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I. General Methods

All C—H oxidations were carried out under air with magnetic stirring, with no precautions to
exclude oxygen or moisture. All other reactions were performed with oven dried or flame dried glassware
under inert atmosphere of dry nitrogen or argon. Fe(PDP)', cis-[Ru(dtbpy),Cl,]*. Mn(PDP)’ and Mn(CFs-
PDP)’ catalysts were synthesized according to literature procedures. All catalysts were stored at 0 °C. The
catalysts were warmed to room temperature prior to use and weighed out in air. Chloroacetic acid was
purchased from Sigma-Aldrich and broken into small pieces before use. H,O (50% wt. aqueous solution)
was purchased from Sigma-Aldrich and used as received. AgSbFs used for catalyst metathesis was
purchased from Strem Chemicals and stored and weighed in an argon atmosphere glove box to avoid light.
Solvents including THF, DCM, diethyl ether, DMF, toluene and benzene were dried by passing through
a bed of activated alumina (Glass Contour, Laguna Beach, CA). Triethylamine and pyridine were distilled
over calcium hydride prior to use. All other commercially available reagents were purchased from
common sources (e.g. Sigma-Aldrich, Strem Chemicals, Oakwood, Alfa-Aesar, TCI America, etc.) and
were used as received.

Thin-layer chromatography was conducted with E. Merck silica gel 60 F254 precoated plates (0.25
mm) and visualized with UV and/or staining including potassium permanganate, ceric ammonium
molybdate, or phosphomolybdic acid/cerium sulfate. Flash column chromatography was performed as
described by Still ez. al* using EM reagent silica gel 60 (230-400 mesh).

"H NMR were recorded using a Varian Unity-500 (500 MHz), Varian Unity Inova-500 (500 MHz)
and Carver Bruker-500 (500 MHz) spectrometer, using solvent as internal standard (CDCl; at 7.26 ppm).
Data are reported as: s=singlet, d=doublet, t=triplet, g=quartet, p=pentet, sxt=sextet, hept=heptet
oct=octet, m=multiplet, br=broad, app=apparent; coupling constants in Hz; integration. Proton-decoupled
C NMR were recorded using a Varian Unity-500 (500 MHz) and Carver Bruker-500 (500 MHz) using
solvent as internal standard (CDCl; at 77.16 ppm). '’F NMR were recorded using a Varian Unity-500
(470 MHz) and Carver Bruker-500 (500 MHz) spectrometer, using external standard (CFCls at 0 ppm).
High resolution mass spectrometry (HRMS) was performed with a Waters Q-TOF Ultima spectrometer
or Waters GCT Premier EI spectrometer. Optical rotations were obtained using a JASCO P2000
polarimeter (cell dimensions: 3.5 X 50 mm) and were reported as [a]p" © concentration (c = g/100 mL,

solvent).



II. Characterization of Catalysts

Crystallographic data for (S,S5)-Mn(PDP)(MeCN),(SbFs), 3 can be obtained free of charge from
www.ccde.cam.ac.uk/structures/ with deposit number CCDC 1869257.

Crystal Structure of Mn(CF3-PDP)(MeCN),(SbFg), 4
(S,5)-Mn(CF3-PDP)(MeCN)»(SbFe), 4
A single crystal for X-ray crystallography was obtained by dissolving ~25 mg (S,S)-Mn(CF;-
PDP)(MeCN),(SbFe), 4 in 0.15 mL MeCN and 0.5 mL hexafluoroisopropanol, followed by diethyl ether
diffuse into the catalyst solution at room temperature. The non-integer number of atoms is a result of

partially occupied water, acetonitrile, and diethyl ether molecules in the unit cell (See table below).

Supplementary X-Ray Table 1. Crystal data and structure refinement for (S,5)-Mn(CF3-
PDP)(MGCN)z(SbF6)2.

Empirical formula C41.37 H42.17 F24 Mn N5.31 O1.37 Sb2
Formula weight 1390.19

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2,



Unit cell dimensions a=9.9977(2) A a=90°.

b =15.1980(4) A b=95.8246(6)°.
c=169784(4) A g =90°.
Volume 2566.46(10) A3
Z 2
Density (calculated) 1.799 Mg/m3
Absorption coefficient 1414 mm-1
F(000) 1363
Crystal size 0.162 x 0.125 x 0.023 mm3
Theta range for data collection 2.268 to 25.380°.
Index ranges -12<=h<=12, -18<=k<=18, -20<=1<=20
Reflections collected 74745
Independent reflections 9411 [R(int) = 0.0392]
Completeness to theta = 25.242° 99.9 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7452 and 0.6915
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 9411/533 /821
Goodness-of-fit on F2 1.046
Final R indices [I>2sigma(I)] R1=0.0269, wR2 = 0.0558
R indices (all data) R1=0.0296, wR2 =0.0571
Absolute structure parameter -0.025(4)
Extinction coefficient 0.00410(19)
Largest diff. peak and hole 0.902 and -0.997 e.A-3

Crystallographic data for (S,S5)-Mn(CF;-PDP)(MeCN),(SbF¢), 4 can be obtained free of charge from

www.ccde.cam.ac.uk/structures/ with deposit number CCDC 1964541.

Author’s response to Level B Warning:
PROBLEM: Poor Data / Parameter Ratio (Zmax > 18) 5.97 Note
RESPONSE: The collected data set is 99.8 % complete to 0.83 \%A resolution, which is the highest

resolution that could be obtained with the 0.023 mm thick plate-shaped test crystal. There is a larger than
average number of parameters in this refinement due to the large number of disordered atomic positions.
If the 533 restraints that were used to model the disorder are treated as data, the data to parameter ratio is

6.62.



1. Supplementary Table 1A. Optimization of C—H oxidation

protocol — Remote 3° Oxidation in the Presence of Aromatic

Functionality
A. Remote 3° C(sp®)—H hydroxylation in aromatic molecules
OAc Catalyst (X mol%) OAc
Additive (X equiv.)
H Oxidant (X equiv.) OH
cl 5 CH4CN cl 6

Entry Catalyst (mol%)  Additive Oxidant Temperature (°C) Yield (%) Sel. (%)?

cis-[Ru(dtbpy),Cly] _ HslOs

(5%) (2 equiv.) RT 38 54
2 Mn(ggj)é("(/)o'; K - <§\Z?433> RT 40 48
3 MG sy ey O w s
4 F?g):(g‘;)) 1 (?S(ESSC 24?1::/'.)(3x1}._122 (e)éuiv.) RT¢ 0 0
5 ) (05 eq)@xI Bouiv)  RTC 32 81
® Mn((1P OE‘)’/T)) ’ %:’ée,?q?ﬁ\)/;' (5}12qoui2\,_) RTY 52 87
7 Mo Useqiy  (5eau) 0 58 76
° M?‘()i-:1[‘)’/?)) ’ ((3”325?\)3 (2.;_i é(c?jiv_) 0° 60 73
Condition A:
° I\/Ir(]‘()|-31[‘)’/?)) ’ %quct)ﬂc\)/;' (2.; égﬁiv_) of 57 80
10  Mn(PDP)3  CICH,COOH  H,0, o . 0

(0.1%) (14 equiv.) (2.5 equiv.)

aChemoselectivity (Sel.) = 3° C-H [OJ/total conversion. °x mol% catalyst, x equiv. additive
with slow addition of x equiv. H,O, over 3 h. Clterative addition of 5 mol% catalyst, 0.5
equiv. CH3COOH, 1.2 equiv. H,0, every 10-15 min. 9 mol% catalyst, x equiv. additive with
slow addition of x equiv. H,O, over 1 h. 0.1 mol% catalyst, 14 equiv. additive with slow
addition of 2.5 equiv. H,O, (in 0.3 mL MeCN) over 1 h and reaction mixture stirred for an
additional 1 h. 0.1 mol% catalyst, 14 equiv. additive with slow addition of 2.5 equiv. H,O,
(in 3.75 mL MeCN) over 1 h.

Chemoselectivity is defined as the yield of desired remote oxidation product over the conversion of
starting material.

yield of remote oxidation product

chemoselectivity = - - -
conversion of starting material

Synthesis of 1-(4-chlorophenyl)-4-methylpentyl acetate [5]
OAc 1-(4-chlorophenyl)-4-methylpentan-1-ol (638.2 mg, 3.0 mmol, 1.0 equiv.) was
dissolved in 15 mL anhydrous pyridine. Acetic anhydride (1.42 mL, 15.0 mmol,
cl 5.0 equiv.) was added dropwise at 0 °C and the reaction was allowed to stir at

room temperature overnight before being concentrated under reduced pressure. The residue was diluted
5



with 30 mL DCM and washed with 30 mL 1M HCI solution twice followed by 20 mL brine. The organic
layer was dried with MgSOQy, filtered, and concentrated. Flash column chromatography on silica (50 mm
fritted glass column, 300 mL SiO,) using 5% EtOAc/hexanes as eluent gave 1-(4-chlorophenyl)-4-
methylpentyl acetate (5) as a colorless oil (735.6 mg, 2.89 mmol, 96% yield).

'H-NMR (500 MHz, CDCl3) & 7.31 (d, J = 8.5 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H), 5.65 (t, J= 7.0 Hz, 1H),
2.06 (s, 3H), 1.91 — 1.83 (m, 1H), 1.77 — 1.70 (m, 1H), 1.53 (app. hept, /= 6.7 Hz, 1H), 1.25 — 1.15 (m,
1H), 1.11 —1.03 (m, 1H), 0.86 (d, J = 6.6 Hz, 3H), 0.85 (d, J= 6.6 Hz, 3H). >C-NMR (126 MHz, CDCl5)
0170.4,139.5,133.7, 128.7, 128.1, 75.8, 34.6, 34.2, 28.0, 22.6, 22.6, 21.4. HRMS (ESI+) m/z calculated
for C14H190,NaCl [M+Na]': 277.0971, found 277.0982.

Entry 1

The reaction was conducted according to the reported general procedure.” A 20 mL vial was charged with
1-(4-chlorophenyl)-4-methylpentyl acetate 5 (63.7 mg, 0.25 mmol, 1.0 equiv.), a magnetic stir bar and a
solution of cis-Ru(dtbpy),Cl, (8.9 mg, 13 pumol, 0.05 equiv.) in 2.0 mL acetic acid. 2.0 mL water was
added to the vial and the purple solution was stirred at room temperature for 2 min before a single portion
of Hs1O¢ (114 mg, 0.50 mmol, 2.0 equiv.) was added. The reaction was wrapped with aluminum foil and
stirred at room temperature for 4 hours. The reaction was transferred to a separatory funnel with 4 mL
DCM and 30 mL water. The aqueous layer was extracted with 3 x 15 mL DCM and the combined organic
layer was dried over Na,SO,. The crude reaction was purified by column chromatography on silica (15
mm fritted glass column, 30 mL SiO,) using 10% acetone/hexanes = 20% acetone/hexanes = 30%
acetone/hexanes as eluent to give both recovered starting material and product.

Run 1: (24.9 mg, 0.092 mmol, 36.8% yield), (16.7 mg, 0.066 mmol, 26.2% rsm). Run 2: (24.6 mg, 0.091
mmol, 36.3% yield), (16.1 mg, 0.063 mmol, 25.3% rsm). Run 3: (27.7 mg, 0.102 mmol, 40.9% yield),
(22.6 mg, 0.089 mmol, 35.5% rsm). Average: 38.0% yield £ 2.5%, 29.0% rsm =+ 5.6%. Selectivity =
38.0/(100-29.0) = 54%.

We also attempted to directly analyze the crude reaction via quantitative '"H NMR analysis with
nitrobenzene added as internal standard.

Run 1: 33.7% yield, 35.5% rsm. Run 2: 30.2% yield, 32.7% rsm. Run 3: 28.3% yield, 28.7% rsm.
Average: 30.7% yield = 2.7%, 32.3% rsm = 3.4%. Selectivity = 30.7/(100-32.3) = 45%.

Entry 2

The reaction was conducted according to the reported general procedure.” A 20 mL vial was charged with

1-(4-chlorophenyl)-4-methylpentyl acetate 5 (63.7 mg, 0.25 mmol, 1.0 equiv.), AcOH (1.25 mL),

Mn(OTf); solution (20 pL, 12.5 mM solution in 9:1 AcOH/H,0, 0.25 pmol, 0.001 equiv.) and bipyridine
6



solution (100 uL, 0.025 M solution in AcOH, 2.5 pmmol, 0.01 equiv.). The mixture was stirred for 10
minutes at room temperature before a modified peracetic acid solution (220 pL, prepared by mixing 1.0
mL of commercial peracetic acid (35% Sigma-Aldrich) with 0.3 mL of 10% KOH solution, 0.75 mmol,
3.0 equiv.) was added dropwise over 30 seconds. The reaction was stirred for another 60 seconds and then
diluted with 5 mL acetone. After stirring for 30 seconds, the mixture was filtered through Celite® and the
filtrate was concentrated in vacuo. The crude mixture was analyzed by quantitative '"H NMR analysis with
nitrobenzene added as internal standard.

Run 1: 40.8% yield, 20.2% rsm. Run 2: 38.5% yield, 15.5% rsm. Run 3: 40.3% yield, 14.7% rsm.
Average: 39.9% yield = 1.2%, 16.8% rsm = 3.0%. Selectivity = 39.9/(100-16.8) = 48%.

Entry 3

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with 1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30 mmol, 1.0
equiv), CICH,COOH (425.3 mg, 4.5 mmol, 15.0 equiv.), (R,R)-Mn(CF;-PDP) catalyst 4 (40.7 mg, 0.03
mmol, 0.10 equiv.) MeCN (0.6 mL) and a stir bar. A 10 mL syringe was charged with a solution of H,O,
(50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.) in MeCN (3.75 mL), fitted with a 25G needle and the
solution was added dropwise via syringe pump over 3 hours (1.25 mL/hour) while the reaction vial was
maintained at 0 °C with an ice/water bath. Upon completion of addition, the reaction was concentrated in
vacuo to a minimum amount of MeCN. The residue was dissolved in ~30 mL DCM and washed with 15
mL sat. NaHCOs3 solution (CAUTION: CO; was released) to remove CICH,CO,H. The aqueous layer
was extracted with ~15 mL DCM twice and the combined organic layer was dried with Na,SOj,. After
filtration, the reaction was purified by column chromatography on silica (15 mm fritted glass column, 30
mL SiO,) using 10% acetone/hexanes = 20% acetone/hexanes = 30% acetone/hexanes as eluent to give
both recovered starting material and product.

Run 1: (37.6 mg, 0.139 mmol, 46.3% product), <10% rsm. Run 2: (40.3 mg, 0.149 mmol, 49.6% product),
<10% rsm. Run 3: (34.9 mg, 0.129 mmol, 43.0% yield), <10% rsm. Average: 46.3% yield £ 3.3%, <10%
rsm. Selectivity = 46.3/(100-10) = 51%.

Entry 4

The reaction was conducted according to the iterative addition protocol.' A 40 mL vial was charged with

1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30 mmol, 1.0 equiv.), (R,R)-Fe(PDP) catalyst 1

(14.0 mg, 0.015 mmol, 0.05 equiv.), CH;COOH (9.0 mg, 0.15 mmol, 0.5 equiv.), MeCN (0.45 mL) and

a stir bar. The vial was stirred vigorously and a solution of H,O, (50% wt. in H,0, 24.5 mg, 1.2 equiv.)

in MeCN (3.75 mL) was added dropwise over 60-75 seconds. The reaction was allowed to stir for 10
7



minutes at room temperature before a second batch of catalyst (14.0 mg, 0.015 mmol, 0.05 equiv.) and
AcOH (9.0 mg, 0.15 mmol, 0.5 equiv.) dissolved in 0.3 mL MeCN was added via pipette. This was
followed by a solution of H,O, (50 wt%, 24.5 mg, 1.2 equiv.) in MeCN (3.75 mL) over 60-75 seconds.
After another 10 minutes a third batch of catalyst and H,O, was added in the same manner. The third
addition was allowed to stir for 10 minutes for a total reaction time of 30 minutes. Significant decrease
in yield was observed when the peroxide solution was added rapidly.

Upon completion of the reaction, the mixture was concentrated in vacuo to a minimum amount of MeCN.
Diethyl ether (20 mL) was added to precipitate the iron complex and the mixture was filtered via a Celite®
plug. The filtrate was dried over Na,SO,, concentrated and analyzed by quantitative '"H NMR analysis
with nitrobenzene added as internal standard.

Run 1: 0 % product, (21.1 mg, 0.083 mmol, 27.6% rsm). Run 2: 0% product, (22.1 mg, 0.087 mmol,
28.9% rsm). Run 3: 0% product, (27.5 mg, 0.108 mmol, 36.0% rsm). Average: 0% yield, 30.8% rsm +
4.5%. Selectivity = 0/(100-30.8) = 0%.

Entry 5

The reaction was conducted according to the iterative addition protocol.' A 40 mL vial was charged with
1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30 mmol, 1.0 equiv.), (R,R)-Mn(PDP) catalyst
3 (14.0 mg, 0.015 mmol, 0.05 equiv.), CH3COOH (9.0 mg, 0.15 mmol, 0.5 equiv.), MeCN (0.45 mL) and
a stir bar. The vial was stirred vigorously and a solution of H,O, (50% wt. in H,0, 24.5 mg, 1.2 equiv.)
in MeCN (3.75 mL) was added dropwise over 60-75 seconds. The reaction was allowed to stir for 10
minutes at room temperature before a second batch of catalyst (14.0 mg, 0.015 mmol, 0.05 equiv.) and
AcOH (9.0 mg, 0.15 mmol, 0.5 equiv.) dissolved in 0.3 mL MeCN was added via pipette. This was
followed by a solution of H,O, (50 wt%, 24.5 mg, 1.2 equiv.) in MeCN (3.75 mL) over 60-75 seconds.
After another 10 minutes a third batch of catalyst and H,O, was added in the same manner. The third
addition was allowed to stir for 10 minutes for a total reaction time of 30 minutes. Significant decrease
in yield was observed when the peroxide solution was added rapidly.

Upon completion of the reaction, the mixture was concentrated in vacuo to a minimum amount of MeCN.
Diethyl ether (20 mL) was added to precipitate the manganese complex and the mixture was filtered via
a Celite® plug. The filtrate was dried over Na,SOy, concentrated and analyzed by quantitative 'H NMR
analysis with nitrobenzene added as internal standard.

Run 1: (25.8 mg, 0.095 mmol, 31.8% product), (46.2 mg, 0.181 mmol, 60.4% rsm). Run 2: (26.9 mg,
0.099 mmol, 33.1% product), (44.0 mg, 0.173 mmol, 57.6% rsm). Run 3: (26.0 mg, 0.096 mmol, 32.0%
yield), (47.8 mg, 0.188 mmol, 62.7% rsm) Average: 32.3% yield £ 0.7%, 60.2% rsm = 2.6%.
Selectivity = 32.3/(100-60.2) = 81%.



Entry 6

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with 1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30 mmol, 1.0
equiv), CH;COOH (270.2 mg, 4.5 mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol,
0.10 equiv.) MeCN (0.60 mL) and a stir bar. A 10 mL syringe was charged with a solution of H,O, (50%
wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.) in MeCN (3.75 mL), fitted with a 25G needle and the solution
was added dropwise via syringe pump over 1 hour (3.75 mL/hour) at room temperature. Upon completion
of addition, the reaction was concentrated in vacuo to a minimum amount of MeCN and purified by
column chromatography on silica (15 mm fritted glass column, 30 mL SiO;) using 10% acetone/hexanes
- 20% acetone/hexanes = 30% acetone/hexanes as eluent to give both recovered starting material and
product.

Run 1: (43.9 mg, 0.162 mmol, 54.0% yield), (27.9 mg, 0.110 mmol, 36.5% rsm). Run 2: (40.7 mg, 0.150
mmol, 50.1% yield), (31.3 mg, 0.122 mmol, 41.0% rsm) Run 3: (41.1 mg, 0.152 mmol, 50.6% yield),
(34.4 mg, 0.135 mmol, 45.0% rsm). Average: 51.6% yield £ 2.1%, 40.8% rsm + 4.3%. Selectivity =
51.6/(100-40.8) = 87%.

Entry 7

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with 1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30 mmol, 1.0
equiv), CH;COOH (270.2 mg, 4.5 mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol,
0.10 equiv.) MeCN (0.60 mL) and a stir bar. A 10 mL syringe was charged with a solution of H,O, (50%
wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.) in MeCN (3.75 mL), fitted with a 25G needle and the solution
was added dropwise via syringe pump over 1 hour (3.75 mL/hour) while the reaction vial was maintained
at 0 °C with an ice/water bath. Upon completion of addition, the reaction was concentrated in vacuo to a
minimum amount of MeCN and purified by column chromatography on silica (15 mm fritted glass column,
30 mL SiO,) using 10% acetone/hexanes = 20% acetone/hexanes = 30% acetone/hexanes as eluent to
give both recovered starting material and product.

Run 1: (48.3 mg, 0.178 mmol, 59.5% yield), (15.5 mg, 0.061 mmol, 20.3% rsm). Run 2: (48.2 mg, 0.178
mmol, 59.3% yield), (21.5 mg, 0.084 mmol, 28.1% rsm). Run 3: (45.0 mg, 0.166 mmol, 55.4% yield),
(17.8 mg, 0.070 mmol, 23.3% rsm). Average: 58.1% yield £ 2.3%, 23.9% rsm =+ 3.9%. Selectivity =
58.1/(100-23.9) = 76%.

Entry 8



The reaction was conducted according to the “cyclohexane oxidation under practical conditions”
procedure.® A 40 mL vial was charged with 1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30
mmol, 1.0 equiv.), AcOH (0.24 mL, 4.2 mmol, 14 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 uL, 5
mM solution in MeCN, 0.30 pmol, 0.001 equiv.) and MeCN (1.14 mL). A solution of H,O; (50% wt. in
H,0, 51.0 mg, 0.75 mmol, 2.5 equiv.) in MeCN (0.3 mL) was added dropwise via syringe pump over 1
hour while the reaction vial was maintained at 0 °C with an ice/water bath. The reaction was stirred for a
further 1 hour at 0 °C before being concentrated in vacuo. The residue was dissolved in ~30 mL DCM
and washed with 15 mL sat. NaHCOj solution (CAUTION: CO, was released) to remove CH3;COOH.
The aqueous layer was extracted with ~15 mL DCM twice and the combined organic layer was dried with
NaySO4. After filtration, the reaction was purified by column chromatography on silica (15 mm fritted
glass column, 30 mL SiO,) using 10% acetone/hexanes = 20% acetone/hexanes = 30% acetone/hexanes
as eluent to give both recovered starting material and product.

Run 1: (46.0 mg, 0.170 mmol, 56.6% product), (11.9 mg, 0.047 mmol, 15.6% rsm). Run 2: (51.3 mg,
0.189 mmol, 63.2% product), (15.0 mg, 0.059 mmol, 19.6% rsm). Average: 59.9% yield, 17.6% rsm.
Selectivity = 59.9/(100-17.6) = 73%.

Entry 9

The reaction was conducted with Method A: Low Catalyst Loading (0.1 mol%) Protocol (vide infra,
Section V). A 40 mL vial was charged with 1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30
mmol, 1.0 equiv), AcOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5
mM solution in MeCN, 0.30 pumol, 0.001 equiv.) MeCN (0.60 mL) and a stir bar. A 10 mL syringe was
charged with a solution of H,O, (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.) in MeCN (3.75 mL),
fitted with a 25G needle and the solution was added dropwise via syringe pump over 1 hour (3.75 mL/hour)
while the reaction vial was maintained at 0 °C with an ice/water bath. Upon completion of addition, the
reaction was concentrated in vacuo to a minimum amount of MeCN. The residue was dissolved in ~30
mL DCM and washed with 15 mL sat. NaHCOj3 solution (CAUTION: CO; was released) to remove
CH;COOH. The aqueous layer was extracted with ~15 mL DCM twice and the combined organic layer
was dried with Na,SO4. After filtration, the reaction was purified by column chromatography on silica
(15 mm fritted glass column, 30 mL SiO;) using 10% acetone/hexanes = 20% acetone/hexanes = 30%
acetone/hexanes as eluent to give both recovered starting material and product.

Run 1: (46.9 mg, 0.173 mmol, 57.7% yield), (22.9 mg, 0.090 mmol, 30.0% rsm). Run 2: (45.7 mg, 0.169
mmol, 56.3% yield), (20.6 mg, 0.081 mmol, 27.0% rsm). Average: 57.0% yield, 28.5% rsm. Selectivity
= 57.0/(100-28.5) = 80%.
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Entry 10

A 40 mL vial was charged with 1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.30 mmol, 1.0
equiv), CICH,COOH (396.9 mg, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5
mM solution in MeCN, 0.30 pumol, 0.001 equiv.) MeCN (0.60 mL) and a stir bar. A 10 mL syringe was
charged with a solution of H,O, (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.) in MeCN (3.75 mL),
fitted with a 25G needle and the solution was added dropwise via syringe pump over 1 hour (3.75 mL/hour)
while the reaction vial was maintained at 0 °C with an ice/water bath. Upon completion of addition, the
reaction was concentrated in vacuo to a minimum amount of MeCN. The residue was dissolved in ~30
mL DCM and washed with 15 mL sat. NaHCOj3 solution (CAUTION: CO; was released) to remove
CICH,COOH. The aqueous layer was extracted with ~15 mL DCM twice and the combined organic layer
was dried with Na,SO4. After filtration, the reaction was purified by column chromatography on silica
(15 mm fritted glass column, 30 mL SiO;) using 10% acetone/hexanes = 20% acetone/hexanes = 30%
acetone/hexanes as eluent to give both recovered starting material and product.

Run 1: (30.1 mg, 0.111 mmol, 37.1% yield), (42.2 mg, 0.166 mmol, 55.2% rsm). Run 2: (29.6 mg, 0.109
mmol, 36.4% yield), (42.3 mg, 0.166 mmol, 55.3% rsm). Average: 36.8% yield, 55.3% rsm. Selectivity
= 36.8/(100-55.3) = 82%.

Characterization of 1-(4-chlorophenyl)-4-hydroxy-4-methylpentyl acetate [6]
OAc 'H-NMR (500 MHz, CDCl3) § 7.32 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.5 Hz,
MH 2H), 5.68 (dd, J = 7.6, 6.3 Hz, 1H), 2.07 (s, 3H), 1.98 (dddd, J = 13.4, 12.3,
Cl 7.7,4.7 Hz, 1H), 1.85 (dddd, J=13.4, 11.9, 6.2, 4.6 Hz, 1H), 1.51 (ddd, J =
13.5,12.2, 4.6 Hz, 1H), 1.39 (br. s, 1H), 1.39 — 1.31 (m, 1H), 1.20 (s, 6H). °C-NMR (126 MHz, CDCl;)

5170.4,139.2, 133.8, 128.8, 128.1, 75.8, 70.6, 39.3, 31.2, 29.5, 29.4, 21.4. HRMS (ESI+) m/z calculated
for C14H003Cl [M+H]": 271.1101, found 271.1107.
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IV. Supplementary Table 1B. Optimization of C—H oxidation
protocol — Remote 3° Oxidation in the Presence of Basic Nitrogen

Functionality

B. Remote 3° C(sp®)—H hydroxylation in basic heteroaromatic molecules

H 1) HBF4.OEt, OH
2) Catalyst (X mol%)
Additive (X equiv.)

N Oxidant (X equiv.) N
~ — > ~
N CH5CN N
7 8

Entry Catalyst (mol%) Additive Oxidant Temperature (°C) Yield (%) Sel. (%)?

Mn(PDP)(OTf), CH;COOH H,0,

1 (0.1%) (14equiv) (2.5 equiv.) 0° 0 0
) Mn(PDP)3  CH,COOH H,0, . 0 0
(0.1%) (14 equiv.) (2.5 equiv.) 0

Mn(PDP)3  CH,COOH H,0,

3 (10%) (14 equiv.) (2.5 equiv.) 0? 33 92
Mn(PDP)3  CH,;COOH H,0,

4 (10%) (14 equiv.) (5 equiv.) 0 59 85
Mn(PDP)3 CICH,COOH  H,0,

5 (10%) (15 equiv.) (5 equiv.) 0’ 73 85

Condition B:
Mn(PDP)3 CICH,COOH  H,0,

B (10%) (15 equiv.) (5 equiv.) -36° 70 e
Mn(PDP)3 CICH,COOH  H,0,

7 (5%) (15equiv) (5 equiv.) -36° 55 89
Mn(PDP)3 CICH,COOH  H,0,

8 (2.5%) (15 equiv.) (5 equiv.) -36° 41 95
Mn(PDP)3 CICH,COOH  H,0,

9 (0.1%) (15 equiv.) (5 equiv.) -36° 0 0

aChemoselectivity (Sel.) = 3° C-H [O]/total conversion. x mol% catalyst, x equiv. additive
with slow addition of x equiv. H,O, over 3 h. Clterative addition of 5 mol% catalyst, 0.5
equiv. CH;COOH, 1.2 equiv. H,O, every 10-15 min. 9 mol% catalyst, x equiv. additive with
slow addition of x equiv. H,O, over 1 h. 0.1 mol% catalyst, 14 equiv. additive with slow
addition of 2.5 equiv. H,0, (in 0.3 mL MeCN) over 1 h and reaction mixture stirred for an
additional 1 h. 0.1 mol% catalyst, 14 equiv. additive with slow addition of 2.5 equiv. H,0,
(in 3.75 mL MeCN) over 1 h.

4-(4-methylpentyl)quinoline [7]
To a 50 mL flame dried round bottom flask equipped with a magnetic stir bar, under
N, atmosphere, was added diisopropylamine (2.0 mL, 14.2 mmol, 1.3 equiv.) in
N THF (12.0 mL, 1.2 M). The solution was cooled to -78 'C. n-Butyl lithium (1.6 M
N7 in hexane, 8.2 mL, 13.1 mmol, 1.2 equiv.) was added dropwise and the mixture was
warmed to room temperature for 30 minutes. The mixture was cooled to -78 'C. In a 250 mL flame dried
round bottom flask equipped with magnetic stir bar, under N, atmosphere, was added 4-methylquinoline

(1.45 mL, 11.0 mmol, 1.0 equiv.) in THF (40 mL, 0.28 M) and the mixture was cooled to -78 C. The

LDA solution was added to the 4-methylquinoline solution via cannula at -78 'C. The mixture was stirred
12



at -78 "C for 2.5 hours. 1-Bromo-3-methylbutane (1.7 mL, 14.2 mmol, 1.3 equiv.) was added dropwise
and the reaction was stirred at -78 'C for a further 3 hours. The resulting mixture was allowed to warm to
room temperature overnight (14 hours). The reaction was quenched with saturated aqueous NH4Cl and
the aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic layer was washed with
H,O (50 mL) and brine (50 mL), dried over Na,SO, filtered and concentrated in vacuo. Flash
chromatography on silica (35 mm fritted glass column, 150 mL SiO;) using 100% hexanes = 20%
EtOAc/hexanes as eluent afforded 4-(4-methylpentyl)quinoline (7) as a pale yellow oil (1.36 g, 6.38 mmol,
58% yield).

'H-NMR (500 MHz, CDCl3) & 8.80 (d, J = 4.4 Hz, 1H), 8.15 — 8.08 (m, 1H), 8.04 (dd, J = 8.4, 1.4 Hz,
1H), 7.70 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.56 (ddd, J = 8.3, 6.8, 1.4 Hz, 1H), 7.24 (d, J = 4.4 Hz, 1H),
3.05 (appt. t, J=7.9 Hz, 2H), 1.83 — 1.71 (m, 2H), 1.61 (app. hept, /= 6.6 Hz, 1H), 1.40 — 1.27 (m, 2H),
0.89 (d, J= 6.6 Hz, 6H). "C-NMR (126 MHz, CDCl3) § 150.3, 148.9, 148.5, 130.4, 129.1, 127.8, 126.3,
123.7, 120.9, 39.1, 32.5, 28.1, 28.0, 22.7. HRMS (TOF ESI+) m/z calculated for C;sH,)N [M+H]":
214.1596, found 214.1588.

General Procedure

According to the general procedure for HBF,*OEt, protection (vide infra, Section V), 4-(4-
methylpentyl)quinoline 7 (64.0 mg, 0.300 mmol, 1.0 equiv), was protected with HBF4*OEt, (45.5 pL,
0.330 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M).

Entry 1

The reaction was conducted according to the “cyclohexane oxidation under practical conditions”
procedure.® Mn(PDP)(OTf), was prepared by metathesis of Mn(PDP)Cl, with AgOTf according to a
similar procedure as Mn(PDP)(MeCN),(SbFs),.” A 20 mL vial was charged with the resultant 7sHBF
(0.30 mmol, 1.0 equiv.), CH3COOH (0.24 mL, 4.2 mmol, 14 equiv.), Mn(PDP)(OTf), solution (60 uL, 5
mM solution in MeCN, 0.30 pmol, 0.001 equiv.) and MeCN (1.14 mL). A solution of H,O; (50% wt. in
H,0, 51.0 mg, 0.75 mmol, 2.5 equiv.) in MeCN (0.3 mL) was added dropwise via syringe pump over 1
hour while the reaction vial was maintained at 0 °C with an ice/water bath. The reaction was stirred for a
further 1 hour at 0 °C before being concentrated in vacuo. The reaction was worked up according to the
General Procedure for HBF4 Deprotection (vide infra, Section V). The crude mixture was analyzed by
quantitative 'H NMR analysis with mesitylene added as internal standard.

Run 1: 0% product, 100% rsm. Run 2: 0% product, 100% rsm. Average: 0% yield, 100% rsm.
Selectivity = 0/(100-100) = 0%.
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Entry 2

The reaction was conducted with Method A: Low Catalyst Loading (0.1 mol%) Protocol (vide infra,
Section V). A 40 mL vial was charged with the resultant 7HBF4 (0.30 mmol, 1.0 equiv.), CH;COOH
(0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5 mM solution in MeCN,
0.30 umol, 0.001 equiv.) MeCN (0.60 mL) and a stir bar. A 10 mL syringe was charged with a solution
of H,O; (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.) in MeCN (3.75 mL), fitted with a 25G needle
and the solution was added dropwise via syringe pump over 1 hour (3.75 mL/hour) while the reaction vial
was maintained at 0 °C with an ice/water bath. Upon completion of addition, the reaction was concentrated
in vacuo to a minimum amount of MeCN. The reaction was worked up according to the General
Procedure for HBFs Deprotection (vide infra, Section V). The crude mixture was analyzed by
quantitative 'H NMR analysis with mesitylene added as internal standard.

Run 1: 0% product, 100% rsm. Run 2: 0% product, 100% rsm. Average: 0% yield, 100% rsm.
Selectivity = 0/(100-100) = 0%.

Entry 3

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with the resultant 7HBF, (0.30 mmol, 1.0 equiv.), CH;COOH (0.24 mL, 4.2
mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol, 0.10 equiv.) and MeCN (0.60 mL).
A 10 mL syringe was charged with a solution of H,O; (50% wt. in H,O, 51 mg, 0.75 mmol, 2.5 equiv.)
in MeCN (3.75 mL), fitted with a 25G needle and the solution was added dropwise via syringe pump over
1 hour (3.75 mL/hour) while the reaction vial was maintained at 0 °C with an ice/water bath. Upon
completion of addition, the reaction was concentrated in vacuo to a minimum amount of MeCN. The
reaction was worked up according to the General Procedure for HBF4 Deprotection (vide infra, Section
V) and purified by column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using
100% DCM - 5% MeOH/DCM as eluent to give both recovered starting material and product.

Run 1: (22.7 mg, 0.099 mmol, 33.0% yield), (41.7 mg, 0.195 mmol, 65.2% rsm). Run 2: (21.5 mg, 0.094
mmol, 31.3% yield), (42.3 mg, 0.198 mmol, 66.1% rsm). Run 3: (24.8 mg, 0.108 mmol, 36.0% yield),
(38.0 mg, 0.178 mmol, 59.4% rsm). Average: 33.4% yield £ 2.4%, 63.6% rsm =+ 3.6%. Selectivity =
33.4/(100-63.5) = 92%.

Entry 4

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A

40 mL vial was charged with the resultant 7HBF, (0.30 mmol, 1.0 equiv.), CH;COOH (0.24 mL, 4.2

mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol, 0.10 equiv.) and MeCN (0.60 mL).
14



A 10 mL syringe was charged with a solution of H,O; (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.)
in MeCN (3.75 mL), fitted with a 25G needle and the solution was added dropwise via syringe pump over
1 hour (3.75 mL/hour) while the reaction vial was maintained at 0 °C with an ice/water bath. Upon
completion of addition, the reaction was concentrated in vacuo to a minimum amount of MeCN. The
reaction was worked up according to the General Procedure for HBF4 Deprotection (vide infra, Section
V) and purified by column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using
100% DCM - 5% MeOH/DCM as eluent to give both recovered starting material and product.

Run 1: (40.5 mg, 0.177 mmol, 58.9% yield), (18.9 mg, 0.089 mmol, 29.5% rsm). Run 2: (40.8 mg, 0.178
mmol, 59.3% yield), (20.5 mg, 0.096 mmol, 32.0% rsm). Average: 59.1% yield, 30.8% rsm. Selectivity
=59.1/(100-30.8) = 85%.

Entry 5

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with the resultant 72HBF4 (0.30 mmol, 1.0 equiv.), CICH,COOH (425.3 mg, 4.5
mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol, 0.10 equiv.) and MeCN (0.60 mL).
A 10 mL syringe was charged with a solution of H,O; (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.)
in MeCN (3.75 mL), fitted with a 25G needle and the solution was added dropwise via syringe pump over
3 hours (1.25 mL/hour) while the reaction vial was maintained at 0 °C with an ice/water bath. Upon
completion of addition, the reaction was concentrated in vacuo to a minimum amount of MeCN. The
reaction was worked up according to the General Procedure for HBF4 Deprotection (vide infra, Section
V) and purified by column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using
100% DCM - 5% MeOH/DCM as eluent to give both recovered starting material and product.

Run 1: (51.4 mg, 0.224 mmol, 74.7% yield), (9.0 mg, 0.042 mmol, 14.1% rsm). Run 2: (48.9 mg, 0.213
mmol, 71.1% yield), (9.6 mg, 0.045 mmol, 15.0% rsm). Average: 72.9% yield, 14.6% rsm. Selectivity
=72.9/(100-14.6) = 85%.

Entry 6

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with the resultant 72HBF4 (0.30 mmol, 1.0 equiv.), CICH,COOH (425.3 mg, 4.5
mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol, 0.10 equiv.) and MeCN (0.60 mL).
A 10 mL syringe was charged with a solution of H,O; (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.)
in MeCN (3.75 mL), fitted with a 25G needle and the solution was added dropwise via syringe pump over
3 hour (1.25 mL/hour) while the reaction vial was maintained at -36 °C with a 1,2-dichloroethane/dry ice

bath. Upon completion of addition, the reaction was concentrated in vacuo to a minimum amount of
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MeCN. The reaction was worked up according to the General Procedure for HBF4 Deprotection (vide
infra, Section V) and purified by column chromatography on silica (15 mm fritted glass column, 30 mL
Si0;) using 100% DCM = 5% MeOH/DCM as eluent to give both recovered starting material and
product.

Run 1: (46.9 mg, 0.205 mmol, 68.2% yield), (16.7 mg, 0.078 mmol, 26.1% rsm). Run 2: (48.7 mg, 0.212
mmol, 70.8% yield), (15.0 mg, 0.070 mmol, 23.4% rsm). Run 3: (49.6 mg, 0.216 mmol, 72.1% yield),
(16.9 mg, 0.079 mmol, 26.4% rsm). Average: 70.4% yield £ 2.0%, 25.3% rsm + 1.7%. Selectivity =
70.4-(100-25.3) = 94%.

Entry 7

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with the resultant 72HBF4 (0.30 mmol, 1.0 equiv.), CICH,COOH (425.3 mg, 4.5
mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (14.0 mg, 0.015 mmol, 0.05 equiv.) and MeCN (0.60 mL).
A 10 mL syringe was charged with a solution of H,O; (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.)
in MeCN (3.75 mL), fitted with a 25G needle and the solution was added dropwise via syringe pump over
3 hour (1.25 mL/hour) while the reaction vial was maintained at -36 °C with a 1,2-dichloroethane/dry ice
bath. Upon completion of addition, the reaction was concentrated in vacuo to a minimum amount of
MeCN. The reaction was worked up according to the General Procedure for HBF4 Deprotection (vide
infra, Section V) and purified by column chromatography on silica (15 mm fritted glass column, 30 mL
Si0;) using 100% DCM = 5% MeOH/DCM as eluent to give both recovered starting material and
product.

Run 1: (38.0 mg, 0.166 mmol, 55.2% yield), (23.7 mg, 0.111 mmol, 37.0% rsm). Run 2: (37.7 mg, 0.164
mmol, 54.8% yield), (25.0 mg, 0.117 mmol, 39.1% rsm). Average: 55.0% yield, 38.1% rsm. Selectivity
= 55.0-(100-38.1) = 89%.

Entry 8

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with the resultant 72HBF4 (0.30 mmol, 1.0 equiv.), CICH,COOH (425.3 mg, 4.5
mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (7.0 mg, 0.0075 mmol, 0.025 equiv.) and MeCN (0.60 mL).
A 10 mL syringe was charged with a solution of H,O; (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.)
in MeCN (3.75 mL), fitted with a 25G needle and the solution was added dropwise via syringe pump over
3 hour (1.25 mL/hour) while the reaction vial was maintained at -36 °C with a 1,2-dichloroethane/dry ice
bath. Upon completion of addition, the reaction was concentrated in vacuo to a minimum amount of

MeCN. The reaction was worked up according to the General Procedure for HBF4 Deprotection (vide
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infra, Section V) and purified by column chromatography on silica (15 mm fritted glass column, 30 mL
Si0;) using 100% DCM = 5% MeOH/DCM as eluent to give both recovered starting material and
product.

Run 1: (26.2 mg, 0.114 mmol, 38.1% yield), (38.3 mg, 0.180 mmol, 59.8% rsm). Run 2: (29.8 mg, 0.130
mmol, 43.3% yield), (34.6 mg, 0.162 mmol, 54.1% rsm). Average: 40.7% yield, 57.0% rsm. Selectivity
= 40.7-(100-57.0) = 95%.

Entry 9

The reaction was conducted with Method B: single catalyst addition protocol (vide infra, Section V). A
40 mL vial was charged with the resultant 72HBF4 (0.30 mmol, 1.0 equiv.), CICH,COOH (425.3 mg, 4.5
mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5 mM solution in MeCN, 0.30 pumol,
0.001 equiv.) and MeCN (0.60 mL). A 10 mL syringe was charged with a solution of H,O, (50% wt. in
H,0, 102 mg, 1.5 mmol, 5.0 equiv.) in MeCN (3.75 mL), fitted with a 25G needle and the solution was
added dropwise via syringe pump over 3 hour (1.25 mL/hour) while the reaction vial was maintained at -
36 °C with a 1,2-dichloroethane/dry ice bath. Upon completion of addition, the reaction was concentrated
in vacuo to a minimum amount of MeCN. The reaction was worked up according to the General
Procedure for HBF4 Deprotection (vide infra, Section V) and purified by column chromatography on
silica (15 mm fritted glass column, 30 mL SiO;) using 100% DCM = 5% MeOH/DCM as eluent to give
both recovered starting material and product.

Run 1: 0% yield, 100% rsm. Run 2: 0% yield, 100% rsm. Average: 0% yield, 100% rsm. Selectivity
=0-(100-100) = 0%.

2-methyl-5-(quinolin-4-yl)pentan-2-ol [8]

OH '"H-NMR (500 MHz, CDCl3) & 8.78 (d, J=4.4 Hz, 1H), 8.11 (dd, J=8.5, 1.2 Hz,
1H), 8.03 (dd, J= 8.4, 1.3 Hz, 1H), 7.69 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.55 (ddd,
J=823,6.8, 1.3 Hz, 1H), 7.23 (d, J = 4.4 Hz, 1H), 3.08 (t, J = 7.8 Hz, 2H), 1.93
(br. s, 1H), 1.91 — 1.81 (m, 2H), 1.67 — 1.57 (m, 2H), 1.22 (s, 6H). “C-NMR

(126 MHz, CDCl3) § 150.1, 148.5, 148.3, 130.2, 129.1, 127.6, 126.4, 123.6, 120.8, 70.7, 43.7, 32.5, 29.5,

24.9. HRMS (TOF ESI+) m/z calculated for C;sH,0NO [M+H]': 230.1545, found 230.1542.

=

N
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V.Supplementary Table 2. Chemoselective tertiary oxidation in

aromatic substrates.

Preparation of Substrates and Compounds Characterization for Supplementary Table 2

Condition A?
Mn(PDP) 3 (0.1 mol%)
CH3COOH (14 equiv.)

H,0, (2.5 equiv.)

H MeCN, 0°C, 1 h OH
[ ’ [ >
n Condition B’ n
XTNF Mn(PDP) 3 (10 mol%) XTNF
1 equiv. CICH,COOH (15 equiv.)

H,0, (5 equiv.)
MeCN, -36 °C, 3 h

OAc F

OH
tBu

9 10 ketoprofen derivative, 11

Cond. A: 54%
Cond. B: 60%

N-N
I\
Ph/ko ‘
'Me
OH
12

Cond. A: 36%°
Cond. B: 50%°

Cond. A: 35%
Cond. B: 43%

FEO.”%:O

p-CIC6H4
()13

Cond. A: 44%, Cond. B: 58%

3:13%:2°,>20:1d.r.

Cond. A: 53%
Cond. B: 71%

Bz

OH
(-)-149
Cond. A: 54%
Cond. B: 57%,

.\‘O

Electrochemical: 56%, 1:1 d.r.[®] ca. 11:1 C1:C6
HMOAC Cond. A: 51%
Cond. B: 62%
15 with Fe(PDP): 49%!2a]
Condition B:
halogen-substituted aromatics:
OAc OAc OAc
F
OH OH OH
X Cl
X= Cl, 6,69% 18, 56% 19, 56%
with 5mol% 3, 6, 65%
Br, 16,67%
F. 17,66% electron-neutral electron-withdrawn
OH aromatics: OAc aromatics: OAc
OH OH OH
Cl X
20, 69% 21, 35% X = OCF;, 22,73%
CO,tBu, 23,73%
CN, 24, 76%

(R,R)-Mn(PDP) and (S,S)-Mn(PDP) used interchangeably. Isolated yields based on the
average of 2-3 reactions. @Substrate, 0.1 mol% Mn(PDP) 3, 14 equiv. CH3COOH additive
with slow addition of 2.5 equiv. H,O, (in MeCN, 0.2 M) over 1 h at 0 °C. bSubstrate, 5-10
mol% Mn(PDP) 3, 15 equiv. CICH,COOH additive with slow addition of 5.0 equiv. H,O,
(in MeCN, 0.4 M) over 3 h at -36 °C. CStarting material recycled once. %S, S)-Mn(PDP)
required for optimal yield.
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OH OAc

O)\A( Ac,0, pyridine O)\A(
X X

1-(4-tert-butyl)phenyl)-4-methylpentyl acetate [S1]

OAc 4-methyl-1-(4-tert-butyl)phenylpentan-1-ol (1.20 g, 5.12 mmol, 1.0 equiv.)
was dissolved in CH,Cl, (17 mL). Acetic anhydride (2.4 mL, 25.6 mmol, 5.0
equiv.) and pyridine (2.5 mL, 30.7 mmol, 6.0 equiv.) were added dropwise and
the reaction was allowed to stir at room temperature overnight before being
quenched with ~10 mL water. The layers were separated and the aqueous layer was extracted with CH,Cl,
(3 x 30 mL). The combined organic layers were dried with Na,SOg, filtered and concentrated in vacuo.
The crude product was purified by flash column chromatography (35 mm fritted glass column, 150 mL
Si0,) using 5% EtOAc/hexanes =2 10% EtOAc/hexanes 2 15% EtOAc/hexanes = 20% EtOAc/hexanes
as eluent gave 1-(4-tert-butyl)phenyl)-4-methylpentyl acetate (S1) as a colorless oil (1.16 g, 4.18 mmol,
81.6% yield).
'H-NMR (500 MHz, CDCl3) § 7.28 — 7.23 (m, 2H), 7.18 — 7.13 (m, 2H), 5.60 (dd, J= 7.9, 6.1 Hz, 1H),
1.96 (s, 3H), 1.86 — 1.75 (m, 1H), 1.71 — 1.63 (m, 1H), 1.45 (app. hept, J= 6.7 Hz, 1H), 1.22 (s, 9H), 1.19
— 1.07 (m, 1H), 1.06 — 0.98 (m, 1H), 0.78 (d, J = 6.7 Hz, 3H), 0.77 (d, J = 6.6 Hz, 3H). "C-NMR (126
MHz, CDCl3) 6 170.6, 150.8, 137.9, 126.4, 125.4, 76.4, 34.8, 34.7, 34.3, 31.5, 28.0, 22.6, 21.5. HRMS
(ESI+) m/z calculated for C gH,g0,Na [M+Na]": 299.1987, found 299.1982.

1-(2-fluorophenyl)-4-methylpentyl acetate [S2]

OAc 1-(2-fluorophenyl)-4-methylpentan-1-ol (785.1 mg, 4.0 mmol, 1.0 equiv.) was
©\)\/\( dissolved in 20 mL anhydrous pyridine. Acetic anhydride (1.9 mL, 20.0 mmol, 5.0
F equiv.) was added dropwise at 0 °C and the reaction was allowed to stir at room

temperature overnight before being concentrated in vacuo. The residue was diluted with 30 mL DCM and
washed with 30 mL 1M HCI solution twice followed by 20 mL brine. The organic layer was dried with
MgSOy, filtered, and concentrated. Flash column chromatography on silica (50 mm fritted glass column,
300 mL SiO,) using 3% EtOAc/hexanes 5% EtOAc/hexanes as eluent gave 1-(2-fluorophenyl)-4-
methylpentyl acetate (S2) as a colorless oil (852.9 mg, 3.58 mmol, 89% yield).
'H-NMR (500 MHz, CDCl3) & 7.37 — 7.32 (m, 1H), 7.28 — 7.23 (m, 1H), 7.15 — 7.10 (m, 1H), 7.06 — 7.00
(m, 1H), 6.00 (dd, J = 7.6, 6.2 Hz, 1H), 2.08 (s, 3H), 1.91 (dddd, /=129, 11.1, 7.7, 5.0 Hz, 1H), 1.85 —
1.77 (m, 1H), 1.55 (app. hept, /= 6.7 Hz, 1H), 1.29 — 1.21 (m, 1H), 1.17 — 1.09 (m, 1H), 0.87 (d, J = 6.6
Hz, 6H). "C-NMR (126 MHz, CDCl3) & 170.3, 156.0 (d, J = 247.2 Hz), 129.3 (d, J= 8.2 Hz), 128.3 (d,
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J=13.5Hz), 127.7 (d, J = 4.2 Hz), 124.3 (d, J = 3.5 Hz), 115.6 (d, J = 21.8 Hz), 70.6 (d, J = 2.3 Hz),
34.4, 33.5, 27.9, 22.6, 22.6, 21.3. ’F-NMR (470 MHz, CDCl;) & -118.12. HRMS (TOF ESI+) m/z
calculated for C14H,90,NaF [M+Na]': 261.1267, found 261.1267.

methyl 2-(3-benzoylphenyl)-2,5-dimethylhexanoate [S3]

In a flame dried 300 mL flask, methyl 2-(3-benzoylphenyl)propanoate

o (3.22 g, 12.0 mmol, 1.0 equiv.) was dissolved in 120 mL anhydrous THF

O O CO,Me and cooled to -78 °C. Freshly made LDA solution (13.2 mmol, 1.1 equiv.)

was added dropwise followed by HMPA (2.1 mL, 13.0 mmol, 1.0 equiv.).
The reaction was maintained at -78 °C for 5 minutes before addition of 1-bromo-3-methylbutane (4.3 mL,
36.0 mmol, 3.0 equiv.). The reaction was stirred at -78 °C for an additional 30 minutes before warming to
0 °C for 5 hours. The reaction was quenched with 30 mL saturated NH4Cl1 solution and the aqueous layer
was extracted with 60 mL diethyl ether. The combined organic layer was washed with 60 mL brine, dried
with MgSO,, filtered, and concentrated in vacuo. The crude reaction was purified on CombiFlash (40g
silica column) using 0% = 10% ethyl acetate/hexanes as eluent to afford methyl 2-(3-benzoylphenyl)-
2,5-dimethylhexanoate (S3) as a colorless oil (2.40 g, 7.09 mmol, 59% yield).
'H-NMR (500 MHz, CDCl3) & 7.82 — 7.78 (m, 2H), 7.76 (t, J = 1.9 Hz, 1H), 7.66 (d, J = 7.6 Hz, 1H),
7.61 —7.57 (m, 1H), 7.55 - 7.52 (m, 1H), 7.48 (t, J= 7.7 Hz, 2H), 7.44 (t, J= 7.7 Hz, 1H), 3.66 (s, 3H),
2.09 - 2.01 (m, 1H), 1.98 — 1.90 (m, 1H), 1.57 (s, 3H), 1.51 (app. hept, /= 6.6 Hz, 1H), 1.09 — 1.03 (m,
2H), 0.88 (d, J= 6.6 Hz, 3H), 0.86 (d, J= 6.7 Hz, 3H).”C-NMR (126 MHz, CDCl;) 5 196.8, 176.6, 144.5,
137.7,137.7, 132.6, 130.5, 130.2, 128.7, 128.4 (2 carbons), 127.9, 52.3, 50.5, 37.1, 33.8, 28.6, 23.0, 22.7
(2 carbons). HRMS (ESI+) m/z calculated for C2,H,703 [M+H]": 339.1960, found 339.1964.

2-(trans-4-methylcyclohexyl)-5-phenyl-1,3,4-oxadiazole [S4]
l/\l—ltl H Prepared according to a reported procedure.” To a solution of
®/< O)\O benzoylhydrazine (1.36 g, 10.0 mmol, 1.0 equiv.) and trans-4-methyl-1-
Me cyclohexanecarboxylic acid (1.42 g, 10.0 mmol, 1.0 equiv.) in 10 mL of
toluene was slowly added POCI; (5 mL, 53.5 mmol, 5.3 equiv.). The mixture was stirred at 100 °C for 2
h, following which time the solution was cooled to room temperature and cautiously poured into 50 mL
of an ice water slurry. The mixture was transferred to a separatory funnel and the pH of the aqueous
solution was adjusted to ~10 with 100 mL of 2 M Na,COs. The aqueous layer was extracted with EtOAc
(3 x 40 mL). The combined organic extracts were dried over NaSQy, filtered and concentrated in vacuo
to afford a white solid. Recrystallization of this material using 5% EtOAc in cyclohexane solution
afforded 2-((trans)-4-methylcyclohexyl)-5-phenyl-1,3,4-oxadiazole (S4) as a white solid, which was
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collected upon filtration and dried in vacuo (1.16 g, 4.78 mmol, 48% yield).

Spectral data in agreement with those previously reported in the literature.”

'H-NMR (500 MHz, CDCl3) & 8.06 — 8.01 (m, 2H), 7.55 — 7.46 (m, 3H), 2.90 (tt, J = 12.2, 3.6 Hz, 1H),
2.24-2.15 (m, 2H), 1.91 — 1.82 (m, 2H), 1.68 (qd, J = 13.1, 3.5 Hz, 2H), 1.53 — 1.43 (m, 1H), 1.09 (qd,
J=13.3,3.5Hz, 2H), 0.96 (d, J= 6.5 Hz, 3H). C-NMR (126 MHz, CDCl;) § 170.2, 164.5, 131.5, 129.1,
126.9, 124.4, 35.4, 34.4, 32.1, 30.4, 22.6. HRMS (TOF ESI+) m/z calculated for C;sH;oN,O [M+H]':
243.1497, found 243.1500.

trans-4-methylcyclohexyl 4-chlorobenzoate [S5]

j)\@ A flame dried 50 mL recovery flask was charged with trans-4-methylcyclohexanol
Cl

0]

(628.0 mg, 5.5 mmol, 1.1 equiv.) in 10 mL anhydrous CH,Cl,. The reaction was
cooled to 0 °C and 4-chlorobenzoyl chloride (0.64 mL, 5 mmol, 1.0 equiv.) and
triethylamine (1.05 mL, 7.5 mmol, 1.5 equiv.) were added sequentially. The reaction
was warmed to room temperature and stirred overnight before being quenched with
30 mL water. The layers were separated and the aqueous layer was extracted with CH,Cl, (2 x 30 mL).
The combined organic layer was washed with brine, dried with Na,SOy, filtered and concentrated in
vacuo. Flash column chromatography on silica (50 mm fritted glass column, 300 mL SiO,) using 1%
EtOAc/hexanes =2 5% EtOAc/hexanes as eluent gave trans-4-methylcyclohexyl 4-chlorobenzoate (S5)
as a white solid (1.05 g, 4.15 mmol, 83% yield).

Spectral data in agreement with those previously reported in the literature.’

'H NMR (500 MHz, CDCl3) & 7.98 — 7.94 (m, 2H), 7.42 — 7.37 (m, 2H), 4.90 (tt, J= 11.1, 4.4 Hz, 1H),
2.11 -2.03 (m, 2H), 1.78 (dtt, J=10.4, 4.2, 3.1, 1.4 Hz, 2H), 1.55 — 1.38 (m, 3H), 1.17 — 1.04 (m, 2H),
0.92 (d, J = 6.5 Hz, 3H). °C NMR (126 MHz, CDCls) & 165.4, 139.2, 131.1, 129.5, 128.7, 74.5, 33.2,
31.9,31.8, 22.0.

(1R,28,5R)-2-isopropyl-5-methylcyclohexyl benzoate [S6]
H (-)-menthol (1.56 g, 10.0 mmol, 1.0 equiv.) was dissolved in anhydrous CH,Cl, (50 mL).
Dimethylaminopyridine (0.24 g, 2.0 mmol, 0.2 equiv.) and triethylamine (2.09 mL, 15.0
BzO" mmol, 1.5 equiv.) were added and the mixture was cooled to 0 °C. Benzoyl chloride (1.39
mL, 12.0 mmol, 1.2 equiv.) was added dropwise and the reaction was allowed to stir at
room temperature overnight before being quenched with 20 mL water. The layers were separated and the
aqueous layer was extracted with CH,Cl, (3 x 50 mL). The combined organic layers were dried with
NaSO,, filtered and concentrated in vacuo. The crude product was purified by flash column

chromatography (35 mm fritted glass column, 150 mL SiO,) using 100% hexanes = 3% acetone/hexanes
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as eluent gave (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl benzoate (S6) as a white solid (2.28 g, 8.75
mmol, 88% yield).

'H-NMR (500 MHz, CDCl3) & 8.07 — 8.03 (m, 2H), 7.58 — 7.52 (m, 1H), 7.47 — 7.41 (m, 2H), 4.94 (td, J
=10.9, 4.4 Hz, 1H), 2.13 (dtd, J = 12.0, 4.0, 1.7 Hz, 1H), 1.97 (heptd, J = 7.0, 2.8 Hz, 1H), 1.78 — 1.68
(m, 2H), 1.63 — 1.50 (m, 2H) 1.21 — 1.05 (m, 2H), 1.00 — 0.88 (m, 7H), 0.80 (d, J = 6.9 Hz, 3H). “C-
NMR (126 MHz, CDCl3) § 166.2, 132.8, 131.0, 129.7, 128.4, 75.0, 47.4, 41.1,34.5,31.6, 26.6, 23.8,22.2,
20.9, 16.7. [a]p** = —=75.4 (c = 1.00, EtOH). HRMS (TOF ESI+) m/z calculated for C,7H,50, [M+H]":
261.1855, found 261.1852.

2,6-dimethylheptyl acetate [S7]

2,6-dimethylheptan-1-ol (0.72 g, 5.0 mmol, 1.0 equiv.) was dissolved in
)\/\)\/OAC anhydrous CH,Cl, (16 mL). Acetic anhydride (0.57 mL, 6.0 mmol, 1.2 equiv.)
and pyridine (2.0 mL, 25.0 mmol, 5.0 equiv.) were added dropwise and the reaction was allowed to stir
at room temperature overnight before being quenched with ~10 mL water. The layers were separated and
the aqueous layer was extracted with CH,Cl, (3 x 30 mL). The combined organic layers were dried with
NaSO,, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography (35 mm fritted glass column, 150 mL SiO,) using 100% hexanes = 10% EtOAc/hexanes
as eluent gave 2,6-dimethylheptyl acetate (S7) as a colorless oil (559.8 mg, 3.00 mmol, 60.0% yield).
'H-NMR (500 MHz, CDCls) & 3.94 (dd, J = 10.7, 5.9 Hz, 1H), 3.84 (dd, J = 10.7, 6.9 Hz, 1H), 2.05 (s,
3H), 1.82 - 1.71 (m, 1H), 1.52 (dp, J = 13.3, 6.7 Hz, 1H), 1.39 — 1.08 (m, 6H), 0.92 (d, J = 6.7 Hz, 3H),
0.86 (d, J = 6.6 Hz, 6H). "C-NMR (126 MHz, CDCl3) § 171.4, 69.7, 39.3, 33.7, 32.7, 28.1, 24.7, 22.8,
22.7,21.1, 17.0. HRMS (ESI+) m/z calculated for C;H,,0,Na [M+Na]: 209.1517, found 209.1526.

1-(4-bromophenyl)-4-methylpentyl acetate [S8]
OAc 1-(4-bromophenyl)-4-methylpentan-1-ol (771.5 mg, 3.0 mmol, 1.0 equiv.) was
/Q)W dissolved in 15 mL anhydrous pyridine. Acetic anhydride (1.42 mL, 15.0 mmol,
Br 5.0 equiv.) was added dropwise at 0 °C and the reaction was allowed to stir at
room temperature overnight before being concentrated in vacuo. The residue was diluted with 30 mL
DCM and washed with 1M HCI solution (2 x 30 mL) followed by 20 mL brine. The organic layer was
dried with MgSO,, filtered, and concentrated. Flash column chromatography on silica (50 mm fritted
glass column, 300 mL SiO,) using 3% EtOAc/hexanes 25% EtOAc/hexanes as eluent gave 1-(4-
bromophenyl)-4-methylpentyl acetate (S8) as a colorless oil (827.6 mg, 2.77 mmol, 92% yield).
'H-NMR (500 MHz, CDCl3) § 7.48 — 7.44 (m, 2H), 7.22 — 7.17 (m, 2H), 5.63 (dd, J = 7.5, 6.4 Hz, 1H),

2.06 (s, 3H), 1.87 (dddd, J = 13.7, 11.3, 7.6, 5.0 Hz, 1H), 1.73 (dddd, J = 13.6, 11.4, 6.4, 5.1 Hz, 1H),
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1.53 (hept, J = 6.7 Hz, 1H), 1.20 (dddd, J = 13.4, 11.5, 6.8, 5.0 Hz, 1H), 1.06 (dddd, J=13.2, 11.5, 6.9,
5.1 Hz, 1H), 0.86 (d, J = 6.6 Hz, 3H), 0.85 (d, J = 6.6 Hz, 3H). *C-NMR (126 MHz, CDCl;) & 170.4,
140.0, 131.7, 128.4, 121.8, 75.9, 34.5, 34.2, 28.0, 22.6, 22.6, 21.4. HRMS (ESI+) m/z calculated for
C14H190-NaBr [M+Na]": 321.0466, found 321.0473.

1-(4-fluorophenyl)-4-methylpentyl acetate [S9]
OAc 1-(4-fluorophenyl)-4-methylpentan-1-ol (981.3 mg, 5.0 mmol, 1.0 equiv.) was

/@)\/Y dissolved in 25 mL anhydrous pyridine. Acetic anhydride (2.4 mL, 25.0 mmol,
E 5.0 equiv.) was added dropwise at 0 °C and the reaction was allowed to stir at
room temperature overnight before being concentrated in vacuo. The residue was diluted with 30 mL
DCM and washed with 1M HCI solution (2 x 30 mL) followed by 20 mL brine. The organic layer was
dried with MgSO,, filtered, and concentrated. Flash column chromatography on silica (50 mm fritted
glass column, 300 mL SiO,) using 3% EtOAc/hexanes 25% EtOAc/hexanes as eluent gave 1-(4-
fluorophenyl)-4-methylpentyl acetate (S9) as a colorless oil (1.028 g, 4.31 mmol, 86% yield).
'H-NMR (500 MHz, CDCl3) & 7.33 — 7.27 (m, 2H), 7.05 — 6.99 (m, 2H), 5.66 (t, J = 7.0 Hz, 1H), 2.06 (s,
3H), 1.89 (dddd, J=13.7, 11.4, 7.6, 5.0 Hz, 1H), 1.78 — 1.69 (m, 1H), 1.53 (app. hept, J = 6.7 Hz, 1H),
1.21 (dddd, J=13.5, 11.6, 6.8, 5.0 Hz, 1H), 1.06 (dddd, J=13.2, 11.5, 6.9, 5.0 Hz, 1H), 0.87 (d, J = 6.6
Hz, 3H), 0.85 (d, J = 6.6 Hz, 3H). ’C-NMR (126 MHz, CDCl3) § 170.5, 162.4 (d, J = 245.9 Hz), 136.8
(d, J=3.2Hz), 128.5 (d, /= 8.0 Hz), 115.4 (d, J=21.4 Hz), 75.9, 34.6, 34.3, 28.0, 22.6, 22.6, 21.4. "°F-
NMR (470 MHz, CDCl3) § -114.93. HRMS (TOF EI+) m/z calculated for C14H;90,F [M]": 238.13691,
found 238.13661.

1-(3-fluorophenyl)-4-methylpentyl acetate [S10]

OAc 1-(3-fluorophenyl)-4-methylpentan-1-ol (785.1 mg, 4.0 mmol, 1.0 equiv.) was
dissolved in 20 mL anhydrous pyridine. Acetic anhydride (1.9 mL, 20.0 mmol, 5.0
equiv.) was added dropwise at 0 °C and the reaction was allowed to stir at room

F temperature overnight before being concentrated in vacuo. The residue was diluted
with 30 mL DCM and washed with 1M HCI solution (2 x 30 mL) followed by 20 mL brine. The organic
layer was dried with MgSOQy, filtered, and concentrated. Flash column chromatography on silica (50 mm
fritted glass column, 300 mL SiO,) using 3% EtOAc/hexanes =5% EtOAc/hexanes as eluent gave 1-(3-
fluorophenyl)-4-methylpentyl acetate (S10) as a colorless oil (712.7 mg, 2.99 mmol, 75% yield).
'H-NMR (500 MHz, CDCls) & 7.35 (td, J = 7.5, 1.8 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.13 (td, J= 7.5, 1.2
Hz, 1H), 7.03 (ddd, J=10.4, 8.2, 1.2 Hz, 1H), 6.00 (dd, J= 7.7, 6.1 Hz, 1H), 2.08 (s, 3H), 1.90 (dddd, J
=13.0,11.2,7.7,5.1 Hz, 1H), 1.85 - 1.77 (m, 1H), 1.55 (app. hept, J= 6.6 Hz, 1H), 1.25 (dddd, J = 13.4,
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11.6, 6.9, 5.1 Hz, 1H), 1.13 (dddd, J=13.2, 11.1, 6.8, 5.2 Hz, 1H), 0.87 (d, J = 6.6 Hz, 3H), 0.86 (d, J =
6.6 Hz, 3H). "C-NMR (126 MHz, CDCl3) § 170.3, 160.0 (d, J = 247.2 Hz), 129.3 (d, J = 8.3 Hz), 128.3
(d, J=13.6 Hz), 127.7 (d, J= 4.3 Hz), 124.3 (d, J= 3.4 Hz), 115.6 (d, J=21.9 Hz), 70.6 (d, J= 2.3 Hz),
34.4, 33.5, 27.9, 22.6, 22.6, 21.3. "F-NMR (470 MHz, CDCl;) & -118.61. HRMS (TOF ESI+) m/z
calculated for C4H;70,NaF [M-2H+Na]": 259.1110, found 259.1114.

1-(2-chlorophenyl)-4-methylpentyl acetate [S11]

OAc 1-(2-chlorophenyl)-4-methylpentan-1-ol (1.017 g, 4.8 mmol, 1.0 equiv.) was
E:ﬁ\/Y dissolved in 25 mL anhydrous pyridine. Acetic anhydride (2.26 mL, 23.9 mmol, 5.0
cl equiv.) was added dropwise at 0 °C and the reaction was allowed to stir at room

temperature overnight before being concentrated in vacuo. The residue was diluted with 30 mL DCM and
washed with 1M HCI solution (2 x 30 mL) followed by 20 mL brine. The organic layer was dried with
MgSOy, filtered, and concentrated. Flash column chromatography on silica (50 mm fritted glass column,
300 mL Si0,) using 5% EtOAc/hexanes as eluent gave 1-(2-chlorophenyl)-4-methylpentyl acetate (S11)
as a colorless oil (1.174 g, 4.61 mmol, 96% yield).

'H-NMR (500 MHz, CDCl3) § 7.38 (dd, J=7.8, 1.7 Hz, 1H), 7.34 (dd, J= 7.9, 1.4 Hz, 1H), 7.26 (td, J =
7.5,1.4Hz, 1H), 7.20 (td, J= 7.6, 1.8 Hz, 1H), 6.11 (t,J = 6.6 Hz, 1H), 2.10 (s, 3H), 1.85 - 1.79 (m, 2H),
1.56 (app. hept, J = 6.7 Hz, 1H), 1.33 — 1.16 (m, 2H), 0.88 (d, J = 6.4 Hz, 6H). ’C-NMR (126 MHz,
CDCl) 6 170.2, 139.1, 132.4, 129.7, 128.7, 127.1, 127.0, 73.0, 34.5, 33.5, 27.9, 22.7, 22.5, 21.3. HRMS
(TOF ESI+) m/z calculated for C14H;90,NaCl [M+Na]": 277.0971, found 277.0964.

OH
/©/Br n-BulLi /©>W
(0]
Cl M/ Cl

2-(4-chlorophenyl)-5-methylhexan-2-ol [S12]

OH In a flame dried 100 mL recovery flask, 1-bromo-4-chlorobenzene (2.872 g,

/©></Y 15.0 mmol, 1.0 equiv.) was dissolved in 40 mL anhydrous THF. n-BuLi (9.4 mL
Cl 1.6 M in hexanes, 1.0 equiv.) was added dropwise at -78 °C and the reaction was
allowed to stir at -78 °C for 30 minutes. A solution of 5-methyl-2-hexanone (2.5 mL, 18.0 mmol, 1.2
equiv.) in 3 mL anhydrous THF was added dropwise at -78 °C. The reaction was allowed to warm to room
temperature and stirred overnight. The reaction was quenched with 10 mL saturated NH4Cl solution and
the aqueous layer was extracted with diethyl ether (2 x 30 mL). The combined organic layer was washed

with 30 mL brine, dried with MgSOs, filtered, and concentrated in vacuo. Flash column chromatography
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on silica (50 mm fritted glass column, 300 mL SiO,) using 10% EtOAc/hexanes as eluent gave 2-(4-
chlorophenyl)-5-methylhexan-2-ol (S12) as a colorless oil (1.287 g, 5.68 mmol, 38% yield).

'H-NMR (500 MHz, CDCl3)  7.38 — 7.34 (m, 2H), 7.32 — 7.28 (m, 2H), 1.83 — 1.71 (m, 2H), 1.70 (br. s,
1H), 1.53 (s, 3H), 1.45 (app. hept, J= 6.6 Hz, 1H), 1.13 (dddd, J=12.9, 11.8, 6.6, 5.1 Hz, 1H), 0.98 (dddd,
J=13.0,11.8,6.8, 5.1 Hz, 1H), 0.84 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H). "C-NMR (126 MHz,
CDCl) o 146.7, 132.4, 128.3, 126.5, 74.6, 42.1, 32.0, 30.4, 28.5, 22.7, 22.6. HRMS (TOF EI+) m/z
calculated for C3H;0ONaCl [M]": 226.1124, found 226.1125.

4-methyl-1-phenylpentyl acetate [S13]
OAc 4-methyl-1-phenylpentan-1-ol (766.6 mg, 4.3 mmol, 1.0 equiv.) was dissolved in 22
mL anhydrous pyridine. Acetic anhydride (2.0 mL, 21.5 mmol, 5.0 equiv.) was
©)\/\( added dropwise at 0 °C and the reaction was allowed to stir at room temperature
overnight before being concentrated in vacuo. The residue was diluted with 30 mL DCM and washed with
IM HCl solution (2 x 30 mL) followed by 20 mL brine. The organic layer was dried with MgSOQ,, filtered,
and concentrated. Flash column chromatography on silica (50 mm fritted glass column, 300 mL SiO5)
using 3% EtOAc/hexanes 5% EtOAc/hexanes as eluent gave 4-methyl-1-phenylpentyl acetate (S13) as
a colorless oil (871.6 mg, 3.96 mmol, 92% yield).
'H-NMR (500 MHz, CDCl3) 7.37 — 7.31 (m, 4H), 7.31 — 7.26 (m, 1H), 5.74 — 5.67 (m, 1H), 2.07 (s, 3H),
1.95 —-1.86 (m, 1H), 1.82 — 1.73 (m, 1H), 1.55 (app. hept, J = 6.7 Hz, 1H), 1.28 — 1.19 (m, 1H), 1.15 —
1.06 (m, 1H), 0.87 (d, J = 6.6 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H). "C-NMR (126 MHz, CDCls) & 170.5,
141.0, 128.5, 127.9, 126.7, 76.5, 34.7, 34.4, 28.0, 22.6, 22.6, 21.4. HRMS (ESI+) m/z calculated for
C14H200,Na [M+Na]": 243.1361, found 243.1365.

4-methyl-1-(4-(trifluoromethoxy)phenyl)pentyl acetate [S14]
OAc 4-methyl-1-(4-(trifluoromethoxy)phenyl)pentan-1-ol (1.2061 g, 4.6 mmol,
m 1.0 equiv.) was dissolved in 23 mL anhydrous pyridine. Acetic anhydride
F4CO (2.20 mL, 23.0 mmol, 5.0 equiv.) was added dropwise at 0 °C and the reaction
was allowed to stir at room temperature overnight before being concentrated in vacuo. The residue was
diluted with 30 mL DCM and washed with 1M HCI solution (2 x 30 mL) followed by 20 mL brine. The
organic layer was dried with MgSOs, filtered, and concentrated. Flash column chromatography on silica
(50 mm fritted glass column, 300 mL SiO,) using 3% EtOAc/hexanes 5% EtOAc/hexanes as eluent

gave 4-methyl-1-(4-(trifluoromethoxy)phenyl)pentyl acetate (S14) as a colorless oil (1.22 g, 4.02 mmol,
87% yield).
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'H-NMR (500 MHz, CDCl3) & 7.38 — 7.33 (m, 2H), 7.21 — 7.15 (m, 2H), 5.69 (dd, J= 7.7, 6.2 Hz, 1H),
2.07 (s, 3H), 1.93 — 1.84 (m, 1H), 1.74 (dddd, J=13.6, 11.3, 6.3, 5.1 Hz, 1H), 1.54 (app. hept, J= 6.7 Hz,
1H), 1.22 (dddd, J=13.3, 11.5, 6.8, 4.9 Hz, 1H), 1.09 (dddd, J = 13.2, 11.6, 6.8, 5.1 Hz, 1H), 0.87 (d, J
= 6.6 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H). "C-NMR (126 MHz, CDCl3) & 170.4, 148.8 (q, J = 2.1 Hz),
139.8,128.1, 121.0, 120.6 (q, J=257.1 Hz), 75.7, 34.6, 34.3, 28.0, 22.6 (2 carbons), 21.3. '’F-NMR (470
MHz, CDCl;) § -58.34. HRMS (TOF ESI+) m/z calculated for C;sH;903F;Na [M+Na]": 327.1184, found
327.1177.

tert-butyl 4-(1-acetoxy-4-methylpentyl)benzoate [S15]

OAc tert-butyl 4-(1-hydroxy-4-methylpentyl)benzoate (738.3 mg, 2.65 mmol,

1.0 equiv.) and acetyl chloride (0.57 mL, 8.0 mmol, 3.0 equiv.) were
BUO,C @M( dissolved in 13 mL anhydrous DCM. Triethylamine (1.85 mL, 13.3 mmol,

5.0 equiv.) was added dropwise at 0 °C and the reaction was allowed to stir
at room temperature overnight before being concentrated in vacuo. The residue was diluted with 20 mL
DCM and washed with 1M HCI solution (2 x 20 mL) followed by 20 mL brine. The organic layer was
dried with MgSO,, filtered, and concentrated. Flash column chromatography on silica (50 mm fritted
glass column, 300 mm SiO,) using 3% EtOAc/hexanes = 5% EtOAc/hexanes as eluent gave tert-butyl 4-
(1-acetoxy-4-methylpentyl)benzoate (S15) as a colorless oil (392.5 mg, 1.22 mmol, 46% yield).
'H-NMR (500 MHz, CDCl3) & 7.96 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 5.71 (dd, J= 7.5, 6.4
Hz, 1H), 2.07 (s, 3H), 1.92 — 1.84 (m, 1H), 1.76 (dddd, J=13.6, 11.4, 6.3, 5.1 Hz, 1H), 1.58 (s, 9H), 1.52
(app. hept, J=6.7 Hz, 1H), 1.21 (dddd, J=13.3, 11.6, 6.8, 4.9 Hz, 1H), 1.12 - 1.04 (m, 1H), 0.86 (d, J =
6.6 Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H). "C-NMR (126 MHz, CDCl3) § 170.4, 165.6, 145.5, 131.6, 129.7,
126.4, 81.1, 76.1, 34.5, 34.3, 28.3, 28.0, 22.6 (2 carbons), 21.4. HRMS (TOF ESI+) m/z calculated for
C1oH2304Na [M+Na]': 343.1885, found 343.1884.

1-(4-cyanophenyl)-4-methylpentyl acetate [S16]
OAG 1-(4-cyanophenyl)-4-methylpentan-1-ol (226.5 mg, 1.11 mmol, 1.0 equiv.) was
/@)\/\( dissolved in 5.5 mL anhydrous DCM. Acetic anhydride (0.21 mL, 2.22 mmol,
NG 2.0 equiv.), triethylamine (0.46 mL, 3.33 mmol, 3.0 equiv.) and 4-
dimethylaminopyridine (13.4 mg, 0.11 mmol, 10 mol%) were added sequentially at 0 °C and the reaction
was allowed to stir at room temperature overnight before being concentrated in vacuo. The residue was

diluted with 30 mL DCM and washed with water (2 x 30 mL) followed by 20 mL brine. The organic layer

was dried with MgSQO,, filtered, and concentrated. Flash column chromatography on silica (35 mm fritted
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glass column, 150 mm SiO,) using 10% EtOAc/hexanes = 30% EtOAc/hexanes as eluent gave 1-(4-
cyanophenyl)-4-methylpentyl acetate (S16) as a colorless oil (252.6 mg, 1.03 mmol, 93% yield).
'H-NMR (500 MHz, CDCl3) & 7.63 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 5.68 (dd, J = 7.7, 6.0
Hz, 1H), 2.09 (s, 3H), 1.87 (dddd, J=13.8, 11.4, 7.8, 4.9 Hz, 1H), 1.74 (dddd, /= 13.8, 11.2, 6.0, 5.1 Hz,
1H), 1.53 (app. hept, J = 6.7 Hz, 1H), 1.21 (dddd, J = 13.4, 11.6, 6.9, 4.9 Hz, 1H), 1.08 (dddd, J = 13.2,
11.5, 6.8, 5.1 Hz, 1H), 0.86 (d, J = 6.6 Hz, 3H), 0.85 (d, J= 6.6 Hz, 3H). *C-NMR (126 MHz, CDCl;) &
170.3, 146.4, 132.5, 127.2, 118.8, 111.8, 75.7, 34.4, 34.3, 27.9, 22.6, 22.5, 21.3. HRMS (TOF ESI+) m/z
calculated for C;sH,0NO, [M+H]": 246.1494, found 246.1490.

27



General Oxidation Procedures

Method A: Low Catalyst Loading (0.1 mol%) Protocol with Acetic Acid

A 40 mL vial was charged with the substrate (0.30 mmol, 1.0 equiv.), CH;COOH (0.24 mL, 4.2 mmol,
14.0 equiv.), catalyst (60 uL, 5 mM solution in MeCN, 0.30 pumol, 0.001 equiv.), MeCN (0.60 mL, 0.5
M) and a stir bar and the vial was sealed with a screw cap fitted with a PTFE/Silicone septum. The vial
was cooled to 0 °C with an ice/water bath. A separate solution of H,O, (51.0 mg, 0.75 mmol, 2.5 equiv.,
50% wt. in H,O, purchased from Sigma Aldrich) in MeCN (3.75 mL, 0.2 M) was loaded into a 10 mL
syringe fitted with a 25G needle and was added dropwise via syringe pump over 1 hour (3.75 mL/hour)
while the reaction vial was maintained at 0 °C. Upon completion of addition, the reaction was concentrated
in vacuo to a minimum amount of MeCN. The residue was dissolved in ~20 mL DCM and washed with
20 mL sat. NaHCOs solution. The aqueous layer was extracted with DCM (2 x 15 mL) and the combined
organic layer was dried with Na,SO,. The filtrate was concentrated and purified by flash chromatography

on silica gel.

Method B: Single Catalyst Addition Protocol with Chloroacetic Acid

A 40 mL vial was charged with substrate (0.3 mmol, 1.0 equiv.), catalyst (0.03 mmol, 10 mol%),
CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.) and a stir bar. MeCN (0.6 mL, 0.5 M) was added along the
wall to ensure all compounds were washed beneath the solvent level and the vial was sealed with a screw
cap fitted with a PTFE/Silicone septum. The vial was cooled to -36 °C with 1,2-dichloroethane/dry ice
bath or 0 °C with an ice/water bath. A separate solution of H,O, (102 mg, 1.5 mmol, 5.0 equiv., 50% wt.
in H,O, purchased from Sigma-Aldrich) in MeCN (3.75 mL, 0.4 M) was loaded into a 10 mL syringe
fitted with a 25G needle and was added dropwise to the stirring reaction over 3 hours via a syringe pump
(1.25 mL/h addition rate) while the reaction vial was maintained at the corresponding temperature. Upon
completion, the reaction mixture was concentrated to a minimum amount of solvent. The residue was
dissolved in ~20 mL DCM and washed with 20 mL sat. NaHCOj solution (CAUTION: CO, was released)
to remove CICH,CO,H. The aqueous layer was extracted with DCM (2 x 15 mL) and the combined
organic layer was dried with Na,SO,. The filtrate was concentrated and purified by flash chromatography

on silica gel.

Method C: Slow Catalyst Addition Protocol with Chloroacetic Acid
This protocol was used when Method B gave low conversion. A 40 mL vial was charged with substrate

(0.3 mmol, 1.0 equiv.), CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.) and a stir bar. MeCN (0.6 mL, 0.5
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M) was added along the wall to ensure all compounds were washed beneath the solvent level and the vial
was sealed with a screw cap fitted with a PTFE/Silicone septum. The vial was cooled to -36 °C with 1,2-
dichloroethane/dry ice bath or to 0 °C with ice/water bath. A 1.0 mL syringe was filled with a solution of
the catalyst (0.03 mmol, 10 mol%) in MeCN (0.375 mL, 0.083 M). A few drops of this solution was added
to the reaction. A 10 mL syringe was filled with a solution of H,O, (102 mg, 1.5 mmol, 5.0 equiv., 50%
wt. in H,O, purchased from Sigma-Aldrich) in MeCN (3.75 mL, 0.4 M). Both syringes were fitted with
25G needles and loaded in a syringe pump resulting in a simultaneous addition of catalyst and oxidant
solutions over 3 hours while the reaction vial was maintained at the corresponding temperature (1.25 mL/h
addition rate set for the H,O, syringe; 0.125 mL/h for the catalyst syringe). Upon completion, the reaction
mixture was concentrated to a minimum amount of solvent. The residue was dissolved in ~20 mL DCM
and washed with 20 mL sat. NaHCOj; solution (CAUTION: CO; was released) to remove CICH,CO,H.
The aqueous layer was extracted with DCM (2 x 15 mL) and the combined organic layer was dried with

NaySOy. The filtrate was concentrated and purified by flash chromatography on silica gel.

Method D: Iterative Catalyst Addition Protocol with Chloroacetic Acid

This protocol was used when Method B gave low conversion and method C gave low recovered starting

material. A 40 mL vial was charged with substrate (0.3 mmol, 1.0 equiv.), catalyst (0.015 mmol, 5 mol%),
CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.) and a stir bar. MeCN (0.6 mL, 0.5 M) was added along the
wall to ensure all compounds were washed beneath the solvent level and the vial was sealed with a screw
cap fitted with a PTFE/Silicone septum. The vial was cooled to -36 °C with dry ice/1,2-dichloroethane
bath or 0 °C with an ice/water bath. A separate solution of H,O, (102 mg, 1.5 mmol, 5.0 equiv., 50% wt.
in H,O, purchased from Sigma-Aldrich) in MeCN (3.75 mL, 0.4 M) was loaded into a 10 mL syringe
fitted with a 25G needle and was added dropwise to the stirring reaction over 3 hours via a syringe pump
(1.25 mL/h addition rate) while the reaction vial was maintained at the corresponding temperature. At 1.5
hours, an additional 5 mol% catalyst (0.015 mmol in 0.1 mL MeCN) was added dropwise to the reaction.
Upon completion, the reaction mixture was concentrated to a minimum amount of solvent. The residue
was dissolved in ~20 mL DCM and washed with 20 mL sat. NaHCO; solution (CAUTION: CO, was
released) to remove CICH,CO,H. The aqueous layer was extracted with DCM (2 x 15 mL) and the
combined organic layer was dried with Na,SO4. The filtrate was concentrated and purified by flash

chromatography on silica gel.

General procedure for the HBF4+OEt, protection’
To a flame dried 40 mL vial with a magnetic stir bar was added substrate (0.3 mmol, 1.0 equiv.) and

anhydrous CH,Cl, (1.2 mL, 0.25 M). The vial was flushed with a N, stream and then cooled to 0 °C.
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HBF4+OEt; (45.5 puL, 1.1 equiv.) was added dropwise via syringe and the reaction was allowed to stir at
0 °C for 30 minutes then warmed to room temperature and stirred for an additional 1 h. The reaction was
concentrated in vacuo and left on high vacuum overnight (12-24 h). Resultant HBF, salt were used as

substrates following the corresponding oxidation protocol described above.

General Procedure for HBF4 Deprotection

Upon completion, the reaction was warmed to room temperature and concentrated in vacuo to a minimum
amount of solvent. The reaction was diluted with DCM (10 mL), basified with 3 M NaOH (10 mL) and
stirred vigorously for 20 minutes. The resulting solution was poured into 3 M NaOH (30 mL) and
extracted with DCM (3 x 20 mL). The combined organic layer was washed with brine (1 x 60 mL) then
dried with Na,SO,. The filtrate was concentrated and purified by flash column chromatography on silica

gel.
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C—H Oxidation of Substrates and Products Characterization for Supplementary Table 2
1-(4-(tert-butyl)phenyl)-4-hydroxy-4-methylpentyl acetate [9]
At 0.1 mol% catalyst: The reaction was run with General Method A: Low
Catalyst Loading (0.1 mol%) Protocol: 1-(4-tert-butyl)phenyl)-4-
OH methylpentyl acetate S1 (82.9 mg, 0.300 mmol, 1.0 equiv), CH;COOH (0.24
mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5

OAc

mM solution in MeCN, 0.30 umol, 0.001 equiv.), HO; (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.),
MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at 0 °C with an ice/water bath.
The reaction was worked up with 15 mL saturated NaHCO3 and DCM as described in General Method
A. Flash column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using gradient 5%
EtOAc/hexanes = 30% EtOAc/hexanes as eluent afforded product 9 as a pale yellow oil.

Run 1: (47.5 mg, 0.162 mmol, 54.1% yield), (16.8 mg, 0.061 mmol, 20.3% rsm). Run 2: (47.5 mg, 0.162
mmol, 54.1% yield), (18.3 mg, 0.066 mmol, 22.1% rsm). Average: 54.1% yield, 21.2% rsm.

At 10 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol:
1-(4-tert-butyl)phenyl)-4-methylpentyl acetate S1 (82.9 mg, 0.300 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3
(27.9 mg, 0.030 mmol, 10 mol%), CICH,CO,H (425.3 mg, 4.5 mmol, 15.0 equiv.), H,O, (50% wt. in
H,0, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction
was run at -36 °C with 1,2-dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated
NaHCO; and DCM as described in General Method B. Flash column chromatography on silica (15 mm
fritted glass column, 30 mL SiO,) using gradient 5% EtOAc/hexanes = 30% EtOAc/hexanes as eluent
afforded product 9 as a pale yellow oil.

Run 1: (55.5 mg, 0.190 mmol, 63.3% yield), (10.5 mg, 0.038 mmol, 12.7% rsm). Run 2: (51.1 mg, 0.175
mmol, 58.2% yield), (6.8 mg, 0.025 mmol, 8.2% rsm). Run 3: (52.0 mg, 0.178 mmol, 59.3% yield), (10.5
mg, 0.038 mmol, 12.7% rsm). Average: 60.3% yield + 2.7%, 11.2% rsm * 2.6%.

'H NMR (500 MHz, CDCl3) & 7.39 — 7.34 (m, 2H), 7.30 — 7.26 (m, 2H), 5.74 (dd, J= 7.7, 6.2 Hz, 1H),
2.07 (s, 3H), 2.06 — 1.96 (m, 1H), 1.89 (dddd, J=13.3, 11.8, 6.1,4.6 Hz, 1H), 1.55 (ddd, J = 13.5, 12.2,
4.6 Hz, 1H), 1.46 — 1.29 (m, 2H), 1.32 (s, 9H), 1.21 (s, 6H). °C NMR (126 MHz, CDCl;) § 170.6, 150.9,
137.5,126.4, 125.5,76.3, 70.7, 39.6, 34.6, 31.4, 31.3, 29.4, 29.4, 21.4. HRMS: (ESI+) m/z calculated for
C1sHy303Na [M+Na]': 315.1936, found 315.1929.

1-(2-fluorophenyl)-4-hydroxy-4-methylpentyl acetate [10]

OAc At 0.1 mol% catalyst: The reaction was run with General Method A: Low
©\)\/\’(OH Catalyst Loading (0.1 mol%) Protocol: 1-(2-fluorophenyl)-4-methylpentyl
F acetate S2 (71.5 mg, 0.300 mmol, 1.0 equiv), CH;COOH (0.24 mL, 4.2 mmol,
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14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5 mM solution in MeCN, 0.30 umol, 0.001
equiv.), HxO; (50% wt. in H,0, 51.0 mg, 0.75 mmol, 2.5 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL
with oxidant). The reaction was run at 0 °C with an ice/water bath. The reaction was worked up with 15
mL saturated NaHCO; and DCM as described in General Method A. Flash column chromatography on
silica (15 mm fritted glass column, 30 mL SiO,) using gradient using 10% acetone/hexanes = 20%
acetone/hexanes as eluent afforded product 10 as a yellow oil.

Run 1: (27.6 mg, 0.109 mmol, 36.2% yield), (35.2 mg, 0.148 mmol, 49.2% rsm). Run 2: (25.2 mg, 0.099
mmol, 33.0% yield), (39.3 mg, 0.165 mmol, 55.0% rsm). Average: 34.6% yield, 52.1% rsm.

At 10 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol:
1-(2-fluorophenyl)-4-methylpentyl acetate S2 (119.2 mg, 0.500 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (46.6
mg, 0.050 mmol, 10 mol%), CICH,CO,H (709 mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,0, 170
mg, 2.5 mmol, 5.0 equiv.), MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction was run at
-36 °C with 1,2-dicholoethane/ dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3
and DCM as described in General Method B. Flash column chromatography on silica (35 mm fritted glass
column, 150 mL SiO,) using 10% acetone/hexanes = 20% acetone/hexanes as eluent afforded product
10 as a yellow oil.

Run 1: (54.0 mg, 0.212 mmol, 42.4% yield), <10% rsm. Run 2: (53.5 mg, 0.210 mmol, 42.1% yield),
<10% rsm. Run 3: (55.9 mg, 0.220 mmol, 44.0% yield), <10% rsm. Average: 42.8% yield £+ 1.0%, <10%
rsm.

'H-NMR (500 MHz, CDCls) & 7.35 (td, J = 7.5, 1.7 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.13 (td, J = 7.6, 1.1
Hz, 1H), 7.03 (ddd, /= 10.3, 8.2, 1.1 Hz, 1H), 6.02 (dd, J= 7.6, 6.1 Hz, 1H), 2.09 (s, 3H), 2.01 (tdd, J =
12.5,7.7, 4.7 Hz, 1H), 1.92 (tdd, J = 13.2, 6.0, 4.8 Hz, 1H), 1.56 (ddd, J = 13.5, 12.1, 4.7 Hz, 1H), 1.40
(ddd, J = 13.5, 12.2, 4.7 Hz, 1H), 1.25 (br. s, 1H), 1.20 (s, 6H). *C-NMR (126 MHz, CDCl;) & 170.3,
156.0 (d, J=247.1 Hz), 129.5 (d, J= 8.2 Hz), 128.0 (d, /= 13.4 Hz), 127.7 (d, J= 4.0 Hz), 124.4 (d, J =
3.6 Hz), 115.7 (d, J = 21.9 Hz), 70.7, 70.5 (d, J = 2.3 Hz), 39.2, 30.5, 29.5, 29.4, 21.3. ’F NMR (471
MHz, CDCl;) § -118.01. HRMS (TOF ESI+) m/z calculated for C4H;003FNa [M+Na]": 277.1216, found
277.1216.

methyl 2-(3-benzoylphenyl)-5-hydroxy-2,5-dimethylhexanoate [11]
@ co,Me At 0.1 mol% catalyst: The reaction was run with General Method A:
O O Low Catalyst Loading (0.1 mol%) Protocol: methyl 2-(3-
benzoylphenyl)-2,5-dimethylhexanoate S3 (101.5 mg, 0.300 mmol, 1.0
equiv), CH;COOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP)
catalyst 3 solution (60 pL, 5 mM solution in MeCN, 0.30 pumol, 0.001 equiv.), HO, (50% wt. in H,O,
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51.0 mg, 0.75 mmol, 2.5 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was
run at 0 °C with an ice/water bath. The reaction was worked up with 15 mL saturated NaHCO; and DCM
as described in General Method A. Flash column chromatography on silica (15 mm fritted glass column,
30 mL SiO,) using gradient 10% acetone/hexanes = 25% acetone/hexanes as eluent afforded product 11
as a clear oil.

Run 1: (54.0 mg, 0.152 mmol, 50.8% yield), (32.4 mg, 0.096 mmol, 32.0% rsm). Run 2: (58.8 mg, 0.166
mmol, 55.3% yield), (32.1 mg, 0.095 mmol, 31.6% rsm). Run 3: (57.0 mg, 0.161 mmol, 53.6% yield),
(36.5 mg, 0.108 mmol, 35.9% rsm). Average: 53.2% yield = 2.3%, 33.2% rsm = 2.4%.

At 10 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol:
methyl 2-(3-benzoylphenyl)-2,5-dimethylhexanoate S3 (101.5 mg, 0.300 mmol, 1.0 equiv), (R R)-
Mn(PDP) 3 (27.9 mg, 0.030 mmol, 10 mol%), CICH,COH (425 mg, 4.5 mmol, 15.0 equiv.), H>O, (50%
wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The
reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The reaction was worked up with 9 mL
saturated NaHCO3 and DCM as described in General Method B. Flash column chromatography on silica
(35 mm fritted glass column, 150 mL SiO,) using 20% acetone/hexanes = 30% acetone/hexanes as eluent
afforded product 11 as a clear oil.

Run 1: (73.9 mg, 0.209 mmol, 69.5% yield), <10% rsm. Run 2: (77.2 mg, 0.218 mmol, 72.6% yield),
<10% rsm. Run 3: (76.7 mg, 0.217 mmol, 72.2% yield), <10% rsm. Average: 71.4% yield £+ 1.7%, <10%
rsm.

'H-NMR (500 MHz, CDCl3) & 7.81 — 7.75 (m, 3H), 7.66 (dt, J = 7.5, 1.4 Hz, 1H), 7.61 — 7.57 (m, 1H),
7.56 —7.53 (m, 1H), 7.51 — 7.42 (m, 3H), 3.67 (s, 3H), 2.13 (ddd, J=13.4, 9.5, 7.3 Hz, 1H), 2.04 (ddd, J
=13.4,9.6, 7.4 Hz, 1H), 1.59 (s, 3H), 1.42 — 1.30 (m, 3H), 1.20 (s, 6H). C-NMR (126 MHz, CDCl3) &
196.7, 176.4, 144.1, 137.8, 137.7, 132.7, 130.4, 130.2, 128.8, 128.5, 128.4, 127.8, 70.8, 52.4, 50.3, 38.6,
34.0, 29.4, 29.3, 22.9. HRMS (TOF ESI+) m/z calculated for CoH,7;04 [M+H]": 335.1909, found
355.1901.

trans-1-methyl-4-(5-phenyl-1,3,4- oxadiazol-2-yl)cyclohexan-1-ol [12]

N-N At 0.1 mol% catalyst: The reaction was run with General Method A:

7\ -
@ O)\Q Low Catalyst Loading (0.1 mol%) Protocol: 2-(trans-4-
"Me

OH  methylcyclohexyl)-5-phenyl-1,3,4-oxadiazole S4 (72.7 mg, 0.300 mmol,
1.0 equiv), CH3COOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5
mM solution in MeCN, 0.30 umol, 0.001 equiv.), HO, (50% wt. in H,0, 51.0 mg, 0.75 mmol, 2.5 equiv.),
MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at 0 °C with an ice/water bath.

The reaction was worked up with 15 mL saturated NaHCO3 and DCM as described in General Method
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A. Flash column chromatography on silica (15 mm fritted glass column, 30 mL SiO;) using gradient 30%
EtOAc/hexanes 2 60% EtOAc/hexanes afforded product 12 as a white solid. Recovered starting material

was recycled once.

Run 1: Cycle 1 (16.8 mg, 0.065 mmol, 21.7% yield), (47.3 mg, 0.195 mmol, 65.0% rsm); Cycle 2 (9.1
mg, 0.035 mmol, 18.1% yield), (28.2 mg, 0.116 mmol, 59.7% rsm); Overall (25.9 mg, 0.100 mmol, 33.4%
yield), (28.2 mg, 0.116 mmol, 38.7% rsm). Run 2: Cycle I (18.2 mg, 0.070 mmol, 23.5% yield), (43.1
mg, 0.178 mmol, 59.3% rsm); Cycle 2 (11.5 mg, 0.045 mmol, 25.0% yield), (20.6 mg, 0.085 mmol, 47.8%
rsm); Overall (29.7 mg, 0.115 mmol, 38.3% yield) (20.6 mg, 0.085 mmol, 28.3% rsm). Average: 35.9%
yield, 33.5% rsm.

At 10 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol:
2-(trans-4-methylcyclohexyl)-5-phenyl-1,3,4-oxadiazole S4 (72.7 mg, 0.300 mmol, 1.0 equiv), (R,R)-
Mn(PDP) 3 (27.9 mg, 0.030 mmol, 10 mol%), CICH,CO,H (425.3 mg, 4.5 mmol, 15.0 equiv.), HO; (50%
wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The
reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The reaction was worked up with 15 mL
saturated NaHCO3 and DCM as described in General Method B. Flash column chromatography on silica
(15 mm fritted glass column, 30 mL SiO,) using gradient 30% EtOAc/hexanes = 60% EtOAc/hexanes
as eluent afforded product 12 as a white solid. Recovered starting material was recycled once.

Run 1: Cycle 1 (32.7 mg, 0.127 mmol, 42.2% yield), (37.9 mg, 0.156 mmol, 52.1% rsm); Cycle 2 (6.6
mg, 0.026 mmol, 16.4% yield), (6.0 mg, 0.025 mmol, 16.0% rsm); Overall (39.3 mg, 0.152 mmol, 50.7%
yield; 6.0 mg, 0.025 mmol, 8.3% rsm). Run 2: Cycle I (29.1 mg, 0.113 mmol, 37.6% yield), (25.4 mg,
0.105 mmol, 34.9% rsm); Cycle 2 (8.2 mg, 0.032 mmol, 30.2% yield), (6.6 mg, 0.027 mmol, 25.9%
rsm); Overall (37.3 mg, 0.144 mmol, 48.1% yield; 6.6 mg, 0.027 mmol, 9.1% rsm). Run 3 (0.5 mmol
scale): Cycle 1 (48.0 mg, 0.186 mmol, 37.2% yield), (49.3 mg, 0.203 mmol, 40.7% rsm); Cycle 2 (18.7
mg, 0.072 mmol, 35.7% yield), (12.8 mg, 0.053 mmol, 26.4% rsm); Overall (66.7 mg, 0.258 mmol, 51.6%
yield; 12.8 mg, 0.053 mmol, 10.6% rsm). Average: 50.1% yield + 1.8% and 9.3% rsm + 1.2%.
Spectral data in agreement with those previously reported in the literature.”

'H NMR (500 MHz, CDCl;) & 8.08 — 7.98 (m, 2H), 7.55 — 7.44 (m, 3H), 2.93 (tt, J = 11.8, 3.9 Hz, 1H),
2.15-1.95 (m, 4H), 1.86 — 1.76 (m, 2H), 1.55 (td, J = 13.6, 4.3 Hz, 2H), 1.37 (br. s, 1H), 1.30 (s, 3H).
C NMR (126 MHz, CDCl;) § 169.6, 164.5, 131.5, 129.0, 126.8, 124.1, 68.4, 37.8, 34.7, 31.3, 25.6.
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trans-4-hydroxy-4-methylcyclohexyl 4-chlorobenzoate [13a]
o) At 0.1 mol% catalyst: The reaction was run with General Method A: Low Catalyst

Q)b\ Loading (0.1 mol%) Protocol: trans-4-hydroxy-4-methylcyclohexyl —4-

- Cl chlorobenzoate S5 (75.8 mg, 0.300 mmol, 1.0 equiv), CH;COOH (0.24 mL, 4.2 mmol,
14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5 mM solution in MeCN,

on 0.30 pmol, 0.001 equiv.), HO, (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.),

4:1 MeCN:DCM (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at 0 °C with an
ice/water bath. The reaction was worked up with 15 mL saturated NaHCO; and DCM as described in
General Method A. Flash column chromatography on silica (15 mm fritted glass column, 30 mL SiO5)
using 10% EtOAc/hexanes 220% EtOAc/hexanes 2 30% EtOAc/hexanes as eluent afforded (2)- trans-
4-hydroxy-4-methylcyclohexyl 4-chlorobenzoate (8-alcohol, 13a) as a white solid and (%)-trans-4-
methyl-3-oxocyclohexyl 4-chlorobenzoate (y-ketone, 13b) as a white solid.
Run 1: (27.1 mg, 0.101 mmol, 33.6% yield of 5-alcohol), (8.0 mg, 0.030 mmol, 10.0% yield of y-ketone),
(43.6% overall yield, 3.4:1 A:K ratio), (29.5 mg, 0.117 mmol, 38.9% rsm). Run 2: (26.6 mg, 0.099 mmol,
33.0% yield of d-alcohol), (8.8 mg, 0.033 mmol, 11.0% yield of y-ketone), (44.0% overall yield, 3.0:1
A:K ratio), (30.3 mg, 0.120 mmol, 40.0% rsm). Average: 33.3% yield of 5- alcohol, 10.5% yield of y-
ketone, 43.8% overall yield with 3.2:1 A:K ratio, 39.5% rsm.
At 10 mol% catalyst: The reaction was run with General Method C: Slow Catalyst Addition Protocol:
trans-4-hydroxy-4-methylcyclohexyl 4-chlorobenzoate S5 (75.8 mg, 0.300 mmol, 1.0 equiv), (R R)-
Mn(PDP) 3 (27.9 mg, 0.030 mmol, 10 mol%), CICH,COH (425 mg, 4.5 mmol, 15.0 equiv.), H>O, (50%
wt. in H,0, 102 mg, 1.5 mmol, 5.0 equiv.), 4:1 MeCN:DCM (0.6 mL in 40 mL vial, 3.75 mL with oxidant,
0.38 mL MeCN with catalyst). The reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The
reaction was worked up with 9 mL saturated NaHCO3; and DCM as described in General Method C. Flash
column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using 10% EtOAc/hexanes
220% EtOAc/hexanes —> 30% EtOAc/hexanes as eluent afforded (£)- trans-4-hydroxy-4-
methylcyclohexyl 4-chlorobenzoate (6-alcohol, 13a) as a white solid and (%)-frans-4-methyl-3-
oxocyclohexyl 4-chlorobenzoate (y-ketone, 13b) as a white solid.
Run 1: (38.5 mg, 0.143 mmol, 47.8% yield of 6-alcohol), (11.3 mg, 0.042 mmol, 14.1% yield of -
ketone), (61.9% overall yield, 3.4:1 A:K ratio), (23.0 mg, 0.091 mmol, 30.3% rsm). Run 2: (35.3 mg,
0.131 mmol, 43.8% yield of 8-alcohol), (10.6 mg, 0.040 mmol, 13.2% yield of y-ketone), (57.0% overall
yield, 3.4:1 A:K ratio), (18.0 mg, 0.071 mmol, 23.7% rsm). Run 3: (34.8 mg, 0.129 mmol, 43.2% yield
of 8-alcohol), (9.8 mg, 0.037 mmol, 12.2% yield of y-ketone), (55.4% overall yield, 3.5:1 A:K ratio),
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(23.5 mg, 0.093 mmol, 31.0% rsm). Average: 44.9% yield £ 2.5% of 5- alcohol, 13.2% yield = 1.0%
of y-ketone, 58.1% overall yield with 3.4:1 A:K ratio, 28.3% rsm * 4.0%.
Spectral data in agreement with those previously reported in the literature.’
'H NMR (500 MHz, CDCl3) § 7.97 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 4.97 (tt, J= 9.4, 4.7 Hz,
1H), 1.97 — 1.82 (m, 4H), 1.81 — 1.72 (m, 2H), 1.57 (ddd, J = 13.7, 11.4, 4.7 Hz, 2H), 1.28 (s, 3H). °C
NMR (126 MHz, CDCls) & 165.3, 139.3, 131.1, 129.3, 128.8, 73.0, 68.8, 36.7, 30.1, 27.4.
trans-4-methyl-3-oxocyclohexyl 4-chlorobenzoate [13b]
o] 'H NMR (500 MHz, CDCl3) & 7.96 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 5.21
0 (tt, J=10.2, 4.7 Hz, 1H), 2.92 (ddd, J = 13.6, 5.0, 2.0 Hz, 1H), 2.57 (ddd, J = 13.6,
: cl 10.7,1.3 Hz, 1H), 2.46 — 2.30 (m, 2H), 2.18 — 2.09 (m, 1H), 1.91 (tdd, J=12.7, 10.2,
o 4.0 Hz, 1H), 1.42 (dtd, J= 13.8, 12.0, 3.6 Hz, 1H), 1.10 (d, J= 6.6 Hz, 3H). °C NMR
(126 MHz, CDCls) 6 208.9, 164.7, 139.7, 131.2, 128.9, 128.6, 72.6, 47.0, 44.4, 30.4,
29.2, 14.5.

(1R,25,55)-5-hydroxy-2-isopropyl-5-methylcyclohexyl benzoate [14]
: o At0.1 mol% catalyst: The reaction was run with General Method A: Low Catalyst
| Loading (0.1 mol%) Protocol: (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl benzoate
BzO" S6 (78.1 mg, 0.300 mmol, 1.0 equiv), CH;COOH (0.24 mL, 4.2 mmol, 14.0 equiv.),
(S5,5)-Mn(PDP) catalyst 3 solution (60 uL, 5 mM solution in MeCN, 0.30 pumol, 0.001
equiv.), HxO; (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL
with oxidant). The reaction was run at 0 °C with an ice/water bath. The reaction was worked up with 15
mL saturated NaHCO3 and DCM as described in General Method A. Flash column chromatography on
silica (15 mm fritted glass column, 30 mL SiO;) using gradient 100% hexanes = 20% EtOAc/hexanes as
eluent afforded (1R,2S5,5S5)-5-hydroxy-2-isopropyl-5-methylcyclohexyl benzoate (alcohol, 14a) as a white
solid and (1R,2S,55)-2-isopropyl-5-methyl-4-oxocyclohexyl benzoate (ketone, 14b) as a white solid.
Run 1: (45.2 mg, 0.164 mmol, 54.5% yield), trace ketone, (13.6 mg, 0.052 mmol, 17.4% rsm). Run 2:
(44.3 mg, 0.160 mmol, 53.4% yield), trace ketone, (12.4 mg, 0.048 mmol, 15.9% rsm). Average: 54.0%
yield, 16.7% rsm.
At 10 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol:
(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl benzoate S6 (78.1 mg, 0.300 mmol, 1.0 equiv), (S,S)-
Mn(PDP) 3 (27.9 mg, 0.030 mmol, 10 mol%), CICH,CO,H (425.3 mg, 4.5 mmol, 15.0 equiv.), HO, (50%
wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The
reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The reaction was worked up with 15 mL

saturated NaHCO3 and DCM as described in General Method B. Flash column chromatography on silica
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(15 mm fritted glass column, 30 mL SiO,) using gradient 100% hexanes = 20% EtOAc/hexanes as eluent
afforded (1R,2S5,5S)-5-hydroxy-2-isopropyl-5-methylcyclohexyl benzoate (alcohol, 14a) as a white solid
and (1R,2S,55)-2-isopropyl-5-methyl-4-oxocyclohexyl benzoate (ketone, 14b) as a white solid.

Run 1: (45.6 mg, 0.165 mmol, 55.0% yield), <5% ketone, (9.5 mg, 0.036 mmol, 12.2% rsm). Run 2:
(48.4 mg, 0.175 mmol, 58.4% yield), <5% ketone, (12.6 mg, 0.048 mmol, 16.1% rsm). Run 3: (48.0 mg,
0.174 mmol, 57.9% yield), <5% ketone, (10.0 mg, 0.038 mmol, 12.8% rsm). Average: 57.1% yield +
1.8%, <5% ketone, ca. 11:1 A:K ratio, 13.7% rsm + 2.1%.

'H-NMR (500 MHz, CDCl3) & 8.04 (d, J = 7.2 Hz, 2H), 7.58 — 7.51 (m, 1H), 7.43 (t, J = 7.8 Hz, 2H),
5.27 (td,J=10.4, 4.6 Hz, 1H), 2.21 (ddd, J=13.0, 4.5, 2.7 Hz, 1H), 2.08 — 2.04 (br s, 1H), 2.00 (pd, J =
7.0, 2.0 Hz, 1H), 1.75 (dq, J = 13.8, 2.9 Hz, 1H), 1.65 — 1.54 (m, 3H), 1.50 (dd, J = 12.9, 11.0 Hz, 1H),
1.42 —1.32 (m, 1H), 1.28 (s, 3H), 0.95 (d, J="7.1 Hz, 3H), 0.84 (d, /= 7.0 Hz, 3H). "C-NMR (126 MHz,
CDCl3) 8 166.2, 132.9, 130.8, 129.7, 128.4,72.8,71.2,47.3, 44.8, 38.0, 31.5, 26.6, 20.9, 19.6, 16.8. [a]p>*
= -59.4 (c = 1.00, EtOH). HRMS (TOF ESI+) m/z calculated for C;7Hps05 [M+H]": 277.1804, found
277.1797.

6-hydroxy-2,6-dimethylheptyl acetate [15]
HMOAC At 0.1 mol% catalyst: The reaction was run with General Method A: Low
Catalyst Loading (0.1 mol%) Protocol: 2,6-dimethylheptyl acetate S7 (55.9
mg, 0.300 mmol, 1.0 equiv), CH;COOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3
solution (60 pL, 5 mM solution in MeCN, 0.30 pmol, 0.001 equiv.), H,O, (50% wt. in H,O, 51.0 mg,
0.75 mmol, 2.5 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at 0
°C with an ice/water bath. The reaction was worked up with 15 mL saturated NaHCO3; and DCM as
described in General Method A. Flash column chromatography on silica (15 mm fritted glass column, 30
mL SiO;) using 25% ether/pentanes as eluent afforded 6-hydroxy-2,6-dimethylheptyl acetate 15 as a
colorless oil.
Run 1: (31.8 mg, 0.157 mmol, 52.4% yield), (13.7 mg, 0.074 mmol, 24.5% rsm). Run 2: (30.6 mg, 0.151
mmol, 50.4% yield), (7.8 mg, 0.042 mmol, 14.0% rsm). Average: 51.4% yield, 19.3% rsm.
At 10 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol:
2,6-dimethylheptyl acetate S7 (55.9 mg, 0.300 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (27.9 mg, 0.030 mmol,
10 mol%), CICH,COH (425 mg, 4.5 mmol, 15.0 equiv.), HO; (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0
equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 9 mL saturated NaHCO; and DCM as

described in General Method B. Flash column chromatography on silica (35 mm fritted glass column, 150
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mL SiO,) using 25% ether/pentanes as eluent afforded 6-hydroxy-2,6-dimethylheptyl acetate 15 as a
colorless oil.

Run 1: (36.9 mg, 0.182 mmol, 60.8% yield), 0% rsm. Run 2: (35.9 mg, 0.177 mmol, 59.2% yield), <10%
rsm. Run 3: (40.1 mg, 0.198 mmol, 66.1% yield), 0% rsm. Average: 62.0% yield = 3.6%, 0% rsm.
Spectral data in agreement with those previously reported in the literature.'

'H NMR (500 MHz, CDCl3) § 3.94 (dd, J = 10.7, 6.0 Hz, 1H), 3.84 (dd, J = 10.7, 6.8 Hz, 1H), 2.04 (s,
3H), 1.78 (dq, J=12.9, 6.1 Hz, 1H), 1.48 — 1.26 (m, 7H), 1.20 (s, 6H), 0.92 (d, J= 6.7 Hz, 3H).

1-(4-chlorophenyl)-4-hydroxy-4-methylpentyl acetate [6]

OAc At 10 mol% catalyst: The reaction was run with General Method B: Single

Catalyst Addition Protocol. 1-(4-chlorophenyl)-4-methylpentyl acetate 5
CIWH (127.4 mg, 0.500 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol,

10 mol%), CICH,COH (709 mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in
H,0, 170 mg, 2.5 mmol, 5.0 equiv.), MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction
was run at -36 °C with a 1,2-dichloroethane/dry ice bath. The reaction was worked up with 15 mL
saturated NaHCO3 and DCM as described in the General Method B. Flash column chromatography on
silica (35 mm fritted glass column, 150 mm SiO;) using 10% acetone/hexanes = 20% acetone/hexanes
- 30% acetone/hexanes as eluent afforded product 6 as a colorless oil.
Run 1: (96.7 mg, 0.357 mmol, 71.4% yield), (13.8 mg, 0.054 mmol, 10.8% rsm). Run 2: (94.0 mg, 0.347
mmol, 69.4% yield), (20.0 mg, 0.079 mmol, 15.7% rsm). Run 3: (90.5 mg, 0.334 mmol, 66.9% yield),
(26.5 mg, 0.104 mmol, 20.8% rsm). Average: 69.2% yield = 2.3%, 15.8% rsm = 5.0%.
At 5 mol% catalyst: The reaction was run with General Method B: Single Catalyst Addition Protocol.
1-(4-chlorophenyl)-4-methylpentyl acetate 5 (76.4 mg, 0.300 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (14.0
mg, 0.015 mmol, 5 mol%), CICH,CO;H (425 mg, 4.5 mmol, 15.0 equiv.), H>O, (50% wt. in H,O, 102
mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at
-36 °C with a 1,2-dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3
and DCM as described in the General Method B. Flash column chromatography on silica (35 mm fritted
glass column, 150 mm SiO;) using 10% acetone/hexanes > 20% acetone/hexanes = 30%
acetone/hexanes as eluent afforded product 6 as a colorless oil.
Run 1: (54.0 mg, 0.199 mmol, 66.5% yield), <5% rsm. Run 2: (52.0 mg, 0.192 mmol, 64.0% yield), <5%

rsm. Average: 65.3% yield, <5% rsm.
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1-(4-bromophenyl)-4-hydroxy-4-methylpentyl acetate [16]
OAc The reaction was run with General Method B: Single Catalyst Addition

/@)\/\K Protocol. 1-(4-bromophenyl)-4-methylpentyl acetate S8 (89.8 mg, 0.300
Br on mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (27.9 mg, 0.030 mmol, 10 mol%),
CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.),
MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 9 mL saturated NaHCO; and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mm SiO;) using 10% acetone/hexanes = 20% acetone/hexanes as eluent afforded product 16 as a
colorless oil.
Run 1: (62.3 mg, 0.198 mmol, 65.9% yield), (15.8 mg, 0.053 mmol, 17.6% rsm). Run 2: (63.7 mg, 0.202
mmol, 67.4% yield), (11.7 mg, 0.039 mmol, 13.0% rsm). Run 3: (64.0 mg, 0.203 mmol, 67.7% yield),
(12.9 mg, 0.043 mmol, 14.3% rsm). Average: 67.0% yield = 1.0%, 15.0% rsm = 2.4%.
'H-NMR (500 MHz, CDCl3) & 7.46 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 5.66 (dd, J = 7.6, 6.3
Hz, 1H), 2.06 (s, 3H), 2.00 — 1.92 (m, 1H), 1.84 (dddd, J = 13.6, 12.3, 6.2, 4.6 Hz, 1H), 1.50 (ddd, J =
13.6, 12.1, 4.6 Hz, 1H), 1.33 (ddd, J=13.6, 12.2, 4.5 Hz, 1H), 1.18 (s, 6H). >C-NMR (126 MHz, CDCl5)
0170.4,139.7,131.7, 128.4, 121.9, 75.8, 70.6, 39.3, 31.1, 29.5, 29.4, 21.3. HRMS (ESI+) m/z calculated
for C14H;003NaBr [M+Na]": 337.0415, found 337.0402.

1-(4-fluorophenyl)-4-hydroxy-4-methylpentyl acetate [17]
OAc The reaction was run with General Method B: Single Catalyst Addition
/@)\/\K Protocol. 1-(4-fluorophenyl)-4-methylpentyl acetate S9 (119.2 mg, 0.500
E on mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol, 10 mol%),
CICH,CO,H (709 mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 140 mg, 2.5 mmol, 5.0 equiv.),
MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3 and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mL SiO;) using 10% acetone/hexanes = 20% acetone/hexanes as eluent afforded product 17 as a
colorless oil.
Run 1: (84.3 mg, 0.331 mmol, 66.3% yield), (11.7 mg, 0.049 mmol, 9.8% rsm). Run 2: (84.6 mg, 0.333
mmol, 66.5% yield), (14.4 mg, 0.060 mmol, 12.1% rsm). Run 3: (81.8 mg, 0.322 mmol, 64.3% yield),
(18.0 mg, 0.076 mmol, 15.1% rsm). Average: 65.7 % yield £+ 1.2%, 12.3% rsm = 2.7%.
'H-NMR (500 MHz, CDCl3) 7.33 — 7.28 (m, 2H), 7.05 — 7.00 (m, 2H), 5.69 (dd, J = 7.6, 6.3 Hz, 1H),
2.06 (s, 3H), 1.98 (dddd, J = 13.3, 12.2, 7.6, 4.6 Hz, 1H), 1.85 (dddd, J = 13.4, 12.1, 6.3, 4.6 Hz, 1H),
39



1.51 (ddd, J=13.4, 12.2, 4.6 Hz, 1H), 1.37 (br. s, 1H), 1.36 — 1.29 (m, 1H), 1.19 (s, 6H). >C-NMR (126
MHz, CDCl3) § 170.5, 162.5 (d, J = 246.2 Hz), 136.5 (d, J = 3.2 Hz), 128.5 (d, J=8.0 Hz), 115.5 (d, J =
21.4 Hz), 75.8,70.6, 39.4, 31.3, 29.5, 29.4, 21.4. "F-NMR (470 MHz, CDCls) 5 -114.72. HRMS (ESI+)
m/z calculated for C4H;9O3NaF [M+Na]": 277.1216, found 277.1219.

1-(3-fluorophenyl)-4-hydroxy-4-methylpentyl acetate [18]
OAc The reaction was run with General Method B: Single Catalyst Addition
Protocol. 1-(3-fluorophenyl)-4-methylpentyl acetate S10 (119.2 mg, 0.500 mmol,
1.0 equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol, 10 mol%), CICH,CO,H (709
F mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 140 mg, 2.5 mmol, 5.0 equiv.),
MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3 and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mm SiO;) using 10% acetone/hexanes = 20% acetone/hexanes as eluent afforded product 18 as a
colorless oil.
Run 1: (71.2 mg, 0.280 mmol, 56.0% yield), (16.5 mg, 0.069 mmol, 13.8% rsm). Run 2: (72.4 mg, 0.285
mmol, 56.9% yield), (14.8 mg, 0.062 mmol, 12.4% rsm). Run 3: (70.4 mg, 0.277 mmol, 55.4% yield),
(16.7 mg, 0.070 mmol, 14.0% rsm). Average: 56.1% yield = 0.8%, 13.4% rsm = 0.9%.
'H-NMR (500 MHz, CDCls) & 7.35 (td, J = 7.5, 1.8 Hz, 1H), 7.29 — 7.22 (m, 1H), 7.13 (td, J= 7.5, 1.2
Hz, 1H), 7.03 (ddd, J=10.5, 8.1, 1.2 Hz, 1H), 6.02 (dd, J= 7.6, 6.1 Hz, 1H), 2.09 (s, 3H), 2.04 — 1.87 (m,
2H), 1.55 (ddd, J = 13.4, 12.1, 4.7 Hz, 1H), 1.40 (ddd, J = 13.5, 12.2, 4.7 Hz, 1H), 1.40 (br. s, 1H), 1.19
(s, 6H). "C-NMR (126 MHz, CDCLs) § 170.3, 159.9 (d, J = 247.2 Hz), 129.5 (d, J= 8.3 Hz), 128.0 (d, J
=13.6 Hz), 127.7 (d,J=4.1 Hz), 124.3 (d, /J=3.6 Hz), 115.7 (d, /= 21.7 Hz), 70.6, 70.5 (d, /= 2.3 Hz),
39.2, 30.4, 29.4, 29.4, 21.3. ""F-NMR (470 MHz, CDCl;) & -118.48. HRMS (ESI) m/z calculated for
C14H9O3NaF [M+Na]": 277.1216, found 277.1208.

1-(2-chlorophenyl)-4-hydroxy-4-methylpentyl acetate [19]

OAc The reaction was run with General Method B: Single Catalyst Addition
m H Protocol. 1-(2-chlorophenyl)-4-methylpentyl acetate S11 (127.4 mg, 0.500 mmol,
cl 1.0 equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol, 10 mol%), CICH,CO,H (709

mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 170 mg, 2.5 mmol, 5.0 equiv.), MeCN (1.0 mL in 40
mL vial, 6.25 mL with oxidant). The reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The
reaction was worked up with 15 mL saturated NaHCO3 and DCM as described in the General Method B.

Flash column chromatography on silica (35 mm fritted glass column, 150 mm SiO,) using 10%
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acetone/hexanes = 20% acetone/hexanes = 30% acetone/hexanes as eluent afforded product 19 as a
colorless oil.

Run 1: (74.8 mg, 0.276 mmol, 55.2% yield), (29.1 mg, 0.114 mmol, 22.8% rsm). Run 2: (75.6 mg, 0.279
mmol, 55.8% yield), (23.3 mg, 0.091 mmol, 18.3% rsm). Run 3: (77.0 mg, 0.284 mmol, 56.9% yield),
(21.8 mg, 0.086 mmol, 17.1% rsm). Average: 56.0% yield = 0.9%, 19.4% rsm = 3.0%.

'H-NMR (500 MHz, CDCl3) & 7.38 (d, J = 1.7 Hz, 1H), 7.33 (d, J = 7.9 Hz, 1H), 7.27 — 7.23 (m, 1H),
7.22 —7.18 (m, 1H), 6.12 (t, J= 6.6 Hz, 1H), 2.09 (s, 3H), 1.96 — 1.88 (m, 2H), 1.58 (ddd, J=13.5, 10.3,
6.5 Hz, 1H), 1.51 — 1.42 (m, 2H), 1.19 (s, 6H). C-NMR (126 MHz, CDCls) 170.2, 138.7, 132.3, 129.7,
128.9, 127.1, 127.0, 72.9, 70.6, 39.2, 30.4, 29.4, 29.3, 21.2. HRMS (ESI+) m/z calculated for
C14H1903NaCl [M+Na]': 293.0920, found 293.0913.

2-(4-chlorophenyl)-5-methylhexane-2,5-diol [20]
OH The reaction was run with General Method B: Single Catalyst Addition

MH Protocol. 2-(4-chlorophenyl)-5-methylhexan-2-ol S12 (113.4 mg, 0.500
Cl mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol, 10 mol%),
CICH,CO,H (709 mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 170 mg, 2.5 mmol, 5.0 equiv.),
MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3 and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mm SiO;) using 20% acetone/hexanes = 30% acetone/hexanes as eluent afforded product 20 as a
slightly pink oil.
Run 1: (85.0 mg, 0.350 mmol, 70.0% yield), <10% rsm. Run 2: (84.3 mg, 0.347 mmol, 69.5% yield),
<10% rsm. Run 3: (80.4 mg, 0.331 mmol, 66.3% yield), < 10% rsm. Average: 68.6% yield £ 2.0%,
<10% rsm.
'H-NMR (500 MHz, CDCl3) § 7.38 — 7.35 (m, 2H), 7.31 — 7.28 (m, 2H), 2.07 (br. s, 2H), 1.99 — 1.87 (m,
2H), 1.54 (s, 3H), 1.47 — 1.40 (m, 1H), 1.36 — 1.29 (m, 1H), 1.20 (s, 3H), 1.17 (s, 3H). "C-NMR (126
MHz, CDCls) & 146.7, 132.3, 128.4, 126.6, 74.2, 70.9, 38.4, 37.6, 31.1, 30.1, 29.2. HRMS (ESI+) m/z
calculated for C;3H;90,NaCl [M+Na]": 265.0971, found 265.0974.

4-hydroxy-4-methyl-1-phenylpentyl acetate [21]
OAc The reaction was run with General Method B: Single Catalyst Addition
©)\/\’(O ’ Protocol. 4-methyl-1-phenylpentyl acetate S13 (110.2 mg, 0.500 mmol, 1.0
equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol, 10 mol%), CICH,CO,H (709 mg,
7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 170 mg, 2.5 mmol, 5.0 equiv.), MeCN (1.0 mL in 40 mL
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vial, 6.25 mL with oxidant). The reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The
reaction was worked up with 15 mL saturated NaHCO; and DCM as described in the General Method B.
Flash column chromatography on silica (35 mm fritted glass column, 150 mL SiO,) using 10%
acetone/hexanes = 20% acetone/hexanes as eluent afforded product 21 as a slightly yellow oil.

Run 1: (40.7 mg, 0.172 mmol, 34.4% yield), <5% rsm. Run 2: (41.3 mg, 0.175 mmol, 35.0% yield), <5%
rsm. Run 3: (41.8 mg, 0.177 mmol, 35.4% yield), <5% rsm. Average: 34.9% yield + 0.5%, <5% rsm.
'H-NMR (500 MHz, CDCl3) § 7.36 — 7.27 (m, 5H), 5.73 (dd, J = 7.7, 6.2 Hz, 1H), 2.07 (s, 3H), 2.00
(dddd, J=13.5,12.2, 7.7, 4.6 Hz, 1H), 1.88 (dddd, J = 13.5, 12.1, 6.2, 4.6 Hz, 1H), 1.53 (ddd, J = 13.6,
12.1, 4.7 Hz, 1H), 1.37 (ddd, J = 13.6, 12.2, 4.6 Hz, 1H), 1.31 (br. s, 1H), 1.19 (s, 6H). "C-NMR (126
MHz, CDCls) 6 170.5, 140.7, 128.6, 128.0, 126.6, 76.5, 70.6, 39.4, 31.3, 29.4, 29.4, 21.4. HRMS (ESI+)
m/z calculated for C14H,003Na [M+Na]': 259.1310, found 259.1305.

4-hydroxy-4-methyl-1-(4-(trifluoromethoxy)phenyl)pentyl acetate [22]
OAc The reaction was run with General Method B: Single Catalyst Addition

/@)\/\K Protocol. 4-methyl-1-(4-(trifluoromethoxy)phenyl)pentyl acetate S14
F,CO or (91.3 mg, 0.300 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (27.9 mg, 0.030 mmol,
10 mol%), CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0
equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 9 mL saturated NaHCO; and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mm SiO;) using 10% acetone/hexanes = 20% acetone/hexanes as eluent afforded product 22 as a
colorless oil.
Run 1: (67.9 mg, 0.212 mmol, 70.7% yield), (13.7 mg, 0.045 mmol, 15.0% rsm). Run 2: (72.4 mg, 0.226
mmol, 75.3% yield), (11.5 mg, 0.038 mmol, 12.6% rsm). Run 3: (69.6 mg, 0.217 mmol, 72.4% yield),
(15.7 mg, 0.052 mmol, 17.2% rsm). Average: 72.8% yield = 2.3%, 14.9% rsm = 2.3%.
'H-NMR (500 MHz, CDCl3) & 7.36 (d, J = 8.6 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H), 5.72 (dd, J = 7.8, 6.1
Hz, 1H), 2.07 (s, 3H), 1.98 (tdd, J=12.5, 7.8, 4.6 Hz, 1H), 1.86 (tdd, J = 13.3, 6.0, 4.6 Hz, 1H), 1.52 (td,
J=12.8,4.6 Hz, 1H), 1.39 — 1.33 (m, 1H), 1.33 (br. s, 1H), 1.20 (s, 6H). C-NMR (126 MHz, CDCl;) &
170.4, 148.9 (q, J = 2.0 Hz), 139.4, 128.1, 121.1, 120.6 (q, J = 257.3 Hz), 75.6, 70.6, 39.3, 31.3, 29.5,
29.4, 21.3. F-NMR (470 MHz, CDCl;) § -58.24. HRMS (ESI+) m/z calculated for C;sH;004F5Na
[M+Na]": 343.1133, found 343.1131.
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tert-butyl 4-(1-acetoxy-4-hydroxy-4-methylpentyl)benzoate [23]
OAc The reaction was run with General Method B: Single Catalyst Addition

m ’ Protocol. tert-butyl 4-(1-acetoxy-4-methylpentyl)benzoate S15 (96.1 mg,
1BuO,C 0.300 mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (27.9 mg, 0.030 mmol, 10
mol%), CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0
equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 9 mL saturated NaHCO; and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mm SiO,) using 10% acetone/hexanes = 20% acetone/hexanes as eluent afforded product 23 as a
colorless oil.
Run 1: (71.0 mg, 0.211 mmol, 70.3% yield), (18.4 mg, 0.057 mmol, 19.1% rsm). Run 2: (74.6 mg, 0.222
mmol, 73.9% yield), (13.4 mg, 0.042 mmol, 14.0% rsm). Run 3: (74.1 mg, 0.220 mmol, 73.4% yield),
(15.2 mg, 0.047 mmol, 15.8% rsm). Average: 72.5% yield = 2.0%, 16.3% rsm = 2.6%.
'H-NMR (500 MHz, CDCl3) & 7.96 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 5.74 (t, J= 6.8 Hz, 1H),
2.08 (s, 3H), 2.02 — 1.94 (m, 1H), 1.92 — 1.84 (m, 1H), 1.58 (s, 9H), 1.54 — 1.47 (m, 1H), 1.39 (br. s, 1H),
1.38—1.32 (m, 1H), 1.18 (s, 6H). C-NMR (126 MHz, CDCl3) & 170.4, 165.6, 145.2, 131.7, 129.8, 126.3,
81.2,76.0,70.6,39.2,31.2,29.5,29.4,28.3, 21.3. HRMS (ESI+) m/z calculated for C19H30sNa [M+Na]":
359.1834, found 359.1826.

1-(4-cyanophenyl)-4-hydroxy-4-methylpentyl acetate [24]
OAc The reaction was run with General Method B: Single Catalyst Addition
/@)\/Y Protocol. 1-(4-cyanophenyl)-4-methylpentyl acetate S16 (122.7 mg, 0.500
NG on mmol, 1.0 equiv), (R,R)-Mn(PDP) 3 (46.6 mg, 0.050 mmol, 10 mol%),
CICH,CO,H (709 mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 170 mg, 2.5 mmol, 5.0 equiv.),
MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction was run at -36 °C with 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3 and DCM as
described in the General Method B. Flash column chromatography on silica (35 mm fritted glass column,
150 mm SiO,) using 10% acetone/hexanes = 25% acetone/hexanes = 40% acetone/hexanes as eluent
afforded product 24 as a colorless oil.
Run 1: (97.0 mg, 0.371 mmol, 74.2% yield), (17.5 mg, 0.071 mmol, 14.3% rsm). Run 2: (101.3 mg,
0.388 mmol, 77.5% yield), (18.9 mg, 0.077 mmol, 15.4% rsm). Run 3: (99.5 mg, 0.381 mmol, 76.2%
yield), (18.8 mg, 0.077 mmol, 15.3% rsm). Average: 76.0% yield £ 1.7%, 15.0% rsm =+ 0.6%.
'H-NMR (500 MHz, CDCls) & 7.64 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 5.73 (dd, J= 7.8, 5.8
Hz, 1H), 2.10 (s, 3H), 1.98 (dddd, J=13.6, 12.3, 7.8, 4.7 Hz, 1H), 1.87 (dddd, J=13.7, 12.0, 5.8, 4.6 Hz,
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1H), 1.52 (ddd, J = 13.5, 12.0, 4.7 Hz, 1H), 1.37 (ddd, J = 13.6, 12.1, 4.6 Hz, 1H), 1.31 (br. s, 1H), 1.20
(s, 3H), 1.20 (s, 3H). *C-NMR (126 MHz, CDCls) § 170.3, 146.1, 132.4, 127.1, 118.7, 111.7, 75.6, 70.4,
39.0, 31.1, 29.5, 29.3, 21.2. HRMS (ESI+) m/z calculated for C;sH;oNO3;Na [M+Na]": 284.1263, found
284.1259.

Condition with Fe(PDP): The reaction was conducted with iterative addition protocol previously
described for Fe(PDP).! A 40 mL vial was charged with 1-(4-cyanophenyl)-4-methylpentyl acetate S16
(73.6 mg, 0.300 mmol, 1.0 equiv), Fe(PDP) catalyst 1 (14.0 mg, 0.015 mmol, 0.05 equiv.), AcOH (9.0
mg, 0.15 mmol, 0.5 equiv.), MeCN (0.45 mL) and a stir bar. The vial was stirred vigorously and a solution
of H,O, (50% wt. in H,0, 24.5 mg, 1.2 equiv.) in MeCN (3.75 mL) in a 10 mL syringe equipped with
25G needle was added dropwise over 60-75 seconds. The reaction was allowed to stir for 10 minutes at
room temperature and a second batch of catalyst (14.0 mg, 0.015 mmol, 0.05 equiv.) and AcOH (9.0 mg,
0.15 mmol, 0.5 equiv.) dissolved in 0.3 mL MeCN was added via pipette. This was followed by a solution
of HyO; (50 wt%, 24.5 mg, 1.2 equiv.) in MeCN (3.75 mL) in a 10 mL syringe equipped with 25G needle
dropwise over 60-75 seconds. After another 10 minutes a third batch of catalyst and H,O, was added in
the same manner. The third addition was allowed to stir for 10 minutes for a total reaction time of 30
minutes. Significant decrease in yield was observed when the peroxide solution was added rapidly.

Upon completion of the reaction, the mixture was concentrated in vacuo to a minimum amount of MeCN.
Flash column chromatography on silica (35 mm fritted glass column, 150 mm SiO,) using 10%
acetone/hexanes = 25% acetone/hexanes as eluent afforded product 24 as a clear oil.

Run 1: (33.6 mg, 0.129 mmol, 42.9% yield), (20.7 mg, 0.084 mmol, 28.1% rsm). Run 2: (35.6 mg, 0.136
mmol, 45.4% yield), (21.2 mg, 0.086 mmol, 28.8% rsm). Average: 44.1% yield + 1.8%, 28.5% rsm +
0.5%. Selectivity = 44.1/(100-28.5) = 62%
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VI. Supplementary Table 3. Chemoselective tertiary oxidation in

basic nitrogen containing substrates.

Table 3. Mn(PDP)-catalyzed 3° C(sp®)—H hydroxylations in basic heteroaromatic

compounds.
1) HBF4~OEt,
R A 2) Mn(PDP) 3 (10 mol%) R
o \/\)<H CICH,COOH (15 equw) @ \/\/k
N H,0, (5 equiv.) =
1 equiv. MeCN, -36 °C, 3h
MOH N J\)QOH
N =\
oW O
N
25, 52% 26, 70%
at 0 °C, 58%° at 0 °C, 54%?2
Cond. A: 0%? Cond. A: 0%"
CN
m\/\/kOH /Q/G\‘\/\)QOH
cl
27,27% 28, 68%

at 0 °C, 20%2
Cond. A: 0%?

aReaction run at 0 °C instead of -36 °C. 20.1 mol% catalyst, 14 equiv. AcOH additive with
slow addition of 2.5 equiv. H,O, over 1 h at 0 °C.

Preparation of Substrates and Compound Characterization for Supplementary Table 3

General Procedure A for N-Alkylation

To a flame-dried round bottom flask equipped with a magnetic stir bar, under N, atmosphere was added
substrate (1.0 equiv.) and DMF (0.5 M). The solution was cooled to 0 °C and NaH (1.25 equiv.) was added
in one portion. The solution was stirred at 0 °C for 15 minutes then 4-methylpentyl-4-
methylbenzenesulfonate (1.1 equiv.) was added dropwise. The reaction was stirred overnight (16 h) at
room temperature. The reaction was quenched by the addition of water and the aqueous layer was
extracted with DCM (3 times). The combined organic layer was washed with H,O (10 times), dried over
NaySO,, filtered and concentrated in vacuo. The crude material was purified by flash column

chromatography.

General Procedure B for N-Alkylation via Reductive Amination
To a round bottom flask equipped with a magnetic stir bar, under N, atmosphere was added substrate (1.0
equiv.), 1,2-dichloroethane (0.1 M), aldehyde (1.1 equiv.) and acetic acid (1% v/v). The reaction was

stirred for 30 minutes at room temperature. NaBH(OAc); (1.2 equiv.) was added in one portion. The
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reaction was stirred at room temperature overnight (18 h). The reaction was quenched by the addition of
saturated aqueous NaHCOj solution. The aqueous layer was extracted with DCM (2 times). The combined
organic layer was dried with Na,SOys, filtered and concentrated in vacuo. The crude material was purified

by flash column chromatography.

1-(4-methylpentyl)-1H-benzo|[d]imidazole [S17]
According to general procedure A for N-alkylation, benzimidazole (500.0 mg, 4.23

N//\/< mmol, 1.0 equiv.), NaH (121.8 mg, 5.08 mmol, 1.2 equiv.) and 4-methylpentyl-4-
©:N/> methylbenzenesulfonate (1.63 g, 6.35 mmol, 1.5 equiv.) were reacted. Flash column
column chromatography (35 mm fritted glass column, 150 mL SiO,, MeOH/DCM gradient) afforded 1-
(4-methylpentyl)-1H-benzimidazole (S17) as a pale yellow oil (835 mg, 4.13 mmol, 98% yield).
'H-NMR (500 MHz, CDCl3) § 7.89 (s, 1H), 7.81 (dd, J = 6.8, 1.4 Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.32
—7.26 (m, 2H), 4.15 (appt. t, J = 7.2 Hz, 2H), 1.91 — 1.85 (m, 2H), 1.57 (app. hept, /= 6.7 Hz, 1H), 1.24
—1.20 (m, 2H), 0.87 (d, J= 6.6 Hz, 6H). "C-NMR (126 MHz, CDCl) § 144.0, 143.0, 134.0, 122.9, 122.1,
120.5, 109.8, 45.5, 36.0, 27.9, 27.8, 22.6. HRMS (TOF ESI+) m/z calculated for Ci3HoN, [M+H]':
203.1548, found 203.1546.

1-(4-methylpentyl)-1H-imidazole [S18]

\/\)\ According to general procedure A for N-alkylation, imidazole (500 mg, 7.3 mmol,

N=
=
1.0 equiv.), NaH (220.8 mg, 9.2 mmol, 1.25 equiv.) and 4-methylpentyl-4-

N

methylbenzenesulfonate (2.06 g, 8.0 mmol, 1.1 equiv.) were reacted. Flash column chromatography (35
mm fritted glass column, 150 mL SiO,, MeOH/DCM gradient) afforded 1-(4-methylpentyl)-1H-
imidazole (S18) as a pale yellow oil (996.8 mg, 6.55 mmol, 90% yield).
'H NMR (500 MHz, CDCl3) § 7.44 (m, 1H), 7.04 (m, 1H), 6.89 (m, 1H), 3.89 (m, 2H), 1.82 — 1.71 (m,
2H), 1.54 (m, 1H), 1.16 (m, 2H), 0.87 (m, 6H). °C NMR (126 MHz, CDCl3) & 137.2, 129.5, 118.8, 47.4,
35.7, 29.1, 27.7, 22.5. HRMS: (TOF ESI+) m/z: calculated for CoH7N, [M+H]": 153.1392, found
153.1391.

2-(4-methylpentyl)-1,2,3,4-tetrahydroisoquinoline [S19]

According to general procedure B for N-alkylation, 1,2,3,4-
E:G\l\/\)\ tetrahydroisoquinoline (1.25 mL, 1.33 g, 10.00 mmol, 1.0 equiv.), 4-
methylpentanal (1.50 g, 15.0 mmol, 1.5 equiv.), acetic acid (1.0 mL) and NaBH(OAc¢); (2.33 g, 11.0 mmol,

1.1 equiv.) were reacted. Flash column chromatography (35 mm fritted glass column, 150 mL SiO,, 5-20%
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EtOAc/hexanes) afforded 2-(4-methylpentyl)-1,2,3,4-tetrahydroisoquinoline (S19) as a pale yellow oil
(1.59 g, 7.3 mmol, 73% yield).

'H-NMR (500 MHz, CDCl3) § 7.15 — 7.07 (m, 3H), 7.05 — 7.00 (m, 1H), 3.63 (s, 2H), 2.91 (t,J = 6.0 Hz,
2H), 2.73 (td, J = 6.0, 0.9 Hz, 2H), 2.51 — 2.45 (m, 2H), 1.65 — 1.53 (m, 3H), 1.27 — 1.20 (m, 2H), 0.91
(d, J= 6.6 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H). "C-NMR (126 MHz, CDCl;) 135.1, 134.5, 128.8, 126.7,
126.2,125.7,59.1,56.4,51.2,37.0,29.3,28.2, 25.3, 22.8. HRMS (TOF ESI+) m/z calculated for C;sHy4N
[M+H]": 218.1909, found 218.1902.

4-(4-chlorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile [S20]
CN According to general procedure B for N-alkylation, 4-(4-

/©/©\1 V\)\ chlorophenyl)piperidine-4-carbonitrile (1.10 g, 5.00 mmol, 1.0 equiv.),
Cl 4-methylpentanal (550.9 mg, 5.50 mmol, 1.1 equiv.), acetic acid (0.5 mL)
and NaBH(OAc); (1.17 g, 5.50 mmol, 1.1 equiv.) were reacted. Flash column chromatography (35 mm
fritted glass column, 150 mL SiO,, 5 - 30% EtOAc/hexanes) afforded 4-(4-chlorophenyl)-1-(4-
methylpentyl)piperidine-4-carbonitrile (S20) as a white solid (877.6 mg, 2.88 mmol, 58% yield).
'H-NMR (500 MHz, Methanol-d,) 8 7.55 — 7.52 (m, 2H), 7.45 — 7.42 (m, 2H), 3.13 — 3.07 (m, 2H), 2.47
—2.41 (m, 4H), 2.15 - 2.07 (m, 4H), 1.63 — 1.54 (m, 3H), 1.25 - 1.21 (m, 2H), 0.93 (d, J = 6.6 Hz, 6H).
BC-NMR (126 MHz, Methanol-d,) § 140.4, 135.2, 130.2, 128.5, 122.7, 59.9, 51.8, 43.4,37.9, 37.0, 29.1,
25.6, 23.0. HRMS (TOF ESI+) m/z calculated for CigHyN,Cl [M+H]": 305.1875, found 305.1775.
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C—H Oxidation of Substrates and Product Characterization for Supplementary Table 3
1-(4-hydroxy-4-methylpentyl)benzimidazole [25]
N At -36 °C: According to the general procedure for HBF4OEt, protection, 1-
@EN\> (4-methylpentyl)-1H-benzimidazole S17 (101.2 mg, 0.500 mmol, 1.0 equiv), was
protected with HBF4*OEt, (75.5 pL, 0.550 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl,
\\\\§OH (2.0 mL, 0.25 M). The oxidation was carried out according to General Method
D: Iterative Catalyst Addition Protocol: the resultant S17sHBF4 (0.500 mmol,
1.0 equiv.), CICH,COH (708.7 mg, 7.5 mmol, 15.0 equiv.), (S,S)-Mn(PDP) catalyst 3 (23.3 mg, 0.025
mmol, 5 mol%), H,O, (50% wt. in H,O, 170 mg, 2.5 mmol, 5.0 equiv.), MeCN (1.0 mL in 40 mL vial,
6.25 mL with oxidant). The reaction was run at -36 °C with a 1,2-dichloroethane/dry ice bath. A further
addition of (S,S)-Mn(PDP) catalyst 3 (23.3 mg, 0.025 mmol, 5 mol%) in MeCN (0.2 mL) was added
dropwise to the reaction at 1.5 hours. The reaction was worked up according to the General Procedure
for HBF, Deprotection. Flash column chromatography on silica (15 mm fritted glass column, 30 mL
Si0;) using 2% MeOH/CH,Cl, - 8% MeOH/CH,Cl, as eluent afforded 1-(4-hydroxy-4-
methylpentyl)benzimidazole 25 as a pale yellow oil.
Run 1: (57.6 mg, 0.264 mmol, 52.8% yield), (11.9 mg, 0.059 mmol, 11.8% rsm). Run 2: (56.8 mg, 0.260
mmol, 52.0% yield), (10.4 mg, 0.051 mmol, 10.3% rsm). Run 3: (56.5 mg, 0.259 mmol, 51.8% yield),
(9.4 mg, 0.046 mmol, 9.3% rsm). Average: 52.2% yield £ 0.5%, 10.5% rsm =+ 1.3%.
At 0 °C: According to the general procedure for HBF4OEt, protection, 1-(4-methylpentyl)-1H-
benzimidazole S17 (60.7 mg, 0.300 mmol, 1.0 equiv), was protected with HBF4*OEt; (45 uL, 0.33 mmol,
54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was carried out according to General
Method D: Iterative Catalyst Addition Protocol: the resultant S17sHBF4 (0.300 mmol, 1.0 equiv.),
CICH,CO,H (425.3 mg, 4.5 mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (14.0 mg, 0.015 mmol, 5
mol%), H,O, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL
with oxidant). The reaction was run at 0 °C with an ice/water bath. A further addition of (R,R)-Mn(PDP)
catalyst 3 (14.0 mg, 0.015 mmol, 5 mol%) in MeCN (0.1 mL) was added dropwise to the reaction at 1.5
hours. The reaction was worked up according to the General Procedure for HBF4 Deprotection. Flash
column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using 2% MeOH/CH,Cl, >
8% MeOH/CH,Cl, as eluent afforded 1-(4-hydroxy-4-methylpentyl)benzimidazole 25 as a pale yellow
oil.
Run 1: (36.4 mg, 0.167 mmol, 55.6% yield), (15.1 mg, 0.075 mmol, 24.9% rsm). Run 2: (39.0 mg, 0.179
mmol, 59.6% yield), (14.0 mg, 0.069 mmol, 23.1% rsm). Average: 57.6% yield, 24.0% rsm.
At 0.1 mol% Mn(PDP) 3 loading: According to the general procedure for HBF4,OEt; protection, 1-
(4-methylpentyl)-1H-benzimidazole S17 (60.7 mg, 0.300 mmol, 1.0 equiv), was protected with
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HBF4+OEt; (45 pL, 0.33 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was
carried out according to General Method A: Low Catalyst Loading (0.1 mol%) Protocol: the resultant
S17°HBF4 (0.300 mmol, 1.0 equiv.), CH;COOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP)
catalyst 3 solution (60 pL, 5 mM solution in MeCN, 0.30 pumol, 0.001 equiv.), HO, (50% wt. in H,O,
51.0 mg, 0.75 mmol, 2.5 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was
run at 0 °C with an ice/water bath. The reaction was worked up according to the General Procedure for
HBF, Deprotection. The crude mixture was analyzed by quantitative 'H NMR analysis with mesitylene
added as internal standard.

Run 1: (0% yield), (100% rsm). Run 2: (0% yield), (100% rsm). Average: 0% yield, 100% rsm.
'H-NMR (500 MHz, CDCl3) & 7.84 (s, 1H), 7.79 (dd, J = 6.6, 2.0 Hz, 1H), 7.39 (dd, J= 6.7, 2.0 Hz, 1H),
7.30 — 7.24 (m, 2H), 4.17 (t, J = 7.2 Hz, 2H), 2.20 (br. s, 1H), 2.02 — 1.96 (m, 2H), 1.49 — 1.46 (m, 2H),
1.19 (s, 6H). *C-NMR (126 MHz, CDCl;) & 143.8, 143.0, 133.8, 123.0, 122.2, 120.4, 109.8, 70.4, 45.6,
40.6, 29.5, 24.9. HRMS (TOF ESI+) m/z calculated for C;3H;oN,O [M+H]'": 219.1497, found 219.1487.

5-(1H-imidazol-1-yl)-2-methylpentan-2-ol [26]
z/\l—\) At -36 °C: According to the general procedure for HBF;s*OEt, protection, 1-(4-
N methylpentyl)-1H-imidazole S18 (45.7 mg, 0.300 mmol, 1.0 equiv.) was protected with
HBF,4.0OEt, (45 uL, 0.330 mmol, 1.1 equiv.) in CH,Cl;, (1.2 mL, 0.25 M). The oxidation
was carried out according to General Method C: Double Catalyst Addition Protocol:
the resultant SI8*HBF4(0.300 mmol, 1.0 equiv.), CICH,COH (425.3 mg, 4.5 mmol, 15.0
equiv.), (S,5)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol, 10 mol%), H,O, (50% wt. in H,O, 102.0 mg,
1.50 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant, 0.38 mL with catalyst). The

OH

reaction was run at -36 °C with a 1,2-dichloroethane/dry ice bath. The reaction was worked up according
to the General Procedure for HBF4 Deprotection. Flash column chromatography on silica (15 mm
fritted glass column, 30 mL SiO,) using 5% MeOH/CH,Cl, = 10% MeOH/CH,Cl, as eluent afforded 5-
(1H-imidazol-1-yl)-2-methylpentan-2-o0l 26 as a pale yellow oil.

Run 1: (34.7 mg, 0.206 mmol, 68.8% yield), 0% rsm. Run 2: (35.0 mg, 0.208 mmol, 69.3% yield), 0%
rsm. Run 3: (36.5 mg, 0.217 mmol, 72.3% yield), 0% rsm. Average: 70.1% yield + 1.9%, 0% rsm.

At 0 °C: According to the general procedure for HBF4OEt, protection, 1-(4-methylpentyl)-1H-
imidazole S18 (45.7 mg, 0.300 mmol, 1.0 equiv.) was protected with HBF4.OEt, (45 pL, 0.330 mmol, 1.1
equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was carried out according to General Method C:
Double Catalyst Addition Protocol: the resultant S1I8*HBF, (0.300 mmol, 1.0 equiv.), CICH,CO,H
(425.3 mg, 4.5 mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.03 mmol, 10 mol%), H,O, (50%

wt. in H,0, 102.0 mg, 1.50 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant, 0.38
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mL with catalyst). The reaction was run at 0 °C with an ice/water bath. The reaction was worked up
according to the General Procedure for HBF, Deprotection. Flash column chromatography on silica
(15 mm fritted glass column, 30 mL SiO,) using 5% MeOH/CH,Cl, = 10% MeOH/CH,CI; as eluent
afforded 5-(1H-imidazol-1-yl)-2-methylpentan-2-ol 26 as a pale yellow oil.

Run 1: (25.9 mg, 0.154 mmol, 51.3% yield), 0% rsm. Run 2: (28.5 mg, 0.169 mmol, 56.5% yield), 0%
rsm. Average: 53.9% yield, 0% rsm.

At 0.1 mol%: According to the general procedure for HBF4OEt; protection, 1-(4-methylpentyl)-1H-
imidazole S18 (45.7 mg, 0.300 mmol, 1.0 equiv.) was protected with HBF4*OEt, (45 pL, 0.33 mmol, 54
wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was carried out according to General
Method A: Low Catalyst Loading (0.1 mol%) Protocol: the resultant SI8¢HBF4 (0.300 mmol, 1.0
equiv.), CH;COOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60 pL, 5 mM
solution in MeCN, 0.30 umol, 0.001 equiv.), H,O, (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5 equiv.),
MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at 0 °C with an ice/water bath.
The reaction was worked up according to the General Procedure for HBF4 Deprotection. The crude
mixture was analyzed by quantitative 'H NMR analysis with mesitylene added as internal standard.

Run 1: (0% yield), (100% rsm). Run 2: (0% yield), (100% rsm). Average: 0% yield, 100% rsm.
'H-NMR (500 MHz, CD;0D) & 7.64 (br s, 1H), 7.13 (br s, 1H), 6.96 (br s, 1H), 4.03 (t, J = 7.1 Hz, 2H),
1.92 — 1.82 (m, 2H), 1.46 — 1.38 (m, 2H), 1.17 (s, 6H). "C-NMR (126 MHz, CD;0D) & 138.4, 128.9,
120.5, 70.9, 48.4, 41.2,29.2, 27.2. HRMS (TOF ESI+) m/z calculated for CoH;7N,O [M+H]": 169.1341,
found 169.1333.

5-(3,4-dihydroisoquinolin-2(1H)-yl)-2-methylpentan-2-ol [27]
At-36 °C: According to the general procedure for HBF4*OEt; protection,
E:G\IM " 2-(4-methylpentyl)-1,2,3,4-tetrahydroisoquinoline S19 (65.2 mg, 0.300
mmol, 1.0 equiv), was protected with HBF4*OEt, (45 uL, 0.330 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl,
(1.2 mL, 0.25 M). The oxidation was carried out according to General Method B: Single Catalyst
Addition Protocol: the resultant S19sHBF,4 (0.300 mmol, 1.0 equiv.), CICH,CO,H (425 mg, 4.5 mmol,
15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.030 mmol, 10 mol%), H,O, (50% wt. in H,O, 102
mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at
-36 °C with a 1,2-dichloroethane/dry ice bath. The reaction was worked up according to the General
Procedure for HBF4 Deprotection. Flash column chromatography on silica (15 mm fritted glass column,
30 mL SiO,) using 2% MeOH/CH,Cl, = 8% MeOH/CH,Cl, as eluent afforded product 27 as a pale

yellow oil.

Run 1: (18.0 mg, 0.077 mmol, 25.7% yield), (18.8 mg, 0.086 mmol, 28.8% rsm). Run 2: (21.6 mg, 0.093
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mmol, 30.9% yield), (22.5 mg, 0.104 mmol, 34.5% rsm). Run 3: (17.9 mg, 0.077 mmol, 25.6% yield),
(16.4 mg, 0.075 mmol, 25.2% rsm). Average: 27.4% yield = 3.0%, 29.5% rsm = 4.7%.

At 0 °C: According to the general procedure for HBF4OEt, protection, 2-(4-methylpentyl)-1,2,3.4-
tetrahydroisoquinoline S19 (65.2 mg, 0.300 mmol, 1.0 equiv) was protected with HBF4*OEt, (45 uL,
0.330 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was carried out according
to General Method B: Single Catalyst Addition Protocol: the resultant S19eHBF,4 (0.300 mmol, 1.0
equiv.), CICH,COzH (425 mg, 4.5 mmol, 15.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg, 0.030 mmol,
10 mol%), H,O, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75
mL with oxidant). The reaction was run at 0 °C with an ice/water bath. The reaction was worked up
according to the General Procedure for HBF, Deprotection. Flash column chromatography on silica
(15 mm fritted glass column, 30 mL SiO;) using 2% MeOH/CH,Cl, = 8% MeOH/CH,Cl; as eluent
afforded product 27 as a pale yellow oil.

Run 1: (14.7 mg, 0.063 mmol, 21.0% yield), (24.3 mg, 0.112 mmol, 37.3% rsm). Run 2: (12.8 mg, 0.055
mmol, 18.3% yield), (27.4 mg, 0.126 mmol, 42.0% rsm). Average: 19.7% yield, 39.7% rsm.

At 0.1 mol%: According to the general procedure for HBF4OEt, protection, 2-(4-methylpentyl)-
1,2,3,4-tetrahydroisoquinoline S19 (65.2 mg, 0.300 mmol, 1.0 equiv) was protected with HBF4*OEt, (45
pL, 0.33 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was carried out according
to General Method A: Low Catalyst Loading (0.1 mol%) Protocol: the resultant S19sHBF4 (0.300
mmol, 1.0 equiv.), CH;COOH (0.24 mL, 4.2 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3 solution (60
puL, 5 mM solution in MeCN, 0.30 umol, 0.001 equiv.), HO, (50% wt. in H,O, 51.0 mg, 0.75 mmol, 2.5
equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at 0 °C with an
ice/water bath. The reaction was worked up according to the General Procedure for HBF4 Deprotection.
The crude mixture was analyzed by quantitative '"H NMR analysis with mesitylene added as internal
standard.

Run 1: (0% yield), (100% rsm). Run 2: (0% yield), (100% rsm). Average: 0% yield, 100% rsm.
'H-NMR (500 MHz, CDCl3) 8 7.14 — 7.04 (m, 3H), 7.00 (dd, J = 6.7, 2.0 Hz, 1H), 3.68 (s, 2H), 2.93 (t, J
= 5.9 Hz, 2H), 2.79 (t, J = 6.0 Hz, 2H), 2.58 — 2.55 (m, 2H), 1.79 — 1.73 (m, 2H), 1.69 — 1.64 (m, 2H),
1.19 (s, 6H). C-NMR (126 MHz, CDCl3) & 134.0, 133.9, 128.8, 126.7, 126.5, 125.9, 69.0, 58.9, 56.1,
50.6, 43.3,29.8, 28.7, 21.9. HRMS (TOF ESI+) m/z calculated for C;5sH2,NO [M+H]": 234.1858, found
234.1855.
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4-(4-chlorophenyl)-1-(4-hydroxy-4-methylpentyl)piperidine-4-carbonitrile [28]
CN At -36 °C: According to the general procedure for HBF4OEt,

/Q/O MH protection, 4-(4-chlorophenyl)-1-(4-methylpentyl)piperidine-4-
Cl carbonitrile S20 (91.5 mg, 0.300 mmol, 1.0 equiv), was protected with
HBF4+OEt; (45 pL, 0.330 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was
carried out according to General Method B: Single Catalyst Addition Protocol: the resultant S20eHBF4
(0.300 mmol, 1.0 equiv.), CICH,CO,H (425.3 mg, 4.5 mmol, 15.0 equiv.), (S,5)-Mn(PDP) (27.9 mg,
0.030 mmol, 10 mol%), H,O, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL
vial, 3.75 mL with oxidant). The reaction was run at -36 °C with 1,2-dichloroethane/dry ice bath. The
reaction was worked up according to the General Procedure for HBF4 Deprotection. Flash column
chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using 2% MeOH/CH,Cl, = 3%
MeOH/CH,Cl; as eluent afforded product 28 as a pale yellow oil.
Run 1: (65.6 mg, 0.204 mmol, 68.1% yield), (15.7 mg. 0.051 mmol, 17.2% rsm). Run 2: (65.1 mg, 0.203
mmol, 67.6% yiel), (17.5 mg. 0.057 mmol, 19.1% rsm). Run 3: (64.7 mg, 0.202 mmol, 67.2% yield),
(18.4 mg. 0.060 mmol, 20.1% rsm). Average: 67.6% yield = 0.5%, 18.8% rsm = 1.5%.
'H NMR (500 MHz, CD;0D) & 7.55 — 7.51 (m, 2H), 7.45 — 7.41 (m, 2H), 3.17 — 3.04 (m, 2H), 2.52 —
2.39 (m, 4H), 2.19 — 2.03 (m, 4H), 1.73 — 1.61 (m, 2H), 1.55 — 1.47 (m, 2H), 1.20 (s, 6H). >C NMR (126
MHz, CD;0D) 6 140.3, 135.1, 130.2, 128.5, 122.7, 70.9, 60.0, 51.7, 43.4,42.7, 37.0, 29.4, 22.5. HRMS:
(TOF ESI+) m/z calculated for C1gHsN>OCI [M+H]": 321.1734, found 321.1727.
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VII.  Supplementary Figure 1. Stereoretention Study

Preparation of Substrates and Compounds Characterization for Supplementary Figure 1

(8)-3-methylpentyl benzoate [29]
: (5)-3-methylpentanol (510.9 mg, 0.62 mL, 5.0 mmol, 1.0 equiv.) was dissolved in 10
08z mL anhydrous DCM. Benzoyl chloride (1.41 g, 1.16 mL, 10.0 mmol, 2.0 equiv.) and
triethylamine (1.52 g, 2.09 mL, 15.0 mmol, 3.0 equiv.) was added dropwise at 0 °C. 4-
Dimethylaminopyridine (61.1 mg, 0.5 mmol, 10 mol%) was added and the reaction was allowed to stir at
room temperature overnight. The reaction was diluted with 20 mL DCM and washed with 40 mL 1M HCI
solution, 40 mL saturated NaHCOs3 followed by 40 mL brine. The organic layer was dried with Na;SOy,
filtered, and concentrated. Flash column chromatography on silica (50 mm fritted glass column, 200 mm
Si0,) using 5% EtOAc/hexanes as eluent gave (S)-3-methylpentyl benzoate (29) as a colorless oil (882.2
mg, 4.3 mmol, 86% yield).
'H-NMR (500 MHz, CDCl3) § 8.05 — 8.03 (m, 2H), 7.55 (td, J= 7.2, 1.3 Hz, 1H), 7.44 (t,J="7.8 Hz, 2H),
4.40-4.32 (m, 2H), 1.86 — 1.77 (m, 1H), 1.61 — 1.54 (m, 2H), 1.42 (dqd, J=12.6, 7.5, 5.0 Hz, 1H), 1.28
—1.20 (m, 1H), 0.96 (d, J = 6.3 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H). "C-NMR (126 MHz, CDCl;) & 166.8,
132.9, 130.7, 129.7, 128.5, 63.7, 35.3, 31.7, 29.6, 19.2, 11.4. HRMS (ESI) m/z calculated for C;3H;90,
[M+H]": 207.1385, found 207.1376.
Determination of the enantiomeric excess of the substrate 29:

: o The enantiomeric excess of substrate 29 was determined by synthesizing
W\O a para-nitro benzoate analogue S21 using the same bottle of (S)-3-

NO, methylpentanol and para-nitrobenzoyl choride instead of benzoyl

chloride with the same procedure. 'H-NMR (500 MHz, CDCl;) & 8.30 — 8.28 (m, 2H), 8.22 — 8.20 (m,
2H), 4.46 — 4.37 (m, 2H), 1.87 — 1.80 (m, 1H), 1.64 — 1.53 (m, 2H), 1.47 — 1.38 (m, 1H), 1.30 — 1.21 (m,
1H), 0.97 (d, J= 6.5 Hz, 3H), 0.92 (t, J = 7.4 Hz, 3H). The enantiomeric excess was determined by using
chiral HPLC with a Chiralcel OJ-H column, 30 °C, 99:1 hexanes:isopropanol, 0.5 mL/min. tg(minor) =

10.5 min, tg(major) = 11.2 min. Enantiometric excess = 97%.

HPLC trace of the racemic standard (absorption at 254nm — time):
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DAD1 A, Sig=254,4 Ref=off (C:\DOCUME~1T\WHITEH~1\DESKTOP\JZ-HPLC\9104\GOOD\009-0101.D)
mAU 33
600 ® T
500
400
300 -
200 -
100+
0 s T
T T T T T T T T
0 5 10 15 20
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

L e R |- [=ommmmmmee [-=—mmmm |
1 10.488 BV 0.2050 8528.63770 644.33716 49.7987
2 11.198 vV 0.2229 8597.57129 598.93005 50.2013

Totals : 1.71262e4 1243.26721

HPLC trace of S21 (absorption at 254nm — time):

DAD1 A, Sig=254,4 Ref=off (C:\DOCUME~1\WHITEH~1\DESKTOP\JZ-HPLC\9113\2UL_DI~1\013-0101.D)
mAU | o
1200 4
1000 ]
800
600 -
400
200 ©
] 3
] S
0 : t
1 T T T T T T T T T
0 5 10 15 20 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e Rl . I-
1 10.445 BV 0.2349 295.06390
2 11.282 VB

Totals : 1.98975e4 1

————————— e
18.67324 1.4829

0.2354 1.96025e4 1291.01831 98.5171

309.69156
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Oxidation of (S)-3-methylpentyl benzoate 29 under standard conditions

(R,R)-Mn(PDP) (10 mol%)
CICH,COOH (15 equiv.)

'\j/leH H,0, (5 equiv.) I\?/IeOH I\;/Ie
\/</\OBZ MeCN, -36 °C, 3 h \/</\osz N 0Bz
o)
97% e.e. 97% e.e.

The reaction was run with General Method B: Single Catalyst Addition Protocol. (5)-3-methylpentyl
benzoate 29 (103.1 mg, 0.500 mmol, 1.0 equiv), (R,R)-Mn(PDP) catalyst 3 (46.6 mg, 0.050 mmol, 10
mol%), CICH,CO;H (709 mg, 7.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 170 mg, 2.5 mmol, 5.00
equiv.), MeCN (1.0 mL in 40 mL vial, 6.25 mL with oxidant). The reaction was run at -36 °C with a 1,2-
dichloroethane/dry ice bath. The reaction was worked up with 15 mL saturated NaHCO3 and DCM as
described in General Method B. Flash column chromatography on silica (35 mm fritted glass column, 150
mm Si0,) using 5% ethyl acetate/hexanes = 15% ethyl acetate/hexanes = 25% ethyl acetate/hexanes as
eluent afforded tertiary alcohol 30a and ketone 30b oxidation products separately.
Run 1: (29.7 mg, 0.134 mmol, 26.7% alcohol yield), (18.7 mg, 0.085 mmol, 17.0% ketone yield), (41.0
mg, 0.199 mmol, 39.8% rsm). Run 2: (32.0 mg, 0.144 mmol, 28.8% alcohol yield), (18.5 mg, 0.084 mmol,
16.8% ketone yield), (46.0 mg, 0.223 mmol, 44.6% rsm). Run 3: (30.2 mg, 0.136 mmol, 27.2% alcohol
yield), (14.9 mg, 0.068 mmol, 13.5% ketone yield), (54.8 mg, 0.266 mmol, 53.1% rsm). Average: 27.6%
alcohol yield = 1.1%, 15.8% ketone yield £ 2.0%, 45.8% rsm £ 6.7%.
(R)-3-hydroxy-3-methylpentyl benzoate 30a

'\_?AeOH 'H-NMR (500 MHz, CDCl3) & 8.03 (dd, J = 8.1, 1.5 Hz, 2H), 7.57 — 7.54 (m, 1H),
\/</\o|32 7.44 (t, J = 7.8 Hz, 2H), 4.50 (t, J = 6.9 Hz, 2H), 1.96 (td, J = 6.9, 4.1 Hz, 2H), 1.59
(dt, J=15.1, 6.9 Hz, 3H), 1.26 (s, 3H), 0.95 (t, J = 7.5 Hz, 3H). "C-NMR (126 MHz, CDCl3) § 166.8,
133.1, 130.4, 129.6, 128.5, 72.3, 61.9, 39.5, 35.1, 26.7, 8.4. HRMS (ESI) m/z calculated for C;3H;903
[M+H]": 223.1334, found 223.1324.
(R)-3-methyl-4-oxopentyl benzoate 30b

Me 'H-NMR (500 MHz, CDCls) 6 8.01 (d, J= 7.9 Hz, 2H), 7.58 — 7.54 (m, 1H), 7.44 (t,
WOBZ J=17.7Hz, 2H), 4.33 (t, J = 6.4 Hz, 2H), 2.73 (sxt, J = 7.0 Hz, 1H), 2.25 — 2.17 (m,
O 1H), 2.18 (s, 3H), 1.78 (dq, J= 14.2, 6.2 Hz, 1H), 1.19 (d, J = 7.0 Hz, 3H). "C-NMR

(126 MHz, CDCls) 6 211.7, 166.7, 133.1, 130.3, 129.7, 128.5, 63.1, 44.1, 31.6, 28.5, 16.7. HRMS (ESI)
m/z calculated for C13H,703 [M+H]": 221.1178, found 221.1168.

Determination of the enantiomeric excess of the tertiary oxidation product 30a:

The enantiomeric excess was determined by using chiral HPLC with a Chiralcel AD-RH column, 30 °C,
45:55 acetonitrile:water, 0.5 mL/min. tg(minor) = 22.9 min, tr(major) = 26.5 min. Enantiometric excess

of 3 runs: Run 1: 97%. Run 2: 97%. Run 3: 97%. Average e.c. 97%.
55



HPLC trace of the racemic standard (absorption at 230 nm — time):

Standard Run

DAD1 B, Sig=230,4 Ref=off (C:\DOCUME~1\WHITEH~1\DESKTOP\JZ-HPLC\9125-F~1\091-0301.D)
mAU -] IS 3
0
&
300
250
200
150 4
100
50
!
T — — T T T
0 10 15 20 25 30 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—=== |- [==== === [ === === |======-- |
1 22.920 BB 0.5550 1.24447e4 347.12567 48.9925
2 26.554 BB 0.6616 1.29566e4 302.89594 51.0075
Totals 2.54014e4 650.02161
HPLC trace of run 1 (absorption at 230 nm — time):
Standard Run
DAD1 B, Sig=230,4 Ref=off (C:\DOCUME~T\WHITEH~1\DESKTOP\JZ-HPLC\9125-F~1\093-0401.D)
mAU 3
400+
300
200
100
—H <
@
<
1 @
4 o
o] N
T — ] — r T T
(] 10 15 20 25 30 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
===l |====]====—-- [—=m=mm - | === [ ===
1 23.034 BV 0.4553 267.17834 7.82782 1.1732
2 26.430 BB 0.6892 2.25066e4 510.53934 98.8268

Totals

HPLC trace of run 2 (absorption at 230 nm — time):

2.27738e4 518.36715
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Standard Run

DAD1 B, Sig=230,4 Ref=off (C\DOCUME~T\WHITEH~1\DESKTOP\JZ-HPLC\9125-F~1\095-0501.D)
mAU ] 2

500
400
300
200

100

v e b b e b b I

23.043

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [==== === [======- | === [======
1 23.043 BV 0.4803 322.07516 9.31510 1.1423

2 26.398 BB 0.7107 2.78737e4 614.36377 98.8577

Totals : 2.81958e4 623.67887

HPLC trace of run 3 (absorption at 230 nm — time):

Standard Run
DAD1 B, Sig=230,4 Ref=off (C:\DOCUME~T\WHITEH~1\DESKTOP\JZ-HPLC\9125-F~1\097-0601.D)

mAU

500

400

300

200

100

23.026

o
o
o
N
o
N
o
N}
o
w
o
El

=]

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] $
el B |====l=-====-- | === | === [=====-
1 23.026 BB 0.4723 323.64169 9.16963 1.2425
2 26.464 BB 0.7163 2.57239e4 562.57910 98.7575
Totals : 2.60475e4 571.74873
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Supplementary Figure 2. Late Stage Oxidation of

Pharmaceutical Derivatives

A. Efavirenz derivative

H H OH
H Mn(PDP) 3 (x mol%) -

cl N acid (x equiv.) Cl N
>=O H,0, (x equiv.) >=O
0 O
s MeCN -
/ CF3 / CF3
(%)-31 (*)-32

3(mol %)  Acid (equiv.)  H,0, (equiv.) Temp. (°C) Yield (%)

10 CICH,COOH (15) 5.0 -36 53
10 CICH,COOH (15) 5.0 0 43
0.1 AcOH (14) 25 0 46

B. Cycloheximide derivative

Me Me

Mn(PDP) 3 (10 mol%)
CICH,COOH (15 equiv.) |
_ Me* =

H,0, (5 equiv.)
MeCN, 3 h, -36°C

(+)-33 (+)-34, 63%2

Figure 2. Late stage C—H oxidation on pharmaceutical derivatives. Starting material
recycled once.

Preparation of Substrates and Compound Characterization for Supplementary Figure 2

(¥)-6-chloro-4-(cyclopropylethynyl)-1-(4-methylpentyl)-4-(trifluoromethyl)-1,4-dihydro-2 H-
benzo[d][1,3]oxazin-2-one [31]

A flame-dried 50 mL recovery flask was charged with (+)-efavirenz (473.5 mg,
1.5 mmol, 1.0 equiv.) in anhydrous DMF (5 mL, 0.3 M). The reaction was
cooled to 0 °C and NaH (43.2 mg, 1.8 mmol, 1.2 equiv.) was added in one
portion. The reaction was allowed to stir and warmed from 0 °C to room
temperature over 15 minutes. 4-Methylpentyl-4-methylbenzenesulfonate (461.4
mg, 1.8 mmol, 1.2 equiv.) and sodium iodide (269.8 mg, 1.8 mmol, 1.2 equiv.)

were added and the reaction was heated to 80 °C for 24 hours. Upon completion, the reaction was cooled

to room temperature, quenched with sat. aq. NH4Cl and extracted with diethyl ether (3 times). The

combined organic layer was washed with brine, dried with Na,SO,, filtered and concentrated in vacuo.

Flash column chromatography on silica (35 mm fritted glass column, 150 mL SiO,) using 100% hexanes
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- 20% EtOAc/hexanes as eluent afforded (+)-6-chloro-4-(cyclopropylethynyl)-1-(4-methylpentyl)-4-
(trifluoromethyl)-1,4-dihydro-2H-benzo[d][1,3]oxazin-2-one (31) as a white solid (445.4 mg, 1.11 mmol,
74% yield).

'H NMR (500 MHz, Methylene Chloride-d,) & 7.56 (d, J = 2.4 Hz, 1H), 7.44 (dd, J = 8.8, 2.4 Hz, 1H),
6.94 (d, /= 8.8 Hz, 1H), 3.89 (ddd, J = 14.5, 9.6, 6.3 Hz, 1H), 3.81 (ddd, J=14.8, 9.5, 5.6 Hz, 1H), 1.74
—1.52 (m, 3H), 1.41 (tt, J= 8.3, 5.0 Hz, 1H), 1.29 — 1.21 (m, 2H), 0.95 — 0.90 (m, 2H), 0.89 (d, J = 6.7
Hz, 3H), 0.89 (d, J = 6.7 Hz, 3H), 0.86 — 0.81 (m, 2H). °*C NMR (126 MHz, Methylene Chloride-d) &
146.9, 134.7,130.8, 127.7, 127.3, 121.7 (q, J = 287.9 Hz), 116.8, 114.6, 94.8, 76.7 (q, J = 34.5 Hz), 65.6,
44.0, 34.8, 27.1,23.8, 21.5, 21.5, 7.8, 7.8, -1.5. ’F NMR (471 MHz, Methylene Chloride-d>) & -81.06.
HRMS (TOF ESI+) m/z calculated for C0H»NO,F3 [M+H]": 400.1291, found 400.1287.

(R)-2-(1-4-chlorophenyl)-2,6-dioxopiperidine-4-yl)-1-((15,35,55)-3,5-dimethyl-2-

oxocyclohexyl)ethyl acetate [33]

0 /©/C| In a schlenk flask was added 4A powdered molecular sieves (1 g)
N

and a Teflon stir bar. The flask was sealed with a rubber septum,

Me,, placed under vacuum, flame-dried to activate the molecular sieves
and cooled under nitrogen. Once cooled, cycloheximide acetate
Me (323.4 mg, 1.0 mmol, 1.0 equiv.), 4-chlorophenylboronic acid
(470.0 mg, 3.0 mmol, 3.0 equiv.) and copper(Il) acetate (544.9 mg, 3.0 mmol, 3.0 equiv.) were added.
The flask was backfilled with nitrogen three times. Anhydrous CH,Cl, (11.8 mL, 0.08 M) and anhydrous
triethylamine (0.42 mL, 3.0 mmol, 3.0 equiv.) were added. The atmosphere was flushed with oxygen and
the flask was sealed. The reaction was stirred at room temperature for 36 hours. Upon completion, the
reaction was filtered through a short pad of silica using dichloromethane as eluent and concentrated in
vacuo. Flash column chromatography on silica (35 mm fritted glass column, 150 mL SiO,) using 100%
hexanes = 60% EtOAc/hexanes as eluent gave (R)-2-(1-4-chlorophenyl)-2,6-dioxopiperidine-4-yl)-1-
((18,35,55)-3,5-dimethyl-2-oxocyclohexyl)ethyl acetate (33) as a white solid (387.6 mg, 0.89 mmol, 89%
yield).
'H-NMR (500 MHz, CDCl;) & 7.41 (d, J=8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 5.63 (td, J= 7.9, 4.5 Hz,
1H), 3.14 (m, 1H), 2.85 (m, 1H), 2.75 — 2.56 (m, 3H), 2.50 (dd, J=17.0, 10.5 Hz, 1H), 2.31 — 2.23 (m,
1H), 2.21 - 2.14 (m, 1H), 2.08 (s, 3H), 1.93 — 1.87 (m, 2H), 1.77 — 1.58 (m, 4H), 1.26 (d, /= 7.2 Hz, 3H),
1.00 (d, J = 6.4 Hz, 3H)."C-NMR (126 MHz, CDCl;) § 212.4, 171.8, 171.6, 170.7, 134.6, 133.5, 130.0,
129.6, 69.8, 49.4, 42.9, 41.0, 39.7, 39.0, 38.3, 36.7, 27.0, 26.6, 21.2, 18.3, 14.4. [a]p”* = +7.5 (c = 1.00,

CHCl3). HRMS (ESI+) m/z calculated for CosHoNOsCl [M+H]': 434.1734, found 434.1747.
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C—H Oxidation of Substrates and Product Characterization for Supplementary Figure 2

(¥)-6-chloro-4-(cyclopropylethynyl)-1-(4-hydroxy-4-methylpentyl)-4-(trifluoromethyl)-1,4-
dihydro-2H-benzo|d][1,3]oxazin-2-one [32]

OH At -36 °C: The reaction was run with General Method B: Single Catalyst
M Addition Protocol: (£)-6-chloro-4-(cyclopropylethynyl)-1-(4-
methylpentyl)-4-(trifluoromethyl)-1,4-dihydro-2 H-benzo[d][ 1,3 ]Joxazin-2-
one 31 (80.0 mg, 0.200 mmol, 1.0 equiv), (R,R)-Mn(PDP) catalyst 3 (18.6 mg,
0.020 mmol, 10 mol%), CICH,CO,H (283.5 mg, 3.0 mmol, 15.0 equiv.),
H,0, (50% wt. in H,O, 68 mg, 1.0 mmol, 5.0 equiv.), MeCN (0.4 mL in 40
mL vial, 2.5 mL with oxidant). The reaction was run at -36 °C with a 1,2-dichloroethane/dry ice bath. The

reaction was worked up with 9 mL saturated NaHCO3; and DCM as described in General Method B. Flash
column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using 100% hexanes = 50%
EtOAc/hexanes as eluent afforded product 32 as an off white solid.

Run 1: (44.1 mg, 0.106 mmol, 53.0% yield), (6.7 mg, 0.017 mmol, 8.4% rsm). Run 2: (43.0 mg, 0.103
mmol, 51.7% yield), (6.2 mg, 0.016 mmol, 7.8% rsm). Run 3: (45.9 mg, 0.110 mmol, 55.2% yield), (5.8
mg, 0.015 mmol, 7.3% rsm). Average: 53.3% yield £+ 1.8%, 7.8% rsm = 0.6%.

At 0 °C: The reaction was run with General Method B: Single Catalyst Addition Protocol: (+)-6-
chloro-4-(cyclopropylethynyl)-1-(4-methylpentyl)-4-(trifluoromethyl)-1,4-dihydro-2 H-
benzo[d][1,3]oxazin-2-one 31 (80.0 mg, 0.200 mmol, 1.0 equiv), (R,R)-Mn(PDP) catalyst 3 (18.6 mg,
0.020 mmol, 10 mol%), CICH,CO,H (283.5 mg, 3.0 mmol, 15.0 equiv.), H,O (50% wt. in H,O, 68 mg,
1.0 mmol, 5.0 equiv.), MeCN (0.4 mL in 40 mL vial, 2.5 mL with oxidant). The reaction was run at 0 °C
with an ice/water bath. The reaction was worked up with 9 mL saturated NaHCO; and DCM as described
in General Method B. Flash column chromatography on silica (15 mm fritted glass column, 30 mL SiO5)
using 100% hexanes = 50% EtOAc/hexanes as eluent afforded product 32 as an off white solid.

Run 1: (37.4 mg, 0.090 mmol, 45.0% yield), (4.6 mg, 0.012 mmol, 5.8% rsm). Run 2: (34.5 mg, 0.083
mmol, 41.5% yield), (5.6 mg, 0.014 mmol, 7.0% rsm). Average: 43.3% yield, 6.4% rsm.

At 0.1 mol% catalyst: The reaction was run with General Method A: Low Catalyst Loading (0.1
mol%) Protocol: (+)-6-chloro-4-(cyclopropylethynyl)-1-(4-methylpentyl)-4-(trifluoromethyl)-1,4-
dihydro-2H-benzo[d][1,3]oxazin-2-one 31 (80.0 mg, 0.200 mmol, 1.0 equiv), CH;COOH (0.16 mL, 2.8
mmol, 14.0 equiv.), Mn(PDP) catalyst 3 solution (40 pL, 5 mM solution in MeCN, 0.20 pmol, 0.001
equiv.), H,Oz (50% wt. in H,O, 34.0 mg, 0.50 mmol, 2.5 equiv.), MeCN (0.4 mL in 40 mL vial, 2.5 mL
with oxidant). The reaction was run at 0 °C with an ice/water bath. The reaction was worked up with 15

mL saturated NaHCO; and DCM as described in General Method A. Flash column chromatography on
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silica (15 mm fritted glass column, 30 mL SiO;) using gradient 100% hexanes = 20% EtOAc/hexanes
afforded product 32 as a white solid.

Run 1: (38.3 mg, 0.092 mmol, 46.2% yield), (17.4 mg, 0.044 mmol, 21.8% rsm). Run 2: (37.8 mg, 0.091
mmol, 45.5% yield), (14.3 mg, 0.036 mmol, 17.9% rsm). Average: 45.9% yield, 19.9% rsm.

"H NMR (500 MHz, Methylene Chloride-d,) & 7.56 (d, J = 2.3 Hz, 1H), 7.45 (dd, J = 8.9, 2.4 Hz, 1H),
6.99 (d, J=8.8 Hz, 1H), 3.99 — 3.81 (m, 2H), 1.83 — 1.64 (m, 2H), 1.55 — 1.45 (m, 3H), 1.41 (tt, J = 8.3,
5.0 Hz, 1H), 1.19 (s, 3H), 1.18 (s, 3H), 0.96 — 0.90 (m, 2H), 0.86 — 0.80 (m, 2H). *C-NMR (126 MHz,
Methylene Chloride-d,) & 146.9, 134.5, 130.8, 127.7, 127.3, 121.6 (q, J = 287.9 Hz), 116.7, 114.6, 94.8,
76.7 (q, J = 34.3 Hz), 69.5, 65.5, 44.2, 39.2, 28.4,20.9, 7.8, 7.8, -1.6. '’F NMR (471 MHz, Methylene
Chloride-d,) & -81.08. HRMS (TOF ESI+) m/z calculated for C,0H2,NO;CIF3; [M+H]': 416.1240, found
416.1237.

(R)-2-(1-(4-chlorophenyl)-2,6-dioxopiperidin-4-yl)-1-((15,3S,5R)-5-hydroxy-3,5-dimethyl-2-
oxocyclohexyl)ethyl acetate [34]
o) /©/ Cl" The reaction was run with General Method C: Double Catalyst
N Addition Protocol: (R)-2-(1-(4-chlorophenyl)-2,6-dioxopiperidin-
o 4-y1)-1-((18,38,59)-3,5-dimethyl-2-oxocyclohexyl)ethyl acetate 33
(173.6 mg, 0.400 mmol, 1.0 equiv), (S,S)-Mn(PDP) catalyst 3 (37.2

Me,,

'OH
Me mg, 0.040 mmol, 10 mol%), CICH,CO,H (567 mg, 6.0 mmol, 15.0

equiv.), H O (50% wt. in H,0, 136 mg, 2.0 mmol, 5.0 equiv.), 4:1 MeCN:DCM (0.8 mL in 40 mL vial,

5.0 mL with oxidant, 0.5 mL with catalyst). The reaction was run at -36 °C with a 1,2-dichloroethane/dry
ice bath. The reaction was worked up with 9 mL saturated NaHCO; and DCM as described in General
Method C. Flash column chromatography on silica (15 mm fritted glass column, 30 mL SiO,) using 100%
dichloromethane = 5% methanol/dichloromethane as eluent afforded product 34 as an off white solid.
Recovered starting material was recycled once.

Run 1: Cycle 1 (79.6 mg, 0.177 mmol, 44.2% yield; 84.2 mg, 0.194 mmol, 48.5% rsm); Cycle 2 (40.3
mg, 0.090 mmol, 46.2% yield; 33.9 mg, 0.078 mmol, 40.3% rsm); Overall (119.9 mg, 0.266 mmol, 66.6%
yield; 33.9 mg, 0.078 mmol, 19.5% rsm). Run 2: Cycle I (64.0 mg, 0.142 mmol, 35.6% yield; 88.8 mg,
0.205 mmol, 51.2% rsm); Cycle 2 (44.4 mg, 0.099 mmol, 48.2% yield; 36.5 mg, 0.084 mmol, 41.1%
rsm); Overall (108.4 mg, 0.241 mmol, 60.2% yield; 36.5 mg, 0.084 mmol, 21.0% rsm). Average: 63.4%
yield and 20.3% rsm.

'H-NMR (500 MHz, CDCl;) § 7.41 (d J = 8.7 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 5.36 (td, J= 7.8, 3.9 Hz,
1H), 3.13 (m, 1H), 2.85 (m, 1H), 2.67 — 2.42 (m, 4H), 2.31 — 2.20 (m, 1H) 2.08 (s, 3H), 2.08 — 2.01 (m,
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2H), 1.77 — 1.68 (m, 3H), 1.66 — 1.55 (m, 2H), 1.58 (s, 3H), 1.02 (d, /= 6.4 Hz, 3H). C-NMR (126 MHz,
CDCl3) 8 210.5, 171.7, 171.5, 170.7, 134.6, 133.4, 129.9, 129.6, 69.7, 69.2, 50.3, 49.2, 42.8, 42.2, 39.7,
39.0, 38.3, 26.6, 26.4, 21.2, 14.3. [a]p>* = +8.6 (¢ = 1.00, CHCl3). HRMS (TOF ESI+) m/z calculated for
Ca3HoNOGCl [M+H]": 450.1683, found 450.1688.
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IX. Supplementary Figure 3. Scale Up C—H Oxidations

A. Mn(PDP)-catalyzed 3° hydroxylation on 1.7 g (6.0 mmol) scale

1) HBF,.0Et,
2) Mn(PDP) 3 (5 mol%)
CN CICHchOH (15 equw

" H,04 (5 equiv.) /@/@
N\/\)ﬁ \/\k
E MeCN, -36 °C, 3 h
35 36, 56%
1.7 g (6 mmol) 1.0 g (3.4 mmol)
3 (mol %) Acid (equiv.) H,0, (equiv.)  Temp. (°C) Yield (%)
10 CICH,COOH (15) 5.0 -36 66
5 CICH,COOH (15) 5.0 -36 60
25 CICH,COOH (15) 5.0 -36 43
10 CH3COOH (15) 5.0 -36 422
0.1 CH3;COOH (14) 2.5 0 04

B. Mn(CF3-PDP)-catalyzed 2° oxidation on 2.5g (6.0 mmol) scale

H
H

@)

(0] Y5 fe)

Mn(CF3-PDP) 4 (5 mol%) 3

Cl CICH,COOH (15 equiv.) cl N
>=O H,0, (10 equiv.) >=O

—0O

Pz MeCN, 0°C, 3 h X :
= ) )
CF3 recycle 1X 7" CFs
Efavirenz derivative, (¥)-37 (%)-38, 52%
2.5 g (6 mmol) 4:1 &y

1.3 g (3.1 mmol)

Figure 3. Scale-up C—H oxidations on bioactive molecules. 211 h addition of H,O,
(in MeCN) instead of 3 h addition.

Preparation of Substrates and Compound Characterization for Supplementary Figure 3

4-(4-fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile [35]
CN According to general procedure B for N-alkylation, 4-(4-
/@)@ \/\/l\ fluorophenyl)piperidine-4-carbonitrile (1.02 g, 5.00 mmol, 1.0 equiv.), 4-
F N methylpentanal (550.9 mg, 5.50 mmol, 1.1 equiv.), acetic acid (0.5 mL)
and NaBH(OAc); (1.17 g, 5.50 mmol, 1.1 equiv.) were reacted. Flash column chromatography (SiO,,
5-30% EtOAc/hexanes) followed by recrystallization from ethanol afforded 4-(4-fluorophenyl)-1-(4-
methylpentyl)piperidine-4-carbonitrile (35) as a white solid (720.0 mg, 2.50 mmol, 50% yield).
'H-NMR (500 MHz, Methanol-d,) & 7.58 — 7.54 (m, 2H), 7.19 — 7.14 (m, 2H), 3.11 (dt, J= 13.2, 3.2 Hz,
2H), 2.47 — 2.42 (m, 4H), 2.16 — 2.07 (m, 4H), 1.63 — 1.54 (m, 3H), 1.26 — 1.21 (m, 2H), 0.93 (d, J = 6.6
Hz, 6H). “C-NMR (126 MHz, Methanol-d,) § 163.8 (d, J=246.2 Hz), 137.6 (d, J= 3.2 Hz), 128.8 (d, J
= 8.3 Hz), 122.9, 116.8 (d, J = 21.9 Hz), 59.9, 51.9, 43.2, 37.9, 37.2, 29.1, 25.6, 23.0. '’F-NMR (471
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MHz, Methanol-d,) & -114.14. HRMS (TOF ESI+) m/z calculated for CgHyNoF [M+H]": 289.2080,
found 289.2085.

(£)-6-chloro-4-(cyclopropylethynyl)-1-hexanoyl-4-(trifluoromethyl)-1,4-dihydro-2 H-
benzo[d][1,3]oxazin-2-one [37]

In a flame dried 50 mL recovery flask charged with (+)-efavirenz (1.263 g,
4.0 mmol, 1.0 equiv.) in anhydrous THF (8 mL, 0.5 M), NaH (95%, 121
mg. 4.8 mmol, 1.2 equiv.) was added at 0 °C and the reaction was stirred at
0 °C for 10 min. Hexanoyl chloride (531 pL, 3.8 mmol, 0.95 equiv.) was

added and the reaction was stirred at room temperature overnight. The

reaction was diluted with water and extracted with ethyl acetate. The
organic layer was washed with 30 mL 1 M acetic acid solution, 30 mL sat. NaHCO3 then brine. The
combined organic layer was dried over Na2SO4 and concentrated. Purified by CombiFlash (40 g column)
flushing with 100% hexanes = 100% ethyl acetate/hexanes afforded 37 as a white solid (567 mg, 1.37
mmol, 34% yield).

Spectral data in agreement with those previously reported in the literature.’

'H-NMR (500 MHz, Methylene Chloride-d,) 7.65 (d, J = 8.9 Hz, 1H), 7.61 (d, J = 2.4 Hz, 1H), 7.48 (dd,
J=28.9,2.4Hz, 1H),3.04 —2.98 (m, 1H), 2.90 (dt, J=17.4, 7.4 Hz, 1H), 1.72 - 1.69 (m, 2H), 1.42 - 1.30
(m, 5H), 0.94 —0.89 (m, 5H), 0.86 — 0.79 (m, 2H). >C-NMR (126 MHz, Methylene Chloride- d,) 5 173.8,
148.4,133.0, 132.3, 131.2, 126.9, 125.1, 123.4, 122.5 (q, J = 286.5 Hz), 97.4, 78.3 (q, J = 35.1 Hz), 65.6,
38.6,31.7,25.0,23.0, 14.2,9.3,9.2, -0.3. "F-NMR (471 MHz, methylene chloride- d,) & -78.50.
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C—H Oxidation of Substrates and Product Characterization for Supplementary Figure 3
4-(4-fluorophenyl)-1-(4-hydroxy-4-methylpentyl)piperidine-4-carbonitrile [36]
CN According to the general procedure for HBF4°OEt, protection, 4-(4-

/@GMH fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile 35 (86.5 mg,
F 0.300 mmol, 1.0 equiv), was protected with HBF4*OEt, (45 uL, 0.330
mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The oxidation was carried out according to
General Method B: Single Catalyst Addition Protocol: the resultant 35¢HBF4 (0.300 mmol, 1.0 equiv.),
CICH,CO,H (425 mg, 4.5 mmol, 15.0 equiv.), (S,S)-Mn(PDP) catalyst 3 (27.9 mg, 0.030 mmol, 10 mol%),
H,0, (50% wt. in H,O, 102 mg, 1.5 mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with
oxidant). The reaction was run at -36 °C with a 1,2-dichloroethane/dry ice bath. The reaction was worked
up according to the General Procedure for HBF, Deprotection. Flash column chromatography on silica
gel (15 mm fritted glass column, 30 mL SiO,) using 1% MeOH/CH,Cl, = 4% MeOH/CH,Cl, as eluent
afforded product 36 as a colorless oil.
10 mol% catalyst:
Run 1: (62.1 mg, 0.204 mmol, 68.0% yield), (15.1 mg, 0.052 mmol, 17.5% rsm). Run 2: (60.4 mg, 0.198
mmol, 66.1% yield), (15.9 mg, 0.055 mmol, 18.4% rsm). Run 3: (59.4 mg, 0.195 mmol, 65.0% yield),
(15.9 mg, 0.055 mmol, 18.4% rsm). Average: 66.4% yield = 1.5%, 18.1%= 0.5% rsm.
5 mol% catalyst: (14.0 mg, 0.015 mmol, 5 mol%)
Run 1: (53.7 mg, 0.176 mmol, 58.8% yield), (29.0 mg, 0.101 mmol, 33.5% rsm). Run 2: (54.7 mg, 0.180
mmol, 59.9% yield), (26.2 mg, 0.091 mmol, 30.3% rsm). Run 3: (54.6 mg, 0.179 mmol, 59.8% yield),
(26.2 mg, 0.091 mmol, 30.2% rsm). Average: 59.5% yield = 0.6%, 31.4%= 1.8% rsm.
2.5 mol% catalyst: (7.0 mg, 0.008 mmol, 2.5 mol%)
Run 1: (40.6 mg, 0.133 mmol, 44.5% yield), (40.8 mg, 0.141 mmol, 47.2% rsm). Run 2: (37.7 mg, 0.124
mmol, 41.3% yield), (44.9 mg, 0.156 mmol, 51.9% rsm). Run 3: (38.2 mg, 0.125 mmol, 41.8% yield),
(45.3 mg, 0.157 mmol, 52.3% rsm). Average: 42.5% yield = 1.7%, 50.5%= 2.8% rsm.
10 mol% catalyst with AcOH: According to the general procedure for HBF4*OEt; protection, 4-(4-
fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile 35 (86.5 mg, 0.300 mmol, 1.0 equiv), was
protected with HBF4*OEt, (45 pL, 0.330 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (1.2 mL, 0.25 M). The
oxidation was carried out according to a modified procedure of General Method B: Single Catalyst
Addition Protocol: the resultant 35 HBF, (0.300 mmol, 1.0 equiv.), (R,R)-Mn(PDP) catalyst 3 (27.9 mg,
0.030 mmol, 10 mol%), AcOH (270 mg, 4.5 mmol, 15.0 equiv.), H,O, (50% wt. in H,O, 102 mg, 1.5
mmol, 5.0 equiv.), MeCN (0.6 mL in 40 mL vial, 3.75 mL with oxidant). The reaction was run at -36 °C
with a 1,2-dichloroethane/dry ice bath with a 1 hour addition of H,O, solution by syringe pump (3.75
mL/h). The reaction was worked up according to the General Procedure for HBF4 Deprotection. Flash
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column chromatography on silica gel (15 mm fritted glass column, 30 mL SiO;) using 1% MeOH/CH,Cl,
- 4% MeOH/CH,Cl; as eluent afforded product 36 as a colorless oil.

Run 1: (37.6 mg, 0.124 mmol, 41.2% yield), (38.6 mg, 0.134 mmol, 44.6% rsm). Run 2: (38.5 mg, 0.126
mmol, 42.2% yield), (45.2 mg, 0.157 mmol, 52.2% rsm). Run 3: (39.8 mg, 0.131 mmol, 43.6% yield),
(37.5 mg, 0.130 mmol, 43.3% rsm). Average: 42.3% yield = 1.2%, 46.7%= 4.8% rsm.

At 0.1 mol% -catalyst: According to the general procedure for HBFsOEt, protection, 4-(4-
fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile 35 (57.7 mg, 0.200 mmol, 1.0 equiv), was
protected with HBF4*OEt, (30 puL, 0.220 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (0.8 mL, 0.25 M). The
reaction was run with General Method A: Low Catalyst Loading (0.1 mol%) Protocol: 35°HBF,
(0.200 mmol, 1.0 equiv), CH;COOH (0.16 mL, 2.8 mmol, 14.0 equiv.), (R,R)-Mn(PDP) catalyst 3
solution (40 pL, 5 mM solution in MeCN, 0.20 pmol, 0.001 equiv.), H,O, (50% wt. in H,O, 34.0 mg,
0.50 mmol, 2.5 equiv.), MeCN (0.4 mL in 40 mL vial, 2.5 mL with oxidant). The reaction was run at 0
°C with an ice/water bath. The reaction was worked up according to the General Procedure for HBF,
Deprotection. The crude mixture was analyzed by quantitative 'H NMR analysis with mesitylene added
as internal standard.

Run 1: (0% yield), (100% rsm). Run 2: (0% yield), (100% rsm). Average: 0% yield, 100% rsm.
'H-NMR (500 MHz, CD;0D) § 7.60 — 7.53 (m, 2H), 7.20 — 7.12 (m, 2H), 3.12 (dt, J = 13.4, 3.2 Hz, 2H),
2.51 —2.40 (m, 4H), 2.21 — 2.04 (m, 4H), 1.73 — 1.62 (m, 2H), 1.57 — 1.47 (m, 2H), 1.21 (s, 6H). *C-
NMR (126 MHz, CD;0D) ¢ 163.7 (d, J =246.2 Hz), 137.6 (d, J= 0.1 Hz), 128.8 (d, J= 8.3 Hz), 122.9,
116.8 (d, J = 21.8 Hz), 70.9, 60.1, 51.8, 43.2, 42.7, 37.2, 29.4, 22.5. "’"F NMR (471 MHz, CD;0D) § -
114.14. HRMS (TOF ESI+) m/z calculated for C 3HasN,OF [M+H]": 305.2029, found 305.2028.

Scale Up oxidation of 4-(4-fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile [35] using 5
mol% Mn(PDP) 3

4-(4-fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile 35 was recrystallized from ethanol a
second time prior to scale up oxidation. According to the general procedure for HBF4°OEt, protection,
4-(4-fluorophenyl)-1-(4-methylpentyl)piperidine-4-carbonitrile 35 (1.730 g, 6.0 mmol, 1.0 equiv), was
protected with HBF4*OEt; (0.9 mL, 6.60 mmol, 54 wt.%, 1.1 equiv.) in CH,Cl, (24.0 mL, 0.25 M). The
reaction was run with a modified General Method B: Single Catalyst Addition Protocol. the resultant
35°HBF4 (6.0 mmol, 1.0 equiv), (S,S)-Mn(PDP) catalyst 3 (279.3 mg, 0.300 mmol, 5 mol%), CICH,CO,H
(8.504 g, 90.0 mmol, 15.0 equiv.), HxO; (50% wt. in H,O, 2.041 g, 30.0 mmol, 5.0 equiv.), MeCN (12
mL in a 300 mL round bottom flask, 75 mL with oxidant, divided into three equal batches and loaded into
3 50 mL syringes). The reaction was run at -36 °C with a 1,2-dichloroethane/dry ice bath. After each 1

hour of addition that depleted the syringe of oxidant solution, the next syringe with oxidant solution was
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loaded into the syringe pump and addition continued. Upon the completion of all oxidant addition, the
reaction was worked up according to the General Procedure for HBF4 Deprotection. Flash column
chromatography on silica gel (35 mm fritted glass column, 150 mL SiO,) using CH,Cl, = 5%
MeOH/CH,Cl, as eluent afforded product 36 as a colorless oil.

Run 1: (1.0342 g, 3.397 mmol, 56.6% yield), (533.6 mg, 1.850 mmol, 30.8% rsm). Run 2: (1.0177 g,
3.343 mmol, 55.7% yield), (608.4 mg, 2.109 mmol, 35.2% rsm). Average: 56.2% yield, 33.0% rsm.

(£)-1-(6-chloro-4-(cyclopropylethynyl)-2-oxo0-4-(trifluoromethyl)-2 H-benzo|d]|[1,3]oxazin-1(4 H)-
yDhexane-1,5-dione [38a]

o The reaction was run with a modified General Method B: Single Catalyst

0 »_/_>6; Addition  Protocol.  6-chloro-4-(cyclopropylethynyl)-1-hexanoyl-4-
(trifluoromethyl)-1,4-dihydro-2H-benzo[d][1,3]oxazin-2-one 37 (82.8 mg,

>:O 0.200 mmol, 1.0 equiv), (R,R)-Mn(CF;-PDP) catalyst 4 (13.6 mg, 0.010

mmol, 5 mol%), CICH,CO,H (284 mg, 3.0 mmol, 15.0 equiv.), HxO, (50%
wt. in H,O, 136 mg, 2.0 mmol, 10.0 equiv.), MeCN (0.4 mL in 40 mL vial,

Z CF,

2.5 mL with oxidant). The reaction was run at 0 °C with an ice/water bath. The reaction was worked up
with 9 mL saturated NaHCO; and DCM as described in the General Method B. Flash column
chromatography on silica (35 mm fritted glass column, 150 mL SiO;) using 10% ethyl acetate/hexanes
= 25% ethyl acetate/hexanes = 50% ethyl acetate/hexanes as eluent afforded &-ketone (38a) and
v—ketone (38b) products as white solid.

Run 1: (10.9 mg, 0.025 mmol, 12.7% yield of y-ketone 38b), (31.9 mg, 0.075 mmol, 37.3% yield of -
ketone 38a), (50.0% overall yield, 2.9:1 3:y ratio), (26.0 mg, 0.063 mmol, 31.4% rsm).

Spectral data in agreement with those previously reported in the literature.’

'H NMR (500 MHz, Methylene Chloride-d») & 7.66 (d, J = 8.9 Hz, 1H), 7.62 (d, J = 2.4 Hz, 1H), 7.48
(dd, J=28.9, 2.4 Hz, 1H), 3.05 (ddd, J=17.8, 7.7, 6.7 Hz, 1H), 2.91 (dt, J=17.7, 7.3 Hz, 1H), 2.53 (t, J
=17.2 Hz, 2H), 2.11 (s, 3H), 1.95 (p, J = 7.2 Hz, 2H), 1.41 (tt, J= 8.3, 5.1 Hz, 1H), 0.96 — 0.91 (m, 2H),
0.83 (tdd, J= 6.2, 5.5, 3.2 Hz, 2H). °C NMR (126 MHz, Methylene Chloride-d,) & 208.0, 173.2, 148.4,
132.8, 132.5, 131.2, 127.0, 125.2, 123.6, 122.5 (q, J = 286.7 Hz), 97.6, 78.4 (q, J = 35.1 Hz), 65.5, 42.6,
37.6,30.2,19.3,9.3,9.2,-0.3. ’F NMR (471 MHz, Methylene Chloride-d>) & -78.50.
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(£)-1-(6-chloro-4-(cyclopropylethynyl)-2-oxo0-4-(trifluoromethyl)-2 H-benzo|d]|[1,3]oxazin-1(4 H)-
yDhexane-1,4-dione [38b]
OWJ( 'H NMR (500 MHz, Methylene Chloride-d») & 7.61 (d, J = 2.5 Hz, 1H),
) 7.59 (d,J=8.9 Hz, 1H), 7.46 (dd, J=8.9, 2.4 Hz, 1H), 3.28 (ddd, /= 18.5,
c N>:O 7.5,5.0 Hz, 1H), 3.14 (ddd, /= 18.5, 7.0, 4.7 Hz, 1H), 2.91 — 2.77 (m, 2H),
. CF? 2.49 (q,J=7.4 Hz, 2H), 1.43 (tt, /= 8.3, 5.0 Hz, 1H), 1.04 (t, /= 7.3 Hz,
3H), 0.96 — 0.91 (m, 2H), 0.87 — 0.82 (m, 2H). C NMR (126 MHz,
Methylene Chloride-d,) 6 209.5, 173.6, 148.1, 133.0, 132.3, 131.3, 127.1,
125.0, 123.1, 122.5 (q, J = 286.8 Hz), 97.6, 78.5 (q, J = 35.2 Hz), 65.5, 37.2, 36.2, 33.2,9.2,9.2, 8.1, -
0.2. ”F NMR (471 MHz, Methylene Chloride-d,) & -78.72.

Scale up oxidation of efavirenz derivative 37 using 5 mol% Mn(CF;-PDP):

The reaction was run with a modified General Method B: Single Catalyst Addition Protocol. 6-chloro-
4-(cyclopropylethynyl)-1-hexanoyl-4-(trifluoromethyl)-1,4-dihydro-2H-benzo[d][1,3]oxazin-2-one 37
(2.4831 g, 6.0 mmol, 1.0 equiv), (R,R)-Mn(CF;-PDP) catalyst 4 (406.6 mg, 0.300 mmol, 5 mol%),
CICH,CO,H (8.504 g, 90.0 mmol, 15.0 equiv.), H,O, (50% wt. in H,0, 4.080 g, 60.0 mmol, 10.0 equiv.),
MeCN (12 mL in a 300 mL round bottom flask to dissolve catalyst, substrate and chloroacetic acid) +
MeCN (75 mL with oxidant, divided into two equal batches and loaded into 2 50 mL syringes). The
reaction was run at 0 °C with an ice/water bath. After 1.5 hours of addition that deplete the first syringe
of oxidant solution, the second syringe with remaining half oxidant solution is loaded to syringe pump
and continue addition. Upon the completion of all oxidant addition, the reaction was concentrated then
worked up with a solution of 100 mL saturated NaHCO; and 100 mL water, 3 X 100 mL DCM was used
to extract, and the organic layer is dried with Na,SO4. The crude reaction was loaded to Celite and purified
directly on CombiFlash using a 40 g column flashing with 0% ethyl acetate/hexanes = 25% ethyl
acetate/hexanes as eluent afforded d-ketone (38a) and y-ketone (38b) products as white solid. Recovered
starting material 37 was collected and rotvaped into a 100 mL recovery flask and recycled 1X using the
same oxidation protocol (equivalence of all reagents were calculated based on the amount of recovered
37 from the first oxidation).

Run 1: cycle 1:(210.0 mg, 0.491 mmol, 8.2% yield of y-ketone 38b), (882.7 mg, 2.06 mmol, 34.4% yield
of d-ketone 38a), (604.4 mg, 1.46 mmol, 24.3% rsm). cycle 2: (47.8 mg, 0.117 mmol, 7.6% yield of y-
ketone 38b), (208.1 mg, 0.486 mmol, 33.3% yield of 6-ketone 38a), (151.5 mg, 0.366 mmol, 25.1% rsm).
Overall: (257.8 mg, 0.603 mmol, 10.0% yield of y-ketone 38b), (1090.8 mg, 2.55 mmol, 42.5% yield of
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d-ketone 38a), (52.5% overall yield, 4.3:1 9:y ratio), (151.5 mg, 0.366 mmol, 6.1% rsm). Run 2: cycle 1:
(187.4 mg, 0.438 mmol, 7.3% yield of y-ketone 38b), (826.4 mg, 1.93 mmol, 32.2% yield of 5-ketone
38a), (738.1 mg, 1.78 mmol, 29.7% rsm). cycle 2: (55.4 mg, 0.129 mmol, 7.3% yield of y-ketone 38b),
(267.4 mg, 0.625 mmol, 35.1% yield of d-ketone 38a), (189.0 mg, 0.457 mmol, 25.7% rsm). Overall:
(242.8 mg, 0.568 mmol, 9.5% yield of y-ketone 38b), (1093.8 mg, 2.56 mmol, 42.6% yield of 6-ketone
38a), (52.1% overall yield, 4.5:1 :y ratio), (189.0 mg, 0.457 mmol, 7.6% rsm). Average: 52.3% overall
yield, 4:1 8:y., 6.9% rsm.
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;1700
;1600
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;1400
;1300
;1200
;1100
;1000
;900
;800
700
;600
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;400
;300
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;100

——100

--200

Parameter Value

1 Origin Varian

2 Owner

3 Instrument inova

4 Solvent CDCI3

5 Temperature 20.0

6 Pulse Sequence s2pul

7 Experiment 1D

8 Probe hcn

9 Number of Scans 16

10 Receiver Gain 48

11 Relaxation Delay 15.0000

12 Pulse Width 6.5000

13 Presaturation Frequency

14 Spectrometer Frequency 500.07

15 Spectral Width 8000.0

16 Lowest Frequency ~1521.6

17 Nucleus 1H

18 Acquired Size 32768

19 Spectral Size 65536

Tl
—E R
Ss3333 =
i T
15 fl £0 é 1 -3
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f1 (ppm)

s S~ () O N O VW WO <
Parameter Valge A P < < 6 N o~ 8500
— — o~ o~ N M N N N NN i
1 Origin Variahn NN NS — N N
OAc ~8000
2 Owner L
3 Instrument inova -7500
4 Solvent CDCI3 Cl I
-7000
5 Temperature 42.0 L
6 Pulse Sequence s2pul 6500
7 Experiment 1D I
—6000
8 Probe QUAD L
9 Number of Scans 1364 -5500
10 Receiver Gain 60 |
~5000
11 Relaxation Delay 1.0000 L
12 Pulse Width 6.0000 ~4500
13 Presaturation Frequency |
~4000
14 Spectrometer Frequency 125.66 L
15 Spectral Width 30165.9 ~3500
16 Lowest Frequency ~1273.8 I
-3000
17 Nucleus 13C L
18 Acquired Size 32768 -2500
19 Spectral Size 65536 |
-2000
-~1500
| | ~1000
-500
— Lk ) _— P
-—500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
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OAc

2400
2300
2200
2100
2000
L1900
L1800
L1700
L1600
L1500
1400
L1300
L1200
L1100
1000
L1900
800
700
600
500
400
1300
200
100

-—100

Parameter Value
1 Origin Varian OH
2 Owner Cl
3 Instrument inova
4 Solvent CDCI3
5 Temperature 29.0
6 Pulse Sequence s2pul
7 Experiment 1D ]/ / // //
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 41
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency -1017.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
A‘ I A
e & T
o = i © o oo = -
NN — Mm — — - N ©
1I1 1IO é I é —Il —I2

--200
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f1 (ppm)

< N 0O o0
o o m o0 0 © © Mm N Wn S
~ MmN NN n O o~ O O -~12000
— — = = N~ N m M N N N
I NN NS (I NS/
Parameter Value OAc
o ] 11000
1 Origin Varian
2 Owner cl OH
3 Instrument inova 10000
4 Solvent CDCI3
5 Temperature 22.0 79000
6 Pulse Sequence s2pul
7 Experiment 1D ~8000
8 Probe QUAD
9 Number of Scans 1024 -7000
10 Receiver Gain 60
11 Relaxation Delay 1.0000 -~6000
12 Pulse Width 6.0000
13 Presaturation Frequency L5000
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 4000
16 Lowest Frequency ~1275.1
17 Nucleus 13C 3000
18 AcquiredSize 32768
19 Spectral Size 65536
-2000
|
| | -~1000
) | _O
-—1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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Parameter

Value

1 Origin Bruker BioSpin GmbH
2 Owner userld h
3 Instrument spect N/
4 Solvent CDCI3
5 Temperature 298.1
6 PulseSequence zg30
7 Experiment 1D [ U U [ / [/[
8 Probe Z127784_0002 (CPBBO 500S1 BBF_-H_D_05 7,
9 Number of Scans 16
10 Receiver Gain 69.2
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1922.3
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
A RS T SN
S 88553 2 583883
— <O — N — N O
L s s B B B L s sy S B S B S T 1
16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 -1 -2 -3

;75000
;70000
;65000
;60000
;55000
;50000
;45000
;40000
;35000
;30000
;25000
;20000
;15000
;10000

5000

--5000
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o O W < —

1 Origin Bruker BioSpin Gn#b\Fr Sl NN N ~1800

2 Owner userld P L1700

3 Instrument spect N r

4 Solvent cpCi3 (1600

5 Temperature 298.1 -1500

6 Pulse Sequence zgpg30 -_1400

7 Experiment 1D -

8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D_05 7, __1300

9 Number of Scans 256 1200

10 Receiver Gain 190.5 '_1100

11 Relaxation Delay 2.0000 r

12 Pulse Width 10.0000 _’1000

13 Presaturation Frequency 900

14 Spectrometer Frequency 125.83 -800

15 Spectral Width 31512.6 -

16 Lowest Frequency ~1899.9 __700

17 Nucleus 13C ~600

18 Acquired Size 32768 '_500

19 Spectral Size 65536 -
400
-300

' -200

100
-0
--100

230 220 210 200 190 180 170 160 150 140 130 120 1MO0 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
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OH
Parameter Value
1 Origin Bruker BioSpin GmbH
AN
2 Owner userld
~

3 Instrument spect N
4 Solvent CDCI3
5 Temperature 298.2
6 PulseSequence zg30
7 Experiment 1D ] H // / ]
8 Probe Z127784_0002 (CPBBO 500S1 BBF_-H_D_05 7,
9 Number of Scans 16
10 Receiver Gain 29.7
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1922.3
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536

;o — AR T )

O «— N «— «— O D N 00 © =S

coeoooe-C 0‘{ RO R R

T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 3 2 1 -1 -2 -3
f1 (ppm)

~120000

~110000

~100000

~90000

~80000

/0000

~60000

~50000

40000

~30000

20000

~10000

-0

--10000
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—0®M N—<©<©o 16000
S SE . SIND DS ™ N Lwuo OH |
Parameter o FRlued® S NN NN < Q Joy
1 Origin Bruker BioSpin Gn‘?b\ﬁl/ Sl Vo ~15000
\ L
2 Owner userld
_ -14000
3 Instrument spect N L
4 Solvent CDCI3 13000
5 Temperature 298.2 i
6 PulseSequence zgpg30 ~12000
7 Experiment 1D 11000
8 Probe Z127784_0002 (CPBBO 500S1 BBF_-H_D_05 7, L
9 Number of Scans 256 -10000
10 Receiver Gain 190.5 I
11 Relaxation Delay 2.0000 I 9000
12 Pulse Width 10.0000 8000
13 Presaturation Frequency -
14 Spectrometer Frequency 125.83 ~7000
15 Spectral Width 31512.6 |
-6000
16 Lowest Frequency ~1906.3 |
17 Nucleus 13C -5000
18 Acquired Size 32768 "
19 Spectral Size 65536 ~4000
-3000
| . -2000
I | L
. - - -0
--1000

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
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P OAc
Parameter Value 2
1 Origin Bruker BioSpin GmbH L%
2 Owner userld |
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.2
6 PulseSequence zg30
7 Experiment 1D // [ /// //
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 55.0
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1970.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
|
IL A l U\Uu L
) T — A
& 3 S 838558588
- — N —— 0O NN
— T T T T T T T T T T T T T T T T
16 15 14 13 12 1 10 9 8 7 6 3 2 1 0 -1 -2 -3
1 (ppm)

45000

40000

~35000

-~30000

25000

20000

15000

10000

5000
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© 0 o < <
o o ~ © 0 < N Mo OO -2100
= 5 & 88 @ 1335895 :
Parameter | | value! N e OAc ~2000
1 Origin Bruker BioSpin GmbH -1900
2 Owner userld _1800
3 Instrument spect i
~1700
4 Solvent CDCI3 L
5 Temperature 296.2 __1600
6 PulseSequence zgpg30 -1500
7 Experiment 1D 1400
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D-05 Z, '_1300
9 Number of Scans 256 -
10 Receiver Gain 190.5 1200
11 Relaxation Delay 2.0000 ~1100
12 Pulse Width 10.0000 1000
13 Presaturation Frequency 900
14 Spectrometer Frequency 125.83 r 800
15 Spectral Width 31512.6 L
16 Lowest Frequency ~1899.7 __700
17 Nucleus 13C ~600
18 Acquired Size 32768 500
19 Spectral Size 65536 I
-~400
-300
-200
100
\ " -0
--100

230 220 210 200 190 180 170 160 150 140 130 12? 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
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OAc

~12000

~11000

~10000

~9000

~8000

-7000

~6000

5000

~4000

~3000

~2000

~1000

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner userld F
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.1
6 PulseSequence zg30
7 Experiment 1D //// / ////
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 29.7
11 Relaxation Delay 15.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1922.6
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
k L 1 N
—E— — A
832383 8 S8&38353
— o o MmN O — — ©
— T T T T T T T T T T T T 1
16 15 14 13 12 11 10 9 7 6 2 1 -1 -2 -3
f1 (ppm)

--1000
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~4000

~3500

~3000

~2500

~2000

~1500

~1000

~500

f1 (ppm)

m o o T MM T M NNM N NN
Parameter S22 XReIIIJIIIo9 S o TN
— = L B T R TR T O TR T B | N N M N AN N NN
1 Origin Bruker BioSpjih GmbH———= S ——r8———" ~ —N N N
2 Owner userld OAc
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.1 F
6 PulseSequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 512
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1900.3
17 Nucleus 13C
18 Acquired Size 32768 |
19 Spectral Size 65536
Il
] .
———¥¥¥——————————————1————1—
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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- LUUUUU
o~ OAc
Parameter Value o
—
1 Origin Bruker BioSpin GmbH -
2 Owner userld F 90000
3 Instrument spect
4 Solvent CDCI3 80000
5 Temperature 296.1
6 Pulse Sequence zgfhiggn.2
7 Experiment 1D ~70000
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 64
10 Receiver Gain 190.5 60000
11 Relaxation Delay 1.0000
13 Presaturation Frequency
14 Spectrometer Frequency 470.75
15 Spectral Width 113636.4 ~40000
16 Lowest Frequency ~103898.1
17 Nucleus 19F
~30000
18 Acquired Size 65536
19 Spectral Size 131072
~20000
~10000
-0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220
f1 (ppm)
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~100000

~90000

~80000

~70000

~60000

~50000

~40000

~30000

~20000

~10000

Parameter Value
1 Origin Bruker BioSpin GmbH Q
2 Owner userld | o CO,Me
3 Instrument spect =
4 Solvent CDCI3
5 Temperature 296.2
6 PulseSequence zg30
7 Experiment 1D ”/I/’ // /
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 86.0
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.2
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
MM Bl

— I — i —

S3383338 S 5838333

N o~ o N M —\ o~ M A - ©
T T T T 1 T T T T T T 1 T T T T T
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f1 (ppm)
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© © T NN NO O 0 0 N 1700
[@)) N~ < N N N N AN N AN
— — N = = = = = = o
! T lee— L1600
Parameter Value L1500
1 Origin Bruker BioSpin GmbH
2 Owner userld ~1400
3 Instrument spect L1300
4 Solvent CDCI3
5 Temperature 296.1 ~1200
6 Pulse Sequence zgpg30 1100
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 50051 BBF_H_D_05 Z, ~1000
9 Number of Scans 256 900
10 Receiver Gain 190.5 -
11 Relaxation Delay 2.0000 ~800
12 Pulse Width 10.0000 200
13 Presaturation Frequency -
14 Spectrometer Frequency 125.83 ~600
15 Spectral Width 31512.6 |
pectral Wi 500
16 Lowest Frequency ~1899.7 L
17 Nucleus 13C ~400
18 AcquiredSize 32768 |
q 300
19 Spectral Size 65536 |
| ~200
~100
-~ -0
-—100
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ppm
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Parameter Value & %%
1 Origin Bruker BioSpin GmbH @AO)\Q_”MG_
2 Owner userld
3 Spectrometer spect
4 Solvent CDCI3
5 Temperature 296.2
6 PulseSequence zg30
7 Experiment 1D /
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 86.0
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.7
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
JLJ\J .

T — T e

S S Sa3S oo S

AN ™M O = N N —~ AN M
| T | | T | | T | | | T T
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f1 ppm,
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Parameter o Value N it ///N—N
1 Origin Bruker BioSpin GmbH /\ H i
2 Owner userld O)\Q"’Me
3 Spectrometer spect I
4 Solvent CDCI3
5 Temperature 296.1
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1899.4
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536
| I I
| | |
| -
T T T 1 T T T T T T T T T T T T | | | | | | | I
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Parameter Value Eﬂ o
1 Origin Bruker BioSpin GmbH - O
2 Owner userld Lr ) Cl
3 Instrument spect
4 Solvent CDCI3
5 Temperature 298.0
6 Pulse Sequence zg30 /
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D 0527,
9 Number of Scans 16
10 Receiver Gain 69.2
11 Relaxation Delay 15.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1922.8
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
. g A
T i\ — A R
S 3 3 233 &
N~ — — NN
T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 2 1 -1 2 -3
f1 ppm,

-60000

-55000

-50000

-45000

-40000

~35000

-30000

-25000

-20000

-15000

~10000

-5000

--5000
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Parameter | Value ST e Q
1 Origin Bruker BioSpin GmbH Cliy
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 298.0
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1 BBF|{H D-05 Z,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1899.2
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T
30 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 ppm,

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

-100

--100
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Parameter Value : -6500
1 Origin Bruker BioSpin GmbH .
2 Owner userld BzO' -6000
3 Instrument spect
4 Solvent CDCI3 -5500
5 Temperature 296.2
6 Pulse Sequence zg30 -5000
7 Experiment 1D / // / // // / i
8 Probe Z127784_0002 (CPBBO 500S1 BBF_H_D_05 Z, ~4500
9 Number of Scans 16
10 Receiver Gain 190.5 ~4000
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000 3500
13 Presaturation Frequency I
14 Spectrometer Frequency 500.35 ~3000
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.7 2500
17 Nucleus 1H
18 Acquired Size 32768 2000
19 Spectral Size 65536
1500
1000
J ~500
|y UL, o)
Yy i SLIS IS
3 22338 --500
—_— . . . .
5

o 1199~
1.00
1.99

7 6
f1 (ppm) 90



= 12300

g S\C—);; < S —0©© 0NN :
Parameter © Value® & & & 0 553580]RC (2200
1 Origin Bruker BidSpin GmbH ™/ NNTSISN S _ :
2 Owner userld BzO" -_2100
3 Instrument spect __2000
4 Solvent CDCI3 1900
5 Temperature 296.1 _—1800
6 Pulse Sequence zgpg30 1700
7 Experiment 1D -—1600
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 Z, L1500
9 Number of Scans 256 '_1400
10 Receiver Gain 190.5 "
11 Relaxation Delay 2.0000 (1300
12 Pulse Width 10.0000 1200
13 Presaturation Frequency __1100
14 Spectrometer Frequency 125.83 -1000
15 Spectral Width 31512.6 -—900
16 Lowest Frequency ~1899.6 -—800
17 Nucleus 13C ' '_700
18 Acquired Size 32768 "
19 Spectral Size 65536 _(5338
400
-300
200
100
W paamd -_O
--100
' --200

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)
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Parameter Value )\/\)\/OAC __3200C
1 Origin Bruker BioSpin GmbH -3000(
2 Owner userld -
3 Instrument spect ~2800C
4 Solvent cDCi3 -—26OOC
5 Temperature 296.2 -
6 PulseSequence zg30 ~2400C
7 Experiment 1D /[ / / 59000
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D-05 7, L
9 Number of Scans 16 ~2000C
10 Receiver Gain 34.8 I
11 Relaxation Delay 10.0000 __18000
12 Pulse Width 12.0000 16000
13 Presaturation Frequency r
14 Spectrometer Frequency 500.35 __14000
15 Spectral Width 10000.0 12000
16 Lowest Frequency ~1759.7 -
17 Nucleus 1H ~1000C
18 Acquired Size 32768 -—8000
19 Spectral Size 65536 -
-6000
-4000
-2000
M A -_O
gt TIEIT 2000
EE 322825
T T T T L T T T T T T T T T T T
16 15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3

f1 (ppm)
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Z127784_0002 (CPBBO 500S1 BBF-H-D-05 7,

S

Parameter ~ Value
1 Origin Bruker BiloSpin GmbH
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.1
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83

=
(%

Spectral Width

=
)]

Lowest Frequency
17 Nucleus

18 Acquired Size

19 Spectral Size

31512.6
-1898.9
13C
32768
65536

69.7

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

;600

;400

;200

--200

30 220 210 200

190 180 170 160 150 140 130 120 1MO0 100 90 80 70 ©60 50 40 30 20 10

1 (ppm)

0

-10
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OAc

Parameter Value
1 Origin Varian
2 Owner Br
3 Instrument inova
4 Solvent CDCI3
5 Temperature 29.0
6 PulseSequence s2pul
7 Experiment 1D / / / // / //
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 41
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
| LA
oA i —2 e
> & 3 Ss835333
— — M = =~~~ O
T - T T - - T T T T - T - T T T
11 10 9 4 3 2 1 0 -1 -2

~2800

—2600

—2400

—2200

~2000

~1800

~1600

~1400

—1200

~1000

-800

~600

~400

~200

——200
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f1 (ppm)
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I /N \ N N N"0Ac
6000
Parameter Value
1 Origi Varian
rigin i Br L5500
2 Owner
3 Instrument inova L 5000
4 Solvent CDCI3
5 Temperature 22.0 4500
6 PulseSequence s2pul
7 Experiment 1D 4000
8 Probe QUAD
9 Number of Scans 1024 L3500
10 Receiver Gain 60
11 Relaxation Delay 1.0000 -3000
12 Pulse Width 6.0000
13 Presaturation Frequency 2500
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 -2000
16 Lowest Frequency ~1273.5
17 Nucleus 13C ~1500
18 Acquired Size 32768
19 Spectral Size 65536 | 1000
|
~500
ARV L ML WML oy e hy WLM IR Wy MmN L — O
--500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

95



OAc

~900

-800

~700

~600

~500

~400

~300

—200

~100

Parameter Value

1 Origin Varian

2 Owner

3 Instrument inova

4 Solvent CDCI3

5 Temperature 29.0

6 PulseSequence s2pul

7 Experiment 1D / / / /// //

8 Probe QUAD

9 Number of Scans 8

10 Receiver Gain 46

11 Relaxation Delay 15.0000

12 Pulse Width 6.5000

13 Presaturation Frequency

14 Spectrometer Frequency 499.69

15 Spectral Width 7024.9

16 Lowest Frequency ~1020.9

17 Nucleus 1H

18 Acquired Size 32768

19 Spectral Size 65536

L A N UU\JLJ’U\_A,
7o i — o e
S S 3 8853533
N N — M = = = —= — O
1I1 1I0 SI) I7 I é —Il —I2

--100

~1100

~1000
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Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment

Probe

O 00 N O U N W N B

Number of Scans

=
o

Receiver Gain

—_
=

Relaxation Delay

Pulse Width

=
w N

Presaturation Frequency
14 Spectrometer Frequency
15 Spectral Width

16 Lowest Frequency

17 Nucleus

18 Acquired Size

19 Spectral Size

—~170.5
f163.4
~1614

Value

Varian

inova
CDCI3
22.0
s2pul
1D
QUAD
1024
60
1.0000
6.0000

125.66
30165.9
-1272.6
13C
32768
65536

136.8
136.8
128.5
128.4

115.5
115.3

75.9
34.6
34.3

/280
22.6
22.6
21.4

/
\

W

~6500

~6000

~5500

~5000

~4500

~4000

~3500

~3000

~2500

~2000

~1500

~1000

~500

——500

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

f1 (ppm)

-10
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~450

~400

-350

~300

250

~200

~150

~100

-50

= OAc
Parameter Value <
1 Origin Varian ;
2 Owner
3 Instrument inova
4 Solvent CDCI3
5 Temperature 22.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 46
11 Relaxation Delay 0.0000
12 Pulse Width 6.2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.15
15 Spectral Width 100000.0
16 Lowest Frequency 795411
17 Nucleus 19F
18 Acquired Size 32768
19 Spectral Size 65536
-—— -
40 30 20 10 0 -10 -20 -30 -40 -50 f16((|)opn'1_)70 -80 -90 -100 -110 -120 -130 -140 -150 -160
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OAc
Parameter Value
1 Origin Varian
2 Owner
3 Instrument inova F
4 Solvent CDCI3
5 Temperature 20.0
6 PulseSequence s2pul
7 Experiment 1D //// / // / //
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 41
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
ﬁ I e
— P f — 2B R R
o N385 3 33383338
= = = — M = = = — — O
T - T T - T T T T T T T - T - T T T
11 10 9 8 7 6 4 3 2 1 0 -1 -2

5
f1 (ppm)

~900

~800

~700

~600

~500

~400

~300

~200

~100

99



m o o T Mt NN N MO NN
S — o OO0 0NN < < N © © ¥ tn oo wm
N O i AN AN AN AN AN N AN N o O <t N IN NN
S e ~ — N SN
Onc 7500
Parameter Value
1 Origin Varian ~7000
2 Owner F L6500
3 Instrument inova
4 Solvent CDCI3 6000
5 Temperature 20.0
-5500
6 Pulse Sequence s2pul
7 Experiment 1D ~5000
8 Probe QUAD '
9 Number of Scans 1024 4500
10 Receiver Gain 60 L4000
11 Relaxation Delay 2.0000
12 Pulse Width 6.0000 3500
13 Presaturation Frequency L3000
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 ~2500
16 Lowest Frequenc ~1273.4 '
q y -2000
17 Nucleus 13C
18 AcquiredSize 32768 -~1500
19 Spectral Size 65536
| -1000
A‘ -500
; | - y . o
-—500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

100



o OAc
Parameter Value 0
1 Origin Varian ;
2 Owner
3 Instrument inova F
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 32
10 Receiver Gain 46
11 Relaxation Delay 0.0000
12 Pulse Width 6.2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.15
15 Spectral Width 100000.0
16 Lowest Frequency ~79541.1
17 Nucleus 19F
18 Acquired Size 32768
19 Spectral Size 65536
— — , , , , , , , , e —
40 30 20 10 0 -10 -20 -30 -40 -50 {f¥%pnﬁ70 -80 -90 -100 -110 -120 -130 -140 -150 -160

~1300

—1200

~1100

~1000

~900

~800

700

~600

~500

~400

~300

—200

~100

——100
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OAc

~750

~700

~650

~600

~550

~500

~450

~400

350

~300

250

~200

-150

~100

-50

-=50

Parameter Value
1 Origin Varian
2 Owner Cl
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 PulseSequence s2pul
7 Experiment 1D /W / / / /
8 Probe QUAD
9 Number of Scans 8
10 Receiver Gain 41
11 Relaxation Delay 10.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
I | iim
—— f oy A
83883 8 33833328
— o — MmN - N
1I1 1IO SI) Eli ; I 2 —I1 —I2
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Parameter Value OAc
11000
1 Origin Varian
2 Owner
_ Cl ~10000
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0 ~9000
6 Pulse Sequence s2pul
7 Experiment 1D ~8000
8 Probe QUAD
9 Number of Scans 1024 7000
10 Receiver Gain 60
11 Relaxation Delay 1.0000 6000
12 Pulse Width 6.0000
13 Presaturation Frequency 5000
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 L4000
16 Lowest Frequency ~1274.1
17 Nucleus 13C 3000
18 Acquired Size 32768
19 Spectral Si 65536
pectral Size 5000
| -1000
i »
-—1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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OH

~550

~500

~450

~400

350

~300

~250

~200

~150

~100

-50

Parameter Value
1 Origin Varian
Cl
2 Owner
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 PulseSequence s2pul
7 Experiment 1D // //
8 Probe QUAD
9 Number of Scans 8
10 Receiver Gain 41
11 Relaxation Delay 10.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
MML
A — P R
o Ot ON A4 N m
S o — O OO O O O O
T T T T T T T T T T T T T
11 10 9 8 2 1 -1 -2

--50

104
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17
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19

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

Presaturation Frequency

Spectrometer Frequency

Spectral Width
Lowest Frequency
Nucleus
Acquired Size

Spectral Size

Value

Varian

inova
CDCI3
20.0
s2pul
1D
QUAD
368
60
2.0000
6.0000

125.66
30165.9
-1260.2
13C
32768
65536

146.7

;1324

128.3
\126.5

74.6

WWWWWMMMMWhWWWMWMWWWMMWMWWMWMMNWWMM Z(1)00

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

——100

——200

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

f1 (ppm)

0 -10
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OAc
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 298.0
6 PulseSequence zg30
7 Experiment 1D { /// //
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 29.7
11 Relaxation Delay 15.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1922.3
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
A f —— P
3 3 3 >3558 33&
< — — N = o~ — o~ o~ LN
L i I B L s e E— T T T 1 L I S B T T
16 15 14 13 12 11 10 9 7 6 4 3 2 1 0 -1 -2 -3
f1 (ppm)

~8500U

~80000

~75000

~70000

~65000

~60000

~55000

~50000

~45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000

~5000

——5000
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~2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

~100

——100

f1 (ppm)

S S owr e " N T oo
5 SR < TTLNNFA
Parameter | | vatuwd— — N N
1 Origin Bruker BioSpin GmbH OAc
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 298.0
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z2127784_0002 (CPBBO 5p0S1 BBF-H-D_05 7,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 29761.9
16 Lowest Frequency ~2283.9
17 Nucleus 13C
18 Acquired Size 32768 |
19 Spectral Size | 65536
—————— — , , ———————————— ,
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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OAc i
Parameter Value | 3800
1 Origin Varian -3600
F;CO I
2 Owner 3 3400
3 Instrument inova -
4 Solvent e eE! 3200
5 Temperature 45.0 -3000
6 Pulse Sequence s2pul I
-2800
7 Experiment 1D / // / // I
8 Probe QUAD ~2600
9 Number of Scans 16 2400
10 Receiver Gain 41 r
) -2200
11 Relaxation Delay 15.0000 L
12 Pulse Width 6.5000 2000
13 Presaturation Frequency 1800
14 Spectrometer Frequency 499.69 -
15 Spectral Width 7024.9 1600
16 Lowest Frequency ~1021.4 -1400
17 Nucleus 1H __1200
18 Acquired Size 32768 L
19 Spectral Size 65536 ~1000
~800
600
~400
LJ J -200
A i — R e I
< N () O N < M < NN o __200
o o S S OO o o o o
N N — M=~ -~ - © r
T T T T T T T T T T T T T T T T T T T T T
11 10 9 8 7 4 3 2 1 0 -1 -2

5
f1 (ppm) 108



< © 0 © — N © O W ~ © "o o m oY
merer vl 2 EERLRT AN : sEeq A
1 Origin Variah V— =\ ~ | |~ |55
2 Owner OAc
3 Instrument inova <o
4 Solvent CDCI3 FsCO
5 Temperature 45.0
6 Pulse Sequence s2pul 4>
7 Experiment 1D
8 Probe QUAD ~40
9 Number of Scans 1024
10 Receiver Gain 60 -35
11 Relaxation Delay 2.0000
12 Pulse Width 6.0000 30
13 Presaturation Frequency
14 Spectrometer Frequency 125.66 55
15 Spectral Width 30165.9
16 Lowest Frequency ~1260.2
17 Nucleus 13C 20
18 Acquired Size 32768
19 Spectral Size 65536 -15
-10
|
5
, | N ,
)

— - 1 - I - I -1 -1 - - T -1 1T 1T -1 1 1 1 1 T~ 1 1T "~ 1 "~ T T T T~ T "~ T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10
f1 (ppm) 109



~£0U
250
240
[230
[220
(210
200
[190
180
170
[ 160
[ 150
[ 140
[130
[120
[110
[ 100
L90
80
70
60
50
40
30
20
L10

10

3 OAc
Parameter Value 0
1 Origin Varian i
2 Owner F3sCO
3 Instrument inova
4 Solvent CDCI3
5 Temperature 45.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 60
11 Relaxation Delay 0.0000
12 Pulse Width 6.2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.15
15 Spectral Width 100000.0
16 Lowest Frequency ~79541.0
17 Nucleus 19F
18 Acquired Size 32768
19 Spectral Size 65536
, , , — , , , , , , , , e —
40 30 20 10 0 -10 -20 -30 -40 -50 {f¥%pnﬁ70 -80 -90 -100 -110 -120 -130 -140 -150 -160
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OAc

~7000

~6500

~6000

~5500

~5000

~4500

~4000

~3500

~3000

~2500

~2000

~1500

~1000

~500

Parameter Value

1 Origin Varian

2 Owner BuO,C

3 Instrument inova

4 Solvent CDCI3

5 Temperature 20.0

6 PulseSequence s2pul

7 Experiment 1D [ / / /// //

8 Probe QUAD

9 Number of Scans 32

10 Receiver Gain 41

11 Relaxation Delay 15.0000

12 Pulse Width 6.5000

13 Presaturation Frequency

14 Spectrometer Frequency 499.69

15 Spectral Width 7024.9

16 Lowest Frequency ~1021.4

17 Nucleus 1H

18 Acquired Size 32768

19 Spectral Size 65536
I L.
U f i —— e R
S o 3 S3S3L38S S
[@\] N — M = = O = = — LN

T - T T T - - T T T T T T T
11 10 9 8 4 3 2 1 -1 -2

——500
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f1 (ppm)
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O n LN — o © — rn mmo o 11000
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Parameter Value QAC ~10000
1 Origin Varian
2 Owner BUOzC 9000
3 Instrument inova
4 Solvent CDCI3
-~8000
5 Temperature 20.0
6 PulseSequence s2pul
7 Experiment 1D -7000
8 Probe QUAD
9 Number of Scans 1836 L6000
10 Receiver Gain 60
11 Relaxation Delay 2.0000
. -5000
12 Pulse Width 6.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.66 ~4000
15 Spectral Width 30165.9
16 Lowest Frequency ~1273.1 3000
17 Nucleus 13C
18 Acquired Size 32768
| —
19 Spectral Size 65536 2000
|
Co | -~1000
\ ‘ uwu.m MM ) W —O
--1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8O0 70 60 50 40 30 20 10 -10
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OAc

Parameter Value

1 Origin Varian

2 Owner NC

3 Instrument inova

4 Solvent CDCI3

5 Temperature 29.0

6 PulseSequence s2pul

7 Experiment 1D / / / // / //

8 Probe QUAD

9 Number of Scans 4

10 Receiver Gain 46

11 Relaxation Delay 15.0000

12 Pulse Width 6.5000

13 Presaturation Frequency

14 Spectrometer Frequency 499.69

15 Spectral Width 7024.9

16 Lowest Frequency ~1021.9

17 Nucleus 1H

18 Acquired Size 32768

19 Spectral Size 65536
u | A
s f — it R
S 3 3 33384533
N N — M = = = — — O

T - T T - - T T T - T - T - T T T
11 10 9 4 3 2 1 0 -1 -2

~450

~400

350

~300

—250

~200

150

~100

-50

113



f1 (ppm)

(e} < LN (N O ©O0
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— — — o = N~ mMm M AN AN AN N
| <N N —N N N
OAc
Parameter Value ~4500
1 Origin Varian
2 Owner NC
~4000
3 Instrument inova
4 Solvent CDCI3
5 Temperature 22.0 -3500
6 Pulse Sequence s2pul
7 Experiment 1D
-3000
8 Probe QUAD
9 Number of Scans 1024
10 Receiver Gain 60 -2500
11 Relaxation Delay 1.0000
12 Pulse Width 6.0000
13 Presaturation Frequency 2000
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 1500
16 Lowest Frequency _1274.1
17 Nucleus 13C
18 Acquired Size 32768 1000
19 Spectral Size 65536 | |
|
~500
iwwaonshmnt o uWWmmwMMWJMMWMW -0
--500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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Parameter Value §

1 Origin Bruker BioSpin GmbH 2

2 Owner userld |

3 Instrument spect

4 Solvent CDCI3

5 Temperature 296.1

6 PulseSequence zg30

7 Experiment 1D U |

8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,

9 Number of Scans 16

10 Receiver Gain 29.7

11 Relaxation Delay 10.0000

12 Pulse Width 12.0000

13 Presaturation Frequency

14 Spectrometer Frequency 500.35

15 Spectral Width 10000.0

16 Lowest Frequency ~1914.8

17 Nucleus 1H

18 Acquired Size 32768

19 Spectral Size 65536
M ﬁ
SAa 3 >3
= = ~

%

90000
;85000
;80000
;75000
;70000
;65000
;60000
;55000
;50000
;45000
;40000
;35000
;30000
;25000
;20000
;15000
;10000
;5000

-—5000

1.04
11.04 =
11.27

6.05

15 14 13

12 11 10 9 8
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f1 (ppm)

© o LN <
Parameter ,C\’ gValueL,\; 32 $ g gﬁ::;;:

1 Origin BrukerBioSpinGmpH | W i MUY,

2 Owner userld OAc

3 Instrument spect -

4 Solvent CDCI3 OH

5 Temperature 296.2

6 PulseSequence zgpg30

7 Experiment 1D

8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05Z,

9 Number of Scans 256

10 Receiver Gain 190.5

11 Relaxation Delay 2.0000

12 Pulse Width 10.0000

13 Presaturation Frequency

14 Spectrometer Frequency 125.83

15 Spectral Width 31512.6

16 Lowest Frequency ~1904.0

17 Nucleus 13C

18 Acquired Size 32768

19 Spectral Size 65536

|
]

-_—w— Y
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

~10000

9000

8000

-7000

6000

5000

4000

3000

2000

~1000
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OAc

;90000
;85000
;80000
;75000
;70000
;65000
;60000
;55000
;50000
;45000
;40000
;35000
;30000
;25000
;20000
;15000
;10000

~5000

Parameter Value
1 Origin Bruker BioSpin GmbH OH
2 Owner userld F
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.2
6 PulseSequence zg30
7 Experiment 1D ”1/ / / //
8 Probe Z127784_0002 (CPBBO 500S1 BBF_-H_D_05 7,
9 Number of Scans 16
10 Receiver Gain 86.0
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.7
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
| T

—2%— — e

S$33 3 3SR

L e T B B | M N — N
T T T L s e E— T T T T T T T
16 15 14 13 12 11 10 9 7 6 2 1 -1 -2 -3

f1 (ppm)

——5000
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~1600

~1500

~1400

~1300

~1200

~1100

~1000

~900

~800

~700

~600

~500

~400

~300

~200

~100

——100

f1 (ppm)

m o o N n — A NN S M 0
Parameter R22 RaReXIRRNIILL S o oS o
— = - — = = = = [ A Mm N N N N

1 Origin BrukerBioSpih GmbH———=/—————"" N N O\ OAc

2 Owner userld

3 Instrument spect OH

4 Solvent CDCI3 F

5 Temperature 296.1

6 PulseSequence zgpg30

7 Experiment 1D

8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D_05 7,

9 Number of Scans 256

10 Receiver Gain 190.5

11 Relaxation Delay 2.0000

12 Pulse Width 10.0000

13 Presaturation Frequency

14 Spectrometer Frequency 125.83

15 Spectral Width 31512.6

16 Lowest Frequency ~1899.5

17 Nucleus 13C

18 Acquired Size 32768

19 Spectral Size 65536

|
Il
1

I e e T . B T S e T B L B e B B e e
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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= OAc
Parameter Value o
— ~4500
1 Origin Bruker BioSpin GmbH — OH
2 Owner userld F
3 Instrument spect 4000
4 Solvent CDCI3
5 Temperature 296.2
6 Pulse Sequence zgflgn ~3500
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 2z,
9 Number of Scans 64 ~3000
10 Receiver Gain 190.5
11 Relaxation Delay 1.0000
12 Pulse Width 15.0000 2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.75
-2000
15 Spectral Width 113636.4
16 Lowest Frequency ~103898.1
17 Nucleus 19F 1500
18 Acquired Size 65536
19 Spectral Size 131072
-~1000
~500
-0
T T T LI B r— -~ r1r - r - r1 - 1 - 1T - T — 1 — 1 — 1 — 1 — 1 T
'0 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220
f1 (ppm)
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Parameter Value __42000
1 Origin Bruker BioSpin GmbH O O ~40000
2 Owner userld 38000
3 Instrument spect '
~36000
4 Solvent CDCI3 L
5 Temperature 296.2 __34000
6 Pulse Sequence zg30 ~32000
7 Experiment 1D /// // 30000
8 Prob Z127784_0002 (CPBBO 500S1 BBF-H-D-05 Z I
robe - ( ) —28000
9 Number of Scans 16 -
10 Receiver Gain 86.0 __26000
11 Relaxation Delay 15.0000 ~24000
12 Pulse Width 12.0000 22000
13 Presaturation Frequency 50000
14 Spectrometer Frequency 500.35 -
) ~18000
15 Spectral Width 10000.0 L
16 Lowest Frequency -1759.7 __16000
17 Nucleus 1H ~14000
18 Acquired Size 32768 15000
19 Spectral Size 65536 '
~10000
~8000
6000
~4000
-2000
b M__M \a -_O
—— f — PR I
<+ - < N~ o <+ - < T O -—2000
o o o oo ) o oo o o |
M o~ - - m M — — N 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
16 15 14 13 12 11 10 9 8 5 4 3 2 1 0 -1 -2 -3

7 6
f1 (ppm) 120
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| | —— e ——— NSNS S [
Parameter Value O CO,Me [2300
1 Origin Bruker BioSpin GmbH _—2200
2 Owner userld -2100
3 Instrument spect OH L2000
4 Solvent CDCI3 -1900
5 Temperature 296.2 ~1800
6 Pulse Sequence zgpg30 1700
7 Experiment 1D ;1600
8 Probe Z127784_0002 (CPBBO 500S1BBF H D 05 Z, 1500
9 Number of Scans 256 ;1400
10 Receiver Gain 190.5 ;1300
11 Relaxation Delay 2.0000 L1200
12 Pulse Width 10.0000 '_1100
13 Presaturation Frequency ;1000
14 Spectrometer Frequency 125.83 900
15 Spectral Width 31512.6 L 800

16 L tF -1900.3 I
owest Frequency 200

17 Nucleus 13C "
~600

18 Acquired Size 32768 r
~500

19 Spectral Size 65536 -
| | ~400

| | r
' ' ! 300
| ' -200

| L
N

d | J _O

-—100
--200

—rtTr - 1 - T -1 - I T T -1 T T -1 11 1 1 1 " T T 1T T T T~ T T T T T T T T T T 1
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm) 121



= N-N 4 70000
Parameter Value al B I
1 Origin Bruker BioSpin GmbH 2 O 'Me 65000
2 Owner userld | OH
3 Spectrometer spect 60000
4 Solvent CDCI3
5 Temperature 296.1 -55000
6 PulseSequence zg30 i
7 Experiment 1D / ->0000
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D_05 7,
~45000
9 Number of Scans 16
10 Receiver Gain 86.0
~40000
11 Relaxation Delay 10.0000
13 Presaturation Frequency |
14 Spectrometer Frequency 500.35 30000
15 Spectral Width 10000.0
16 Lowest Frequency -1759.7 25000
17 Nucleus 1H
18 Acquired Size 32768 -20000
19 Spectral Size 65536
~15000
~10000
~5000
| ) MA
| L )
oo — — e
S & >SS ma®a
N m O N~ O N -->000
T T T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 _2 -3

f1
(Ppm) 122



-1300

-1200

-1100

-1000

-900

-800

700

-600

-500

-400

-300

-200

-100

--100

O N rn O o0
Parameter % S Valuer @ © ¥, :; 0,2 : - ﬁ
— — o~ o~ (o] M mmn o MM AN

1 Origin Bruker Bio$pin GmbH ~\ /— N2 7 N=N H -
2 Owner userld N

3 Spectrometer spect @Om"Me L
4 Solvent CDCI3 OH
5 Temperature 296.2

6 Pulse Sequence zgpg30

7 Experiment 1D

8 Probe Z127784_0002 (CPBBO 500S1BBF-H_D-05 7,

9 Number of Scans 256

10 Receiver Gain 190.5

11 Relaxation Delay 2.0000

12 Pulse Width 10.0000

13 Presaturation Frequency

14 Spectrometer Frequency 125.83

15 Spectral Width 31512.6

16 Lowest Frequency ~1916.9

17 Nucleus 13C

18 Acquired Size 32768

19 Spectral Size 65536

|

7T 77— T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 ppm,
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Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment

Probe

O© 00 N O U A W N B

Number of Scans

=
o

Receiver Gain

=
-

Relaxation Delay

Pulse Width

e e i
v A W N

Spectral Width

16 Lowest Frequency
17 Nucleus

18 Acquired Size

19 Spectral Size

Presaturation Frequency

Spectrometer Frequency

Value
Bruker BioSpin GmbH
userld
spect
CDCI3
289.0
zg30
1D
Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
16
94 .3
15.0000
12.0000

500.35
10000.0
-1921.3
1H
32768
65536

-55000

-50000

-45000

~40000

-35000

~30000

-25000

-20000

-15000

-10000

-5000

15 14 13

®© 1207—=
2.06—=

12 11 10 9

~-5000
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o mMm —~ M O L
Parameter 0 Value @ & @ ® 2 2 L'; g i o] L 2200
1 Origin BrukerBioSp‘;q GmbH ‘_|\‘_‘|\‘_|\/‘_| T 70 T nQ (/\I o] 2100
2 Owner userld T cl -—2000
3 Instrument spect -_1900
4 Solvent cDCI3 ""OH 1800
5 Temperature 289.0 '_1700
6 Pulse Sequence zgpg30 -—1600
7 Experiment 1D L
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D-05 Z, __1500
9 Number of Scans 256 __1400
10 Receiver Gain 190.5 1300
11 Relaxation Delay 2.0000 -1200
12 Pulse Width 10.0000 1100
13 Presaturation Frequency -_1000
14 Spectrometer Frequency 125.83 '_900
15 Spectral Width 31512.6 -—800
16 Lowest Frequency ~1902.4 -
17 Nucleus 13C ._700
18 Acquired Size 32768 600
19 Spectral Size 65536 __500
-400
(300
| (200
| | | | 100
i . | »
L 100
[ 200

30 220 210 200 190 180 170 160 150 140 130 120]C 110 100 90 80 70 60 50 40 30 20 10 0 ~10
1 ppm,
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Parameter Value Q3
1 Origin Varian 3,:- 2
tn N
2 Owner T T cl i
3 Instrument inova o
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul / / / / /
7 Experiment 1D
8 Probe hcn
9 Number of Scans 8
10 Receiver Gain 44
11 Relaxation Delay 10.0000
12 Pulse Width 7.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.07
15 Spectral Width 8000.0
16 Lowest Frequency ~1521.1
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
o
J\JL; JU .‘k L/\
Py T S b R R
o o o 0 M 0 N NN O
o o S O OO0 O - O N
— —i S —H N = - om
T T T T T T T T T T T T T T T T T T
12 11 10 9 8 5 3 2 1 -1 2 -3
f1 ppm,

~4500

-4000

-3500

-3000

-2500

-2000

~1500

-1000

-500




O© 00 N O U1 DA W N B

e i
w N R, O

14
15
16
17
18
19

—208.9

Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Presaturation Frequency
Spectrometer Frequency
Spectral Width
Lowest Frequency
Nucleus
Acquired Size

Spectral Size

164.7
_/1397
131.2
128.9
\128.6

/

Value
Bruker BioSpin GmbH
userld
spect
CDCI3
289.1
zgpg30
1D
Z127784_0002 (CPBBO 500S1 BBF-H-D-05 7,
256
190.5
2.0000
10.0000

125.83
31512.6
-1901.0
13C
32768
65536

Cl

72.6

_~47.0
444
304
292

145

-1300

~1200

~1100

-1000

-900

-800

700

-600

-500

~400

-300

-200

-100

--100

30

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

f1 ppm,

70

50 40 30

127



-3800C
;36OOC
;3400(
;3200C
;3000C
;2800C
;2600C
;24OOC
;2200C
;ZOOOC
;18000
;16000
;14000
;12000
;10000
;8000

;6000

;4000

;2000

Parameter Value
1 Origin Bruker BioSpin GmbH .
2 Owner userld BzO
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.2
6 Pulse Sequence zg30 /
7 Experiment 1D
8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 17.0
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.7
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
AN — e SR
288
. . . . — —— .
16 15 14 12 M 10 9 8 7 -2
1 (ppm)

—-2000

128



o~ o0~ <
1 Origin BrukerBioSdin GmbH N N A TN .
2 Owner userld Bz0'
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.2
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~-1904.9
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536 |
J i

30 220 210 200 190 180 170 160 150 140 130 120 1MO 100 90 80 70 60 50 40 30 20 10 O -10

f1 (ppm)

5000

4500

4000

3500

~3000

-2500

2000

1500

1000

500

129



;1500
1400
L1300
1200
11100
L1000
900
800
700
600
500
400
300
200

~100

--100

Parameter Value § Ho)k/\)\/OAC
1 Origin Varian ‘2
2 Owner |
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D // /
8 Probe QUADG
9 Number of Scans 8
10 Receiver Gain 38
11 Relaxation Delay 10.0000
12 Pulse Width 8.8750
13 Acquisition Time 4.0960
14 Spectrometer Frequency 499.43
15 Spectral Width 8000.0
16 Lowest Frequency ~1519.7
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
|
J M AJtA_JU
A A7 P
S s >0 8 m3S
— o N — © © m
| - | | | | | | - | | |
12 11 10 9 5 4 2 1 -1 2 -3
f1 ppm,
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Parameter Value r
- . -3600

1 Origin Varian OH |

2 Owner Br -3400

3 Instrument inova 3200

4 Solvent CDCI3 -

5 Temperature 29.0 __3000

6 Pulse Sequence s2pul L2800

7 Experiment 1D / // // I
-2600

8 Probe QUAD L

9 Number of Scans 32 -2400

10 Receiver Gain 41 L5500

11 Relaxation Delay 15.0000 -

12 Pulse Width 6.5000 [2000

13 Presaturation Frequency -1800

14 Spectrometer Frequency 499.69 I
-1600

15 Spectral Width 7024.9 L

16 Lowest Frequency ~1021.9 -1400

17 Nucleus 1H -1200

18 Acquired Size 32768 -

19 Spectral Size 65536 __1000
-800
~600
~400

k ~200

J | T .
foR i — R i
U o N ooNN-NO --200
o o o ©O O 4 NN O
N N — M H - - o -

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

11 10 9 8 7 6 4 3 2 1 0 -1 -2

5
f1 (ppm) 131
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[ M M N N n O S~ O O ~1500
— — = = N N M M N AN N
I /NN | NS/
Parameter Value OAc ~1400
1 Origin Varian
OH 1300
2 Owner
Br
3 Instrument inova 1200
4 Solvent CDCI3
5 Temperature 22.0 ~1100
6 Pulse Sequence s2pul
-~1000
7 Experiment 1D
8 Probe QUAD 900
9 Number of Scans 87
10 Receiver Gain 60 ~800
11 Relaxation Delay 1.0000
~700
12 Pulse Width 6.0000
13 Presaturation Frequency -600
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 ~>00
16 Lowest Frequenc ~1276.1
quency 1400
17 Nucleus 13C
18 Acquired Size 32768 -300
19 Spectral Size 65536
~200
|
|
| | -100
o I -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 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900

;800

;700

;600
;500
;400
;300
;200

~100

OAc
Parameter Value
1 Origin Varian OH
2 Owner
3 Instrument inova
4 Solvent CDCI3
5 Temperature 29.0
6 Pulse Sequence s2pul
7 Experiment 1D / / / // //
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 41
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.4
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
| I ML
roy i — e
S S 3 8338 &S
N N — M = = — - O
fl £0 é ; I é —& —E

——100

133



f1 (ppm)

n <t wn LN N N <t O <
o m — © © 0 O N N © © ¥ Mo
N © © MM NN n o I e
NN ~ N I N S/
OAc
Parameter Value
1 Origin Varian OH 5000
2 Owner F
3 Instrument inova ~4500
4 Solvent CDCI3
5 Temperature 22.0 L4000
6 Pulse Sequence s2pul
7 Experiment 1D
-3500
8 Probe QUAD
9 Number of Scans 1024
10 Receiver Gain 60 ~3000
11 Relaxation Delay 1.0000
12 Pulse Width 6.0000 -2500
13 Presaturation Frequency
14 Spectrometer Frequency 125.66 L2000
15 Spectral Width 30165.9
16 Lowest Frequency _1274 .4
-1500
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536 ~1000
L ~500
memmmmvwmmmmnmmm -0
--500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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N OAc
Parameter Value <
1 Origin Varian “'_|7' OH
2 Owner F
3 Instrument inova
4 Solvent CDCI3
5 Temperature 22.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 46
11 Relaxation Delay 0.0000
12 Pulse Width 6.2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.15
15 Spectral Width 100000.0
16 Lowest Frequency ~79541.1
17 Nucleus 19F
18 Acquired Size 32768
19 Spectral Size 65536
— , , , , , — , e —
40 30 20 10 0 -10 -20 -30 -40 -50 ﬁf¥%pn570 -80 -90 -100 -110 -120 -130 -140 -150 -160

~450

~400

350

~300

250

~200

150

~100

50

-—50

135



OAc

Parameter Value -1500
1 Origin Varian OH |
2 Owner 1400
i F
Inst t
3 Instrumen inova L1300
4 Solvent CDCI3 |
5 Temperature 20.0 -1200
6 PulseSequence s2pul -
7 Experiment 1D //// / / ~1100
8 Probe QUAD I
~1000
9 Number of Scans 16 |
10 Receiver Gain 41 900
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000 -800
13 Presaturation Frequency
14 Spectrometer Frequency 499.69 700
15 Spectral Width 7024.9 600
16 Lowest Frequency ~1021.4 L
17 Nucleus 1H -500
18 Acquired Size 32768
19 Spectral Size 65536 ~400
~300
-200
M
T Y
— P i i
O 1 — o OO = M~
= o o < o= o o 9 -—100
Lo T o B s IR | — AN AN — (N N
T T T T T T T T T T T T T T T T T T
11 10 9 8 7 6 4 3 2 1 0 -1 -2
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Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width

Mm o o Nt OO NN<TM®M OO ©
o © © OO O NNNYT < AN
N O i AN AN AN AN AN AN AN N
— = — " o A A A = = —
[N e———

Value

Varian

inova

CDCI3

20.0

s2pul

1D

QUAD

1024

60

2.0000

6.0000

Presaturation Frequency

Spectrometer Frequency 125.66

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

30165.9
-1274.5
13C |

32768
6553p

70.6
70.5

70.5

39.2

30.4
29.4
29.4

213

OAc

el AVAV)
~3200
~3000
OH 2800
;2600
-2400
-2200
;2000
~1800
~1600
~1400
-1200
~1000
~800

;600

400

-200

——200

220 210 200

190

180 170 160 150 140

T T T T T T T T T
130 120 110 100 90
f1 (ppm)

80

70

60

50

40

30

20

10

0

-10
137



~1300

~1200

~1100

~1000

~900

~800

700

~600

~500

~400

~300

~200

~100

2 OAc
Parameter Value 0
1 Origin Varian :| OH
2 Owner
3 Instrument inova F
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 32
10 Receiver Gain 48
11 Relaxation Delay 0.0000
12 Pulse Width 6.2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.15
15 Spectral Width 100000.0
16 Lowest Frequency ~79541.0
17 Nucleus 19F
18 Acquired Size 32768
19 Spectral Size 65536
-—— -
40 30 20 10 0 -10 -20 -30 -40 -50 f_16((|)3pm_)70 -80 -90 -100 -110 -120 -130 -140 -150 -160

-—100

138



K=Y

~800

~750

~700

650

~600

~550

~500

~450

~400

350

~300

~250

~200

~150

~100

~50

-=50

Parameter Value Qhe
1 Origin Varian OH
2 Owner Cl
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D //// / / /
8 Probe QUAD
9 Number of Scans 8
10 Receiver Gain 41
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
W o
—2E— f TP S
Sa~Ns&d & S33 IS
— o — o o MmN — N ©
T - T T - T T T T T - T T - T T
11 10 9 7 4 3 2 1 0 -1 -2
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Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment
Probe
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width

Presaturation Frequency

Spectrometer Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

N
Valge

—

Variah

inova
CDCI3
20.0
s2pul
1D
QUAD
885

60
2.0000
6.0000

125.66
30165.9
-1279.4
13C
3276
6553

[ )

138.7
1323

129.7
128.9

]
&

127.1
127.0

i

729
~-70.6

39.2
30.4
29.4
29.3

wmwmwmmwmmmmwmmmwmmmwwmﬂdwmw

N21.2

OAc

Cl

5000

OH 4500

~4000

~3500

~3000

~2500

~2000

~1500

~1000

~500

--500
1

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

f1 (ppm)

80

70

60

50

40 30

20

10

0

-10
140



OH

~6000

~5500

~5000

~4500

~4000

~3500

~3000

~2500

~2000

~1500

~1000

~500

Parameter Value
1 Origin Varian OH
2 Owner Cl
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D //
8 Probe hcn
9 Number of Scans 8
10 Receiver Gain 32
11 Relaxation Delay 15.0000
12 Pulse Width 7.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.07
15 Spectral Width 8000.0
16 Lowest Frequency ~1521.1
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
) L.
SR T T
S o N - o oo oo
N N NN — — m o
T - T T T - T T T T - T T - T T T
12 11 10 9 4 3 2 1 0 -1 -2 -3

--500

141



~3000

~2800

~2600

~2400

~2200

~2000

~1800

~1600

~1400

~1200

~1000

~800

~600

~400

~200

——200

f1 (ppm)

N~ m < O
Parameter §-° (n\w\/@eﬁ : g ; n‘f : ; g
— — = N N Mm N N N N
1 Origin Bruker BioSpih GmbH\, \ \ / —\ N
2 Owner userld
3 Instrument spect
4 Solvent CDCI3 OH
5 Temperature 296.2 OH
6 Pulse Sequence zgpg30 Cl
7 Experiment 1D
8 Probe Z119470_0221 (PABBO 500S1 BBF-H-D_05 Z SP,
9 Number of Scans 512
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 29761.9
16 Lowest Frequency _2266.2
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536
|
|
|
|

—————
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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OAc

Parameter Value
1 Origin Bruker BioSpin GmbH OH
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 298.0
6 PulseSequence zg30
7 Experiment 1D / // //
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,
9 Number of Scans 16
10 Receiver Gain 29.7
11 Relaxation Delay 15.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1922.3
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
| S
U f —— =
S 3 &3 S383
LN — AN — = = N O
L i I B — T T T T T T T T T — T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 -1 -2 -3
f1 (ppm)

~80000

75000

~70000

~65000

~60000

~55000

~50000

~45000

~40000

~35000

~30000

~25000

~20000

~15000

~10000

~5000

——5000
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g ~ ©ow n o <o ow o [2400
Parameter 2 S VaAug £ ©c o O = OO 2300

o — . . — — = [ S S mMm M AN N N |
1 Origin | Bruker BioSpin GrhbH ~/ — [ NS\ / OAc 5200

2 Owner userld "
-2100

3 Instrument spect r
OH -2000

4 Solvent CDCI3 L
5 Temperature 298.0 __1900
6 PulseSequence zgpg30 __1800
7 Experiment 1D _'1700
8 Probe Z127784_0002 (CPBBO 500S1BBF-H_D-05 7, ~1600
9 Number of Scans 256 ~1500
10 Receiver Gain 190.5 1400
11 Relaxation Delay 2.0000 L1300
12 Pulse Width 10.0000 '_1200
13 Presaturation Frequency '_1100

14 Spectrometer Frequency 125.83 I -
-1000

15 Spectral Width 29761.9 3
16 Lowest Frequency ~2285.9 __900

| L
17 Nucleus 13C | 800
18 Acquired Size 32768 700
19 Spectral Size 65536 600
-500
~400
-300
-200
JL 100

LA -_O

-—100
--200

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20 10 O -10
f1 (ppm) 144



~1200

~1100

~1000

~900

~800

-700

~600

~500

~400

~300

~200

~100

OAc
Parameter Value
1 Origin Varian OH
2 Owner F3;CO
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D // / // /
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 46
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
WL J "
2 f — e
S 3 3 SS38 33238
N N — Mm — — — N ©
1I1 1IO EI9 ; I .;_ —I1 —I2

-—100

145



< N oY = © W N © © o <
Parameter Valge Ay Igan . o = o o o -28000
— I 4 - o o - [ S O m M N N N
1 Origin Variah — !~ | NS/
2 Owner OAc 26000
3 Instrument inova
4 Solvent CDCI3 I
5 Temperature 20.0 FsCO 52000
6 Pulse Sequence s2pul
7 Experiment 1D 20000
8 Probe QUAD
9 Number of Scans 10642 ~18000
10 Receiver Gain 60
11 Relaxation Delay 1.0000 ~16000
12 Pulse Width 6.0000 I
13 Presaturation Frequency 14000
14 Spectrometer Frequency 125.66
~12000
15 Spectral Width 30165.9
16 Lowest Frequency _1272.2 10000
17 Nucleus 13C |
18 Acquired Size 32768 L8000
19 Spectral Size 65536
6000
~4000
|
-2000
|
J AAI Al e _O
--2000

— - 1 - I - I - 1 -1 - T - T -1 T 1T -1 1 1 1 1 T 1 1T "~ 1 "~ T T T T T "~ T "~ 1
220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10
f1 (ppm) 146



42
40
38
36
34
32
30
28
26
24
22
20
18
16
14

-12

N OAc
Parameter Value 0
1 Origin Varian o OH
2 Owner FsCO
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 60
11 Relaxation Delay 0.0000
12 Pulse Width 6.2500
13 Presaturation Frequency
14 Spectrometer Frequency 470.15
15 Spectral Width 100000.0
16 Lowest Frequency ~79501.3
17 Nucleus 19F
18 Acquired Size 32768
19 Spectral Size 65536
-— Y
40 30 20 10 0 -10 -20 -30 -40 -50 f_16((|)3pm_)70 -80 -90 -100 -110 -120 -130 -140 -150 -160
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OAc

~2800

~2600

—2400

~2200

~2000

~1800

~1600

~1400

~1200

~1000

~800

~600

~400

~200

Parameter Value
1 Origin Varian OH
2 Owner BuO,C
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D / / / /// //
8 Probe QUAD
9 Number of Scans 16
10 Receiver Gain 41
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000
13 Presaturation Frequency
14 Spectrometer Frequency 499.69
15 Spectral Width 7024.9
16 Lowest Frequency ~1021.4
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
A ﬂl [ L
f f f ——p e
s & 3 =S 3dXARS
[@\] (@] — M = = O —= N O
. - . . . - . : T : T T - T T
11 10 9 8 2 1 0 -1 -2

--200

148



Parameter Vafge (3 S =mAa& - o o S~ OO O
— — N = - cO N N m M N AN AN N
1 Origin Variah | N/ L ~ S 10
2 Owner
3 Instrument inova OAc 9
4 Solvent CDCI3
X
5 Temperature 20.0 JI P OH
6 Pulse Sequence s2pul BuO,C -8
7 Experiment 1D
8 Probe QUAD L7
9 Number of Scans 512
10 Receiver Gain 60
11 Relaxation Delay 2.0000 N
12 Pulse Width 6.0000
13 Presaturation Frequency -5
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 4
16 Lowest Frequency _1274 .4
17 Nucleus 13C
18 Acquired Size 32768 -3
19 Spectral Size 65536
-2
|
| |
| | | -1
wl ) WWWWMWWWMWM Lo
-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 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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OAc

Parameter Value
1 Origin Varian OH
2 Owner NC
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D // / // ///
8 Probe hcn
9 Number of Scans 8
10 Receiver Gain 38
11 Relaxation Delay 15.0000
12 Pulse Width 7.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.07
15 Spectral Width 8000.0
16 Lowest Frequency ~1521.1
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
JUU JL JJM__M\JLL
2N f —— i SR
& 3 3 SSS88383
— N — M = = = = — O
T - T T T - - T T - T - T - T - T T T T
12 11 10 9 3 2 1 0 -1 -2 -3

5
f1 (ppm)



f1 (ppm)

o — <+ — N~
o © N N oo — O ¥ © = 1nm A
N~ < M N n O o — O OO - ~7500
— — — = = - N~ N~ m M N N N
I <7 NN (I NSV
Parameter Value OAc ~7000
1 Origin Varian |
g OH 6500
2 Owner NC
3 Instrument inova 6000
4 Solvent CDCI3
5 Temperature 20.0 ~5500
6 Pulse Sequence s2pul
) -5000
7 Experiment 1D
8 Probe QUAD 4500
9 Number of Scans 0
10 Receiver Gain 60 ~4000
11 Relaxation Delay 2.0000
12 Pulse Width 6.0000 ' 3500
13 Presaturation Frequency 3000
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9 -2500
16 Lowest Frequency ~1283.2
17 Nucleus 13C 2000
18 A ired Si 32768
cquired Size 1500
19 Spectral Size 65536
-~1000
~500
Ul o b \ -0
—-500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
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= )
Parameter Value 2 N//\/< __2000
1 Origin Varian § @ /> -1900
2 Owner | N -_1800
3 Instrument inova '1700
4 Solvent CDCI3 |
5 Temperature 20.0 __1600
6 PulseSequence s2pul / / / 1500
7 Experiment 1D ]/ / / 1400
8 Probe QUAD -
9 Number of Scans 8 __1300
10 Receiver Gain 52 1200
11 Relaxation Delay 20.0000 -_1100
12 Pulse Width 6.5000 r
o _ ~1000
13 Acquisition Time 4.6645 L
14 Spectrometer Frequency 499.69 __900
15 Spectral Width 7024.9 -800
16 Lowest Frequency ~1022.9 700
17 Nucleus 1H -
18 Acquired Size 32768 1600
19 Spectral Size 65536 500
-400
-300
200
M I ' Jode
L L 0
S T wh TS 100
355 3 RI33 i
— — «— — N — N O©
11 10 9 8 7 6 5 4 3 2 1 0 -1 -2

1 (ppm) 152



oo o — 1 -
Parameter V:Iﬁe | I | | P (:['\? __3800
1 Origin Bruker BioSpin GmbH ~3600
2 Owner userld -_3400
3 Instrument spect r
4 Solvent CDCI3 ._3200
5 Temperature 298.0 __3000
6 Pulse Sequence zgpg30 -2800
7 Experiment 1D -2600
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D_05 7, r
9 Number of Scans 256 __2400
10 Receiver Gain 190.5 ~2200
11 Relaxation Delay 2.0000 -_2000
12 Pulse Width 10.0000 -1800
13 Presaturation Frequency -
14 Spectrometer Frequency 125.83 __1600
15 Spectral Width 31512.6 1400
16 Lowest Frequency ~1900.8 -_1200
17 Nucleus 13C '_1000
18 Acquired Size 32768 -
19 Spectral Size 65536 __800
600
' ~400
1 -200
| -0
--200
L-400

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm) 153



Parameter

Origin
Owner
Instrument
Solvent

Temperature

Experiment

Probe

O© 00 N O v A W N R

=
o

Receiver Gain

=
N

Pulse Width

e e
v M W

Spectral Width

=
(9}

17 Nucleus
18 Acquired Size
19 Spectral Size

Pulse Sequence

Number of Scans

Relaxation Delay

Presaturation Frequency

Spectrometer Frequency

Lowest Frequency

Bruker BioSpin GmbH

userld
spect
CDCI3
296.1
zg30
1D

—5.28 DCM

J I

Z127784_0002 (CPBBO 500S1 BBF-H-D-05 7,

16

29.7
10.0000
12.0000

500.35
10000.0
-1747.7
1H
32768
65536

[ 2200¢
£ 21000
L 2000¢
119000
18000
117000
11600C
115000
L1400C
113000
112000
£11000
11000C
L9000
L8000
L7000
6000
5000
L4000
3000
12000
11000

--1000

1.99
11.01 4
1.99 <
6.04-1

,=-2000

154



N Lo
Parameter Value E g § § % é E § N=\
1 Origin Bruker BioSpin GmbH | | [N R/
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.1
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1902.8
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536

30 220 210 200

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

0

0

-10

5000

4500

~4000

3500

~3000

2500

2000

1500

1000

500
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O© 00 N O v A W N R

L e e
o U1 A W N L O

17
18
19

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

Pulse Width

Value
Bruker BioSpin GmbH
userld
spect
CDCI3
296.2
zg30
1D /
Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
16
86.0
10.0000
12.0000

Presaturation Frequency

Spectrometer Frequency 500.35

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

10000.0
-1759.7
1H
32768
65536

]

(L

-7500C
;7000C
;6500C
;GOOOC
;55OOC
;BOOOC
;45OOC
;4000(
;35OOC
;SOOOC
;2500C
;ZOOOC
;15000
;10000

5000

~-5000

156



b —%y  onuow 2000
Parameter Value o oo NN N DO = o R SN
1 Origin Bruker BioSpin GmbH SN N VN L
2 Owner userld __1800
3 Instrument spect N\/\)\ 1700
4 Solvent CDCI3 1600
5 Temperature 296.1 I
-1500
6 Pulse Sequence zgpg30 L
7 Experiment 1D __1400
8 Probe Z127784_0002 (CPBBO 500S1 BBF-H-D_05 7, ~1300
9 Number of Scans 256 L1200
10 Receiver Gain 190.5 i
. 1100
11 Relaxation Delay 2.0000 L
12 Pulse Width 10.0000 ~1000
13 Presaturation Frequency ~900
14 Spectrometer Frequency 125.83 LS00
15 Spectral Width 31512.6 r
-700
16 Lowest Frequency ~1899.6 L
17 Nucleus 13C 600
18 Acquired Size 32768 500
19 Spectral Size 65536 -_400
' ' -300
-200
| -
[ -100
. -0
--100

30 220 210 200 190 180 170 160 150 140 130 120 1MO 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
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> O CN -23000
o o |
Parameter Value o I
N M -22000
1 Origin Bruker BioSpin GmbH 52 N -
2 Owner userld | | Cl __21000
3 Instrument spect __20000
4 Solvent MeOD _‘19000
5 Temperature 298.1 -18000
6 PulseSequence zg30 -_17000
7 Experiment 1D | -16000
8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7, '_15000
9 Number of Scans 16 -
. . -14000
10 Receiver Gain 55.0 L
11 Relaxation Delay 10.0000 13000
12 Pulse Width 12.0000 -12000
13 Presaturation Frequency -11000
14 Spectrometer Frequency 500.35 10000
15 Spectral Width 10000.0 L9000
16 Lowest Frequency -1919.8 -8000
17 Nucleus 1H I
. . -7000
18 Acquired Size 32768 L
19 Spectral Size 65536 __6000
-5000
~4000
~3000
-2000
| |
‘ ~1000
L A LJ u LA -_O
2 < L e 1000
Qo SRR AR -
= —momaAw --2000

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o -1 -2 -3
f1 (ppm) 158



Saaen o o
Parameter Valu&t o ® g g N

1 Origin Bruker BioSpin GmbH AN | |

2 Owner userld

3 Instrument spect

4 Solvent MeOD

5 Temperature 2981

6 PulseSequence zgpg30

7 Experiment 1D

8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 Z,

9 Number of Scans 512

10 Receiver Gain 190.5

11 Relaxation Delay 2.0000

12 Pulse Width 10.0000

13 Presaturation Frequency

14 Spectrometer Frequency 125.83

=
(%]

Spectral Width

=
()]

Lowest Frequency
17 Nucleus

18 Acquired Size

19 Spectral Size

31512.6
-1741.0
13C
32768
65536

L LI

Cl

230 220 210 200

190 180 170 160 150 140 130 120 110 100 90 8
f1 (ppm)

O 70 ©

O 50 40 30 20 10

0]

-10

~9000

~8000

~7000

~6000

5000

4000

-~3000

2000

1000

159



N YAV
Parameter Value \> -2100
1 Origin Varian N __2000
2 Owner "
3 Instrument inova OH._1900
4 Solvent cDCI3 1800
5 Temperature 20.0 1700
6 Pulse Sequence s2pul 1600
7 Experiment 1D U / / '_1500
8 Probe QUAD i
9 Number of Scans 8 -1400
10 Receiver Gain 44 __1300
11 Relaxation Delay 20.0000 1200
12 Pulse Width 6.5000 1100
13 Acquisition Time 4.6645 -'IOOO
14 Spectrometer Frequency 499.69 "
15 Spectral Width 7024.9 900
16 Lowest Frequency ~-1022.4 __800
17 Nucleus 1H -700
18 Acquired Size 32768 600
19 Spectral Size 65536 '_500
-~400
-300
200
M L ~100
M L -_O
=N - .o b o L-100
Q2o 2 Qo o9 g
T T T T |F °-« T = — T 'F © T T T __200
1 10 9 8 5 2 1 -1 -2
1 (ppm)

160



f1 (ppm)

WO W oOoNS ®
Parameter @R 3 SN 3 o 2S 23
1 Origin BrukerBioSpinGmbH\/ | N | I I
2 Owner userld N
Ly
3 Instrument spect N
4 Solvent CDCI3
5 Temperature 298.0 |
6 PulseSequence zgpg30 OH
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1937.0
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536
|
-_—w— Y
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

2600

2400

2200

2000

~1800

1600

~1400

~1200

1000

800

600

-400

200

--200

161



Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment

Probe

O© 00 N O U A W N B

Number of Scans

=
o

Receiver Gain

=
-

Relaxation Delay

Pulse Width

=
w N

Presaturation Frequency

=
D

Spectrometer Frequency

Spectral Width

= =
o wn

Lowest Frequency
17 Nucleus

18 Acquired Size

19 Spectral Size

Value
Bruker BioSpin GmbH
userld
spect
MeOD
298.1
zg30
1D

—4.9H20

|l

Z127784_0002 (CPBBO 500S1 BBF-H-D-05 7,

16

29.7
10.0000
12.0000

500.35
10000.0
-1919.8
1H
32768
65536

-19000
-18000
-17000
-16000
-15000
-14000
-’ISOOO
-12000
-’I’IOOO
-10000
-9000(
-8000(
-7000C
-6000(
-SOOOC
-4000(
-3000(
-ZOOOC
-’IOOOO

--1000

Koy
383
O O «—
7 6 5
f1 (ppm)

162



< o To) N L
© © o o NS NN \) 11000
Parameter Value 2 N S Qo X g N /N \ _
1 Origin Bruker BioSpin GmbH | | | | A
2 Owner userld ~1000G
3 Instrument spect '
4 Solvent MeOD OH 9000
5 Temperature 298.1
6 Pulse Sequence zgpg30 3000
7 Experiment 1D
8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 512 7000
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000 ~6000
12 Pulse Width 10.0000
13 Presaturation Frequency -5000
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
P -4000
16 Lowest Frequency ~1741.0
17 Nucleus 13C
18 Acquired Size 32768 ~3000
19 Spectral Size 65536
-2000
~1000
| | .
--1000

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)
163



Parameter Value mMH
1 Origin Bruker BioSpin GmbH
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.2
6 Pulse Sequence zg30 [ H{ /[
7 Experiment 1D /
8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 190.5
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.7
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
I T
7 T AN ™S A
3 & S 888 538
. . . . . . — . st mes . .
16 15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3

;6500C
;6000(
-5500(
~5000(
~4500(
~4000(
~3500C
~3000(
~2500C
~2000(
15000
~1000C

5000

—-5000

164



Parameter Value
1 Origin Bruker BioSpin GmbH N
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.2
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 512
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1899.6
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536

69.0

—29.8

287
—219

30 220 210 200

190 180 170 160 150 140 130 120 1MO 100 90 80 70 60 50 40 30 20 10 O -10

f1 (ppm)

4000

3500

~3000

-2500

2000

1500

1000

500
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Q CN |
Parameter Value T
- e o OH[F75000
1 Origin Bruker BioSpin GmbH < N i
2 Owner userld | Cl 70000
3 Instrument spect r
4 Solvent MeOD 65000
5 Temperature 298.2 |
~60000
6 Pulse Sequence zg30 |
7 Experiment 1D -55000
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27, -
9 Number of Scans 16 ~50000
10 Receiver Gain 17.0 |
~45000
11 Relaxation Delay 10.0000 |
12 Pulse Width 12.0000 -40000
13 Presaturation Frequency -
14 Spectrometer Frequency 500.35 ~35000
15 Spectral Width 10000.0 '_30000
16 Lowest Frequency ~1919.8 L
17 Nucleus 1H 25000
18 Acquired Size 32768 I
19 Spectral Size 65536 ~20000
~15000
~10000
| L
l 5000
d \oN _O
A i i
S5 823835 --5000
R — M < =« ©
T T T

5 14 13 12 11 10 o 8 7 6 5 4 3 2 1 0 -1 -2 -3
f1 (ppm) 166



f1 (ppm)

™M — N W
Parameter valug B S 8 8 S 8 & 9953

1 Origin Bruker BioSpin GmbH AN | | N

2 Owner userld CN

3 Instrument spect /Q/OMH
4 Solvent MeOD Cl

5 Temperature 298.2

6 PulseSequence zgpg30

7 Experiment 1D

8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,

9 Number of Scans 512

10 Receiver Gain 190.5

11 Relaxation Delay 2.0000

12 Pulse Width 10.0000

13 Presaturation Frequency

14 Spectrometer Frequency 125.83

15 Spectral Width 31512.6

16 Lowest Frequency _1747.2

17 Nucleus 13C

18 Acquired Size 32768

19 Spectral Size 65536

| | |
J l J ‘ l_JL,_,_,..

—_—rr
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

16000
-15000
-14000
-’ISOOO
-12000
-’I’IOOO
-‘IOOOO
-9000
-8000
-7000
-6000
-5000
-4000
-3000
-2000

1000

--1000

167



Parameter

Value

S~TN"T0Bz
1 Origin Varian
2 Spectrometer inova
3 Solvent CDCI3
4 Temperature 20.0
5 PulseSequence s2pul
6 Experiment 1D
7 Probe QUAD / //
8 Number of Scans 17
9 Relaxation Delay 15.0000
10 Pulse Width 6.5000
11 Spectrometer Frequency 499.69
12 Spectral Width 7024.9
13 Lowest Frequency ~1021.9
14 Nucleus 1H
15 Acquired Size 32768
16 Spectral Size 65536
L |
7oA T — P
S35 & HASSS SN
— . o= o e e . .
11 10 9 8 5 2 1 -1 -2
f1 (ppm)
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Parameter
Origin
Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Probe

Number of Scans

© 00 N OO 1T D W N B

Relaxation Delay

10 Pulse Width

11 Spectrometer Frequency

12 Spectral Width

13 Lowest Frequency
14 Nucleus

15 Acquired Size

16 Spectral Size

—166.8

Value
Varian
inova
CDCI3
20.0
s2pul
1D
QUAD
1024
1.0000
6.0000
125.66
30165.9
~1272.7
13C
32768
65536

132.9
130.7
129.7
128.5

/
T

! WWMMMWWWMMW wwmmmmmmwmwm

63.7
~35.3
—~31.7
N29.6

4500

\/\/\OBZ 4000

memwwwm -—O

3500

3000

2500

2000

1500

~1000

500

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

f1 (ppm)

90 80 70 60 50 40 30 20 10 O

-10

169



Me
Parameter Value \/<O/\ ~-3500
1 Origin Varian OBz
2 Spectrometer inova
3 Solvent CDCI3
4 Temperature 20.0 ~3000
5 Pulse Sequence s2pul
6 Experiment 1D /
7 Probe QUAD L2500
8 Number of Scans 32
9 Relaxation Delay 15.0000
10 Pulse Width 6.5000
11 Spectrometer Frequency 499.69 -2000
12 Spectral Width 7024.9
13 Lowest Frequency ~1021.4
14 Nucleus 1H
. . -1500
15 Acquired Size 32768
16 Spectral Size 65536
-1000
-500
7oA T S A A
o) O (o)} O O O
®3S 9o S SS N9
T T T T T ‘_I| = 0 T ‘_'| (I\‘ m' as m T T
11 10 9 8 5 2 1 -1 -2
f1 (ppm)
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0 — < © Ln o e ~4000
) N9 . LA |
Parameter Valugg O N oo < 3800
— — [ (e} m N N 0
1 Origin Varian | ~N/— 70N | -
2 Spectrometer inova M __3600
e
3 Solvent CDCI3 \/<O/H\ -3400
4 Temperature 20.0 OBz -_3200
5 Pulse Sequence s2pul I
. -3000
6 Experiment 1D L
7 Probe QUAD -2800
8 Number of Scans 1024 L2600
9 Relaxation Dela 1.0000 I
y 2400
10 Pulse Width 6.0000 L
11 Spectrometer Frequency 125.66 __2200
12 Spectral Width 30165.9 -2000
13 Lowest Frequency ~1273.4 -—1800
14 Nucleus 13C -
15 Acquired Size 32768 _’1600
16 Spectral Size 65536 -1400
-1200
-1000
800
-600
~400
| L
[JL 1200
MMMNMWWWMWWMNWWWMWWWMWWMMWWWWMMWWWMW“WWWMWMNWWMWWWWWM-O
-—-200
+-400

220 210 200 190

180 170 160 150 140 130 120 110 100

f1 (ppm)

90 80 70 60 50 40 30 20 10 O -10
171



Parameter
Origin
Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment

Probe

© 00 N O u1 A W N =

Number of Scans

=
o

Receiver Gain

=
=

Relaxation Delay
12 Pulse Width

13 Acquisition Time

14 Spectrometer Frequency

15 Spectral Width

16 Lowest Frequency
17 Nucleus

18 Acquired Size

19 Spectral Size

Value

Varian

inova
CDCI3
20.0
s2pul
1D
QUAD
32

46
15.0000
6.5000
4.6645
499.69
7024.9
~1021.5
1H
32768
65536

—
—

~6000

5500

5000

4500

4000

3500

3000

2500

2000

-1500

~1000

500

11.00~
2.024
10,98 =—
14,021
13.03—=

11.0

10.0 9.0

® 1199

-—500

-2.0
172
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~

I

Parameter Value

1 Origin Varian
2 Owner
3 Instrument inova
4 Solvent CDCI3
5 Temperature 20.0
6 Pulse Sequence s2pul
7 Experiment 1D
8 Probe QUAD
9 Number of Scans 1691
10 Receiver Gain 60
11 Relaxation Delay 2.0000
12 Pulse Width 6.0000
13 Acquisition Time 1.0863
14 Spectrometer Frequency 125.66
15 Spectral Width 30165.9
16 Lowest Frequency -1273.7
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536

166.7
133.1
130.3
129.7
128.5

\

63.1

44.1
—31.6
~28.5
—16.7

WOBZ

warl " I N
LU [L v My

W vyt

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

-0

-—500

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

f1 (ppm)
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24000
Parameter Value 23000
1 Origin Bruker BioSpin GmbH '_22000
2 Owner userld '_21000
3 Instrument spect r
4 Solvent cD2CI2 (20000
5 Temperature 296.1 __19000
6 Pulse Sequence zg30 ~18000
7 Experiment 1D ” / // / __17000
8 Probe Z127784_0002 (CPBBO 500S1 BBF-H_-D_05 Z, _—16000
9 Number of Scans 16 ~15000
10 Receiver Gain 16.0 -—14000
11 Relaxation Delay 10.0000 13000
12 Pulse Width 12.0000 '_12000
13 Presaturation Frequency '_11000
14 Spectrometer Frequency 500.35 r
_ ~10000
15 Spectral Width 10000.0 -
16 Lowest Frequency _1747.7 -_9000
17 Nucleus 1H __8000
18 Acquired Size 32768 ~7000
19 Spectral Size 65536 ~6000
-5000
-~4000
~3000
~2000
JN{ 1000
| : -0
o< o i B O N — 16N --2000
16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0] -1 -2 -3

f1 (ppm) 174



1 Origin Bruker BioSpin GmbIJ1 TS\l e
2 Owner userld -5000
3 Instrument spect
4 Solvent CD2ClI2 L4500
5 Temperature 296.1
6 PulseSequence zgpg30
7 Experiment 1D 4000
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 Z,
9 Number ofScans 256 -3500
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000 L3000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83 | 2500
15 Spectral Width 31512.6
16 Lowest Frequency ~1841.3 -2000
17 Nucleus 13C
18 Acquired Size 32768 L1500
19 Spectral Size 65536
1000
' , -500
L
s | 0
+-500

230 220 210 200 190 180 170 160 150 140 130 122:110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
175



O 00 N O U A W N R

e e i i
N W N R O

15
16

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

Presaturation Frequency

Spectrometer Frequency

Spectral Width

Lowest Frequency

Value
Bruker BioSpin GmbH
userld
spect
CD2CI2
296.2
zgflgn
1D

—-81.06

Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,

16

190.5
1.0000
15.0000

470.75
113636.4
-103898.1

17 Nucleus
18 Acquired Size
19 Spectral Size

19F
65536
131072

-20

-40

-60

-80

-100
1 (ppm)

-120

-140

-160

-180

-200

;160000
;150000
;140000
130000
420000
410000
;100000
;90000
;80000
;70000
;60000
;50000
;40000
;30000
;20000
;10000

g

--10000

-220

176



Parameter Value 28000
1 Origin Bruker BioSpin GmbH
2 Owner userld (26000
3 Instrument spect 24000
4 Solvent CDCI3
5 Temperature 296.2 22000
6 PulseSequence zg30
7 Experiment 1D -20000
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D_05 7,
9 Number of Scans 16 ~18000
10 Receiver Gain 86.0
11 Relaxation Delay 10.0000 ~16000
12 Pulse Width 12.0000
13 Presaturation Frequency 14000
14 Spectrometer Frequency 500.35 12000
15 Spectral Width 10000.0
16 Lowest Frequency ~1759.7 10000
17 Nucleus 1H
18 Acquired Size 32768 ~8000
19 Spectral Size 65536
~6000
-4000
~2000
AJLI A S 0
® g TITTYLELEE 000
N N — CEM MO AN Om
, , — , , , , — — — —
16 15 14 13 12 1 10 9 7 6 3 2 1 0 -1 -2 -3
f1 (ppm)
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3 0 © ™ QLo o) TOONOMNO © -2600
N — < O NavEeXe) : S BOL A
N RS QOO 3 ISR LTXS
I ~— ~\ — N7
-2400
Parameter Value o
1 Origin Bruker BioSpin GmbH
2 Owner userld 2200
Me.,
3 Instrument spect '
4 Solvent CDCI3 2000
5 Temperature 296.1
6 Pulse Sequence zgpg30 1800
7 Experiment 1D
~1600
8 Probe Z127784_0002 (CPBBO 500S1 BBF-H-D-05 7,
9 Number of Scans 512
10 Receiver Gain 190.5 1400
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000 1200
13 Presaturation Frequency
~1000
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
~800
16 Lowest Frequency ~1899.6
17 Nucleus 13C 600
18 Acquired Size 32768
19 Spectral Size 65536
| | ~400
II I -
| M | -200
| M ‘L - ook -0
--200

230 220 210 200 190 180 170 160 150 140 130 12? 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH -~30000
2 Owner userld
3 Instrument spect
4 Solvent CD2CI2
5 Temperature 296.1 -25000
6 PulseSequence zg30
7 Experiment 1D ” ] / / //
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,
9 Number of Scans 16 -20000
10 Receiver Gain 190.5
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency ~15000
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1767.2
17 Nucleus 1H 10000
18 Acquired Size 32768
19 Spectral Size 65536
-5000
| N . JJLLM "
533 2 Srelng
S OO o)) )= Qoo
— oo - NN O =«
T T T T T T T T T T T T T T T T
16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
1 (ppm) 179



~oOuUV

5000

4500

~4000

3500

-~3000

-2500

2000

1500

1000

500

barameter ba;::=#:§§ﬁ\ = N I
1 Origin Bruker BioSpin GmbH
2 Owner userld
3 Instrument spect
4 Solvent CD2ClI2
5 Temperature 296.1
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D-05 Z,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1844.5
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536
|
| |
I |
L 1
I e e e B L s s s e s S B S B S B s LA B S S S p
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

f1 (ppm)

+-500

180
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17
18
19

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

Presaturation Frequency

Spectrometer Frequency

Spectral Width
Lowest Frequency
Nucleus

Acquired Size

Spectral Size

Value
Bruker BioSpin GmbH
userld
spect
CD2CI2
296.1
zgflgn
1D
Z2127784_0002 (CPBBO 500S1 BBF-H-D-05 7,
16
190.5
1.0000
15.0000

470.75
113636.4
-103898.1
19F

65536
131072

-81.08

~90000

~80000

70000

~60000

~50000

40000

-~30000

20000

10000

-20 -30

1 (ppm)

-80

-90

-100

-110

-120

-130

181



Parameter Value § 6000
1 Origin Bruker BioSpin GmbH §
2 Owner userld | ~5500
3 Instrument spect
4 Solvent CDCI3 -5000
5 Temperature 296.1
6 PulseSequence zg30 4500
7 Experiment 1D / / / /
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7, L4000
9 Number of Scans 16
10 Receiver Gain 190.5 L3500
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency (3000
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0 2500
16 Lowest Frequency ~1759.7 I
17 Nucleus 1H ~2000
18 Acquired Size 32768
19 Spectral Size 65536 -1500
~1000
| 500
L Al MMJ\A‘ L«J -0
i f AT
3 > 33358
N o OO <« 10 --500
; ; — .

(pPmM) 182



18UV
-1700
-1600
-’I 500
-1400
-1300
-1200
-1100
-’IOOO
-900
-800
-700
-600
-500
-400
-300
-200

~100

—-100

f1 (ppm)

© o~ X @Q © — © <

I%rameter EEE Valuéggg 22
1 Origin | BruléEZfB/ioSpinGmbH ~\ N
2 Owner userld
3 Instrument spect
4 Solvent CDCI3
5 Temperature 296.1
6 PulseSequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,
9 Number of Scans 256
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency ~1901.0
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536

|
| |
| I if i
[ "
| | I | | JM ‘
—_—r r r

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

183



9 CN
Parameter Value L(I)
1 Origin Bruker BioSpin GmbH ;? N\/\)\ g
2 Owner userld |
3 Instrument spect
4 Solvent MeOD
5 Temperature 2981
6 PulseSequence zg30
7 Experiment 1D I / / /
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,
9 Number of Scans 16
10 Receiver Gain 69.2
11 Relaxation Delay 10.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1919.8
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
o e i
8 3 5338383
N N — N MANN O
L s B s B B B AN A e — T —T T 1
16 15 14 13 12 M 10 9 8 7 6 5 3 2 1 -1 -2 -3

~100000

~90000

~80000

/70000

~60000

~50000

~40000

~30000

20000

10000

184



Parameter

Origin
Owner
Instrument
Solvent

Temperature

Experiment

Probe

© 00 N O U A W N B

=
o

Receiver Gain

=
N R

Pulse Width

=
w

14 Spectrometer Frequency

15 Spectral Width

16 Lowest Frequency

17 Nucleus
18 Acquired Size
19 Spectral Size

Pulse Sequence

Number of Scans

Relaxation Delay

Presaturation Frequency

® N © 0O o~

< oY NI 00 00NN O ©

O O N M ANANN — «—

T L i - S S S

N/ NN Y
Value

Bruker BioSpin GmbH
userld

spect

MeOD

298.2

zgpg30

1D

Z127784_0002 (CPBBO 500S1BBF-H -D-05 7,
512

190.5

2.0000

10.0000

125.83
31512.6
-1740.5
13C
32768
65536

—
S
A

o o yoau<-wo
(@) — MDONNOLL M
Lo LO < OO ANNN
I I VN NN

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

f1 (ppm)

8

O 70 ©

O 50 40 30 20 1

0]

0]

-10

-1700
-1600
-1500
-1400
-1300
-1200
-‘I’IOO
-’IOOO
-900
-800
-700
-600
-500
-400
-300
-200

~100

--100

185



Parameter

Origin

Owner
Instrument
Solvent
Temperature
Pulse Sequence
Experiment

Probe

O 00 N O U »h W N =

=
o

Receiver Gain

= =
N R

Pulse Width

=R
vi M W

Spectral Width

Number of Scans

Relaxation Delay

Presaturation Frequency

Spectrometer Frequency

16 Lowest Frequency

17 Nucleus
18 Acquired Size
19 Spectral Size

Value
Bruker BioSpin GmbH
userld
spect
CDCI3
296.1
zgflgn
1D
Z2127784_0002 (CPBBO 500S1BBF-H-D-05 7,
16
190.5
1.0000
15.0000

470.75
113636.4
-103898.1
19F

65536
131072

-114.14

-600
/[::]/fiijL\v/\\/J\\-
F -550

-500

450

400

350

300

-250

-200

-150

~100

-50

-0

—-50

-20

-40 -60 -80 -100
1 (ppm)

-120

-140

-160

-180

-200

-220

186
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]
Parameter Value 2 Ov—/_ 1300
1 Origin Varian 38
g ik Cl N I
2 OWner | >=O _1200
3 Instrument inova —O
Z EF
4 Solvent CD2CI2 3 L1100
5 Temperature 20.0
6 Pulse Sequence s2pul 1000
7 Experiment 1D /[/ //
8 Probe QUAD ~900
9 Number of Scans 8
10 Receiver Gain 52 -800
11 Relaxation Delay 15.0000
12 Pulse Width 6.5000 -700
13 Presaturation Frequency
14 Spectrometer Frequency 499.69 -600
15 Spectral Width 7024.9
16 Lowest Frequency ~1019.4 ->00
17 Nucleus 1H
] ) ~400
18 Acquired Size 32768
19 Spectral Size 65536
~300
~200
M | ~100
N N .
—H Y A i)
o N~ o o NN AN
S oo S o o = = o -_100
— O O o O - N N
T T T T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 -1 2
fl ppm,

187



(%) MO MANOGO O — © < N
™ NN —=OmMmInemm - Y NNnANo © o~Nooe N LA™ ~5000
N~ <t o N N AN AN AN NN AN N~ I O CO O N N (X)HLﬁMQ'..o
— L T T T T T T T I I B N @ ) ) N NN DN O M M AN N — O O
I e I —— | N NN N~
Parameter Value
1 Origin Bruker BioSpin GmbH OWJ‘ 4500
2 Owner userld "
Cl N
3 Instrument spect >=o -4000
4 Solvent CD2ClI2 s O
5 Temperature 298.0 Z CFs
-3500
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF H D05 2Z, -3000
9 Number of Scans 512
10 Receiver Gain 190.5
-2500
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency 2000
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
~1500
16 Lowest Frequency ~1842.9
17 Nucleus 13C
18 Acquired Size 32768 -1000
19 Spectral Size 65536
| | ~500
| | |
| | | |
|
WL \ l N i)
~-500

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

f1
(Ppm, 188



o
Parameter Value ;

1 Origin Bruker BioSpin GmbH T

2 Owner userld

3 Instrument spect

4 Solvent CD2CI2

5 Temperature 298.0

6 Pulse Sequence zgfhiggn.2

7 Experiment 1D

8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7,

9 Number of Scans 64

10 Receiver Gain 190.5

11 Relaxation Delay 1.0000

12 Pulse Width 15.0000

13 Presaturation Frequency

14 Spectrometer Frequency 470.75

15 Spectral Width 113636.4

16 Lowest Frequency ~103898.1

17 Nucleus 19F

18 Acquired Size 65536

19 Spectral Size 131072

0 10 0 -10 -20

-320000
;300000
;280000
;260000
;240000
;220000
;200000
;180000
;160000
;140000
;120000
;100000
;80000

;60000

;40000

;20000

0

--20000

-_40000

-30 40 50 -60 -70 -8 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210 -220

f1 ppm,

189



Parameter Value % T __70000
1 Origin Bruker BioSpin GmbH § O/OIMH 65000
2 Owner userld | F i
3 Instrument spect -60000
4 Solvent MeOD
5 Temperature 298.2 -55000
6 PulseSequence zg30 "
7 Experiment 1D { j / [/ ~50000
8 Probe Z2127784_0002 (CPBBO 500S1 BBF-H-D_05 7, I
9 Number of Scans 16 ~45000
10 Receiver Gain 19.2
11 Relaxation Delay 10.0000 r40000
12 Pulse Width 12.0000 35000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35 30000
15 Spectral Width 10000.0
16 Lowest Frequency -1919.8 25000
17 Nucleus 1H
18 Acquired Size 32768 -20000
19 Spectral Size 65536
15000
~10000
|
“ -5000
— -0
g é H% 8}8}4 {go{ ~-5000
N N — N < — — O
L s e B s B S S B S B N S — T T T T T T
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3

1 (ppm) 190



1 Origin Bruker Bio§rﬁn GmbH R e | | N i
2 Owier userld CN __14000
3 Instrument spect O/OMH 13000
4 Solvent MeOD F -
5 Temperature 298.2 ~12000
6 PulseSequence zgpg30
7 Experiment 1D __11000
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 7, 10000
9 Number of Scans 512 L
10 Receiver Gain 190.5 -9000
11 Relaxation Delay 2.0000 I
12 Pulse Width 10.0000 8000
13 Presaturation Frequency -_7000
14 Spectrometer Frequency 125.83 L
15 Spectral Width 31512.6 ~6000
16 Lowest Frequency ~1745 4 r
17 Nucleus 13C ~5000
18 Acquired Size 32768 '_4000
19 Spectral Size 65536 |
| -3000
| -2000
| L
. | | -1000
I L » g

--1000

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)
191



S CN
Parameter Value < -600
1 Origin Bruker BioSpin GmbH " NM\)QOH i
2 Owner userld F -550
3 Instrument spect
4 Solvent CDCI3 500
5 Temperature 296.1
6 Pulse Sequence zgflgn 450
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H_D-05 7, L4100
9 Number of Scans 16
10 Receiver Gain 190.5
11 Relaxation Delay 1.0000 (350
12 Pulse Width 15.0000
13 Presaturation Frequency 300
14 Spectrometer Frequency 470.75
15 Spectral Width 113636.4 250
16 Lowest Frequency ~103898.1
17 Nucleus 19F ~200
18 Acquired Size 65536
19 Spectral Size 131072 150
100
-50
. . -0
--50
T T T T s s s B . e s B B B A S S B S B E
0 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220
f1 (opm)

192



~70000

-65000

-60000

~55000

-50000

-45000

~40000

~35000

-30000

~25000

~20000

-15000

-10000

-5000

--5000

Parameter Value
1 Origin Bruker BioSpin GmbH O
2 Owner userld
Cl N
3 Instrument spect >=o
4 Solvent CD2CI2 —O
Z GF
5 Temperature 298.0 3
6 PulseSequence zg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,
9 Number of Scans 16
10 Receiver Gain 48.8
11 Relaxation Delay 15.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1929.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
—A — Y PR R R
O O O N N NI AN O In N
S o o O 0O o000 OO0 o
e =) — = = N N = NN
T T T T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 2 -3
fl ppm,

193



0 o O NN Nmimmm - o L © © m O n Lo ANN LM
o N~ T MMM NN NNNN AN 00 00 00 ©0 LN NNOo o MAN g L
o — N 4 A —~ A —~ —~ A —~ A - ()} N NN N O T M MM —~ OO O |

| | T e BV —— -~ N =\ ~— o 16000

Parameter alue |
1 Origin Bruker BioSpin GmbH o) ~15000

2 Owner userld I
Cl N ~14000

3 Instrument spect >=O |
4 Solvent CD2ClI2 —O ~13000

5 Temperature 298.0 Z éF3 i
12000

6 Pulse Sequence zgpg30 |
7 Experiment 1D ~11000

8 Probe Z2127784_0002 (CPBBO 500S1BBF-H-D_05 7, I
~10000

9 Number of Scans 1024 I
10 Receiver Gain 190.5 9000

11 Relaxation Delay 2.0000 I
. -8000

12 Pulse Width 10.0000 I
13 Presaturation Frequency 7000

14 Spectrometer Frequency 125.83 I
. -6000

15 Spectral Width 31512.6 I
16 Lowest Frequency -1843.7 5000

17 Nucleus 13C -
18 Acquired Size 32768 4000
19 Spectral Size 65536 13000
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Value

Bruker BioSpin GmbH

userld
spect
CD2CI2
298.0
zgfhigqn.2
1D

—_78.50

Z127784_0002 (CPBBO 500S[1 BBF-H-D-05 7,

64

190.5
1.0000
15.0000

13 Presaturation Frequency

14 Spectrometer Frequency 470.75
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15 Spectral Width 113636.4

16 Lowest Frequency ~103898.1

17 Nucleus 19F

18 Acquired Size 65536

19 Spectral Size 131072
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Parameter Value OM
1 Origin Bruker BioSpin GmbH cl N ©
2 Owner userld >=O
3 Instrument spect 4 (;_:FO
4 Solvent CD2CI2 3
5 Temperature 298.0
6 PulseSequence zg30
7 Experiment 1D //
8 Probe Z127784_0002 (CPBBO 500S1BBF-H-D-05 27,
9 Number of Scans 16
10 Receiver Gain 69.2
11 Relaxation Delay 15.0000
12 Pulse Width 12.0000
13 Presaturation Frequency
14 Spectrometer Frequency 500.35
15 Spectral Width 10000.0
16 Lowest Frequency ~1929.9
17 Nucleus 1H
18 Acquired Size 32768
19 Spectral Size 65536
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Parameter Value OMA
1 Origin Bruker BioSpin GmbH Cl N S |
2 Owner userld >=O
3 Instrument spect —O
4 Solvent CD2CI2 Z CF,
5 Temperature 298.0
6 Pulse Sequence zgpg30
7 Experiment 1D
8 Probe Z127784_0002 (CPBBO 500S1BBF H D 0527,
9 Number of Scans 2048
10 Receiver Gain 190.5
11 Relaxation Delay 2.0000
12 Pulse Width 10.0000
13 Presaturation Frequency
14 Spectrometer Frequency 125.83
15 Spectral Width 31512.6
16 Lowest Frequency _1843 .4
17 Nucleus 13C
18 Acquired Size 32768
19 Spectral Size 65536
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Value
Bruker BioSpin GmbH
userld
spect
CD2CI2
298.0
zgfhigqn.2
1D
Z127784_0002 (CPBBO 500S
64
190.5
1.0000
15.0000

13 Presaturation Frequency

14 Spectrometer Frequency 470.75

15 Spectral Width

16 Lowest Frequency
17 Nucleus

18 Acquired Size

19 Spectral Size

113636.4
-103898.1
19F

65536
131072
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