delay 10.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559
12 Spectrometer 399.73
Frequency
Spectral Width 6410.3
Lowest Frequency -806.7
Nucleus 1H
Acquired Size 16384
Spectral Size 32768
T T T T
13 12 11

[



a8 D i
Parameter Value 8 / _2 20
1 Origin Varian INEEENTARS S Lom-—wrzooomo =~ i
2 Solvent cdcl3 P ONONNN N=T=Mm=OMNmMO _200
MMM ANNNNN M NNNNOAN -
3 Temperature 20.0 L e e e s s s R COOOONINNMNNN D 3
4  Pulse Sequence s2pul ‘\.\ ‘\.‘\.W & ‘\kfyr'/ B
5 Experiment 1D _
6 Probe ASWPFG8319 Se L 180
7 Number of Scans 256 r
8 Receiver Gain 30 I
9 Relaxation Delay 10.0000 L 160
10 Pulse Width 5.7500 -
11 Acquisition Time 1.3107 _
12 Spectrometer 100.52 L 140
Frequency L
13 Spectral Width 25000.0 r
14 Lowest Frequency -1443.7 _120
15 Nucleus 13C L
16 Acquired Size 32768 3
17 Spectral Size 65536 _100
| -80
-60
40
-20
. | , I MLJ -‘O
--20
r—-— 1 -+~ 1 T 1~ 1 1.~ 1 ~ 1 1 1 1 1 1 "~ 1 *~ T *~ 1T ~ T *~ T *~ T "~ T " T "~ T "~ T "~ T * 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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Parameter Value é _1300
1 Origin Varian O<FTONO 1n MmN O M — 3 i
2 Solvent cdcl3 NN o aNaNaA T2
NNNNNMN mon mMmm ™ i - _1200
3 Temperature 20.0 ~\ /— N ~J}
4 Pulse Sequence s2pul D
5 Experiment 1D .r:::/' 1100
6 Probe ASWPFG8319 -
7 Number of Scans 8 \__ _10
8 Receiver Gain 38 /[ N'. 00
9 Relaxation Delay 10.0000 O’;S":“ I
10 Pulse Width 8.0000 0] 5f 900
11 Acquisition Time 2.5559 -
12 Spectrometer Frequency 399.73 B
13 Spectral Width 6410.3 800
14 Lowest Frequency -803.5 I
15 Nucleus 1H ‘700
16 Acquired Size 16384 L
17 Spectral Size 65536 _600
-500
400
-300
200
100
| L
b; ] AL -0
7R T T
>3 3 3
D < S =100
T T T T T T T T T T T T T
13 12 11 10 8 7 6 3 1 -1 -2
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Parameter Value 8

1 Origin Varian ﬁ‘ﬁgfﬂ HNNHGOOg o~ o

2 Solvent CDCI3 ONNO NN NH — N

3 Temperature 3.0 E 2 g (: S ; g 8 8 2 l,: g : D

4 Pulse Sequence s2pul [N N | |

5 Experiment 1D

6 Probe ATB_300 \_N

7 Number of Scans 10000 K

8 Receiver Gain 36 0'5‘ A

9 Relaxation Delay 2.0000 O 5f

10 Pulse Width 7.2500

11 Acquisition Time 1.8150

12 Spectrometer 75.48

Frequency

13 Spectral Width 18867.9

14 Lowest Frequency -1132.5

15 Nucleus 13C

16 Acquired Size 34246

17 Spectral Size 131072

|
|
. " g B

O

230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)
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Parameter Value Oté - 15 OO
1 Origin Varian -HO 59 _1
2 Solvent cdcl3 | 400
3 Temperature 20.0 L
4 Pulse Sequence s2pul [ ”/ [ i 1300
5 Experiment 1D _1200
6 Probe ASWPFG8319 L
7 Number of Scans 16 —1100
8 Receiver Gain 32 L
9 Relaxation Delay 10.0000 -1000
10 Pulse Width 8.0000 r
11 Acquisition Time 2.5559 _900
12 Spectrometer 399.73 I
Frequency '800
13 Spectral Width 6410.3 r
14 Lowest Frequency -808.4 '700
15 Nucleus 1H r
16 Acquired Size 16384 _600
17 Spectral Size 65536 -
-500
400
-300
| L
| -200
LL -100
UU ' L JU '-‘O
i sl e S | f T I
OO ©0 LN (o)} __100
OO OO OO O o (@)]
[ T 1 T T ‘_IE\IHT'H(l\'ol T 1 T OI ‘\'jl T T T T T T T T '4/-
.0 11.0 10.0 9.0 8.0 7/ 6.0 5.0 4.0 3. 2.0 1.0 0.0 -1.0 -2.0



m
Parameter Value LD)

1 Origin Varian ?38'%553%?%2@8@?3(\,@08@0(\1 ~N

2 Solvent cdcl3 NFFTONONOINNmo TMM—OmMmOa) L D
3 Temperature 20.0 :ﬂﬂﬂﬁﬁﬁﬁﬂ:ﬂggggtﬁﬁﬁ : /,/'

4 Pulse Sequence s2pul | N \dr—————————" —4 N¢&— | /

5 Experiment 1D /

6 Probe ASWPFG8319

7 Number of Scans 768 N

8 Receiver Gain 30 Oté -

9 Relaxation Delay 5.0000 =0

10 Pulse Width 5.7500 59

11 Acquisition Time 1.3107

12 Spectrometer 100.52

Frequency

13 Spectral Width 25000.0

14 Lowest Frequency -1447.3

15 Nucleus 13C

16 Acquired Size 32768

17 Spectral Size 65536

|
U ] |k
—— 1 1+~ T~ 1 1 "~ 1 1 "~ 1 T "~ T *~ T *~ T * T "~ T "~ T T T 7 T T T T T T T T T 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

-550

-500

450

~400

-350

-300

250

-200

-150

-100

-50

--50



650
N ITITr1T000OINININSTIT MMM ANNEAI—OOONNWONSSMANNHOONAONOEONLMONOSINLINDA I
NNNNNNOCOMOOMO OO OO O NN NN NN MANNNNNNNANS A A A A
Parameter Value —5 50
1 Origin Varian i
2 Solvent cdcl3 -500
3 Temperature 20.0 |
4 Pulse Sequence s2pul
5 Experiment 1D _450
6 Probe ASWPFG8319 r
7 Number of Scans 8 400
8 Receiver Gain 44 | |
9 Relaxation Delay 10.0000
10 Pulse Width 8.0000 -350
11 Acquisition Time 2.5559 r
12 Spectrometer 399.73 L
Frequency 300
13 Spectral Width 6410.3 I
14 Lowest Frequency -808.9 —2 50
15 Nucleus 1H L
16 Acquired Size 16384
17 Spectral Size 65536 -200
-150
| -100
-50
I .
J | -0
A5 T N A S
— O (@)} NOLNOOTOMAN O
S S QoSO S 50
— m O——H O —1nm
T T T T T T T T T T T T T T T T T T T
4 13 12 11 10 9 8 7/ 6 4 3 2 1 -1 -2



™ L
O L
Parameter Value 8 _220000
OMNMAN OO
oowm< - COOWMAN <t IN -
1 Origin Varian N e T e e In—=—w©v Mo |
2 Solvent coci3 SMMANN S NG S 200000
3 Temperature 3.0 SSSY Y Y N~ N\ i
4  Pulse Sequence s2pul L
5 Experiment 1D -180000
6 Probe ATB_300 i
7 Number of Scans 8992 L
8 Receiver Gain 36 '160000
9 Relaxation Delay 5.0000 i
10 Pulse Width 7.2500 L
11 Acquisition Time 1.8150 '140000
12 Spectrometer 75.48 _
Frequency L
13 Spectral Width 18867.9 -120000
14 Lowest Frequency -1144.8 i
15 Nucleus 13C L
16 Acquired Size 34246 '].OOOOO
17 Spectral Size 131072 i
80000
60000
40000
| 20000
Je A AL | m\ uuwwmﬂuub A 0
——20000

230 210 190 | |

110 90 70 50 30 10  -10
f1 (ppm)

170 150 130



m b4 -1500
Parameter Value LD) (@] 8 L
AN o
1 Origin Varian v o ‘1400
SO O0O0ONON—AOOON NI A 0ONONNOWLNINT M ANONMIN
2 Solvent cdcl3 MNNNNNNNNN ©©© '\mqoqoqoqoqoq[oqw.oqoqw\e@.q -
3 Temperature 20.0 l\l‘l\;l\;l\l\l\l\l\l\l\l\l\l\l\ MMM NANN—TF A A A A|rA A A~ OO _1300
) /
4  Pulse Sequence s2pul — ‘\1/ ‘\'l/ ‘\' I
5 Experiment 1D |
6 Probe ASWPFG8319 1200
7 Number of Scans 8
8 Receiver Gain 38 \ / -1100
9 Relaxation Delay 10.0000 / S| / / / r
10 Pulse Width 8.0000 O 1000
11 Acquisition Time 2.5559 L
12 Spectrometer 399.73 L
Frequency 8 900
Spectral Width 6410.3 I
Lowest Frequency -806.7 _800
Nucleus 1H r
Acquired Size 16384 -700
Spectral Size 65536 L
600
-500
400
-300
-200
|
' . -100
M I L
\ J N AL -0
st > ® & & '
o~
S Qe = o o — o ——100
oM — — — (o)) LN
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
13 12 11 10 9 8 7/ 6 5 4 3 2 1 0 -1 -2



-70

65

60

-55

-50

~45

m

Parameter Value LD)
1 Origin Varian S‘_) g ;' o‘_o' g - — <t — 00 ~
2 Solvent cdcl3 ~N 00 0 LN = L OAN— —
3 Temperature 20.0 E ‘: (: ﬁ l': 8 r?r; g g °|—|O |.r|1
4 Pulse Sequence s2pul | ~ | | 7N
5 Experiment 1D
6 Probe ASWPFG8319 N/
7 Number of Scans 256 Si
8 Receiver Gain 30 O’
9 Relaxation Delay 1.0000
10 Pulse Width 5.7500
11 Acquisition Time 1.3107 8
12 Spectrometer 100.52

Frequency
13 Spectral Width 25000.0
14 Lowest Frequency -1430.8
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
| |
W i o i w e
e O e O O s O B I L e e e e e e I e Y
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



MreA = OO0 OTMAN—OO ONO MAHOAOAEIOOOLONNOOSSLO
MmN MMNMANNNNNAN N O WOWWOW NNWOOIOCO OO OO OO O
Parameter Value N 'KNKI\LI}\II\'I\'I\-I\'I\' m‘\r:wl/m N‘.\‘]\i/‘\i‘_i‘_;‘_i‘_i‘_i‘_;‘_;‘_iﬁ
o ) e\ ———— N ——t
1 Origin Varian CU(OAC}z (2 mOH”u}, H H
2 oo o “ (S)-DTBM-SEGPHOS (2.2 mol%)
4 PuIs:Sequence s.;_pul OTBS - IOTBS
5 Experiment 1D ""Progéfﬁ'oeﬂ):} T(HF {1) M) H H
6 Probe ASWPFG8319 1 HSIMe e) (5 eq o4 vi -1100
7 Number of Scans 8 E 7 60 OC, 23 h 8, 83 /ﬂ' YIEIH L
8 Receiver Gain 32
9 Relaxation Delay 10.0000 j[ / / 1000
10 Pulse Width 8.0000 I
11 Acquisition Time 2.5559 900
12 Spectrometer 399.73 L
Frequency
13 Spectral Width 6410.3 -800
14 Lowest Frequency -806.7 i
15 Nucleus 1H -700
16 Acquired Size 16384 L
17 Spectral Size 65536 _600
-500
-400
-300
-200
| J | 100
| L
M A J/\_A_JL«___/‘ _O
2 T T T T f -
[@N(e] 0 (@)} LN mM N
S o o o ! < o0 -—100
T T T T T T T T T T '(\l - T T = T T = T Il_| (Ih I-nl T T
13 12 11 10 9 8 7/ 5 4 3 2 1 0 -1 -2



900
— OO0 MMAN— O 0 MAN—TTFTOMOLINMNMAN—TODOMNOTMONOOONLNYTM AN OO0 ONLN MO I LNO
TTONMNMNMNMNMNNCLNNNNNOOININMMMMANNOOOOOSTITMMWOWWONNIWOO 00000000000 O
NNNNNMNNNNN NNNMNODOOOOOOOVOOOINININININS ST M ANNNCEA A A" O OO0
ggggg — e e F e -800
Parameter Value mH
= b
1 Origin Varian
2 Solvent cdcl3
3 Temperature 3.0 0 7 OTES _700
4 Pulse Sequence s2pul / / Cu OAC)Z (ﬁ mﬂl_fo), / HC
S Experiment o > oTgs (R-DTBM-SEGPHOS (2.2 mol%)
6 Probe ASWPFG8319 . = OTBS 600
7 Number of Scans 8 I—PFOH (24 Eq.). THF (1 M} Hd
8 Receiver Gain 34 E-T HS|ME{OME)2 (5 EQ} E-7
9 Relaxation Delay 10.0000 60 OC, 1h -
10 Pulse Width 8.0000 He. He -500
11 Acquisition Time 2.5559 OTBS
12 Spect t 399.73
i ' H
13 Spectral Width 6410.3 8 400
14 Lowest Frequency -807.7
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536 _300
He H
5L He  Hr 200
a| Hy
-100
] ] ¥ |
III "y h L i |
A]U_J{i | I ne ) JU L0
S bR R pre i i oL LN S
[eoNeNe)) o= O — N 0 LN < < 0 O LN LN
O N N MmO <+ o O N~ (c0] co c0 <T O m O
\ | E— |O|HH|O|OO|O |'o;o.-|'o.|'|'o.| d'l nr;lnr;'l('\i‘\lj'l | — T
).0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 .0 1.0 0.0 -1.0 -2.0



H > m O mn’M-—!Hnoo
A Lnoon o o lop M N N
lo} O O O O YWl o
| | I N [y~

xn
- Y

E-7

0.39+
0.01+
0.40

i-PrOH (2.4 eq.), THF (1 M)
HSiMe(OMe), (5 eq)
60°C,1h

7.5
7.0
6.5
-6.0
;5.5
5.0
45
4.0
35
;3.0
25
2.0
15
1.0
0.5
0.0

——0.5

70 6.65 6.60 6.55 6.50 6.45 6.40 6.35 6.30 6.25 6.20 6.15 6.10 6.05 6.00 5.95 5.90 5.85 5.80

f1 (ppm)



AP}
o
Q OLULMOM ON LW N © 7240
HAXJIITT22D CEOE COORBHRBL O S
l\l;l\l;l\;l\'l\'l\'l\'l\'L\L\L\ OMOMM NANN— -« «— CP o
Parameter Value
1 Origin Varian 1200
2 Solvent cdcl3
3 Temperature 3.0 ][ f 1180
4 Pulse Sequence s2pul
. H/D, H/D
5 Experiment 1D 160
6 Probe ASWPFG8319 3 OTBS
7 Number of Scans 16 H/D H/D 140
8 Receiver Gain 20 9a CE =78% D inc
9 Relaxation Delay 10.0000 C,=18% D inc. 120
10 Pulse Width 8.0000
11 Acquisition Time 2.5559 100
12 Spectrometer 399.73
Frequency .30
13 Spectral Width 6410.3
14 Lowest Frequency -806.7 60
15 Nucleus 1H
16 Acquired Size 16384 40
17 Spectral Size 65536
| -20
l
|
M | J A _J B[l -0
o :r" T T I'_'OI'|
F\": 8 < 3 8 S --20
ol o - 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
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 .0 1.0 0. -2.0



Parameter
Origin
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans

Receiver Gain

O 00 N O v »h W N =

Relaxation Delay
10 Pulse Width
11 Acquisition Time

12 Spectrometer
Frequency

13 Spectral Width

14 Lowest Frequency
15 Nucleus

16 Acquired Size

17 Spectral Size

Value
Varian
cdcl3
3.0
s2pul
1D
ASWPFG8319
4800
30
5.0000
5.7500
1.3107
100.52

25000.0
-1429.9
13C
32768
65536

—142.34

128.61
128.41
\125.81

L

H/D_ H/D

3 OTBS
H/D H/D

9a C;=78% D inc.
C,=18% D inc.

;1 700
;1 600
;1 500
;1 400
;1300
;1 200
;1100
;1 000
;900
;800
;700
;600
;500
;400
;300
;200
;1 00

—-100

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

1 (ppm)

80 70 60 50 40 30 20 10 O

-10



7.26 CDCI3

7.23
7.21
7.19
7.19
7.17
7.16

|

— — s f

H/D_ H/D

3% S0OTBS

H/D H/D

9b C3=30% D inc.
C,=57%Dinc.

L

—

)

~1300
;1200
;1100
;1000
;900

;800

;700

;600
;500
;400
;300
;200

-100

1.24

IRRARNRER
O NNNENINUNININ
Parameter Value

1 Origin Varian

2 Solvent CDCI3

3 Temperature 3.0

4 Pulse Sequence s2pul

5 Experiment 1D

6 Probe ATB_300

7 Number of Scans 16

8 Receiver Gain 14

9 Relaxation Delay 10.0000

10 Pulse Width 6.2000

11 Acquisition Time 1.9979

12 Spectrometer Frequency 300.13

13 Spectral Width 4803.1

14 Lowest Frequency -600.7

15 Nucleus 1H

16 Acquired Size 9596

17 Spectral Size 65536

T T T T
11.0 10.0 9.0

|
1N 1 U J
= P T
Nt — O O 0 o
— <t (@)
ororoToT 1 oo T

6.0 5.0 4.0
f1 (ppm)

g.76

2.0

——100



L1.26 Grease
L0.91

I
I

0
LN
—

1.38
1.36
1.35
1.34
1.32
1.31

£1.30

£1.29

11.28
0.89
0.87

!

210
1200
1190
1180
1170
1160
1150
1140
1130
1120
1110
-100
_‘90

_‘80
.70
-60
50
40
130
120
10

10

m
O
()]
@)
OWONOVWOWOOWMN LW M — oo NN
M ANANANANANANA A A O O N WL
NNNNNNNNNNNN NANNANNA
Parameter Value
1 Origin Varian
2 Solvent cdcl3
3 Temperature 3.0
4 Pulse Sequence s2pul
5 Experiment 1D 11a C‘I =79% D inc.
6 Probe ASWPFG8319 Cz =7% D inc.
7 Number of Scans 16
8 Receiver Gain 38
9 Relaxation Delay 10.0000
10 Pulse Width 8.0000
11 Acquisition Time 2.5559
12 Spectrometer 399.73
Frequency
13 Spectral Width 6410.3
14 Lowest Frequency ~-806.5
15 Nucleus 1H
16 Acquired Size 16384
17 Spectral Size 65536
| )
T T T T T T T T T T T T T T T T
11.0 10.0 9.0 8.0 6.0 5.0 4.0

2.0

--20



Parameter
Origin
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans

Receiver Gain

O 00 N O v »h W N =

Relaxation Delay
10 Pulse Width
11 Acquisition Time

12 Spectrometer
Frequency

13 Spectral Width

14 Lowest Frequency
15 Nucleus

16 Acquired Size

17 Spectral Size

Value
Varian
cdcl3
3.0
s2pul
1D
ASWPFG8319
128
30
0.5000
300.0000
1.1119
61.36

613.3
-126.0
2H
682
2048

—2.59

—_—

c0
LN

i

—1.62

T

mM
—

=

H/D_ H/D
N2

H/D H/D

11a C,=79% D inc.
C,=7% D inc.

3.V

4.5

4.0

-3.5

-3.0

2.5

2.0

-1.5

-1.0

0.5

-0.0

——0.5

75 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -
f1 (ppm)

1.0

1.5

2.0



-1100

-1000

~900

-800

-700

600

-500

400

-300

-200

-100

aa) A
Parameter Value @) ©
=) o
1 Origin Varian 0 <t O O, v g
(@) Ln o O OINONOVDODOINNONNOOOMSENOAOWLNMINONINN I
2 Instrument vamrs M 0000 A HHOQRONONNIANOINT M0 NN
3 Solvent cdcl3 <t NN AN NOCOLNMWNINININININA A AT A A OO O N <
— — — NMmMMmMmmMmomMmmMmomon Mmoo NN N~
4 Temperature 3.0 | N~ e e e e —
5 Pulse Sequence s2pul
6 Experiment 1D HJ.:D H.II'D
7 Probe ASWPFG8319 2
8 Number of Scans 8808 1
9 Receiver Gain 30 H‘."D H,"D
10 Relaxation Delay 5.0000
11 Pulse Width 5.7500 .
— 0
12 Spectrometer 100.52 11a C‘1 ?9 "I{J D INC.
C,=7% D inc.
13 Spectral Width 25000.0
14 Lowest Frequency -1428.0
15 Nucleus 13C
16 Acquired Size 32768
17 Spectral Size 65536
|
|
| I L
—— T 1 T T T 71 1T 1T 71T 7T 7T 1T "~ 1 "~ T "~ T "~ 1 "~ T "~ T "~ T "~ T " T " T " T "~ T ™ 1
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)

——100



Parameter Value 8 § 750
1 Origin Varian 8 8 700
2 Solvent ARNMAMANSNNR A= CRERERE MRS
3 Temperature 3.0'\:&;&'\ NN 'Tw Nw 222650
4 Pulse Sequence s2pul HJ'rD H.-'ID I
5 Experiment 1D 600
6 Probe ASWPFG8319 550
7 Numberof Scans 16 / HfD H-"‘D j |
8 Receiver Gain 38 o . 500
9 Relaxation Delay 10.0000 | 11b C‘l =23% D inc. I
—_ 0 : L
10 Pulse Width 8.0000 C,=68% D inc. 450
11 Acquisition Time 2.5559 400
12 Spectrometer 399.73 L
Frequency 350
13 Spectral Width 6410.3 -
14 Lowest Frequency -806.9 -300
15 Nucleus 1H I
16 Acquired Size 16384 __250
17 Spectral Size 65536 200
-150
100
| L
| -50
! L "
o T << A r
< m < ©O O LN
S LN NANQ -—-50
—~ N — owm
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 1
.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0

f1 (ppm)
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© ©
Parameter Value HfD H."D ‘\l‘ “l'
1 Origin Varian 2
1
2 Solvent cdcl3
3 Temperature 3.0 H'FD H""D
4 Pulse Sequence s2pul o .
5 Experiment 1D 11b C1 - 23;‘& D !nc'
6 Probe ASWPFG8319 C2,=68% D inc.
7 Number of Scans 128
8 Receiver Gain 30
9 Relaxation Delay 0.5000
10 Pulse Width 300.0000
11 Acquisition Time 11121
12 Spectrometer 61.36
Frequency
13 Spectral Width 491.0
14 Lowest Frequency 0.0
15 Nucleus 2H
16 Acquired Size 546
17 Spectral Size 2048
|
I
O LN
< ™M
T T T T T T T T = T T = T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

-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




o < 1 N 1900
Parameter Value — LN N O OINOONWOVOANONINOATNLINN O MO0 O LN O LN O LN 0 O
o Bors —S—HOOONOINTMAVOONTMAN—LOOO——AOO0OONAN T
1 Origin Varian < N NN NOOLUnIINTddTddddddd oo nwoN< L1800
2 Solvent cdcl3 | ~ e ———— L1700
3 Temperature 3.0 -
4 Pulse Sequence s2pul H;-’D H_,I'D __1600
5 Experiment 1D . 2 -1500
6 Probe ASWPFG8319 '_1400
7 Numberof Scans 6720 HfD H"‘ID r
. . 1300
8 Receiver Gain 30
— 0 : i
9 Relaxation Delay 5.0000 11b C1 23;{} D !nC. 1200
10 Pulse Width 5.7500 C2=68% D inc. '_1100
11 Acquisition Time 1.3107 i 1000
12 Spectrometer 100.52 L
Frequency 900
13 Spectral Width 25000.0 I
° -800
14 Lowest Frequency ~1431.3 -
15 Nucleus 13C _'700
16 Acquired Size 32768 -600
17 Spectral Size 65536 '_500
400
| -300
N 200
I -
-100
— -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 T T T T T T T T
230 210 190 170 150 130 110 90 70 50 30 10 -10

f1 (ppm)



