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General Information

Unless otherwise noted, reactions were performed under an atmosphere of N, using oven-dried glassware.
Palladium-catalyzed reactions were performed in 1 dram vials, which were sealed with PTFE-lined silicone septa,
and all other reactions were performed in round-bottom flasks that were sealed with rubber septa. Stainless steel
syringes were used to transfer air- and moisture-sensitive liquid reagents. Reactions were monitored by thin-layer
chromatography (TLC) on UNIPLATE Silica Gel HLF plates, visualizing by quenching of fluorescence, or by
staining with KMnO, or nihydrin. Column chromatography was conducted using an automated system. '’F NMR
yields and isolated yields reported in the manuscript represent an average of at least two independent runs of
material deemed to be at least 95% pure by NMR. Yields reported in the supporting information refer to a single

experiment,

Unless otherwise noted, reagents were purchased from commercial sources, and used as received. 1,4-Dioxane
(anhydrous, 99.8%) and Pd(OAc), (reagent grade, 98%) were purchased from Sigma Aldrich. All ligands for
screening were purchased from Sigma Aldrich or Strem with the following exceptions: t-BuBrettPhos and
PhXPhos were prepared according to previously reported syntheses.''> Solvents including DMF, PhMe,
CH,Cl,, THF, MeOH were used directly from a solvent purification system in which solvent was dried

by passage through two columns of activated alumina under argon.

Proton nuclear magnetic resonance ('H NMR) spectra and carbon nuclear magnetic resonance (*C NMR)
spectra were recorded on Bruker 400 AVANCE spectrometer (400 and 100 MHz, respectively) or Bruker 500
AVANCE spectrometer (500 and 125 MHz, respectively). Chemical shifts (3) for protons are reported in parts per
million (ppm) downfield from tetramethylsilane, and are referenced to proton resonance of residual CHCl; in the
NMR solvent (CHCls: 6 = 7.27 ppm or DMSO-dy: 0 = 2.50 ppm). Chemical shifts (3) for carbon are reported in
ppm downfield from tetramethylsilane, and are referenced to the carbon resonances of the solvent residual peak
(CDCls: & = 77.23 ppm or DMSO-dg: 8 = 39.51 ppm). Fluorine nuclear magnetic resonance (‘’F NMR) spectra
were recorded on a Bruker 400 AVANCE spectrometer (376 MHz). F NMR chemical shifts (8) are reported in

ppm upfield from trichlorofluoromethane (0 ppm). NMR data are represented as follows: chemical shift (ppm),
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multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant in Hertz (Hz),
integration. Gas chromatography (GC) data were obtained via analysis using an Agilent Technologies 7890A GC
system with a FID detector and an Agilent Technologies 30 m x 0.320 mm i.d. HP-5 capillary column. High-
resolution mass determinations were obtained either by electrospray ionization (ESI) on a Waters LCT Premier™
mass spectrometer or by atmospheric-pressure chemical ionization (APCIl-hexane/PhMe) on a Waters Q-Tof
Premier™, for which sample plus near mass internal exact mass standard were dissolved in hexane, and hexane or
PhMe/hexane were used as ionization solvent. Infrared spectra were measured at a Shimadzu FTIR-8400S Fourier
Transform Infrared Spectrometer. Uncorrected melting points were measured on Thomas Hoover Capillary

Melting Point apparatus.

Preparation of Compound 1a

0 i. Zn, THF Q OH (COCI),, DMSO Q 0
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3 70°C - 50 °C F F ! FF
FF -78°C —> 1t
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MeoH 7 (COCI),, EtgN W e
0°C >t CH,Cl,, DMF, 0°C — 1t
la-1 la

ethyl 2,2-difluoro-3-hydroxy-3-phenylpropanoate (1a-3)

An oven-dried three-neck flask was charged with activated Zn (6.40 g, 98.4 mmol). The reaction vessel was
equipped with a reflux condenser and two rubber septa, evacuated and backfilled with Ny, three times. Dry THF
(0.10 L) was added, followed by addition of the initiator 1,2-dibromoethane (0.50 mL, 5.8 mmol) under Ny,. To
activate the Zn, the reaction mixture was heated with a heat gun until the THF boiled suddenly. Heating was
stopped, and the mixture was cooled to rt. This heating/cooling sequence for activation of Zn was repeated four
more times (5 total). Subsequently, the reaction mixture was heated to 70 °C (oil-bath), and a solution of aldehyde
(5.0 mL, 49 mmol) and ethyl bromodifluoroacetate (6.4 mL, 49 mmol) was added dropwise at a rate that
maintained a gentle reflux. The resulting reaction mixture was stirred at 70 °C for 1 h, and then cooled to 50 °C

and stirred overnight. The reaction mixture was cooled to 0 °C, and 1 N HCl,q) was added until the residual Zn
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was consumed (roughly 100 mL). The reaction mixture was warmed to rt, and transferred to a separation funnel.
The phases were separated, and the aqueous layer was extracted with EtOAc¢ (3 x 100 mL). The combined organic
layers were dried over anhydrous Na,SO,, filtered, and concentrated. The crude product was purified by column
chromatography using a gradient of EtOAc / hexanes (10% to 15%) for elution to provide the compound 1a-3 as a
colorless oil (10.5 g, 93%). '"H NMR (CDCls, 400 MHz) & 7.47-7.39 (m, 5 H), 5.18 (ddd, J = 15.6, 8.0, 5.2 Hz, 1
H), 432 (q, J=7.2 Hz, 2 H), 2.66 (d, J = 5.2 Hz, 1 H), 1.30 (t, J = 7.2 Hz, 3 H). "’F NMR (CDCl;, 376 MHz) & —
1204 (dd, J = 263.2, 154 Hz, 1 F), —113.9 (dd, J = 263.2, 7.9 Hz, 1 F). HRMS (ESI, m/z): calcd. for

C,H,F,0:Na [M+Na]" 253.0652, found 253.0663. Spectroscopic data matched that from the previous repor‘[.3
ethyl 2,2-difluoro-3-0xo0-3-phenylpropanoate (1a-2)

An oven-dried three-neck flask was equipped with a liquid addition funnel, a three-way valve and two rubber
septa, evacuated and backfilled with Ny three times. Dry CH,Cl, (130 mL) and oxalyl chloride (6.1 mL, 71
mmol) were added sequentially at rt, and the reaction solution was cooled to —78 °C. A solution of anhydrous
DMSO (6.7 mL, 94 mmol) in dry CH,Cl, (13 mL) was added dropwise at —78 °C, and then the reaction solution
was stirred at this temperature for 1 h. Next, a solution of 1a-3 (5.42 g, 23.5 mmol) dissolved in dry CH,Cl, (13
mL) was added dropwise at —78 °C, and then the resulting reaction solution was stirred at this temperature for 1 h.
Et;N (0.020 L, 0.14 mol) was added dropwise at —78 °C, and the reaction mixture was stirred at —78 °C for 30 min.
The reaction mixture was gradually warmed to rt, and stirred at rt for 2 h. H,O (100 mL) was added to quench the
reaction, and CH,ClI, was removed under reduced pressure. The aqueous layer was extracted with ether (3 x 100
mL), and the combined organic layers were dried over anhydrous Na,SQ,, filtered, and concentrated. The crude
product was purified by column chromatography using a gradient of EtOAc / hexanes (2% to 5%) for elution to
afford the compound 1a-2 as a as a light yellow oil (4.40 g, 82%). "H NMR (CDCls, 400 MHz) & 8.09 (d, J = 7.6
Hz, 2 H), 7.71-7.67 (m, 1 H), 7.56-7.52 (m, 2 H), 4.40 (q, J = 7.2 Hz, 2 H), 1.33 (t, J = 7.2 Hz, 3 H). ’"F NMR
(CDCls, 376 MHz) § —107.6 (s, 2 F). HRMS (ESI, m/z): calcd. for C;;H,oF,0;Na [M+Na]" 251.0496, found

251.0490. Spectroscopic data matched that from the previous report.”

potassium 2,2-difluoro-3-oxo-3-phenylpropanoate (1a-1)
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A one-neck round-bottom flask was charged with 1a-2 (3.10 g, 13.6 mmol), and MeOH (7.0 mL) was added at rt.
The resulting solution was cooled to 0 °C. A pre-cooled solution of KOH (0.760 g, 13.6 mmol) dissolved in
MeOH (7.0 mL) was added dropwise, and then the reaction solution was warmed to rt, and stirred at rt for 6 h.
MeOH was removed under reduced pressure. EtOAc (5 mL) and ether (5 mL) were added, and the mixture was
sonicated at rt until fine solids formed. The solid was collected by filtration, washed with ether, and dried in
vacuo to give the compound 1a-1 as a colorless solid (2.72 g, 84%). '"H NMR (DMSO-d,, 400 MHz) & 8.00 (d, J
=8.0 Hz, 2 H), 7.65 (t, J= 7.6 Hz, 1 H), 7.52 (t, J = 7.6 Hz, 2 H). >C NMR (DMSO-dq, 125 MHz) & 189.6 (t, J =
27.5 Hz), 162.4 (t, J = 23.8 Hz), 133.8, 132.6, 129.2, 128.5, 111.3 (t, J = 261.9 Hz). ’F NMR (DMSO-ds, 376
MHz) 6 —105.2 (s, 2 F).IR (film) 3061, 1720, 1697, 1682, 1645, 1599, 1450, 1412, 1381, 1281, 1169, 1132, 1101,
922, 912, 816, 729, 708, 685, 584 cm™. HRMS (ESI, m/z): caled. for CoHsF,K,0; [M+K]" 276.9481, found

276.9492. m.p. 154155 °C decomposed.
cinnamyl 2,2-difluoro-3-oxo-3-phenylpropanoate (1a)

An oven-dried one-neck round-bottom flask was charged with potassium salt 1a-1 (3.00 g, 12.6 mmol), and the
system was evacuated and backfilled with Ny, three times. Dry CH,Cl, (0.040 L) and DMF (1.2 mL) were added
via a syringe, and the reaction mixture was cooled to 0 °C. Oxalyl chloride (1.2 mL, 14 mmol) was added
dropwise, and then the reaction mixture was stirred at 0 °C for 30 min, and rt for 1.5 h. Next, a solution of
cinnamyl alcohol (2.54 g, 18.9 mmol) dissolved in dry CH,Cl, (2.0 mL) was added dropwise at 0 °C followed by
dropwise addition of Et;N (2.6 mL, 19 mmol). The resulting reaction mixture was stirred at 0 °C for 30 min, and rt
for 1.5 h. H,O (10 mL) was added to quench the reaction, and CH,Cl, was removed under reduced pressure. The
aqueous layer was extracted with ether (3 x 20 mL), and the combined organic layers were dried over anhydrous
Na,S0Oy,, filtered, and concentrated. The crude product was purified by column chromatography using a gradient
of EtOAc / hexanes (2% to 5%) for elution to furnish the compound 1a as a as a colorless oil (3.20 g, 80%). 'H
NMR (CDCls, 400 MHz) 6 8.09 (d,J=7.6 Hz, 2 H), 7.67 (t, J= 7.6 Hz, 1 H), 7.51 (t,J = 7.6 Hz, 2 H), 7.38-7.29
(m, 5 H), 6.69 (d, J = 15.6 Hz, 1 H), 6.23 (dt, J = 16, 6.8 Hz, 1 H), 4.98 (d, J = 6.8 Hz, 2 H). °C NMR (CDCl,
125 MHz) 8 185.6 (t, J =27.5 Hz), 161.9 (t, J = 30.6 Hz), 136.5, 135.8, 135.4, 131.2, 130.2 (t, J=2.5 Hz), 129.2,

128.9, 128.7, 127.0, 120.9, 110.0 (t, J = 263.8 Hz), 68.2. "’F NMR (CDCls, 376 MHz) 5 —107.4 (s, 2 F). IR (film)
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3061, 3028, 1776, 1715, 1699, 1597, 1450, 1312, 1159, 1124, 968, 922, 746, 712, 688 cm™'. HRMS (ESI, m/z):

caled. for CgH;4F,03sNa [M+Na]" 339.0809, found 339.0804.

Screening of Ligands

o
Phw Ph
o o Pd(OACc), (5 mol%) EF
. ligand (10 mol%) 2a (linear)
Ph/\/\o)g(u\Ph : > + o
FF 1,4-dioxane (0.25 M) E
1a 80°C,20h F Ph
=
Ph
3a (branched)
A) Ortho-substituents Alter Yield of Branched Product
PCy, PCy, PCy,
MeO, i-Pr
(O (> e @t
L1 MeO L2 i-Pr L3
branched: 2% branched: 29% branched: 25%
brilin=2:1 br/llin=15:1 br/llin=25:1

B) Substituents on P Alter Selectivity of Branched and Linear Products

Pt-Bu, PCy, PPh,
i-Pr i-Pr i-Pr.
s @SR S @ AR @
i-Pr L4 i-Pr L3 i-Pr PhXPhos
linear: 81% branched: 25% branched: 89%
brilin=1:9 brilin=25:1 br/lin=89:1
C) Substitutents on Upper Ring Alter Yield and Selectivity of Linear Product
Me Pit;DBrUz P_t:)Buz veo  Pt-Bu
i I-Pr i-Pr
Mel—Pr i-Pr i-Pr
i-Pr . .
M -P i-Pr
€ Me L6 -er L4 OMe t-BuBrettPhos
linear: 68% linear: 81% linear: 86%
brlin=1:3 brilin=1:9 brilin=1:9

An oven-dried 1 dram vial was charged with substrate 1a (47.4 mg, 0.150 mmol), Pd(OAc), (1.7 mg, 0.0075
mmol), ligand (7.0 mg, 0.0150 mmol), and a magnetic stir bar. The vial was equipped with a three-way valve,
evacuated and backfilled with Ny four times. Dry 1,4-dioxane (0.60 mL) was added via a syringe under Ny).
The vial was sealed with a screwed-cap under Ny, flow, and was stirred at rt for 5 min. Subsequently, the vial
was placed on a pre-heated reaction block, and stirred at 80 °C for 20 h. The vial was cooled to rt, and the mixture
was diluted with EtOAc (3 mL). Dodecane (0.020 mL, 0.088 mmol) was added as a standard, and the reaction

mixture was stirred at rt for 30 min to ensure thorough mixing. A small aliquot was taken from the vial, passed
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through a plug of silica gel, and eluted with additional EtOAc (2 mL). The sample was analyzed using GC/FID,

and the quantity of compounds 2a and 3a were determined using dodecane as an internal standard.

Characterization of Compounds 2a and 3a

Ph

2a

(E)-2,2-difluoro-1,5-diphenylpent-4-en-1-one (2a)

"H NMR (CDCls, 400 MHz) & 8.13 (dt, J = 8.4, 1.4 Hz, 2 H), 7.65 (tt, J = 7.6, 1.4 Hz, 1 H), 7.52 (t, J = 8.0 Hz, 2
H), 7.39-7.36 (m, 2 H), 7.32 (t, J = 7.4 Hz, 2 H), 7.27-7.23 (m, 1 H), 6.60 (d, J = 15.6 Hz, 1 H), 6.22 (dt, J = 15.6,
7.2 Hz, 1 H), 3.14 (tdd, J = 17.2, 7.2, 1.6 Hz, 2 H). *C NMR (CDCl,, 125 MHz) & 189.4 (t, J = 31.2 Hz), 136.9,
136.4, 134.6, 132.2 (t, J = 2.5 Hz), 130.4 (t, J = 3.1 Hz), 128.9, 128.8, 128.0, 126.6, 119.0 (t, J = 5.6 Hz), 118.9 (t,
J=253.1 Hz), 38.0 (t, J = 23.1 Hz). '°F NMR (CDCls, 376 MHz) § —98.9 (t, J = 16.9 Hz, 2 F). IR (film) 3059,
3026, 1701, 1597, 1448, 1273, 1173, 1119, 1090, 1061, 966, 947, 914, 748, 716, 688, 667 cm™'. HRMS (ESI, m/z):

caled. for Cy7H,sF,0 [M+H]" 273.1091, found 273.1092. m.p. 45-46 °C.

3a

2,2-difluoro-1,3-diphenylpent-4-en-1-one (3a)

"H NMR (CDCls, 400 MHz) & 7.96 (dt, J = 8.8, 1.4 Hz, 2 H), 7.61 (tt, J = 7.6, 1.4 Hz, 1 H), 7.46 (t, J = 8.0 Hz, 2
H), 7.33-7.28 (m, 5 H), 6.22 (ddd, J = 17.2, 10.4, 8.4 Hz, 1 H), 5.32 (d, J = 10.4 Hz, 1 H), 5.23 (dt, J = 16.8, 1.2
Hz, 1 H), 4.32 (td, J = 16.4, 8.4 Hz, 1 H). °C NMR (CDCls, 125 MHz) & 190.0 (t, J = 29.4 Hz), 135.3, 134.2,
133.1, 132.6 (t, = 4.4 Hz), 130.1 (t, J = 3.1 Hz), 129.8, 128.8, 128.0, 120.8, 118.8 (t, J = 257.5 Hz), 54.2 (t, J =

21.9 Hz). ""F NMR (CDCls, 376 MHz) & —103.5 (dd, A of ABX, Jag = 274.5 Hz, Jax = 15.0 Hz, 1 F), ~103.1 (dd,
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B of ABX, Jag = 274.5 Hz, Jgx = 15.0 Hz, 1 F). IR (film) 3065, 3032, 1701, 1597, 1448, 1267, 1178, 1049, 930,

746, 716, 698, 688 cm™. HRMS (ESI, m/z): calcd. for C,;H;4,F,ONa [M+Na]" 295.0910, found 295.0902.

Preparation of Compounds 1b and 1c¢ in Table 1

cinnamyl 3-oxo-3-phenylpropanoate (1c)

Compound 1¢ was prepared according to a previous report.” A mixture of cinnamyl alcohol (1.34 g, 10.0 mmol),
ethyl benzoylacetate (1.73 g, 10.0 mmol), DMAP (1.22 g, 10.0 mmol) was stirred with oven-dried 4 A molecular
sieves (50 g) in dry toluene (0.080 L) at 100—105 °C for 36 h. The reaction mixture was cooled to rt, and filtered
to remove the molecular sieves. The solvents were removed under reduced pressure, and EtOAc (60 mL) and
water (60 mL) were added to the residue. The layers were separated, and the organic layer was dried over
anhydrous Na,SQO,, filtered, and concentrated. The crude product was purified by column chromatography using a
gradient of EtOAc / hexanes (2% to 5%) for elution to furnish the compound 1c¢ as a as a yellow oil (2.08 g, 74%,
ketone : enol = 4:1). '"H NMR (CDCl;, 400 MHz) & 12.53 (s, 1 H, enol), 7.98-7.96 (m, 2 H, keto), 7.82—7.79 (m, 2
H, enol), 7.61 (tt, J = 7.4, 1.6 Hz, 1 H, keto), 7.51-7.42 (m, 7 H, enol + keto), 7.39-7.25 (m, 8 H, enol + keto),
6.72 (d, J=16.0 Hz, 1 H, enol), 6.64 (d, J=16.0 Hz, 1 H, keto), 6.36 (dt, J = 16.0, 6.4 Hz, 1 H, enol), 6.26 (dt, J
=16.0, 6.4 Hz, 1 H, keto), 5.74 (s, 1 H, enol), 4.89 (dd, J = 6.4, 1.6 Hz, 2 H, enol), 4.83 (dd, J=6.4, 1.6 Hz, 2 H,
keto), 4.06 (s, 2 H, keto). HRMS (ESI, m/z): caled. for C;sH;s0;Na [M+Na]" 303.0997, found 303.0996.

Spectroscopic data matched that from the previous report.®

o O
o Lo
F
1b

cinnamyl 2-fluoro-3-o0xo0-3-phenylpropanoate (1b)
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Compound 1b was prepared according to a previous report.” Compound 1¢ (1.03 g, 3.67 mmol) and CpTiCls
(39.5 mg, 0.180 mmol) were dissolved in CH3CN (0.020 L) at rt, and selectfluor (1.40 g, 4.04 mmol) was added.
The mixture was stirred at rt for 6 h, and filtered to remove solids. The filtrate was concentrated, and the crude
product was purified by column chromatography using a gradient of EtOAc / hexanes (2% to 5%) for elution to
furnish the compound 1b as a as a colorless oil (0.75 g, 68%). '"H NMR (CDCl;, 400 MHz) § 8.06 (dt, J = 8.4, 1.2
Hz, 2 H), 7.64 (tt, J=7.4, 1.4 Hz, 1 H), 7.51 (t, J = 8.0 Hz, 2 H), 7.35-7.26 (m, 5 H), 6.62 (dt, J=16.0, 1.4 Hz, 1
H), 6.21 (dt, J = 16.0, 6.4 Hz, 1 H), 5.94 (d, J = 48.8 Hz, 1 H), 4.90 (dt, J = 6.4, 1.4 Hz, 2 H). "C NMR (CDCl,,
125 MHz) 6 189.6 (d, J = 20.0 Hz), 164.9 (d, J =23.8 Hz), 135.9, 135.8, 134.7, 133.5 (d, J=2.5 Hz), 129.7 (d, J
= 3.8 Hz), 129.0, 128.8, 128.5, 126.9, 121.5, 90.2 (d, J = 196.2 Hz), 67.1. "’"F NMR (CDCls, 376 MHz) & —190.2
(d, J=48.9 Hz, 1 F). IR (film) 1763, 1691, 1597, 1448, 1242, 1198, 1111, 966, 744, 690 cm™'. HRMS (ESI, m/z):

caled. for CgH;sFOsNa [M+Na]” 321.0903, found 321.0894.

Experimental Procedures and Characterization of Compounds for Table 1

General Procedure A: An oven-dried 1 dram vial was charged with substrate (1a, 1b or 1¢), Pd(OAc),, ligand (t-

BuBrettPhos or PhXPhos), and a magnetic stir bar. The vial was equipped with a three-way valve, evacuated and
backfilled with N, four times. Dry 1,4-dioxane was added via a syringe under Ny. The vial was sealed with a
screwed-cap under Ny, flow, and was stirred at rt for 5 min. Subsequently, the vial was placed on a pre-heated
reaction block, and stirred at the indicated temperature for 20 h. The vial was cooled to rt, and the mixture was
diluted with EtOAc. An internal standard was added, and the reaction mixture was stirred at rt for 30 min to

ensure thorough mixing before checking '°F or 'H yields.

Ph

2a

(E)-2,2-difluoro-1,5-diphenylpent-4-en-1-one (2a)
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General procedure A was followed using 1a (84.1 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.0090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). a,0,a-trifluorotoluene (15 pL) was added as an

internal standard to obtain a '"’F NMR yield of linear product 2a. Spectral data of 2a matched that described above.

3a

2,2-difluoro-1,3-diphenylpent-4-en-1-one (3a)

General procedure A was followed using 1a (84.1 mg, 0.300 mmol), Pd(OAc), (1.68 mg, 0.0075 mmol),
PhXPhos (6.97 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). a,0,a-trifluorotoluene (15 uL) was added as an
internal standard to obtain a '’F NMR yield of branched product 3a. Spectral data of 3a matched that described

above.

N Ph
F

2b

(E)-2-fluoro-1,5-diphenylpent-4-en-1-one (2b)

General procedure A was followed using 1b (89.5 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.0090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Fluorobenzene (15 uL) was added as an internal
standard to obtain '’F NMR yields. After determination of the '’F NMR yield, the aliquot was recombined with
the reaction mixture. The total reaction mixture was passed through a plug of silica gel, and eluted with ether.
Removal of the solvents and chromatographic purification provided the linear product 2b (15.2 mg, 20%). 'H
NMR (CDCls, 400 MHz) 6 8.00 (d, J = 8.0 Hz, 2 H), 7.63 (tt, J = 7.4, 1.5 Hz, 1 H), 7.51 (t, J = 8.0 Hz, 2 H),
7.39-7.22 (m, 5 H), 6.53 (dt, J =16.0, 1.6 Hz, 1 H), 6.27 (dt, J =16.0, 7.2 Hz, 1 H), 5.69 (ddd, J =49.0, 7.4, 4.8
Hz, 1 H), 3.02-2.82 (m, 2 H). °C NMR (CDCl;, 125 MHz) § 196.4 (d, J = 20.0 Hz), 137.0, 134.6, 134.3, 134.1,

129.2 (d, J = 3.8 Hz), 129.0, 128.8, 127.8, 126.5, 123.0 (d, J = 3.8 Hz), 93.2 (d, J = 185.0 Hz), 36.4 (d, J =21.2
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Hz). "’F NMR (CDCls, 376 MHz) & —187.8 (ddd, J = 48.9, 30.1, 22.5 Hz, 1 F). IR (film) 3026, 2922, 1701, 1597,
1578, 1448, 1228, 1072, 964, 744, 694 cm™. HRMS (ESL, m/2): caled. for C;;H;sFONa [M+Na]" 277.1005, found

277.0995.

3b

2-fluoro-1,3-diphenylpent-4-en-1-one (3b)

General procedure A was followed using 1b (89.5 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Fluorobenzene (15 plL) was added as an internal standard to
obtain '’F NMR yields. After determination of the '°F yield, the aliquot was recombined with the reaction mixture.
The total reaction mixture was passed through a plug of silica gel, and eluted with ether. Removal of the solvents
and chromatographic purification provided the branched product 3b as two diastereoisomers (16 mg, 21%, A : B
=2.2:1). "HNMR (CDCls, 400 MHz) § 7.90-7.88 (m, 2 H, isomer A), 7.79 (dt, J = 8.4, 1.2 Hz, 2 H, isomer B),
7.62—7.22 (m, 16 H, isomers A and B), 6.19 (ddd, J=17.2, 10.2, 8.2 Hz, 1 H, isomer A), 6.16 (ddd, J=17.2, 10.4,
7.6 Hz, 1 H, isomer B), 5.83 (dd, J = 48.4, 4.0 Hz, 1 H, isomer A), 5.78 (dd, J = 48.8, 5.2, 1 H, isomer B), 5.24—
5.18 (m, 1 H for isomer A and 2 H for isomer B), 5.07 (dt, J = 17.2, 1.2 Hz, 1 H, isomer A), 4.16-4.01 (m, 4 H,
isomers A and B). *C NMR (CDCls;, 125 MHz) & 196.5 (d, J = 20.0 Hz, isomer B), 196.0 (d, J = 18.7 Hz, isomer
A), 139.4 (isomer A), 137.7 (isomer B), 136.1 (d, J = 5.0 Hz, isomer B), 135.3 (isomer B), 135.2 (isomer A),
134.3 (d, J = 5.0 Hz, isomer A), 133.9 (isomer A), 133.8 (isomer B), 129.1 (isomers A and B), 129.0 (isomers A
and B), 128.9 (isomers A and B), 128.8 (isomers A and B), 127.6 (isomers A and B), 119.1 (isomer A), 118.1
(isomer B), 95.9 (d, J = 190.0 Hz, isomer B), 95.7 (d, J = 191.2 Hz, isomer B), 52.6 (d, J = 20.0 Hz, isomer A),
52.3 (d, J =20.0 Hz, isomer B). '’F NMR (CDCls, 376 MHz) & —194.9 (dd, J = 48.9, 26.3 Hz, 1 F, isomer A), —
191.9 (dd, J = 48.9, 26.3 Hz, 1 F, isomer B). IR (film) 3063, 2924, 1697, 1691, 1597, 1491, 1448, 1277, 1252,

1095, 926, 756, 698 cm™'. HRMS (ESI, m/z): calcd. for C;7H;sFONa [M+Na]" 277.1005, found 277.0999.
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©/\/\)‘\Ph

2c

(E)-1,5-diphenylpent-4-en-1-one (2¢)

General procedure A was followed using 1c¢ (84.1 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.0090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Dibromomethane (15 pL) was added as an
internal standard to obtain 'H NMR vyields. Spectral data of the linear product 2¢ matched that from a previous

report.8

3c

1,3-diphenylpent-4-en-1-one (14b)

General procedure A was followed using 1¢ (84.1 mg, 0.300 mmol), Pd(OAc), (1.68 mg, 0.0075 mmol), PhXPhos
(6.97 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Dibromomethane (10 uL) was added as an internal standard to

obtain 'H NMR vyields. Spectral data of the branched product 3¢ matched that from a previous report .’
Experimental Procedures and Characterization of Compounds for Table 2

General Procedure B: An oven-dried round-bottom flask was charged with cinnamic acid derivative (12 mmol),

and dry MeOH (25 mL) was added. The mixture was cooled to 0 °C, and thionyl chloride (24 mmol) was added
dropwise. The reaction mixture was warmed to rt, and then stirred at reflux for 6 h. The reaction mixture was
cooled to rt, and MeOH and thionyl chloride were removed under reduced pressure. EtOAc (25 mL) and H,O (10
mL) were added to the residue, and the solution was neutralized with NaHCOs,q). The phases were separated, and
the aqueous layer was extracted with EtOAc (2 x 15 mL). The combined organic phases were dried over

anhydrous Na,SOy, filtered, and concentrated to give the desired product without further purification.
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General Procedure C: An oven-dried three-neck flask was charged with cinnamic ester (8.0 mmol). The reaction

vessel was equipped with a liquid addition funnel, evacuated and backfilled with Ny, three times. Dry CH,Cl,
(0.020 L) was added at rt, and then the solution was cooled to —78 °C. DIBAL (1.0 M in hexane, 0.020 L, 0.020
mol) was added dropwise, and then the reaction solution was gradually warmed to rt. The reaction solution was
cooled to 0 °C, and 1 N HCI was added dropwise to quench the reaction until no precipitate remained. The phases
were separated, and the aqueous layer was extracted with CH,Cl, (2 x 20 mL). The combined organic phases were

dried over anhydrous Na,SQOy,, filtered, and concentrated to give the desired product without further purification.

General Procedure D: An oven-dried one-neck round-bottom flask was charged with potassium salt 1a-1 (4.8

mmol), and the system was evacuated and backfilled with Ny, three times. Dry CH,Cl, (24 mL) and DMF (1.2
mL) were added via a syringe, and the reaction mixture was cooled to 0 °C. Oxalyl chloride (4.0 mmol) was
added dropwise, and then the reaction mixture was stirred at 0 °C for 30 min, and rt for 1.5 h. Next, a solution of
cinnamyl alcohol derivative (4.0 mmol) dissolved in dry CH,Cl, (2.0 mL) was added dropwise at 0 °C followed
by dropwise addition of Et;N (8.0 mmol). The resulting reaction mixture was stirred at 0 °C for 30 min, and rt for
1.5 h. H,O (10 mL) was added to quench the reaction, and the CH,Cl, was removed under reduced pressure. The
aqueous layer was extracted with ether (3 x 20 mL), and the combined organic layers were dried over anhydrous

Na,S0Oy,, filtered, and concentrated. Purification by flash chromatography provided the desired product.

General Procedure E: Pd-Catalyzed Decarboxvlation to Generate Linear Difluoroketone Product: An oven-dried 1

dram vial was charged with substrate 4a—j (0.300 mmol), Pd(OAc), (2.0 mg, 0.0090 mmol), t-BuBrettPhos (8.7
mg, 0.018 mmol), and a magnetic stir bar. The vial was equipped with a three-way valve, and evacuated and
backfilled with Ny, four times. Dry 1,4-dioxane (0.60 mL) was added via a syringe under Ny. The vial was
sealed with a screwed-cap under N, and was stirred at rt for 5 min. Subsequently, the vial was placed on a pre-

heated reaction block at 60 °C, and stirred for 24 h. The vial was cooled to rt, and the mixture was diluted with

EtOAc (2 mL). a,a,a-Trifluorotoluene (15 uL, 0.12 mmol) or 2,2,2-trifluoroethanol (0.010 mL, 0.14 mmol) was

added as a standard, and the reaction mixture was stirred at rt for 30 min to ensure thorough mixing. An aliquot
was taken from the vial for ’F NMR analysis. After determination of the °F yield, the aliquot was recombined

with the reaction mixture. The total reaction mixture was passed through a plug of silica gel, and eluted with ether.
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(In some cases, EtOAc was used for elution). Removal of the solvents and chromatographic purification provided

the desired product 5a—j.

General Procedure F: Pd-Catalyzed Decarboxylation to Generate Branched Difluoroketone Product: An oven-

dried 1 dram vial was charged with the substrate 4a—j (0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.0150 mmol), and a magnetic stir bar. The vial was equipped with a three-way valve, and evacuated and
backfilled with Ny four times. Dry 1,4-dioxane (3.0 mL) was added via a syringe under N,). The vial was
sealed with a screwed-cap under Ny, and was stirred at rt for 5 min. Subsequently, the vial was placed on a pre-

heated reaction block at 90 °C, and stirred for 24 h. The vial was cooled to rt, and the mixture was diluted with

EtOAc (0.50 mL a,0,a-Trifluorotoluene (15 pL, 0.12 mmol) or 2,2,2-trifluoroethanol (0.010 mL, 0.14 mmol) was

added as a standard, and the reaction mixture was stirred at rt for 30 min to ensure thorough mixing. An aliquot
was taken from the vial for ’F NMR analysis. After determination of the '°F yield, the aliquot was recombined
with the reaction mixture. The total reaction mixture was passed through a plug of silica gel, and eluted with ether.
(In some cases, EtOAc was used for elution). Removal of the solvents and chromatographic purification provided

the desired product 6a—j.

0]

F3C\©/\)J\0Me

4a-2

(E)-methyl 3-(3-(trifluoromethyl)phenyl)acrylate (4a-2)

General procedure B was followed using 3-(trifluoromethyl)cinnamic acid (1.50 g, 6.94 mmol), thionyl chloride
(1.0 mL, 14 mmol), and MeOH (15 mL). Workup afforded the title compound 4a-2 as a colorless solid (1.52 g,
95%). '"H NMR (CDCl;, 400 MHz) § 7.77-7.69 (m, 3 H), 7.65 (d, J = 8.0 Hz, 1 H), 7.53 (t, J = 7.6 Hz, 1 H), 6.52
(d, J =16.0 Hz, 1 H), 3.84 (s, 3 H). ’F NMR (CDCls, 376 MHz) & —62.9 (s, 3 F). HRMS (ESIL, m/z): calcd. for

C11H,oF;0, [M+H]" 231.0633, found 231.0641. Spectroscopic data matched that from the previous report.10
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4a-1

(E)-3-(3-(trifluoromethyl)phenyl)prop-2-en-1-ol (4a-1)

General procedure C was followed using 4a-2 (1.38 g, 6.00 mmol), DIBAL (1.0 M in hexane, 15 mL, 15 mmol),
and CH,Cl, (15 mL). Workup afforded the title compound 4a-1 as a light yellow oil (1.15 g, 95%). 'H NMR
(CDCl;, 400 MHz) 6 7.63 (s, 1 H), 7.57-7.54 (m, 1 H), 7.51-7.49 (m, 1 H), 7.46-7.42 (m, 1 H), 6.67 (dt, J = 16.0,
1.6 Hz, 1 H), 6.45 (dt, J = 16.0, 5.4 Hz, 1 H), 4.37 (dd, J = 5.4, 1.6 Hz, 2 H), 1.63 (s, 3 H). ’"F NMR (CDCl;, 376
MHz) 8 -62.8 (s, 3 F). HRMS (ESI, m/z): calcd. for C,oH;oF;0 [M+H]" 203.0684, found 203.0674. Spectroscopic

data matched that from the previous report.'’

o O

oo ol
FF

4a

(E)-3-(3-(trifluoromethyl)phenyl)allyl 2,2-difluoro-3-o0xo-3-phenylpropanoate (4a)

General procedure D was followed using 1a-1 (1.2 g, 4.8 mmol), oxalyl chloride (0.34 mL, 4.0 mmol), 4a-1 (0.81
g, 4.0 mmol), Et;N (1.1 mL, 8.0 mmol), DMF (1.2 mL), and CH,Cl, (24 mL). Workup and chromatographic
purification (2% to 5% EtOAc in hexanes) afforded the title compound 4a as a colorless oil (1.2 g, 78%). 'H
NMR (CDCls, 500 MHz) & 8.10 (d, J = 8.0 Hz, 2 H), 7.69-7.66 (m, 1 H), 7.58-7.51 (m, 5 H), 7.48-7.45 (m, 1 H),
6.70 (d, J = 16.0 Hz, 1 H), 6.30 (dtd, J = 10.0, 6.0, 1.5 Hz, 1 H), 5.00 (d, J = 6.0 Hz, 2 H). °C NMR (CDCl;, 125
MHz) 6 185.5 (t, J = 27.5 Hz), 161.8 (t, J = 30.6 Hz), 136.6, 135.4, 134.5, 131.3 (q, J = 32.5 Hz), 131.1, 130.2 (t,
J=2.5Hz), 130.1, 129.4, 129.2, 124.2 (q, J = 271.3 Hz), 125.2 (q, J = 3.8 Hz), 123.6 (q, J = 3.8 Hz), 123.0, 110.1
(t, J = 263.8 Hz), 67.5. ’F NMR (CDCls, 376 MHz) 8 —107.3 (s, 2 F), —62.8 (s, 3 F). IR (film) 3067, 2960, 1778,
1715, 1699, 1599, 1450, 1336, 1312, 1165, 1124, 1097, 966, 924, 793, 712, 696, 687 cm™'. HRMS (ESI, m/z):

caled. for CjoH;3Fs03Na [M+Na]" 407.0683, found 407.0611.



SI-16

F3C X Ph

5a

(E)-2,2-difluoro-1-phenyl-5-(3-(trifluoromethyl)phenyl)pent-4-en-1-one (5a)

General procedure E was followed using 4a (115.3 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 5a as a colorless oil (90.4 mg, 89%). 'H NMR (CDCls, 400
MHz) & 8.15 (dd, J = 8.2, 1.4, 2 H), 7.70-7.65 (m, 1 H), 7.62 (s, 1 H), 7.57-7.51 (m, 4 H), 7.47-7.43 (m, 1 H),
6.65 (d, J=16.0 Hz, 1 H), 6.32 (dt, J=16.0, 7.2 Hz, 1 H), 3.18 (tdd, J = 16.8, 7.2, 1.2 Hz, 2 H). *C NMR (CDCl;,
125 MHz) & 189.2 (t, J=31.3 Hz), 137.6, 135.0, 134.7, 132.0 (t, J = 2.5 Hz), 131.2 (q, J = 32.5 Hz), 130.4 (t,J =
3.1 Hz), 129.7, 129.2, 129.0, 124.5 (q, J = 3.8 Hz), 124.3 (q, J = 271.3 Hz), 123.3 (q, J=3.8 Hz), 121.3 (t, J = 5.0
Hz), 118.8 (t, J = 253.1 Hz), 37.9 (t, J = 23.5 Hz). ’F NMR (CDCls, 376 MHz) & -98.7 (t, J = 16.9 Hz, 2 F), —
62.8 (s, 3 F). IR (film) 3065, 1701, 1599, 1450, 1331, 1169, 1124, 1072, 966, 798, 716, 696 cm™. HRMS (APCI-

hexane/PhMe, m/z): calcd. for C gH;4FsO [M+H]" 341.0965, found 341.0951.

FaC P

6a

2,2-difluoro-1-phenyl-3-(3-(trifluoromethyl)phenyl)pent-4-en-1-one (6a)

General procedure F was followed using 4a (115 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 6a as a colorless oil (86.5 mg, 85%). '"H NMR (CDCls, 400 MHz) & 7.99
(dd, J=18.6, 1.0 Hz, 2 H), 7.66-7.61 (m, 1 H), 7.59-7.55 (m, 3 H), 7.51-7.44 (m, 3 H), 6.20 (ddd, J=17.2, 10.4,
8.4 Hz, 1 H), 5.36 (dd, J =10.2, 1.0 Hz, 1 H), 5.24 (d, J= 16.8 Hz, 1 H), 4.42 (ddd, J=17.4, 14.6, 8.4 Hz, 1 H).

3C NMR (CDCls, 125 MHz) & 189.4 (t, J = 29.4 Hz), 136.5, 134.5, 133.3, 132.8 (t, J = 2.5 Hz), 131.9 (t, J = 3.8
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Hz), 131.1 (q, J = 31.9 Hz), 130.1 (t, J = 3.8 Hz), 129.3, 128.9, 126.7 (q, J = 3.8 Hz), 124.9 (q, J = 3.8 Hz), 124.2
(q, 3 =270.0 Hz), 121.6, 118.5 (t, J = 257.5 Hz), 53.6 (t, J = 21.3 Hz). '°F NMR (CDCl;, 376 MHz) § —103.7 (dd,
A of ABX, Jas = 280.1 Hz, Jax = 16.9 Hz, 1 F), —102.2 (dd, B of ABX, Jag = 280.1 Hz, Jgx = 15.0 Hz, 1 F), —62.6
(s, 3 F). IR (film) 3076, 1705, 1599, 1450, 1331, 1169, 1128, 1076, 926, 795, 716, 702, 688 cm'. HRMS (APCI-

hexane/PhMe, m/z): calcd. for CisH;4FsO [M+H]+ 341.0965, found 341.0971.

0O o
o e
FF
OaN 4b

(E)-3-(4-nitrophenyl)allyl 2,2-difluoro-3-oxo-3-phenylpropanoate (4b)

General procedure D was followed using 1a-1 (1.4 g, 5.5 mmol), oxalyl chloride (0.36 mL, 4.2 mmol), 4-
nitrocinnamyl alcohol (0.75 g, 4.2 mmol), Et;N (1.2 mL, 8.4 mmol), DMF (1.2 mL), and CH,Cl, (0.040 L).
Workup and chromatographic purification (5% to 10% EtOAc in hexanes) afforded the title compound 4b as a
pale yellow solid (1.2 g, 79%). '"H NMR (CDCl;, 400 MHz) & 8.20 (d, J = 8.8 Hz, 2 H), 8.11 (d, J = 7.6 Hz, 2 H),
7.72-7.67 (m, 1 H), 7.56-7.50 (m, 4 H), 6.75 (dt, J =16.0, 1.6 Hz, 1 H), 6.41 (dt, J =16.0, 6.4 Hz, 1 H), 5.03 (dd,
J=6.4,1.6 Hz, 2 H). "C NMR (CDCl;, 125 MHz) & 185.6 (t, J = 27.5 Hz), 161.8 (t, J = 30.6 Hz), 147.7, 142.2,
135.5,133.2, 131.0 (t, J = 1.9 Hz), 130.2 (t, J = 2.5 Hz), 129.3, 127.6, 125.8, 124.3, 110.2 (t, J = 264.4 Hz), 67.1.
"F NMR (CDCl;, 376 MHz) 8 —107.0 (s, 2 F). IR (film) 3076, 1774, 1701, 1597, 1518, 1344, 1310, 1159, 1126,
1105, 922, 860, 822, 744, 714, 687 cm'. HRMS (ESI, m/z): calcd. for C;sH,F.NOs [M-H]"™ 360.0684, found

360.0669. m.p. 65-66 °C.

Ph

o,N
2 5b

(E)-2,2-difluoro-5-(4-nitrophenyl)-1-phenylpent-4-en-1-one (5b)
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General procedure E was followed using 4b (108 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). The reaction temperature was raised to 70 °C.
Workup and chromatographic purification (2% to 5% EtOAc in hexanes) afforded the title compound Sb as a
light yellow solid (41.9 mg, 44%). "H NMR (CDCls, 400 MHz) & 8.18 (d, J = 8.8 Hz, 2 H), 8.14 (dd, J = 8.6, 1.4
Hz, 2 H), 7.66 (tt, J = 7.6, 1.5 Hz, 1 H), 7.55-7.49 (m, 4 H), 6.68 (d, J =16.0 Hz, 1 H), 6.43 (dt, J=16.0, 7.4 Hz,
1 H), 3.20 (tdd, J = 16.8, 7.4, 1.4 Hz, 2 H). "C NMR (CDCl;, 125 MHz) & 188.9 (t, J = 31.2 Hz), 147.3, 143.1,
134.8, 134.4, 131.8 (t, J = 3.1 Hz), 130.4 (t, J = 3.1 Hz), 129.0, 127.1, 124.4 (t, J = 5.0 Hz), 124.2, 118.7 (t, J =
253.1 Hz), 37.9 (t, J = 23.8 Hz). "’F NMR (CDCl;, 376 MHz) 8 —98.4 (t, J = 16.9 Hz, 2 F). IR (film) 3076, 1697,
1597, 1514, 1344, 1202, 1111, 1032, 972, 860, 716, 687, 667 cm™. HRMS (APCI-hexane/PhMe, m/z): calcd. for

C17H14,F,NO; [M+H] 318.0942, found 318.0935. m.p. 81-82 °C.

O,N 6b

2,2-difluoro-3-(4-nitrophenyl)-1-phenylpent-4-en-1-one (6b)

General procedure F was followed using 4b (108 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (2% to 5% EtOAc in
hexanes) afforded the title compound 6b as a yellow solid (74.4 mg, 78%). '"H NMR (CDCls, 400 MHz) & 8.20 (d,
J=8.8Hz, 2 H),8.01 (dd, J=8.2, 1.4 Hz, 2 H), 7.67-7.63 (m, 1 H), 7.56-7.48 (m, 4 H), 6.18 (ddd, J =17.0, 10.4,
8.0 Hz, 1 H), 5.39 (d, J = 10.4 Hz, 1 H), 5.26 (d, J = 16.8 Hz, 1 H), 4.50 (td, J = 16.0, 8.0 Hz, 1 H). °C NMR
(CDCls, 125 MHz) 6 188.9 (t, J =30.0 Hz), 147.7, 143.1, 134.7, 132.4 (t, J = 2.5 Hz), 131.4 (t, J = 4.4 Hz), 130.8,
130.2 (t, J = 3.8 Hz), 129.0, 123.9, 122.0, 118.3 (t, J = 258.1 Hz), 53.5 (t, J = 21.9 Hz). "°F NMR (CDCl;, 376
MHz) 6 -102.8 (dd, A of ABX, Jag = 285.8 Hz, Jax = 15.0 Hz, 1 F), —101.7 (dd, B of ABX, Jag = 285.8 Hz, Jgx =
15.0 Hz, 1 F). IR (film) 3084, 1701, 1599, 1524, 1448, 1348, 1176, 1053, 922, 833, 717, 694, 667 cm™'. HRMS

(APCI-hexane/PhMe, m/z): calcd. for C;;H4F,NO; [M+H]" 318.0942, found 318.0927. m.p. 64-65 °C.
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Et020\©/vOH

4c1

(E)-ethyl 3-(3-hydroxyprop-1-en-1-yl)benzoate (4¢-1)

Compound 4c-1 was prepared according to a previous report.'' An oven-dried Schlenk tube was charged with
Pd(OAc), (0.14 g, 0.60 mmol), PPh; (0.32 g, 1.2 mmol), and AgOAc (2.0 g, 12 mmol). The vessel was evacuated
and backfilled with Ny three times. Dry DMF (18 mL) was added via a syringe, followed by addition of allyl
alcohol (1.6 mL, 24 mmol) at rt. The reaction tube was sealed under N, flow, placed in a pre-heated oil bath at
70 °C, and stirred for 16 h. The tube was removed from the oil bath, and allowed to cool to rt. The reaction
mixture was filtered through a pad of celite. The filtrate was added with HO (15 mL), and extracted with EtOAc
(3 x 25 mL). The combined organic phases were dried over anhydrous Na,SOy,, filtered, and concentrated. The
crude product was purified by column chromatography using a gradient of EtOAc / hexanes (20% to 40%) for
elution to afford the compound 4¢-1 as a as a tan oil (0.93 g, 38%). 'H NMR (CDCls, 400 MHz) & 8.08 (t, J =2.0
Hz, 1 H), 7.93 (dd, J = 6.6, 1.4 Hz, 1 H), 7.57 (dd, J = 6.8, 1.6 Hz, 1 H), 7.40 (t, J= 7.6 Hz, 1 H), 6.67 (dt, J =
15.6, 1.6 Hz, 1 H), 6.46 (dt, J = 15.6, 5.4 Hz, 1 H), 4.42-4.36 (m, 4 H), 1.56 (br, 1 H), 1.41 (t, J = 7.2 Hz, 3 H).
PC NMR (CDCls, 125 MHz) § 166.7, 137.2, 131.1, 130.9, 130.2, 130.0, 128.9, 128.8, 127.7, 63.7, 61.3, 14.6. IR
(film) 3458, 2982, 2868, 1716, 1443, 1367, 1288, 1261, 1198, 1105, 1022, 966, 746, 685 cm™'. HRMS (APCI-

hexane/PhMe, m/z): calcd. for C,H;s0; [M+H]" 207.1021, found 207.1020.

O O
E0,0. A Ao g,
F F
4c

(E)-ethyl 3-(3-((2,2-difluoro-3-oxo-3-phenylpropanoyl)oxy)prop-1-en-1-yl)benzoate (4c)

General procedure D was followed using 1a-1 (1.2 g, 4.8 mmol), oxalyl chloride (0.34 mL, 4.0 mmol), 4¢-1 (0.83
g, 4.0 mmol), EtN (1.1 mL, 8.0 mmol), DMF (1.2 mL), and CH,Cl, (24 mL). Workup and chromatographic

purification (10% to 15% EtOAc in hexanes) afforded the title compound 4c as a light yellow oil (1.1 g, 71%). 'H
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NMR (CDCls, 400 MHz) & 8.10 (dd, J = 8.4, 1.6 Hz, 2 H), 8.03 (t, J= 1.6 Hz, 1 H), 7.97 (dt, J= 7.6, 1.6 Hz, 1 H),
7.69-7.65 (m, 1 H), 7.55-7.50 (m, 3 H), 7.41 (1, J = 7.6 Hz, 1 H), 6.72 (d, J = 16.0 Hz, 1 H), 6.31 (dt, J = 16.0,
6.4 Hz, 1 H), 5.00 (dd, J = 6.4, 1.2 Hz, 1 H), 4.40 (q, J= 7.2 Hz, 2 H), 1.42 (t, J = 7.2 Hz, 3 H). °C NMR (CDCl;,
125 MHz) § 185.5 (t, J = 27.5 Hz), 166.5, 161.9 (t, J = 30.0 Hz), 136.1, 135.4, 135.2, 131.2, 131.1, 130.2 (t, J =
2.5 Hz), 129.6, 129.2, 128.9, 128.0, 122.2, 110.0 (t, J = 263.8 Hz), 67.8, 61.4, 14.5. '°F NMR (CDCl, 376 MHz)
8 -107.3 (s, 2 F). IR (film) 2982, 1774, 1718, 1599, 1450, 1306, 1275, 1202, 1159, 1105, 922, 748, 685 cm’.

HRMS (ESI, m/z): calced. for C»H;sF,0sNa [M+Na]" 411.1020, found 411.1007.

Et0,C N

(E)-ethyl 3-(4,4-difluoro-5-oxo-5-phenylpent-1-en-1-yl)benzoate (5¢)

General procedure E was followed using 4¢ (116 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 5¢ as a colorless oil (86.0 mg, 83%). 'H NMR (CDCls, 400
MHz) § 8.13 (dt, J = 8.4, 1.2 Hz, 2 H), 8.05 (t, J = 1.8 Hz, 1 H), 7.93 (dt, J = 7.6, 1.6 Hz, 1 H), 7.64 (tt, J = 7.4,
1.6 Hz, 1 H), 7.56-7.49 (m, 3 H), 7.38 (t,J = 8.0 Hz, 1 H), 6.63 (d, J=16.0 Hz, 1 H), 6.30 (dt, J=16.0, 7.2 Hz, 1
H), 439 (q, J = 7.2 Hz, 2 H), 3.16 (tdd, J = 17.2, 7.2, 1.5 Hz, 2 H), 1.41 (t, J = 7.2 Hz, 3 H). °C NMR (CDCl,,
125 MHz) 6 189.2 (t, J=31.2 Hz), 166.6, 137.1, 135.4, 134.6, 132.0 (t, J =2.5 Hz), 131.0, 130.7, 130.4 (t, J = 3.1
Hz), 128.9, 128.8, 127.6, 120.4 (t, J = 5.6 Hz), 118.8 (t, J = 253.1 Hz), 61.2, 37.9 (t, J = 23.1 Hz), 14.5. "F NMR
(CDCls, 376 MHz) 6 —98.8 (t, J=16.9 Hz, 2 F). IR (film) 2982, 1718, 1599, 1448, 1286, 1200, 1173, 1107, 1024,

968, 752, 716, 687, 667 cm. HRMS (ESI, m/2): caled. for CaoHsF,05Na [M+Na]' 367.1122, found 367.1104.

EtO,C =
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ethyl 3-(4,4-difluoro-5-oxo-5-phenylpent-1-en-3-yl)benzoate (6¢)

General procedure F was followed using 4¢ (116 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 6¢ as a colorless oil (86.0 mg, 83%). '"H NMR (CDCls, 400 MHz) & 8.03—
7.97 (m, 4 H), 7.62 (tt, J=7.4, 1.2 Hz, 1 H), 7.56 (d, J = 7.6 Hz, 1 H), 7.49-7.45 (m, 2 H), 7.41 (t,J=7.6 Hz, 1
H), 6.22 (ddd, J=16.8, 10.4, 8.4 Hz, 1 H), 5.33 (dd, J=10.4, 1.2 Hz, 1 H), 5.23 (dt, J=17.2, 1.2 Hz, 1 H), 4.47—
4.36 (m, 3 H), 1.40 (t, J = 7.2 Hz, 3 H). °C NMR (CDCls, 125 MHz) & 189.6 (t, J = 30.0 Hz), 166.4, 135.9, 134.4,
134.2, 132.8 (t, J = 2.5 Hz), 132.2 (dd, J = 5.0, 3.8 Hz), 131.0, 130.1 (t, J = 3.1 Hz), 129.2, 128.9, 128.8, 121.2,
118.6 (t, J = 257.5 Hz), 61.3, 53.8 (t, J= 21.9 Hz), 14.5. "°F NMR (CDCl;, 376 MHz) 8 —103.8 (dd, A of ABX, Jag
=278.2 Hz, Jax = 18.8 Hz, 1 F), —102.3 (dd, B of ABX, Jag =278.2 Hz, Jgx = 11.3 Hz, 1 F). IR (film) 2984, 1718,
1597, 1448, 1367, 1282, 1180, 1107, 1051, 933, 750, 719, 694 cm™. HRMS (ESIL, m/z): calcd. for Cy0H,sF,0;Na

[M+Na]" 367.1122, found 367.1104.

(E)-tert-butyl 4-(3-(3-hydroxyprop-1-en-1-yl)phenyl)piperazine-1-carboxylate (4d-1)

An oven-dried Schlenk tube was charged with Pd,dba; (46 mg, 0.050 mmol), DavePhos (47 mg, 0.12 mmol), and
1-N-Boc-piperazine (1.1 g, 6.0 mmol). The vessel was evacuated and backfilled with Ny, three times. Dry THF
(5.0 mL) was added via a syringe, followed by drop wise addition of LHMDS (1.1 M in THF/ethylbenzene, 0.010
L, 11 mmol). The reaction mixture was stirred at rt for 5 min, and then a solution of (E)-3-(3-bromophenyl)prop-
2-en-1-ol (1.1 g, 5.0 mmol) dissolved in dry THF (2.0 mL) was added. The reaction tube was sealed under Ny,
flow, placed in a pre-heated oil bath at 65 °C, and stirred for 7 h. The tube was removed from the oil bath, and
allowed to cool to rt. The reaction mixture was diluted with EtOAc (20 mL), and washed with H,O (20 mL) and
brine (20 mL ). The organic layer was dried over anhydrous Na,SOy, filtered, and concentrated. The crude product

was purified by column chromatography using a gradient of EtOAc / hexanes (10% to 40%) for elution to afford
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the compound 4d-1 as a as a tan solid (1.0 g, 63%). 'H NMR (CDCls, 400 MHz) & 7.24 (t, J = 8.2 Hz, 1 H), 6.96—
6.94 (m, 2 H), 6.85-6.83 (m, 1 H), 6.59 (dt, J = 16.0, 1.6 Hz, 1 H), 6.36 (dt, J =16.0, 5.6 Hz, 1 H), 4.33 (d, J =
4.8 Hz, 2 H), 3.59 (t, J = 5.2 Hz, 4 H), 3.15 (t, J = 5.2 Hz, 4 H), 1.50 (s, 9 H). HRMS (ESI, m/z): calcd. for

C1sH,eN,O;Na [M+Na]" 341.1841, found 341.1827. Spectroscopic data matched that from the previous report.'’

Boc..
o N o o

o "0 Ph
o

4d

(E)-tert-butyl 4-(3-(3-((2,2-difluoro-3-oxo-3-phenylpropanoyl)oxy)prop-1-en-1-yl)phenyl)piperazine-1-

carboxylate (4d)

General procedure D was followed using 1a-1 (1.5 g, 5.8 mmol), oxalyl chloride (0.38 mL, 4.5 mmol), 4d-1 (1.4
g, 4.5 mmol), EtzN (1.2 mL, 8.9 mmol), DMF (1.2 mL), and CH,Cl, (45 mL). Workup and chromatographic
purification (5% to 10% EtOAc in hexanes) afforded the title compound 4d as a tan solid (1.5 g, 67%). '"H NMR
(CDCl;, 400 MHz) 6 8.09 (d, J = 7.6 Hz, 2 H), 7.69-7.65 (m, 1 H), 7.52 (t, J="7.8 Hz, 2 H), 7.24 (t, J = 8.0 Hz, 1
H), 6.91-6.86 (m, 3 H), 6.65 (d, J=16.0 Hz, 1 H), 6.21 (dt, J =16.0, 6.8 Hz, 1 H), 4.97 (dd, J= 6.8, 1.2 Hz, 2 H),
3.59 (t,J =52 Hz, 4 H), 3.14 (t, J = 5.2 Hz, 4 H), 1.50 (s, 9 H). "C NMR (CDCl;, 125 MHz) & 185.6 (t, J = 27.5
Hz), 161.9 (t, J = 30.6 Hz), 154.9, 151.8, 136.8, 135.4, 131.2, 130.2 (t, J = 2.5 Hz), 129.6, 129.2, 120.9, 119.1,
117.1, 115.2, 110.1 (t, J = 263.8 Hz), 80.2, 68.2, 49.6, 43.7, 28.6. '’F NMR (CDCl;, 376 MHz) § —107.3 (s, 2 F).
IR (film) 2976, 2822, 1774, 1693, 1597, 1450, 1421, 1242, 1163, 1124, 999, 922, 773, 687 cm™. HRMS (ESI,

m/z): calcd. for Co;H30F,N,0sNa [M+Na]™ 523.2020, found 523.1995. m.p. 81-82 °C.

Boc\N o

N x Ph
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5d

(E)-tert-butyl 4-(3-(4,4-difluoro-5-oxo-5-phenylpent-1-en-1-yl)phenyl)piperazine-1-carboxylate (5d)
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General procedure E was followed using 4d (0.150 g, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), t-
BuBrettPhos (14.5 mg, 0.0300 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (2%
to 5% EtOAc in hexanes) afforded the title compound 5d as a red oil (118 mg, 86%). '"H NMR (CDCls, 400 MHz)
08.13 (dd, J=8.4, 1.6 Hz, 2 H), 7.67-7.63 (m, 1 H), 7.51 (t, J = 8.0 Hz, 2 H), 7.22 (t, J = 8.0 Hz, 1 H), 6.93-6.91
(m, 2 H), 6.85-6.82 (m, 1 H), 6.56 (d, J=15.6 Hz, 1 H), 6.18 (dt, J=15.6, 7.2 Hz, 1 H), 3.59 (t,J = 5.2 Hz, 4 H),
3.18-3.06 (m, 6 H), 1.50 (s, 9 H). °C NMR (CDCls, 125 MHz) & 189.4 (t, J = 31.2 Hz), 154.9, 151.8, 137.8,
136.7, 134.6, 132.2 (t, J = 2.5 Hz), 130.4 (t, J = 3.1 Hz), 129.6, 128.9, 119.0 (t, J = 5.6 Hz), 118.9 (t, J = 252.5
Hz), 118.8, 116.5, 114.9, 80.1, 49.7, 43.8, 38.0 (t, J = 23.8 Hz), 28.6. ’F NMR (CDCl;, 376 MHz) & -98.8 (t, J =
16.9 Hz, 2 F). IR (film) 2976, 1697, 1597, 1421, 1366, 1242, 1171, 1122, 997, 968, 777, 716, 687 cm™'. HRMS

(ESI, m/z): calcd. for C,gH30F,N,03Na [M+Na]" 479.2122, found 479.2108.

o)
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tert-butyl 4-(3-(4,4-difluoro-5-oxo-5-phenylpent-1-en-3-yl)phenyl)piperazine-1-carboxylate (6d)

General procedure F was followed using 4d (0.150 g, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (2% to 5% EtOAc in
hexanes) afforded the title compound 6d as a yellow oil (107 mg, 78%). 'H NMR (CDCls, 400 MHz) & 7.94 (d, J
=8.0 Hz, 2 H), 7.63-7.58 (m, 1 H), 7.45 (t, J=8.0 Hz, 2 H), 7.23-7.19 (m, 1 H), 6.86-6.81 (m, 3 H), 6.20 (ddd, J
=17.2,104, 8.4 Hz, 1 H),5.30 (d, J=10.0 Hz, 1 H), 5.24 (d,J=17.2 Hz, 1 H), 4.26 (td, J = 16.4, 8.4 Hz, 1 H),
3.56 (t,J = 5.2 Hz, 4 H), 3.08 (t, J = 5.2 Hz, 4 H), 1.49 (s, 9 H). "C NMR (CDCls, 125 MHz) & 190.1 (t, J = 29.4
Hz), 154.9, 151.6, 136.2, 134.2, 133.2, 132.5 (t, J = 4.4 Hz), 130.0 (t, J = 3.1 Hz), 129.6, 128.8, 121.6, 120.7,
118.8 (t, J =256.9 Hz), 118.2, 116.2, 80.1, 54.5 (t, J = 21.9 Hz), 49.5, 43.6, 28.6. '°F NMR (CDCls, 376 MHz) &
—103.8 (dd, A of ABX, Jag =270.7 Hz, Jax = 15.0 Hz, 1 F), —102.6 (dd, B of ABX, Jag =270.7 Hz, Jgx = 15.0 Hz,
1 F). IR (film) 2976, 2860, 1697, 1601, 1450, 1421, 1366, 1236, 1171, 1124, 1051, 997, 932, 868, 775, 698 cm’.

HRMS (ESI, m/2): caled. for CoH30F,N,0sNa [M+Na]' 479.2122, found 479.2130.
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(E)-methyl 3-(p-tolyl)acrylate (4e-2)

General procedure B was followed using 4-methylcinnamic acid (1.95 g, 12.0 mmol), thionyl chloride (1.7 mL,
24 mmol), and MeOH (25 mL). Workup afforded the title compound 4e-2 as a colorless solid (1.99 g, 94%). 'H
NMR (CDCl3, 400 MHz) 6 7.68 (d, J = 16.0 Hz, 1 H), 7.44 (d, J = 8.0 Hz, 2 H), 7.20 (d, J = 8.0 Hz, 2 H), 6.41 (d,
J=16.0 Hz, 1 H), 3.81 (s, 3 H), 2.38 (s, 3 H). Spectroscopic data of "H NMR matched that from the previous

report.12

/@/\/\OH
Me

4e-1

(E)-3-(p-tolyl)prop-2-en-1-ol (4e-1)

General procedure C was followed using 4e-2 (1.41 g, 8.00 mmol), DIBAL (1.0 M in hexane, 0.020 L, 0.020
mmol), and CH,Cl, (0.020 L). Workup afforded the title compound 4e-1 as a colorless solid (1.15 g, 97%). 'H
NMR (CDCl;, 400 MHz) & 7.30 (d, J = 8.0 Hz, 2 H), 7.14 (d, J = 8.0 Hz, 2 H), 6.60 (dt, J = 16.0, 1.4 Hz, 1 H),
6.33 (dt, J = 16.0, 5.8 Hz, 1 H), 4.32 (td, J = 5.8, 1.4 Hz, 2 H), 2.36 (s, 3 H), 1.59 (t, J = 5.8 Hz, 1 H).

Spectroscopic data of "H NMR matched that from the previous report."?

O O
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Me
4e

(E)-3-(p-tolyl)allyl 2,2-difluoroe-3-oxo-3-phenylpropanoate (4¢)
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General procedure D was followed using 1a-1 (1.4 g, 5.4 mmol), oxalyl chloride (0.38 mL, 4.5 mmol), 4e-1 (0.67
g, 4.5 mmol), Et;N (1.2 mL, 9.0 mmol), DMF (1.2 mL), and CH,Cl, (25 mL). Workup and chromatographic
purification (2% to 5% EtOAc in hexanes) afforded the title compound 4e as a colorless oil (1.1 g, 74%). 'H
NMR (CDCl;, 400 MHz) 6 8.09 (dd, J = 8.8, 1.2 Hz, 2 H), 7.69-7.64 (m, 1 H), 7.54-7.49 (m, 2 H), 7.26 (d, J =
8.8 Hz, 2 H), 7.14 (d, J = 8.4 Hz, 2 H), 6.66 (d, J = 16.0 Hz, 1 H), 6.18 (dt, J = 15.6, 6.8 Hz, 1 H), 4.96 (dd, J =
6.4, 1.2, 2 H), 2.36 (s, 3 H). "C NMR (CDCl;, 125 MHz) & 185.6 (t, J = 27.5 Hz), 161.9 (t, J = 30.6 Hz), 138.7,
136.6, 135.3, 133.0, 131.2 (t, J = 1.9 Hz), 130.2 (t, J = 2.5 Hz), 129.5, 129.2, 126.9, 119.8, 110.0 (t, J = 263.1 Hz),
68.4, 21.5. ""F NMR (CDCl;, 376 MHz) 8 —107.4 (s, 2 F). IR (film) 3028, 2921, 1774, 1713, 1699, 1599, 1514,
1450, 1310, 1159, 1124, 1101, 970, 922, 795, 712, 685 cm’. HRMS (ESI, m/z): caled. for CioH,sF,0;Na

[M+Na]" 353.0965, found 353.0962.

Ph

5e

(E)-2,2-difluoro-1-phenyl-5-(p-tolyl)pent-4-en-1-one (5¢)

General procedure E was followed using 4e (99.1 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 5e as an off-white solid (75.0 mg, 87%). "H NMR (CDCls,
400 MHz) & 8.14 (dt, J = 8.4, 1.2 Hz, 2 H), 7.65 (tt, J = 7.4, 1.5 Hz, 1 H), 7.54-7.50 (m, 2 H), 7.28 (d, J = 8.0 Hz,
2 H),7.14 (d,J=8.0 Hz, 2 H), 6.57 (d, J=16.0 Hz, 1 H), 6.17 (dt, J = 16.0, 7.4 Hz, 1 H), 3.14 (tdd, J = 17.0, 7.4,
1.5 Hz, 2 H), 2.36 (s, 3 H). °C NMR (CDCl,, 125 MHz) & 189.4 (t, J = 31.2 Hz), 137.8, 136.3, 134.5, 134.1,
130.4 (t,J=3.1 Hz), 129.4, 128.9, 126.5, 118.9 (t,J = 252.5 Hz), 117.8 (t, J = 5.0 Hz), 38.1 (t, J = 23.8 Hz), 21.4.
"F NMR (CDCl;, 376 MHz) 8 —99.0 (t, J = 18.8 Hz, 2 F). IR (film) 3038, 2922, 1703, 1599, 1514, 1448, 1273,
1173, 1120, 968, 804, 716, 687, 667 cm”. HRMS (ESI, m/z): caled. for CigH,;F,0 [M+H]" 287.1247, found

287.1243. m.p. 50-52 °C.
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2,2-difluoro-1-phenyl-3-(p-tolyl)pent-4-en-1-one (6e)

General procedure F was followed using 4e (99.1 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 6e as a light yellow oil (77.0 mg, 90%). "H NMR (CDCls, 400 MHz) & 7.97
(dt,J=7.6,12Hz 2 H),7.61 (tt,J=7.4,1.4Hz, 1 H), 7.47 (t, J="7.8 Hz, 2 H), 7.22 (d, J = 8.0 Hz, 2 H), 7.14 (d,
J=28.0 Hz, 2 H), 6.22 (ddd, J =17.2, 10.4, 8.4 Hz, 1 H), 5.30 (dd, J=10.4, 1.2 Hz, 1 H), 5.22 (dt,J=17.2, 1.2
Hz, 1 H), 4.29 (td, J = 16.6, 8.4 Hz, 1 H), 2.33 (s, 3 H). °C NMR (CDCl;, 125 MHz) & 190.1 (t, J = 29.4 Hz),
137.8, 134.2, 133.1, 132.8 (t, J = 3.8 Hz), 132.2 (t, J = 2.5 Hz), 130.1 (t, J = 3.8 Hz), 129.6, 129.5, 128.8, 120.5,
118.8 (t, J = 256.9 Hz), 53.8 (t, J = 21.2 Hz), 21.3. ’F NMR (CDCl;, 376 MHz) 8 —103.6 (dd, A of ABX, Jag =
274.5 Hz, Jax = 16.9 Hz, 1 F), —103.2 (dd, B of ABX, Jag = 274.5 Hz, Jgx = 15.0 Hz, 1 F). IR (film) 3026, 2922,
1705, 1597, 1516, 1448, 1267, 1174, 1049, 924, 795, 714, 688, 667 cm”. HRMS (ESI, m/z): calcd. for

CigH F,ONa [M+Na]" 309.1067, found 309.1064.

o]
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(E)-methyl 3-(benzo[d][1,3]dioxol-5-yl)acrylate (4f-2)

General procedure B was followed using 3,4-(methylenedioxyl)cinnamic acid (2.00 g, 10.4 mmol), thionyl
chloride (1.5 mL, 21 mmol), and MeOH (15 mL). Workup afforded the title compound 4f-2 as a colorless solid
(2.05 g, 96%). 'H NMR (CDCls, 400 MHz) § 7.61 (d, J = 16.0 Hz, 1 H), 7.04 (d, J = 1.6 Hz, 1 H), 7.01 (dd, J =

8.0, 1.6 Hz, 1 H), 6.82 (d, J = 8.0 Hz, 1 H), 6.28 (d, J = 16.0 Hz, 1 H), 6.02 (s, 2 H), 3.80 (s, 3 H). HRMS (ESL,
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m/z): calcd. for C;;H;0OsNa [M+Na]™ 229.0477, found 229.0494. Spectroscopic data matched that from the

previous report.'*

X OH
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(E)-3-(benzo[d][1,3]dioxol-5-yl)prop-2-en-1-ol (4-1)

General procedure C was followed using 4f-2 (1.50 g, 7.30 mmol), DIBAL (1.0 M in hexane, 15 mL, 15 mmol),
and CH,Cl, (15 mL). Workup afforded the title compound 4f-1 as a colorless solid (1.27 g, 98%). 'H NMR
(CDCl;, 400 MHz) 6 6.94 (d, J=1.6 Hz, 1 H), 6.83 (dd, J =8.0, 1.6 Hz, 1 H), 6.77 (d, J = 7.6 Hz, 1 H), 6.53 (dt,
J=16.0, 1.6 Hz, 1 H), 6.21 (dt, J = 16.0, 6.0 Hz, 1 H), 5.97 (s, 2 H), 4.30 (d, J = 6.0 Hz, 2 H), 1.45 (br, 1 H).
HRMS (ESI, m/z): calcd. for C;oH;,0; [M+H]" 179.0708, found 179.0716. Spectroscopic data matched that from

the previous report.'
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(E)-3-(benzo[d][1,3]dioxol-5-yl)allyl 2,2-difluoro-3-o0x0-3-phenylpropanoate (4f)

General procedure D was followed using 1a-1 (1.6 g, 6.0 mmol), oxalyl chloride (0.42 mL, 5.0 mmol), 4f-1 (0.89
g, 5.0 mmol), E;N (1.4 mL, 0.010 mol), DMF (1.2 mL), and CH,Cl, (25 mL). Workup and chromatographic
purification (10% to 20% EtOAc in hexanes) afforded the title compound 4f as a colorless oil (1.3 g, 72%). 'H
NMR (CDCls, 400 MHz) & 8.08 (d, J = 8.0 Hz, 2 H), 7.67 (t, J = 7.4 Hz, 1 H), 7.52 (t,J = 7.6 Hz, 2 H), 6.89 (d, J
=1.6 Hz, 1 H), 6.82-6.75 (m, 2 H), 6.60 (d, J = 16.0 Hz, 1 H), 6.05 (dt, J=16.0, 6.8 Hz, 1 H), 5.98 (s, 2 H), 4.94
(d, J = 6.8 Hz, 2 H). "C NMR (CDCl;, 125 MHz) & 185.5 (t, J = 27.5 Hz), 161.9 (t, J = 30.6 Hz), 148.3, 148.2,
136.4, 135.3, 131.2, 130.2, 130.1 (t, J=2.5 Hz), 129.2, 122.1, 118.9, 110.0 (t, J =263.8 Hz), 108.5, 106.1, 101.4,

68.3. ""F NMR (CDCl, 376 MHz) & —107.4 (s, 2 F). IR (film) 2895, 1774, 1711, 1699, 1504, 1491, 1448, 1308,
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1252, 1159, 1040, 922, 712, 685 cm’. HRMS (ESL m/z): caled. for CioH,sF,Os [M+H]" 361.0888, found

361.0897.

(E)-5-(benzo[d][1,3]dioxo0l-5-yl)-2,2-difluoro-1-phenylpent-4-en-1-one (5f)

General procedure E was followed using 4f (108 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (2% to
5% EtOAc in hexanes) afforded the title compound 5f as an off-white solid (66.0 mg, 70%). '"H NMR (CDCls,
400 MHz) 6 8.12 (dt, J=8.0, 1.2 Hz, 2 H), 7.67-7.62 (m, 1 H), 7.51 (t, J=8.0 Hz, 2 H), 6.92 (d, J= 1.6 Hz, 1 H),
6.81-6.74 (m, 2 H), 6.49 (d, J = 16.0 Hz, 1 H), 6.03 (dt, J = 16.0, 7.2 Hz, 1 H), 5.95 (s, 2 H), 3.10 (tdd, J = 17.2,
7.2, 1.2 Hz, 2 H). °C NMR (CDCl;, 125 MHz) & 189.4 (t, J = 30.6 Hz), 148.2, 147.5, 135.9, 134.5, 132.2 (t, J =
1.9 Hz), 131.4, 130.4 (t, J = 3.1 Hz), 128.9, 121.3, 118.9 (t, J = 252.5 Hz), 117.1 (t, J = 5.0 Hz), 108.4, 105.9,
101.3, 38.0 (t, J = 23.1 Hz). '’F NMR (CDCl;, 376 MHz) § —99.0 (t, J = 16.9 Hz, 2 F). IR (film) 3072, 2899, 1701,
1597, 1504, 1491, 1448, 1252, 1173, 1040, 966, 933, 804, 714, 687, 669 cm™. HRMS (ESI, m/z): calcd. for

CigH14F,03Na [M+Na]" 339.0809, found 339.0800. m.p. 77-78 °C.

o 6f

3-(benzo|d][1,3]dioxo0l-5-yl)-2,2-difluoro-1-phenylpent-4-en-1-one (6f)

General procedure F was followed using 4f (108.1 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (2% to 5% EtOAc in
hexanes) afforded the title compound 6f as a colorless oil (77.6 mg, 82%). '"H NMR (CDCl;, 400 MHz) & 7.97 (dt,

J=84,12Hz 2 H), 7.62 (tt, J = 7.6, 1.4 Hz, 1 H), 7.47 (t, J = 8.0 Hz, 2 H), 6.84 (s, 1 H), 6.74 (s, 2 H), 6.16
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(ddd, J = 16.8, 10.4, 8.2 Hz, 1 H), 5.95 (s, 2 H), 5.30 (d, J = 10.0 Hz, 1 H), 5.22 (dt, J = 16.8, 1.2 Hz, 1 H), 4.24
(td, J = 16.2, 8.2 Hz, 1 H). >C NMR (CDCl;, 125 MHz) § 190.0 (t, J = 29.4 Hz), 148.0, 147.4, 134.3, 133.1,
132.6 (t, J = 3.8 Hz), 130.1 (t, J = 3.1 Hz), 128.8, 123.4, 120.6, 118.7 (t, J = 257.5 Hz), 110.0, 108.5, 101.3, 53.7
(t, J = 21.9 Hz). ’F NMR (CDCls, 376 MHz) & —104.1 (dd, A of ABX, Jag = 274.5 Hz, Jax = 15.0 Hz, 1 F), —
103.0 (dd, B of ABX, Jag = 274.5 Hz, Jex = 15.0 Hz, 1 F). IR (film) 3076, 2893, 1705, 1597, 1504, 1489, 1446,
1250, 1182, 1040, 932, 800, 719, 688, 669 cm™. HRMS (ESI, m/z): caled. for C,sH;4F,0;Na [M+Na]" 339.0809,

found 339.0824.

0]

MeO

49-2

(E)-methyl 3-(4-methoxyphenyl)acrylate (4g-2)

General procedure B was followed using 4-methoxycinnamic acid (5.0 g, 28 mmol), thionyl chloride (4.1 mL, 56
mmol), and MeOH (45 mL). Workup afforded the title compound 4g-2 as a colorless solid (5.3 g, 98%). 'H NMR
(CDCls, 400 MHz) 6 7.66 (d, J = 16.0 Hz, 1 H), 7.49 (d, J = 8.8 Hz, 2 H), 6.91 (d, J=8.4 Hz,2 H), 6.32 (d, J =

16.0 Hz, 1 H), 3.85 (s, 3 H), 3.80 (s, 3 H). Spectroscopic data of '"H NMR matched that from the previous report.'?

Oy
MeO

491

(E)-3-(4-methoxyphenyl)prop-2-en-1-ol (4g-1)

General procedure C was followed using 4g-2 (2.20 g, 11.4 mmol), DIBAL (1.0 M in hexane, 28.6 mL, 28.6
mmol), and CH,Cl, (30.0 mL). Workup afforded the title compound 4g-1 as a colorless solid (1.84 g, 98%). 'H
NMR (CDCl;, 400 MHz) & 7.34 (d, J = 8.8 Hz, 2 H), 6.87 (d, J = 8.8 Hz, 2 H), 6.57 (dt, J = 16.0, 1.6 Hz, 1 H),
6.25 (dt, J =16.0, 6.0 Hz, 1 H), 4.31 (d, J= 5.6 Hz, 2 H), 3.82 (s, 3 H), 1.42 (br, 1 H). HRMS (ESI, m/z): calcd.

for C1oH,30, [M+H]" 165.0916, found 165.0911. Spectroscopic data matched that from the previous report."’
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(E)-3-(4-methoxyphenyl)allyl 2,2-difluoro-3-oxo-3-phenylpropanoate (4g)

General procedure D was followed using 1a-1 (1.6 g, 6.0 mmol), oxalyl chloride (0.42 mL, 5.0 mmol), 4g-1 (0.82
g, 5.0 mmol), EzN (1.4 mL, 0.010 mol), DMF (1.2 mL), and CH,Cl, (25 mL). Workup and chromatographic
purification (10% to 20% EtOAc in hexanes) afforded the title compound 4g as a colorless solid (0.94 g, 54%). 'H
NMR (CDCl;, 400 MHz) & 8.08 (dt, J= 7.6, 1.2 Hz, 2 H), 7.66 (tt, J = 7.6, 1.4 Hz, 1 H), 7.51 (t,J = 7.8 Hz, 2 H),
7.30 (d, J = 8.8 Hz, 2 H), 6.86 (d, J = 8.8 Hz, 2 H), 6.64 (d, J = 16.0 Hz, 1 H), 6.09 (dt, J = 16.0, 6.8 Hz, 1 H),
4.95 (dd, J = 6.8, 1.2 Hz, 2 H), 3.82 (s, 3 H). "C NMR (CDCls, 125 MHz) & 185.6 (t, J = 27.5 Hz), 161.9 (t, J =
30.6 Hz), 160.1, 136.4, 135.3, 131.2 (t, J = 1.2 Hz), 130.2 (t, J= 2.5 Hz), 129.2, 128.5, 128.3, 118.5, 114.2, 110.0
(t, J = 263.8 Hz), 68.6, 55.5. "’"F NMR (CDCl;, 376 MHz) & —107.4 (s, 2 F). IR (film) 2959, 2837, 1774, 1711,
1701, 1606, 1512, 1450, 1306, 1252, 1159, 922, 845, 711, 685 cm™. HRMS (ESI, m/z): calcd. for C;oH,sF,0,Na

[M+Na]" 369.0914, found 369.0898. m.p. 36-38 °C.

Ph

MeO
59

(E)-2,2-difluoro-5-(4-methoxyphenyl)-1-phenylpent-4-en-1-one (5g)

General procedure E was followed using 4g (104 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (2% to
5% EtOAc in hexanes) afforded the title compound 5g as an off-white solid (52.0 mg, 57%). 'H NMR (CDCl;,
400 MHz) 6 8.13 (dt, J=8.4, 1.2 Hz, 2 H), 7.66—7.62 (m, 1 H), 7.51 (t, J=8.0 Hz, 2 H), 7.31 (d, J = 8.8 Hz, 2 H),
6.86 (d, J =8.4 Hz, 2 H), 6.53 (d, J=16.0 Hz, 1 H), 6.06 (dt, J=16.0, 7.2 Hz, 1 H), 3.12 (tdd, J=17.2,7.2, 1.4

Hz, 2 H), 3.81 (s, 3 H). °C NMR (CDCls, 125 MHz) & 189.5 (t, J = 30.6 Hz), 159.5, 135.8, 134.5, 132.2 (t, J =
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2.5 Hz), 130.4 (t, = 3.1 Hz), 129.7, 128.9, 127.8, 118.9 (t, J = 252.5 Hz), 116.6 (t, J = 5.0 Hz), 114.1, 55.5, 38.1
(t, J = 23.1 Hz). "°F NMR (CDCls, 376 MHz) § -99.0 (t, J = 16.9 Hz, 2 F). IR (film) 2959, 1701, 1606, 1512,
1448, 1250, 1174, 1036, 968, 837, 806, 714, 687, 667 cm™'. HRMS (ESL m/z): calcd. for C;sH;¢F>0,Na [M+Na]"

325.1016, found 325.1005. m.p. 55-57 °C.

6g

2,2-difluoro-3-(4-methoxyphenyl)-1-phenylpent-4-en-1-one (6g)

General procedure F was followed using 4g (104 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (2% to 5% EtOAc in
hexanes) afforded the title compound 6g as a colorless oil (65.1 mg, 72%). '"H NMR (CDCls, 400 MHz) & 7.95
(dd, J=8.4,1.6 Hz, 2 H), 7.61 (tt, J= 7.4, 1.2 Hz, 1 H), 7.46 (t, J = 8.0 Hz, 2 H), 7.23 (d, J = 8.4 Hz, 2 H), 6.85
(d, J=8.8 Hz, 2 H), 6.20 (ddd, J = 17.2, 10.2, 8.0 Hz, 1 H), 5.30 (d, J = 10.4 Hz, 1 H), 5.20 (dd, J=17.2, 1.6 Hz,
1 H), 4.27 (td, J = 16.4, 8.0 Hz, 1 H), 3.79 (s, 3 H). "C NMR (CDCl;, 125 MHz) & 190.2 (t, J = 30.0 Hz), 159.4,
134.2, 133.1, 132.8 (t, J = 4.4 Hz), 130.9, 130.1 (t, J = 3.8 Hz), 128.8, 127.2, 120.4, 118.8 (t, J =256.9 Hz), 114.2,
55.4,53.4 (t, J = 21.9 Hz). "F NMR (CDCl;, 376 MHz) 5 —104.1 (dd, A of ABX, Jag = 274.5 Hz, Jax = 16.0 Hz,
1 F), —103.0 (dd, B of ABX, Jag = 274.5 Hz, Jgx = 16.0 Hz, 1 F). IR (film) 2957, 1703, 1612, 1599, 1514, 1448,
1252, 1180, 1036, 922, 804, 714, 688, 667 cm™ . HRMS (ESI, m/z): calcd. for C,sH,¢F,0,Na [M+Na]" 325.1016,

found 325.1001.

‘{O\I o
CN

4h-1

(E)-2'-(3-hydroxyprop-1-en-1-yl)-[1,1'-biphenyl]-4-carbonitrile (4h-1)
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This compound was prepared according to the previously reported reaction'” using (E)-2-(3-hydroxyprop-1-en-1-
yDphenyl trifluoromethanesulfonate (0.393 g, 1.39 mmol), 4-cyanophenyl boronic acid (0.324 g, 2.21 mmol),

K;5P0O, (0.633 g, 2.98 mmol) in degassed water (6.0 mL), Pd(OAc), (6.6 mg, 0.029 mmol), XPhos (28 mg, 0.059

mmol), water (2.1 uL, 0.012 mmol), and THF (1.3 mL). Workup and chromatographic purification (0% to 30%

EtOAc in hexanes) afforded the title compound 4h-1 as a pale yellow oil (0.24 g, 73%). '"H NMR (CDCls, 400
MHz) 6 7.73-7.70 (m, 2H), 7.64 (dd, J = 7.6, 1.6 Hz, 1 H), 7.48-7.45 (m, 2 H), 7.40 (td, J = 7.6, 1.6 Hz, 1 H),
7.36 (td, J=7.6, 1.6 Hz, 1 H), 7.25 (dd, J= 7.6, 1.6 Hz, 1 H), 6.51 (dt, J = 16.0, 1.4 Hz, 1 H), 6.33 (dt, J = 16.0,
5.4 Hz, 1 H), 4.26 (dd, J = 5.4, 1.4 Hz, 2 H). >C NMR (CDCls, 125 MHz) & 145.9, 139.0, 134.9, 132.1, 131.0,
130.6, 130.0, 128.9, 128.7, 128.0, 126.7, 119.0, 110.0, 63.6. IR (film) 3408, 3086, 30243059, 2930, 2858, 2359,
2339, 2228, 1927, 1607, 1504, 1475, 1445, 1400, 1292, 1209, 1178, 1107, 1084, 1007, 970, 912, 843, 762, 737,

648, 575 cm™. HRMS (ESI, m/z): caled. for C;sH;,NO [M-H]" 234.0919, found 234.0932.

(E)-3-(4'-cyano-[1,1'-biphenyl]-2-yl)allyl 2,2-difluoro-3-oxo0-3-phenylpropanoate (4h)

General procedure D was followed using 1a-1 (0.319 g, 1.34 mmol), oxalyl chloride (0.11 mL, 1.3 mmol), 4h-1

(0.205 g, 0.870 mmol), Et;N (0.27 mL, 1.9 mmol), DMF (23 uL, 0.30 mmol), and CH,Cl, (3.0 mL). Workup and

chromatographic purification (0% to 30% EtOAc in hexanes) afforded the title compound 4h as a yellow oil (0.32
g, 88%). '"H NMR (CDCls, 400 MHz) & 8.08 (d, J = 7.6 Hz, 2 H), 7.73-7.66 (m, 3 H), 7.59-7.56 (m, 1 H), 7.53 (t,
J=7.8 Hz, 2 H), 7.44-7.39 (m, 4 H), 7.29-7.27 (m, 1 H), 6.62 (d, J=16.0 Hz, 1 H), 6.22 (dt, J = 16.0, 6.4 Hz, 1
H), 4.90 (dd, J = 6.4, 1.4 Hz, 2 H). ®C NMR (CDCls, 125 MHz) & 185.5 (t, J = 28.1 Hz), 161.7 (t, J = 30.0 Hz),
145.3, 139.3, 135.4, 134.5, 134.0, 132.2, 132.1, 131.0, 130.6, 130.1 (t, J = 2.5 Hz), 130.0, 129.2, 128.8, 126.9,
123.1, 119.0, 111.3, 110.0 (t, J = 264.4 Hz), 67.8. ’F NMR (CDCl;, 376 MHz) 8 —107.2 (s, 2 F). IR 3061, 2953,
2359, 2341, 2228, 1774, 1701, 1597, 1580, 1477, 1448, 1310, 1256, 1157, 1124, 1101, 1007, 970, 922, 845, 798,

762,712, 685, 575 cm™. HRMS (ESI, m/z): calcd. for CpsH;F;NO3Na [M+Na]" 440.1074, found 440.1065.
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(E)-2'-(4,4-difluoro-5-oxo-5-phenylpent-1-en-1-yl)-[1,1'-biphenyl]-4-carbonitrile (Sh)

General procedure E was followed using 4h (125.2 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.0090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 5h as a colorless solid (90.6 mg, 81%). '"H NMR (CDCl;, 400
MHz) 6 8.12 (d, J = 7.6 Hz, 2 H), 7.70-7.65 (m, 3 H), 7.59 (dd, J= 7.4, 1.8 Hz, 1 H), 7.53 (t, J = 8.0 Hz, 2 H),
7.43 (dt, J= 8.0, 1.8 Hz, 2 H), 7.42-7.34 (m, 2 H), 7.26 (dd, J = 7.2, 2.0 Hz, 1H), 6.46 (d, J=15.6 Hz, 1 H), 6.15
(dt, J=15.6, 7.4 Hz, 1 H), 3.06 (tdd, J = 16.8, 7.4, 1.3 Hz, 2 H). °C NMR (CDCl;, 125 MHz) & 189.1 (t, J=31.2
Hz), 145.7, 138.7, 135.2, 134.9, 134.7, 132.1, 132.0 (t, J = 2.5 Hz), 130.7, 130.4 (t, J = 3.1 Hz), 129.9, 129.0,
128.8, 128.2, 127.0, 121.5 (t, J = 5.6 Hz), 119.1, 118.9 (t, J = 253.1 Hz), 111.1, 38.1 (t, J = 23.7 Hz). ”F NMR
(CDCls, 376 MHz) 6 —98.6 (t, J=16.9 Hz, 2 F). IR (film) 3061, 2924, 2361, 2330, 2228, 1701, 1597, 1477, 1448,
1273, 1173, 1122, 1103, 1084, 1022, 970, 914, 843, 762, 715, 687, 667, 575, 438 cm™. HRMS (ESI, m/z): calcd.

for Co4H;7F,NONa [M+Na]" 396.1176, found 396.1176. m.p. 61 °C.

2'-(4,4-difluoro-5-oxo-5-phenylpent-1-en-3-yl)-[1,1'-biphenyl]-4-carbonitrile (6h)

General procedure F was followed using 4h (125.2 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 6h as a colorless solid (58.6 mg, 52%). '"H NMR (CDCl;, 400 MHz) & 7.71

(d, J=7.6 Hz, 2 H), 7.67-7.62 (m, 3 H), 7.60 (tt, J = 7.6, 1.3 Hz, 1 H), 7.44 (td, J = 7.8, 1.6 Hz, 1 H), 7.39-7.33
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(m, 3 H), 7.28 (d, J = 8.0 Hz, 2 H), 7.18 (dd, J = 7.4, 1.4 Hz, 1 H), 6.16 (ddd, J = 17.0, 10.4, 7.4 Hz, 1 H), 5.32 (d,
J=10.4Hz, 1 H), 5.00 (dt, J=17.2, 1.3 Hz, 1 H), 4.38 (td, J = 16.8, 7.4 Hz, 1 H). °C NMR (CDCls, 125 MHz) &
188.8 (t, J = 28.7 Hz), 146.0, 141.5, 134.4, 132.9 (t, J = 3.7 Hz), 132.4, 132.3, 132.2, 130.2, 130.0, 129.8 (t, J =
3.1 Hz), 129.5, 128.9, 128.8, 128.0, 121.0, 118.9, 118.6 (t, J = 257.5 Hz), 111.4, 49.6 (t, J = 21.9 Hz). "°F NMR
(CDCls, 376 MHz) 8 ~102.6 (dd, A of A,MX, Jaw = 18.8 Hz, Jax = 3.8 Hz, 2 F). IR (film) 3065, 2359, 2341, 2229,
1703, 1597, 1483, 1448, 1400, 1263, 1173, 1117, 1059, 1007, 916, 845, 766, 716, 689, 667, 650, 577 cm’.

HRMS (ESI, m/2): caled. for CoyH sF,NO [M+H]" 374.1356, found 374.1323. m.p. 94-96 °C.

4i

(E)-2-methyl-3-phenylallyl 2,2-difluoro-3-oxo-3-phenylpropanoate (4i)

General procedure D was followed using 1a-1 (1.2 g, 4.8 mmol), oxalyl chloride (0.34 mL, 4.0 mmol), trans-2-
methyl-3-phenyl-2-propen-1-ol (0.59 g, 4.0 mmol), Et;N (1.1 mL, 8.0 mmol), DMF (1.2 mL), and CH,Cl, (24
mL). Workup and chromatographic purification (2% to 5% EtOAc in hexanes) afforded the title compound 4i as a
colorless oil (0.94 g, 71%). '"H NMR (CDCls, 400 MHz) & 8.10 (d, J = 8.4 Hz, 2 H), 7.70-7.66 (m, 1 H), 7.53 (t, J
= 8.0 Hz, 2 H), 7.35 (t, J = 7.6 Hz, 2 H), 7.28-7.23 (m, 3 H), 6.56 (s, 1 H), 4.89 (s, 2 H), 1.83 (s, 3 H). "C NMR
(CDCls, 125 MHz) 6 185.6 (t, J = 26.9 Hz), 161.9 (t, J = 30.6 Hz), 136.6, 135.4, 131.2 (t, J = 1.9 Hz), 131.0,
130.6, 130.2 (t, J = 2.5 Hz), 129.2, 129.1, 128.4, 127.3, 110.0 (t, J = 263.1 Hz), 73.4, 15.5. "’F NMR (CDCl;, 376
MHz) & —-107.3 (s, 2 F). IR (film) 3062, 2949, 1776, 1713, 1699, 1599, 1450, 1306, 1157, 1101, 922, 746, 698,

687 cm™'. HRMS (ESI, m/z): calcd. for C,oH;¢F,0sNa [M+Na]" 353.0965, found 353.0952.

0]

X Ph
MeF F

5i

(E)-2,2-difluoro-4-methyl-1,5-diphenylpent-4-en-1-one (5i)
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General procedure E was followed using 4i (99.1 mg, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), t-
BuBrettPhos (15 mg, 0.030 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 5i as a colorless oil (67 mg, 78%). '"H NMR (CDCl;, 400
MHz) 6 8.14 (d, J = 7.6 Hz, 2 H), 7.66 (tt, J = 7.6, 1.5 Hz, 1 H), 7.52 (t, J = 7.6 Hz, 2 H), 7.37-7.33 (m, 2 H),
7.26-7.22 (m, 3 H), 6.41 (s, 1 H), 3.10 (t, J = 17.8 Hz, 2 H), 2.01 (s, 3 H). >*C NMR (CDCl;, 125 MHz) § 189.9 (t,
J=30.0 Hz), 137.6, 134.4, 132.5 (t, J = 1.9 Hz), 132.2, 130.3 (t, J= 3.1 Hz), 129.2 (t, J = 3.1 Hz), 129.1, 128.9,
128.3, 126.8, 119.4 (t, J = 253.1 Hz), 44.8 (t, J = 22.5 Hz), 19.4. ’F NMR (CDCls, 376 MHz) 8 -98.3 (t, J = 18.8
Hz, 2 F). IR (film) 3059, 2922, 1703, 1599, 1448, 1277, 1176, 1113, 1061, 1028, 918, 744, 716, 698, 687 cm™".

HRMS (ESI, m/z): calcd. for CisH;sF,ONa [M+Na]" 309.1067, found 309.1059.

6i

2,2-difluoro-4-methyl-1,3-diphenylpent-4-en-1-one (6i)

General procedure F was followed using 4i (99.1 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 6i as a colorless oil (71 mg, 83%). '"H NMR (CDCl;, 400 MHz) & 8.00 (d, J
=7.6 Hz,2 H), 7.62 (t, J=7.4 Hz, 1 H), 7.48 (t,J=7.6 Hz, 2 H), 7.41-7.32 (m, 5 H), 5.08 (s, 1 H), 5.05 (s, 1 H),
431 (dd, J=21.6, 14.4 Hz, 1 H), 1.74 (s, 3 H). °C NMR (CDCl;, 125 MHz) & 190.3 (t, J = 30.0 Hz), 140.9 (d, J
= 5.0 Hz), 134.5 (d, J = 2.5 Hz), 134.1, 133.2, 130.2, 130.0 (t, J = 3.1 Hz), 128.8, 128.6, 128.0, 119.1 (dd, J =
260.0, 253.8 Hz), 115.5 (d, J = 3.8 Hz), 55.7 (t, J = 20.6 Hz), 23.4. ’F NMR (CDCl;, 376 MHz) 8 —104.2 (dd, A
of AMX, Jam = 282.0 Hz, Jax = 22.6 Hz, 1 F), -97.1 (dd, M of AMX, Jam = 282.0 Hz, Jux = 13.2 Hz, 1 F). IR
(film) 3063, 2974, 1701, 1597, 1493, 1450, 1282, 1184, 1120, 1051, 922, 741, 717, 698, 665, 604 cm™. HRMS

(ESI, m/z): calcd. for C3H,sF,ONa [M+Na]" 309.1067, found 309.1069.
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t-BuMOEt

4j-2

(E)-ethyl 4,4-dimethylpent-2-enoate (4j-2)

Compound 4j-2 was prepared according to a previous report' using pivaldehyde (1.1 mL, 10 mmol), triethyl
phosphoacetate (2.4 mL, 12 mmol) and NaH (0.2661 g, 11.10 mmol, 60% dispersion in mineral oil). Workup
afforded the title compound 4j-2 as a colorless liquid. '"H NMR (CDCls, 400 MHz) & 6.97 (d, J = 16.0 Hz, 1 H),
5.73 (d, J=16.0 Hz, 1 H), 4.19 (q, J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3 H), 1.08 (s, 9 H). Spectroscopic data

matched that from the previous report.'®

t-Bu” "0H

4j1

(E)-4,4-dimethylpent-2-en-1-ol (4j-1)

The preparation was followed according to literature report.'” Workup and chromatographic purification (0% to
50% EtOAc in hexanes) afforded the title compound 4j-1 as a colorless liquid. 'H NMR (CDCl;, 400 MHz) &
5.70 (dt,J=15.6, 1.1 Hz, 1 H), 5.53 (dt, J = 15.6, 5.8 Hz, 1 H), 4.09 (dd, J = 6.4, 2.8 Hz, 2 H), 1.65 (s, 1 H), 1.01

(s, 9 H). Spectroscopic data matched that from the previous report.”’

(E)-4,4-dimethylpent-2-en-1-yl 2,2-difluoro-3-oxo-3-phenylpropanoate (4j)

General procedure D was followed using 1a-1 (0.876 g, 3.67 mmol), oxalyl chloride (0.21 mL, 2.5 mmol), 4j-1

(0.316 g, 2.77 mmol), Et;N (0.74 mL, 5.3 mmol), DMF (60 uL, 0.77 mmol), and CH,Cl, (3.0 mL). Workup and
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chromatographic purification (0% to 5% EtOAc in hexanes) followed by preparative TLC (5% toluene in hexanes)
provided the title compound 4j in 95% purity as a colorless oil (0.325 g, 40%). '"H NMR (CDCl;, 400 MHz) &

8.08 (dt,J=7.2, 1.0 Hz, 2 H), 7.68 (tt, J=7.6, 1.5 Hz, 1 H), 7.55-7.50 (m, 2 H), 5.82 (dt, J = 15.6, 1.2 Hz, 1 H),

5.42 (dt, J=15.6, 6.8 Hz, 1 H), 4.76 (dd, J = 6.8, 1.2 Hz, 2 H), 0.98 (s, 9H). °C NMR (CDCl;, 125 MHz) & 185.5

(t, J=26.9 Hz), 161.8 (t, J = 30.0 Hz), 149.6, 135.3, 131.2, 130.1 (t, J = 2.5 Hz), 129.2, 117.0, 109.9 (t, J = 263.1

Hz), 68.7, 33.3, 29.2. '’F NMR (CDCl;, 376 MHz) & —107.6 (s, 2 F). IR (film) 3067, 2962, 2905, 2868, 1774,

1717, 1701, 1670, 1599, 1582, 1477, 1450, 1379, 1364, 1310, 1283, 1257, 1159, 1126, 1191, 1080, 0170, 1028,

976, 924, 825, 802, 746, 712, 687, 588 cm. HRMS (ESI, m/z): caled. for C;¢H sF,0sNa [M+Na]™ 319.1122,

found 319.1121.

O

t—BuWPh

FF

5j

(E)-2,2-difluoro-6,6-dimethyl-1-phenylhept-4-en-1-one (5j)

General procedure E was followed using 4j (88.9 mg, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), t-
BuBrettPhos (15 mg, 0.030 mmol), and 1,4-dioxane (0.60 mL). The reaction was run at 100 °C. Workup and
chromatographic purification (0% to 2.5% EtOAc in hexanes) followed by preparative TLC (5% EtOAc in
hexanes) afforded the title compound 5j as a colorless viscous oil (14.8 mg, 19%, as 17:1 mixture with 6j). 'H
NMR (CDCls, 400 MHz) 6 8.09 (dt, J= 8.4, 1.2 Hz, 2 H), 7.64 (tt, J= 7.4, 1.5 Hz, 1 H), 7.50 (t, J = 8.0 Hz, 2 H),
5.63 (d, J=15.6 Hz, 1 H), 5.32 (dt, J=15.6, 7.2 Hz, 1 H), 2.90 (tdd, J = 17.0, 7.0, 1.2 Hz, 2 H), 0.97 (s, 9 H). *C
NMR (CDCl;, 125 MHz) & 189.9 (t, J = 30.0 Hz), 149.0, 134.4, 132.6, 130.3, 128.8, 119.1 (t, J = 251.9 Hz),
113.7 (t, J = 5.6 Hz), 38.1 (t, J = 23.1 Hz), 33.5, 29.5. ’F NMR (CDCls, 376 MHz) § -99.8 (t, J = 16.9 Hz, 2
F). IR (film) 2961, 2905, 2868, 1703, 1599, 1580, 1477, 1460, 1450, 1425, 1364, 1271, 1234, 1198, 1175, 1119,
1088, 1032, 974, 716, 687, 602 cm'. HRMS (APCI-hexane/PhMe, m/z): caled. for CisH,sF,0 [M]™ 252.1326,

found 252.1321.
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3-(tert-butyl)-2,2-difluoro-1-phenylpent-4-en-1-one (6j)

General procedure F was followed using 4j (88.9 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 0-xylene (3.0 mL). The reaction was run at 130 °C. Workup and chromatographic
purification (0% to 5% EtOAc in hexanes) afforded the title compound 6j as a colorless solid (28.8 mg, 38%, as
18:1 mixture with 5j). "H NMR (CDCl;, 400 MHz) & 8.01 (dd, J = 7.6, 1.6 Hz, 2 H), 7.62 (tt, J = 7.6, 1.2 Hz, 1 H),
7.49 (t, J=8.0 Hz, 2 H), 5.78-5.69 (m, 1 H), 5.17 (dt, J=10.0, 1.6 Hz, 1 H), 4.91 (dd, J=17.2, 1.6 Hz, 1 H), 2.86
(dt, J =252, 9.8 Hz, 1 H), 1.09 (s, 9 H). C NMR (CDCls, 125 MHz) § 190.4 (t, J = 29.4 Hz), 133.9, 133.4,
131.8 (dd, J=17.5, 3.7 Hz), 130.1 (t, J = 3.7 Hz), 128.8, 121.9, 121.4 (t, J = 258.1 Hz), 57.3 (t, J = 20.6 Hz), 33.6,
29.4. F NMR (CDCl;, 376 MHz) § —106.0 (dd, A of AMX, Jaw = 265.1 Hz, Jax = 24.4 Hz, 1 F), —98.3 (dd, M of
AMX, Jam =265.1 Hz, Jux = 9.4 Hz, 1 F). IR (film) 2961, 2912, 2876, 1709, 1599, 1479, 1470, 1448, 1369, 1271,
1231, 1177, 1057, 1001, 928, 883, 812, 762, 714, 689, 667 cm™. HRMS (ESI, m/z): calcd. for C;sH,oF,0 [M+H]"

253.1404, found 253.1407.

Experimental Procedures and Characterization of Compounds for Table 3

O O OH O O
i. Zn, THF
Br i. Zn, (COCl),, DMSO
ch/\o& P —— H3CA0J%R' ——————> He< 0 R
O i. RCHO EF EtgN, CH,Cl, £ e
70 °C - 50 °C 78°C 1t
7a-3 - 7f-3 or IBX, DMSO 7a-2 - 7-2
KOH 19 cinnamy! alcohol e 9 a- R'=4-OMeCeH,
K. b- R'=4-FCeH
o e A M B
MeOH £ F (COCl),, EtaN - ¢- R'=3-morpholineCegH,
0°C >t CH,Cly, DMF, 0 °C — 1t d- R. = 5-methylthiophene-2-yl
e- R'=1-Ph-1H-pyrazole
7a-1-7H1 7a -7t f- R'=cyclohexyl

General Procedure G: An oven-dried three-neck flask was charged with activated Zn (3.2 g, 49 mmol). The

reaction vessel was equipped with a reflux condenser and two rubber septa, evacuated and backfilled with Ny,

three times. Dry THF (0.050 L) was added, followed by addition of the initiator 1,2-dibromoethane (0.25 mL, 2.9
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mmol) under Ny). To activate the Zn, the reaction mixture was heated with a heat gun until the THF boiled
suddenly. Heating was stopped, and the mixture was cooled to rt. This heating/cooling sequence for activation of
Zn was repeated four more times (5 total). Subsequently, the reaction mixture was heated to 70 °C (oil-bath), and
a solution of aldehyde (25 mmol) and ethyl bromodifluoroacetate (25 mmol) was added dropwise at a rate that
maintained a gentle reflux. The resulting reaction mixture was stirred at 70 °C for 1 h, and then cooled to 50 °C
and stirred overnight. The reaction mixture was cooled to 0 °C, and 1 N HCl,q was added until the residual Zn
was consumed (roughly 100 mL). The reaction mixture was warmed to rt, and transferred to a separation funnel.
The phases were separated, and the aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic
layers were dried over anhydrous Na,SO,, filtered, and concentrated. Purification by flash chromatography

provided the desired product.

General Procedure H: An oven-dried three-neck flask was equipped with a liquid addition funnel, three-way valve

and two rubber septa, evacuated and backfilled with Ny, three times. Dry CH,Cl, (0.10 L) and oxalyl chloride
(59 mmol) were added sequentially at rt, and the reaction solution was cooled to —78 °C. A solution of anhydrous
DMSO (78 mmol) in dry CH,Cl, (0.010 L) was added dropwise at —78 °C, and then the reaction solution was
stirred continually at this temperature for 1 h. Next, a solution of alcohol (19.5 mmol) dissolved in dry CH,Cl,
(0.010 L) was added dropwise at —78 °C, and then the resulting reaction solution was stirred at this temperature
for 1 h. Et;N (117 mmol) was added dropwise at —78 °C, and the reaction mixture was stirred at —78 °C for 30 min.
The reaction mixture was gradually warmed to rt, and stirred at rt for 2 h. H,O (0100 mL) was added to quench
the reaction, and CH,Cl, was removed under reduced pressure. The aqueous layer was extracted with ether (3 x
100 mL), and the combined organic layers were dried over anhydrous Na,SQ,, filtered, and concentrated.

Purification by flash chromatography provided the desired product.

General Procedure I: A one-neck round-bottom flask was charged with B-keto ester (16 mmol), and MeOH (8.0

mL) was added at rt. The resulting solution was cooled to 0 °C. A pre-cooled solution of KOH (16 mmol)
dissolved in MeOH (8.0 mL) was added dropwise, and then the reaction solution was warmed to rt, and stirred at

rt for 7 h. MeOH was removed under reduced pressure. EtOAc (8.0 mL) and ether (8.0 mL) were added, and the
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mixture was sonicated at rt until fine solids formed. The solid was collected by filtration, washed with ether, and

dried in vacuo to give potassium salt.

General Procedure J: An oven-dried one-neck round-bottom flask was charged with potassium salt (5.0 mmol),

and the system was evacuated and backfilled with Ny, three times. Dry CH,Cl, (15 mL) and DMF (0.75 mL)
were added via a syringe, and the reaction mixture was cooled to 0 °C. Oxalyl chloride (5.0 mmol) was added
dropwise, and then the reaction mixture was stirred at 0 °C for 30 min, and rt for 1.5 h. Next, a solution of
cinnamyl alcohol (6.5 mmol) dissolved in dry CH,Cl, (2.0 mL) was added dropwise at 0 °C followed by dropwise
addition of Et;N (6.0 mmol). The resulting reaction mixture was stirred at 0 °C for 30 min, and rt for 1.5 h. H,O
(8.0 mL) was added to quench the reaction, and CH,Cl, was removed under reduced pressure. The aqueous layer
was extracted with ether (3 x 15 mL), and the combined organic layers were dried over anhydrous Na,SOy,,

filtered, and concentrated. Purification by flash chromatography provided the desired product.

O OH

H,e” 0
FF
OMe

7a-3

ethyl 2,2-difluoro-3-hydroxy-3-(4-methoxyphenyl)propanoate (7a-3)

General procedure G was followed using activated Zn (3.2 g, 49 mmol), 1,2-dibromoethane (0.25 mL, 2.9 mmol),
p-anisaldehyde (3.0 mL, 25 mmol), ethyl bromodifluoroacetate (3.2 mL, 25 mmol), and THF (0.050 L). Workup
and chromatographic purification (10% to 15% EtOAc in hexanes) afforded the title compound 7a-3 as a
colorless oil (5.4 g, 84%). '"H NMR (CDCl;, 400 MHz) & 7.37 (d, J = 8.8 Hz, 2 H), 6.92 (d, J = 8.8 Hz, 2 H), 5.12
(ddd, J=15.2,8.0,5.2 Hz, 1 H), 4.32 (q,J=7.2 Hz, 2 H), 3.82 (s,3 H),2.63 (d,J=52Hz, 1 H), 1.31 (t,J=7.2
Hz, 3 H). ®C NMR (CDCl;, 125 MHz) & 163.8 (t, J = 31.2 Hz), 160.5, 129.2, 126.7, 114.1, 114.0 (dd, J = 257.5,
252.5 Hz), 73.6 (dd, J = 26.2, 23.8 Hz), 63.3, 55.5, 14.1. ""F NMR (CDCls, 376 MHz) & —120.4 (dd, J = 259.4,
15.0 Hz, 1 F), -114.2 (dd, J =259.4, 7.5 Hz, 1 F). HRMS (ESI, m/z): calcd. for C;,H,4F,0,Na [M+Na]" 283.0758,

found 283.0746. Spectroscopic data matched that from the previous report.'®
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7a-2

ethyl 2,2-difluoro-3-(4-methoxyphenyl)-3-oxopropanoate (7a-2)

General procedure H was followed using oxalyl chloride (5.0 mL, 59 mmol), DMSO (5.5 mL, 78 mmol), 7a-3
(5.07 g, 19.5 mmol), Et;N (16 mL, 120 mmol) and CH,Cl, (120 mL). Workup and chromatographic purification
(2% to 5% EtOAc in hexanes) afforded the title compound 7a-2 as a colorless oil (4.38 g, 87%). '"H NMR (CDCl;,
400 MHz) & 8.08 (d, J= 8.8 Hz, 2 H), 6.99 (d, J=8.8 Hz, 2 H), 4.39 (q, J=7.2 Hz, 2 H), 3.91 (s, 3 H), 1.33 (t, J
= 7.2 Hz, 3 H). ’F NMR (CDCl;, 376 MHz) & —107.3 (s, 2 F). HRMS (ESI, m/z): calcd. for C;,H;,F,04Na

[M+Na]" 281.0601, found 281.0587. Spectroscopic data matched that from the previous report.'’
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e

potassium 2,2-difluoro-3-(4-methoxyphenyl)-3-oxopropanoate (7a-1)

General procedure I was followed using 7a-2 (4.08 g, 15.8 mmol), KOH (0.890 g, 15.8 mmol), and MeOH (16
mL). Workup afforded the title compound 7a-1 as a colorless solid (3.68 g, 87%). 'H NMR (DMSO-d,, 400 MHz)
8 7.99 (d, J = 8.8 Hz, 2 H), 7.04 (t, J = 8.8 Hz, 2 H), 3.84 (s, 3 H). °C NMR (DMSO-d,, 125 MHz) 5 188.0 (t, J =
27.5 Hz), 163.5, 162.5 (t, J = 23.8 Hz), 131.6, 125.5, 113.8, 111.4 (t, J = 261.2 Hz), 55.6. ’"F NMR (DMSO-ds,
376 MHz) 6 —104.9 (s, 2 F). IR (film) 2970, 2845, 1693, 1676, 1605, 1516, 1383, 1325, 1277, 1180, 1151, 1128,
1028, 922, 847, 816, 717, 613, 584 cm”'. HRMS (ESI, m/z): calcd. for C,oH-F,K,0, [M+K]" 306.9587, found

306.9574. m.p. 150-151 °C.
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cinnamyl 2,2-difluoro-3-(4-methoxyphenyl)-3-oxopropanoate (7a)

General procedure J was followed using 7a-1 (1.5 g, 5.6 mmol), oxalyl chloride (0.52 mL, 6.2 mmol), cinnamyl
alcohol (1.1 g, 8.4 mmol), EtzN (0.93 mL, 6.7 mmol), DMF (1.0 mL), and CH,Cl, (0.020 L). Workup and
chromatographic purification (5% to 10% EtOAc in hexanes) afforded the title compound 7a as a colorless oil
(1.6 g, 83%). '"H NMR (CDCl;, 400 MHz) & 8.08 (d, J = 8.8 Hz, 2 H), 7.37-7.28 (m, 5 H), 6.96 (d, J = 8.8 Hz, 2
H), 6.68 (dt, J=16.0, 1.2 Hz, 1 H), 6.23 (dt, J=16.0, 6.4 Hz, 1 H), 4.97 (dd, J = 6.4, 1.2 Hz, 2 H), 3.87 (s, 3 H).
C NMR (CDCl;, 125 MHz) & 183.8 (t, J = 26.9 Hz), 165.3, 162.1 (t, J = 30.0 Hz), 136.3, 135.8, 132.8 (t, J=2.5
Hz), 128.8, 128.6, 127.0, 124.0 (t, J = 1.9 Hz), 121.0, 114.5, 110.3 (t, J = 263.1 Hz), 68.0, 55.8. "’F NMR (CDCl,,
376 MHz) 6 —-107.1 (s, 2 F). IR (film) 3028, 2960, 1774, 1701, 1690, 1601, 1574, 1512, 1427, 1312, 1269, 1157,
1099, 1026, 968, 924, 845, 746, 692, 579 cm™. HRMS (ESI, m/z): caled. for CioH sF2,0,Na [M+Na]" 369.0914,

found 369.0896.

Ph

OMe
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(E)-2,2-difluoro-1-(4-methoxyphenyl)-5-phenylpent-4-en-1-one (8a)

General procedure E was followed using 7a (104 mg, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), t-
BuBrettPhos (14.5 mg, 0.0300 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (2%
to 5% EtOAc in hexanes) afforded the title compound 8a as an off-white solid (72.0 mg, 79%). 'H NMR (CDCls,
400 MHz) 6 8.13 (dt, J = 8.8, 1.2 Hz, 2 H), 7.39-7.37 (m, 2 H), 7.32 (t, J = 7.4 Hz, 2 H), 7.27-7.23 (m, 1 H), 6.98
(d, J=9.2 Hz, 2 H), 6.59 (d, J = 16.0 Hz, 1 H), 6.22 (dt, J=16.0, 7.2 Hz, 1 H), 3.90 (s, 3 H), 3.12 (tdd, J = 17.2,
7.2, 1.6 Hz, 2 H). "C NMR (CDCl;, 125 MHz) & 187.8 (t, J = 30.6 Hz), 164.7, 136.9, 136.2, 133.0 (t, J = 3.1 Hz),
128.8, 127.9, 126.6, 125.0 (t, J = 2.5 Hz), 119.3 (t, J = 5.0 Hz), 119.1 (t, J = 252.5 Hz), 114.2, 55.8, 38.2 (t,J =
23.8 Hz). '’F NMR (CDCl;, 376 MHz) & —98.5 (t, J = 16.9 Hz, 2 F). IR (film) 3026, 2935, 1690, 1601, 1574,
1512, 1425, 1265, 1167, 1119, 1028, 968, 845, 770, 746, 692, 619 cm'. HRMS (ESI, m/z): caled. for

CigHy6F,0,Na [M+Na]" 325.1016, found 325.0989. m.p. 41-42 °C.
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2,2-difluoro-1-(4-methoxyphenyl)-3-phenylpent-4-en-1-one (9a)

General procedure F was followed using 7a (104 mg, 0.300 mmol), Pd(OAc), (2.4 mg, 0.011 mmol), PhXPhos
(9.8 mg, 0.021 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (2% to 5% EtOAc in
hexanes) afforded the title compound 9a as a light yellow oil (76.0 mg, 84%). '"H NMR (CDCl;, 400 MHz) & 7.99
(dt, J=8.8, 1.0 Hz, 2 H), 7.33-7.28 (m, 5 H), 6.93 (d, J = 8.8 Hz, 2 H), 6.23 (ddd, J = 17.2, 10.4, 8.0 Hz, 1 H),
530 (d, J=10.4 Hz, 1 H), 522 (dt, J =17.2, 1.2 Hz, 1 H), 4.31 (td, J = 16.4, 8.0 Hz, 1 H), 3.89 (s, 3 H). °C
NMR (CDCls, 125 MHz) & 188.2 (t, J =29.4 Hz), 164.4, 135.6 (t, J = 2.5 Hz), 132.8 (t, J =4.4 Hz), 132.7 (t,J =
3.8 Hz), 129.8, 128.8, 128.0, 125.8 (t, J = 1.9 Hz), 120.6, 119.0 (t, J = 257.5 Hz), 114.1, 55.7, 54.3 (t, J = 21.9
Hz). ”F NMR (CDCls, 376 MHz) & —102.9 (d, A,, J = 15.0 Hz, 2 F). IR (film) 3030, 2935, 1691, 1601, 1574,
1510, 1456, 1423, 1315, 1265, 1178, 1117, 1028, 924, 845, 744, 700, 619 cm™'. HRMS (ESI, m/z): calcd. for

CisH6F,0,Na [M+Na]" 325.1016, found 325.1004.

ethyl 2,2-difluoro-3-(4-fluorophenyl)-3-hydroxypropanoate (7b-3)

General procedure G was followed using activated Zn (3.2 g, 49 mmol), 1,2-dibromoethane (0.25 mL, 2.9 mmol),
4-fluorobenzaldehyde (2.6 mL, 25 mmol), ethyl bromodifluoroacetate (3.2 mL, 25 mmol), and THF (0.050 L).
Workup and chromatographic purification (10% to 15% EtOAc in hexanes) afforded the title compound 7b-3 as a
colorless oil (5.1 g, 82%). '"H NMR (CDCls, 400 MHz) & 7.46-7.42 (m, 2 H), 7.10 (t, J = 8.8 Hz, 2 H), 5.18 (ddd,
J=15.2,8.0,52Hz, 1 H),4.33(q,J=7.2 Hz, 2 H), 2.71 (d, J=4.8 Hz, 1 H), 1.32 (t, J = 7.2 Hz, 3 H). "C NMR

(CDCLs, 125 MHz) § 163.7 (t, J = 31.2 Hz), 163.4 (d, J = 246.2 Hz), 130.4 (t, J = 2.5 Hz), 129.8 (d, J = 7.5 Hz),
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115.6 (d, J=21.2 Hz), 113.7 (dd, J = 257.5, 252.5 Hz), 73.3 (dd, J = 27.5, 23.8 Hz), 63.5, 14.0. ’F NMR (CDCl;,
376 MHz) & —-120.6 (dd, J = 263.2, 15.0 Hz, 1 F), -113.8 (dd, J = 263.2, 7.5 Hz, 1 F), —-112.2 (m, 1 F). HRMS
(ESI, m/z): caled. for C;;H,;F;0;Li [M+Li]" 255.0820, found 255.0831. Spectroscopic data matched that from the

. 1
previous report. 8
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7b-2

ethyl 2,2-difluoro-3-(4-fluorophenyl)-3-oxopropanoate (7b-2)

General procedure H was followed using oxalyl chloride (5.0 mL, 58 mmol), DMSO (5.5 mL, 77 mmol), 7b-3
(4.76 g, 19.2 mmol), Et;N (16 mL, 120 mmol) and CH,Cl, (130 mL). Workup and chromatographic purification
(2% to 5% EtOAc in hexanes) afforded the title compound 7b-2 as a colorless oil (3.93 g, 83%). '"H NMR (CDCls,
400 MHz) & 8.16-8.13 (m, 2 H), 7.21 (t, J = 8.6 Hz, 2 H), 4.40 (q, J = 7.2 Hz, 2 H), 1.34 (t, J = 7.2 Hz, 3 H). °C
NMR (CDCl;, 125 MHz) & 184.2 (t, J = 28.1 Hz), 167.1 (d, J = 257.5 Hz), 161.9 (t, J = 30.0 Hz), 133.2 (dt, J =
8.8, 3.1 Hz), 127.6 (m), 116.6 (d, J = 22.5 Hz), 110.0 (t, J = 262.5 Hz), 64.1, 14.0. ’F NMR (CDCl;, 376 MHz) &
~107.5 (s, 2 F), —100.4 (m, 1 F). HRMS (ESI, m/z): caled. for C;;HyF;0;Na [M+Na]" 269.0401, found 269.0411.

Spectroscopic data matched that from the previous report.*’

potassium 2,2-difluoro-3-(4-fluorophenyl)-3-oxopropanoate (7b-1)

General procedure [ was followed using 7b-2 (3.72 g, 15.1 mmol), KOH (0.850 g, 15.1 mmol), and MeOH (0.030
L). Workup afforded the title compound 7b-1 as a colorless solid (3.28 g, 85%). 'H NMR (DMSO-dg, 400 MHz)
8 8.09 (dd, J = 8.6, 5.4 Hz, 2 H), 7.37 (t, J = 9.0 Hz, 2 H). °C NMR (DMSO-dq, 125 MHz) & 188.4 (t, J = 28.1

Hz), 165.3 (d, J = 252.5 Hz), 162.2 (t, J = 23.8 Hz), 132.3 (d, J = 10.0 Hz), 129.3 (d, J = 3.8 Hz), 115.8 (d, J =
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21.2 Hz), 111.3 (t, J = 261.2 Hz). '°F NMR (DMSO-d, 376 MHz) § —105.4 (s, 2 F), —104.5 (m, 1 F). IR (film)
3086, 1718, 1678, 1645, 1605, 1512, 1404, 1300, 1250, 1161, 1099, 912, 849, 816, 764, 717, 688, 573, 521, 480

cm™. HRMS (ESI, m/z): calcd. for CoH4F3K,05 [M+K]" 294.9387, found 294.9375. m.p. 173—174 °C decomposed.
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cinnamyl 2,2-difluoro-3-(4-fluorophenyl)-3-oxopropanoate (7b)

General procedure J was followed using 7b-1 (1.20 g, 4.68 mmol), oxalyl chloride (0.40 mL, 4.7 mmol),
cinnamyl alcohol (0.820 g, 6.08 mmol), Et;N (0.98 mL, 7.0 mmol), DMF (0.75 mL), and CH,Cl, (16 mL).
Workup and chromatographic purification (2% to 5% EtOAc in hexanes) afforded the title compound 7b as a
colorless oil (1.14 g, 73%). '"H NMR (CDCl;, 400 MHz) & 8.14 (dd, J = 8.8, 5.2 Hz, 2 H), 7.39-7.28 (m, 5 H),
7.22-7.16 (m, 2 H), 6.70 (dt, J = 16.0, 1.2 Hz, 1 H), 6.24 (dt, J = 16.0, 6.8 Hz, 1 H), 4.98 (dd, J =6.8, 1.2 Hz, 2
H). "C NMR (CDCl;, 125 MHz) & 184.1 (t, J = 27.5 Hz), 167.1 (d, J = 257.5 Hz), 161.8 (t, J = 30.6 Hz), 136.7,
135.8, 133.2 (dt, J = 10.0, 2.5 Hz), 128.9, 128.8, 127.6, 127.0, 120.8, 116.6 (d, J = 22.5 Hz), 110.0 (t, J = 263.8
Hz), 68.3. ""F NMR (CDCl;, 376 MHz) § —107.2 (s, 2 F), —100.3 (m, 1 F). IR (film) 3082, 3028, 1774, 1701, 1599,
1508, 1308, 1244, 1161, 1124, 1101, 968, 924, 852, 746, 692 cm™'. HRMS (ESI, m/z): calcd. for CigH,3F;0;Na

[M+Na]" 357.0714, found 357.0701.

(E)-2,2-difluoro-1-(4-fluorophenyl)-5-phenylpent-4-en-1-one (8b)

General procedure E was followed using 7b (0.100 g, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to

5% EtOAc in hexanes) afforded the title compound 8b as a light yellow oil (75.0 mg, 86%). '"H NMR (CDCl;,
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400 MHz) & 8.18 (dd, J = 8.6, 5.4 Hz, 2 H), 7.39-7.37 (m, 2 H), 7.34-7.30 (m, 2 H), 7.28-7.24 (m, 1 H), 7.18 (t,J
= 8.6 Hz, 2 H), 6.60 (d, J = 16.0 Hz, 1 H), 6.21 (dt, J = 16.0, 7.4 Hz, 1 H), 3.13 (tdd, J = 17.2, 7.4, 1.4 Hz, 2 H).
3C NMR (CDCls, 125 MHz) & 187.8 (t, = 31.2 Hz), 166.6 (d, J = 256.2 Hz), 136.8, 136.5, 133.3 (dt, J = 10.0,
3.8 Hz), 129.8, 128.8, 128.5, 128.0, 126.6, 118.9 (t, J = 5.0 Hz), 118.9 (t, J = 252.5 Hz), 37.9 (t, J = 23.1 Hz). "°F
NMR (CDCls, 376 MHz) § —102.2 (m, 1 F), -98.6 (t, J = 16.9 Hz, 2 F). IR (film) 3028, 1701, 1599, 1508, 1414,

1242, 1161, 966, 850, 766, 692 cm’. HRMS (ESI, m/z): caled. for Ci;H;3F;0Na [M+Na]" 313.0816, found

313.0830.

2,2-difluoro-1-(4-fluorophenyl)-3-phenylpent-4-en-1-one (9b)

General procedure F was followed using 7b (0.100 g, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 9b as an off-white solid (74.8 mg, 86%). 'H NMR (CDCls, 400 MHz) &
8.00 (dd, J = 8.6, 5.4 Hz, 2 H), 7.33-7.28 (m, 5 H), 7.12 (t, J = 8.6 Hz, 2 H), 6.22 (ddd, J = 16.8, 10.4, 8.4 Hz, 1
H), 5.32 (d, J=10.0 Hz, 1 H), 5.24 (d, J = 16.8 Hz, 1 H), 4.30 (td, J = 16.4, 8.4 Hz, 1 H). *C NMR (CDCl;, 125
MHz) § 188.5 (t, J =29.4 Hz), 166.4 (d, J =256.2 Hz), 135.2 (d, J = 3.8 Hz), 133.0 (dt, J = 8.8, 3.8 Hz), 132.5 (t,
J=4.4Hz), 129.8,129.4 (d, J=2.5 Hz), 128.8, 128.1, 120.9, 118.8 (t, J = 256.2 Hz), 116.1 (d, J=21.2 Hz), 54.1
(t, J =21.9 Hz). ’F NMR (CDCl;, 376 MHz) & —103.4 (dd, A of ABX, Jag = 276.4 Hz, Jax = 16.9 Hz, 1 F), —
102.6 (m, 1 F), —102.5 (dd, B of ABX, Jag = 276.4 Hz, Jgx = 16.9 Hz, 1 F). IR (film) 3086, 1707, 1599, 1506,
1412, 1242, 1161, 1047, 926, 850, 744, 700 cm. HRMS (APCl-hexane/PhMe, m/z): calcd. for C;;H4,F;0

[M+H]" 291.0997, found 291.0994. m.p. 35-36 °C.

OH (>

o o
H,c” 0 N\)
FF




SI-47

ethyl 2,2-difluoro-3-hydroxy-3-(3-morpholinophenyl)propanoate (7¢-3)

General procedure G was followed using activated Zn (1.01 g, 15.4 mmol), 1,2-dibromoethane (34 uL, 0.40

mmol), 3-morpholinobenzaldehyde® (1.54 g, 8.05 mmol), ethyl bromodifluoroacetate (1.1 mL, 8.6 mmol), and
THF (0.040 L). Workup and chromatographic purification (0% to 30% EtOAc in hexanes) afforded the title
compound 7¢-3 as a white solid (1.9 g, 75%). '"H NMR (CDCls, 400 MHz) & 7.29 (t, J = 8.0 Hz, 1 H), 6.99 (s, 1
H), 6.95-6.91 (m, 2 H), 5.10 (dd, J = 16.0, 7.6 Hz, 1 H), 4.32 (q, J = 7.1 Hz, 2 H), 3.86-3.84 (m, 4 H), 3.17-3.14
(m, 4 H), 1.31 (t, J = 7.1 Hz, 3 H). C NMR (CDCl;, 125 MHz) & 163.8 (t, J = 31.2 Hz), 151.4, 135.8, 129.4,
119.6, 116.6, 115.2, 114.0 (dd, J = 257.5, 252.5 Hz), 74.1 (dd, J = 27.5, 23.7 Hz), 67.0, 63.3, 49.4, 14.1. ’F NMR
(CDCl;, 376 MHz) 6 —120.8 (dd, J = 263.2, 16.9 Hz, 1 F), —113.6 (dd, J = 263.2, 7.5 Hz, 1 F). IR (film) 3493,
3377, 2968, 2899, 2860, 2827, 1770, 1759, 1605, 1585, 1497, 1448, 1375, 1306, 1265, 1242, 1200, 1180, 1115,
1070, 997, 974, 960, 932, 885, 854, 837, 777, 739, 714, 698, 648, 636, 557, 528 cm™. HRMS (ESI, m/z): calcd.

for C,sHyF,NO, [M+H]" 316.1360, found 316.1379.(6.0 ppm). m.p. 103105 °C.
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ethyl 2,2-difluoro-3-(3-morpholinophenyl)-3-oxopropanoate (7¢c-2)

General procedure H was followed using oxalyl chloride (1.1 mL, 13 mmol), DMSO (1.3 mL, 18 mmol), 7¢-3
(1.35 g, 4.28 mmol), EtzN (3.6 mL, 26 mmol) and CH,Cl, (71 mL). Workup and chromatographic purification (0%
to 25% EtOAc in hexanes) afforded the title compound 7¢-2 as a yellow solid (1.33 g, 99%). 'H NMR (CDCls,
400 MHz) & 7.56-7.53 (m, 2 H), 7.39 (t, J = 8.0 Hz, 1 H), 7.22-7.19 (m, 1 H), 4.37 (g, J = 7.1 Hz, 2 H), 3.88—
3.86 (m, 4 H), 3.22-3.19 (m, 4 H), 1.30 (t, J=7.1 Hz, 3 H). ”C NMR (CDCl, 125 MHz) & 185.7 (t, J = 26.9 Hz),
162.2 (t,J=30.6 Hz), 151.8, 132.0, 129.9, 122.3, 121.4 (t,J = 3.1 Hz), 116.0, 109.9 (t, J = 262.5 Hz), 66.9, 64.0,
48.9, 14.0. ’F NMR (CDCls, 376 MHz) & —107.5 (s, 2F). IR (film) 3479, 3319, 3078, 2968, 2895, 2856, 2833,

2769, 2723, 2363, 2343, 1774, 1713, 1597, 1578, 1493, 1446, 1373, 1313, 1256, 1234, 1157, 1122, 1070, 1009,
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999, 980, 914, 858, 833, 773, 752, 731, 704, 681, 640, 588, 527 cm™. HRMS (ESI, m/z): calcd. for C;sH;sF,NO,

[M+H]" 314.1204, found 314.1198. m.p. 61-62 °C.
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potassium 2,2-difluoro-3-(3-morpholinophenyl)-3-oxopropanoate (7c-1)

General procedure | was followed using 7¢-2 (1.52 g, 4.86 mmol), KOH (0.25 g, 4.5 mmol), and MeOH (35 mL).
Workup afforded the title compound 7¢-1 as a bright yellow solid (0.87 g, 55%). 'H NMR (DMSO-d,, 400 MHz)
8 7.57-7.56 (m, 1 H), 7.46 (d, J = 7.6 Hz, 1 H), 7.35 (t, J = 7.9 Hz, 1 H), 7.25 (dd, J = 8.2, 2.6 Hz, 1 H), 3.76—
3.74 (m, 4 H), 3.14-3.11 (m, 4 H). "C NMR (DMSO-d,, 125 MHz) & 189.7 (t, J = 26.9 Hz), 162.7 (t, J = 23.7
Hz), 151.0, 133.2, 129.2, 120.5, 120.1, 115.0, 111.4 (t, J = 261.2 Hz), 66.0, 48.2. ’F NMR (DMSO-d¢, 376 MHz)
3 —104.9 (s, 2 F). IR (film) 3086, 3038, 2962, 2932, 3905, 2868, 2833, 1699, 1682, 1595, 1578, 1493, 1448,
1383, 1367, 1356, 1325, 1310, 1267, 1231, 1178, 1153, 1119, 1070, 1026, 997, 978, 939, 914, 893, 868, 816,
804, 775, 748, 700, 677, 652, 598, 557, 538, 525 cm™'. HRMS (ESI, m/z): calcd. for C 3H,F,K,NO, [M+2K]"

362.0009, found 362.0001. m.p. 164—167 °C decomposed.
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cinnamyl 2,2-difluoro-3-(3-morpholinophenyl)-3-oxopropanoate (7¢)

General procedure J was followed using 7¢-1 (1.67 g, 5.16 mmol), oxalyl chloride (0.43 mL, 5.1 mmol), cinnamyl
alcohol (0.838 g, 6.25 mmol), Et;N (1.5 mL, 11 mmol), DMF (0.12 mL, 1.6 mmol), and CH,Cl, (25 mL). The salt
and oxalyl chloride were stirred at rt for 3.5 h prior to the addition of cinnamyl alcohol at 0 °C. Workup and
chromatographic purification (0% to 25% EtOAc in hexanes) afforded the title compound 7¢ as a viscous yellow

oil (0.84 g, 41%). 'H NMR (CDCls, 400 MHz) & 7.58-7.56 (m, 2 H), 7.40-7.27 (m, 6 H), 7.19-7.16 (m, 1 H),
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6.66 (d, J = 16.0 Hz, 1 H), 6.20 (dt, J = 16.0, 6.6 Hz, 1 H), 4.96 (d, J = 6.8 Hz, 2 H), 3.86-3.83 (m, 4 H), 3.19—
3.16 (m, 4H). *C NMR (CDCls, 125 MHz) § 185.5 (t, J = 26.9 Hz), 162.0 (t, J = 30.6 Hz), 151.7, 136.4, 135.7,
131.9, 129.9, 128.8, 128.7, 127.0, 122.3, 121.4 (t, J = 3.1 Hz), 120.8, 115.9, 109.9 (t, J = 263.1 Hz), 68.1, 66.8,
48.8. '°F NMR (CDCls, 376 MHz) & —107.3 (s, 2F). IR (film) 2964, 2854, 2833, 1774, 1711, 1699, 1597, 1576,
1493, 1447, 1381, 1344, 1310, 1267, 1254, 1232, 1157, 1122, 1070, 999, 970, 914, 829, 798, 773, 748, 692 cm’.

HRMS (ESI, m/z): calcd. for Cy,Hy FoKNO, [M+K]™ 440.1076, found 440.1057.
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(E)-2,2-difluoro-1-(3-morpholinophenyl)-5-phenylpent-4-en-1-one (8c)

In a N,-filled glovebox, an oven-dried 1 dram vial charged with substrate 7¢ (30.1 mg, 0.0750 mmol) and t-

BuBrettPhos (2.2 mg, 0.0045 mmol) and equipped with a magnetic stir bar. Subsequently, a 150 uL aliquot of a

solution of Pd(OAc), (0.0150 M in 1,4-dioxane prepared in a volumetric flask) was added to the vial. The vial
was sealed with a screwed-cap, and was stirred at rt for 5 min. Subsequently, the vial was transferred out of the
glove box and placed on a pre-heated reaction block at 60 °C, and stirred for 24 h. The vial was cooled to rt, and
the mixture was diluted with EtOAc¢ (1.0 mL). a,o,a-Trifluorotoluene (3.7 plL, 0.030 mmol) was added as an
internal standard, and the reaction mixture was stirred at rt for 30 min to ensure thorough mixing. An aliquot was
taken from the vial for ’F NMR analysis. After determination of the '’F NMR yield, the aliquot was recombined
with the reaction mixture. The total reaction mixture was passed through a plug of silica gel, and eluted with ether.
Workup and chromatographic purification (5% to 10% EtOAc in hexanes) afforded the title compound 8¢ in a
28:1 mixture with 9c as a pale yellow solid (21.4 mg, 80%). The reaction was also performed at 0.3 mmol scale
for the substrate 7¢, and the same result was obtained. 'H NMR (CDCls, 400 MHz) & 7.64 (dt, J=28.0, 1.4 Hz, 1
H), 7.60 (t, J = 2.0 Hz, 1 H), 7.42-7.35 (m, 3 H), 7.34-7.30 (m, 2 H), 7.27-7.23 (m, 1 H), 7.19 (dd, J = 8.2, 2.6
Hz, 1 H), 6.58 (d, J=16.0 Hz, 1 H), 6.20 (dt, J = 16.0, 7.2 Hz, 1 H), 3.88-3.86 (m, 4 H), 3.22-3.19 (m, 4 H), 3.13

(tdd, J = 17.2, 7.2, 1.1 Hz, 2 H). °C NMR (CDCls, 125 MHz) & 189.7 (t, J = 30.6 Hz), 151.6, 136.8, 136.4, 133.0
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(t, J = 2.5 Hz), 129.6, 128.8, 128.0, 126.6, 121.9 (t, J = 4.4 Hz), 121.7, 119.0 (t, J = 5.0 Hz), 118.9 (t, J = 253.1
Hz), 116.6 (t, J = 2.5 Hz), 66.9, 49.1, 38.2 (t, J = 23.1 Hz). '°F NMR (CDCls, 376 MHz) 5 -98.7 (t, J = 16.9 Hz, 2
F). IR (film) 3080, 3026, 2962, 2914, 2893, 2856, 2831, 1699, 1597, 1576, 1493, 1448, 1441, 1381, 1346, 1304,
1267, 1192, 1169, 1122, 1092, 1068, 1057, 1034, 997, 968, 928, 912, 891, 752, 744, 692, 457 cm™. HRMS (ESI,

m/z): caled. for C,;HpFoNO, [M+H]" 358.1619, found 358.1600. m.p. 91-92 °C.

2,2-difluoro-1-(3-morpholinophenyl)-3-phenylpent-4-en-1-one (9¢)

General procedure F was followed using 7¢ (120.4 mg, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), PhXPhos
(13.9 mg, 0.030 mmol), and 1,4-dioxane (3.0 mL). The reaction time was 18 h. Workup and chromatographic
purification (5% to 10% EtOAc in hexanes) afforded the title compound 9¢ as a yellow oil (91.0 mg, 85%). 'H
NMR (CDCls, 400 MHz) 6 7.49 (dt, J = 8.0, 1.4 Hz, 1 H), 7.41 (t,J = 2.0 Hz, 1 H), 7.37-7.28 (m, 6 H), 7.15 (dd,
J=82,2.6Hz, 1 H), 6.22 (ddd, J=16.8, 10.4, 8.2 Hz, 1 H), 5.31 (d, J =10.0 Hz, 1 H), 5.23 (dt, J=16.8, 1.2 Hz,
1 H), 3.88-3.86 (m, 4 H), 3.19-3.16 (m, 4 H), 4.33 (td, J = 16.4, 8.2 Hz, 1 H). "C NMR (CDCl;, 125 MHz) &
190.2 (t, J=30.0 Hz), 151.5, 135.4 (t, J = 1.9 Hz), 133.8, 132.6 (t, J = 4.4 Hz), 129.8, 129.5, 128.8, 128.0, 121.5
(t, J = 4.4 Hz), 121.4, 120.7, 118.8 (t, J = 257.5 Hz), 116.4 (t, J = 2.5 Hz), 66.9, 54.2 (t, J = 21.9 Hz), 49.1. "°F
NMR (CDCl;, 376 MHz) 6 —103.2 (dd, A of ABX, Jag = 274.5 Hz, Jax = 15.0 Hz, 1 F), —102.9 (dd, B of ABX,
Jag =274.5 Hz, Jegx = 16.9 Hz, 1 F). IR (film) 3082, 3065, 3032, 2964, 2912, 2893, 2856, 2831, 1701, 1597, 1576,
1493, 1450, 1439, 1381, 1344, 1304, 1265, 1231, 1177, 1122, 1051, 997, 986, 933, 912, 864, 841, 820, 756, 727,

700, 685, 638, 517 cm™'. HRMS (ESI, m/z): calcd. for C5;H,,F,NO, [M+H]" 358.1619, found 358.1636.
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ethyl 2,2-difluoro-3-hydroxy-3-(5-methylthiophen-2-yl)propanoate (7d-3)

General procedure G was followed using activated Zn (1.94 g, 29.6 mmol), 1,2-dibromoethane (0.15 mL, 1.8
mmol), 5-methyl-2-thiophenecarboxaldehyde (1.6 mL, 15 mmol), ethyl bromodifluoroacetate (1.9 mL, 15 mmol),
and THF (0.030 L). Workup and chromatographic purification (10% to 15% EtOAc in hexanes) afforded the title
compound 7d-3 as a yellow oil (2.15 g, 58%). '"H NMR (CDCls, 400 MHz) & 6.96 (d, J = 3.2 Hz, 1 H), 6.68 (dd, J
=3.4,1.4Hz, 1 H), 5.33 (ddd, J=14.8, 8.0, 6.4 Hz, 1 H), 4.35(q,J=7.2 Hz, 2 H), 2.60 (d, J = 6.0 Hz, 1 H), 2.49
(s, 3 H), 1.34 (t, J = 7.2 Hz, 3 H). °C NMR (CDCl;, 125 MHz) & 163.4 (dd, J = 32.5, 31.2 Hz), 142.2, 134.2,
128.0, 125.3, 113.4 (dd, J = 257.5, 253.8 Hz), 70.6 (dd, J = 27.5, 25.0 Hz), 63.5, 15.5, 14.1. °’F NMR (CDCl,,
376 MHz) 6 —120.2 (dd, J =263.2, 15.0 Hz, 1 F), -114.2 (dd, J = 263.2, 7.5 Hz, 1 F). IR (film) 3495, 2986, 2924,
1759, 1375, 1321, 1217, 1186, 1103, 1072, 1045, 854, 793, 669 cm'. HRMS (ESI, m/z): calcd. for

C10H12F203SN3 [M+Na]+ 2730373, found 273.0376.

ethyl 2,2-difluoro-3-(5-methylthiophen-2-yl)-3-oxopropanoate (7d-2)

General procedure H was followed using oxalyl chloride (3.9 mL, 46 mmol), DMSO (4.4 mL, 61 mmol), 7d-3
(3.8 g, 15 mmol), Et;N (13 mL, 92 mmol) and CH,Cl, (0.11 L). Workup and chromatographic purification (2% to
5% EtOAc in hexanes) afforded the title compound 7d-2 as a yellow oil (3.2 g, 83%). '"H NMR (CDCls, 400 MHz)
6 7.87-7.86 (m, 1 H), 6.90 (dd, J=4.2, 1.4 Hz, 1 H), 4.39 (q, J=7.2 Hz, 2 H), 2.60 (s, 3 H), 1.34 (t, J = 7.2 Hz, 3
H). *C NMR (CDCls, 125 MHz) & 178.1 (t, J = 27.5 Hz), 161.9 (t, J = 30.6 Hz), 154.5, 137.4 (t, J = 4.4 Hz),
135.3, 128.2, 109.7 (t, J = 262.5 Hz), 64.0, 16.4, 14.1. "’F NMR (CDCl;, 376 MHz) & —108.2 (s, 2 F). IR (film)
2988, 2941, 1774, 1666, 1446, 1313, 1267, 1157, 1126, 1053, 868, 816, 787, 675, 580 cm™. HRMS (ESI, m/z):

caled. for C,oH,oF,03SNa [M+Na]" 271.0216, found 271.0221.
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potassium 2,2-difluoro-3-(5-methylthiophen-2-yl)-3-oxopropanoate (7d-1)

General procedure I was followed using 7d-2 (3.0 g, 12 mmol), KOH (0.67 g, 12 mmol), and MeOH (25 mL).
Workup afforded the title compound 7d-1 as a colorless solid (2.6 g, 84%). '"H NMR (DMSO-dg, 400 MHz) &
7.78 (d,J = 3.6 Hz, 1 H), 6.97 (dd, J = 4.0, 1.4 Hz, 1 H), 2.52 (s, 3 H). "C NMR (DMSO-d,, 125 MHz) & 182.6 (t,
J=28.8 Hz), 162.1 (t, J = 23.8 Hz), 150.9, 136.8, 136.2 (t, J = 2.5 Hz), 127.8, 111.3 (t, J = 261.9 Hz), 15.6. ’F
NMR (DMSO-dg, 376 MHz) 6 —105.2 (s, 2 F). IR (film) 1693, 1668, 1454, 1389, 1298, 1157, 1130, 1074, 1047,
860, 818, 806, 793, 706, 615, 590, 575, 511 cm™. HRMS (ESI, m/z): calcd. for CsHsF,K,05S [M+K]" 296.9202,

found 296.9193. m.p. 141-142 °C decomposed.

cinnamyl 2,2-difluoro-3-(5-methylthiophen-2-yl)-3-oxopropanoate (7d)

General procedure J was followed using 7d-1 (1.5 g, 5.8 mmol), oxalyl chloride (0.49 mL, 5.8 mmol), cinnamyl
alcohol (1.0 g, 7.5 mmol), Et;N (1.2 mL, 8.7 mmol), DMF (1.0 mL), and CH,Cl, (21 mL). Workup and
chromatographic purification (2% to 5% EtOAc in hexanes) afforded the title compound 7d as a colorless oil (1.4
g, 72%). '"H NMR (CDCl;, 400 MHz) & 7.87-7.86 (m, 1 H), 7.39-7.29 (m, 5 H), 6.87 (dd, J = 4.0, 1.2 Hz, 1 H),
6.69 (dt, J =16.0, 1.2 Hz, 1 H), 6.25 (dt, J = 16.0, 6.4 Hz, 1 H), 4.97 (dd, J = 6.4, 1.2 Hz, 2 H), 2.57 (s, 3 H). °C
NMR (CDCls, 125 MHz) 6 177.9 (t,J = 28.1 Hz), 161.8 (t, J=30.6 Hz), 154.6, 137.5 (t, J= 5.0 Hz), 136.4, 135.8,
135.2, 128.8, 128.7, 128.2, 127.0, 120.9, 109.7 (t, J = 263.1 Hz), 68.1, 16.4. ’F NMR (CDCl;, 376 MHz) & —
108.0 (s, 2 F). IR (film) 3028, 1774, 1664, 1446, 1310, 1265, 1155, 1051, 968, 912, 812, 746, 692 cm™'. HRMS

(ESI, m/z): calcd. for C,7H,4F,0;SNa [M+Na]" 359.0529, found 359.0531.
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(E)-2,2-difluoro-1-(5-methylthiophen-2-yl)-5-phenylpent-4-en-1-one (8d)

General procedure E was followed using 7d (101 mg, 0.300 mmol), Pd(OAc), (2.0 mg, 0.090 mmol), t-
BuBrettPhos (8.7 mg, 0.018 mmol), and 1,4-dioxane (0.60 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 8d as a light yellow solid (78.0 mg, 89%). '"H NMR (CDCl;,
400 MHz) o 7.87-7.86 (m, 1 H), 7.38-7.36 (m, 2 H), 7.34-7.30 (m, 2 H), 7.26-7.22 (m, 1 H), 6.88 (dd, J = 3.6,
1.2 Hz, 1 H), 6.59 (d, J =16.0 Hz, 1 H), 6.19 (dt, J = 16.0, 7.4 Hz, 1 H), 3.10 (tdd, J = 17.0, 7.4, 1.4 Hz, 2 H),
2.58 (s, 3 H). °C NMR (CDCls, 125 MHz) & 182.3 (t, J = 31.2 Hz), 153.3, 136.9 (t, J = 5.0 Hz), 136.8, 136.4,
136.3, 128.7, 128.0, 127.9, 126.6, 118.9 (t, J = 5.0 Hz), 118.6 (t, J = 252.5 Hz), 38.2 (t, J = 23.8 Hz), 16.3. "°F
NMR (CDCls, 376 MHz) & —100.0 (t, J = 16.9 Hz, 2 F). IR (film) 3026, 1670, 1448, 1223, 1184, 1171, 1057, 968,
812, 758, 739, 692 cm™. HRMS (ESI, m/z): calcd. for C;¢H,4sF,OSNa [M+Na]" 315.0631, found 315.0643. m.p.

49-50 °C.

2,2-difluoro-1-(5-methylthiophen-2-yl)-3-phenylpent-4-en-1-one (9d)

General procedure F was followed using 7d (101 mg, 0.300 mmol), Pd(OAc), (1.7 mg, 0.0075 mmol), PhXPhos
(7.0 mg, 0.015 mmol), and 1,4-dioxane (3.0 mL). The reaction time was 18 h. Workup and chromatographic
purification (0% to 5% EtOAc in hexanes) afforded the title compound 9d as a light yellow solid (76.0 mg, 87%).
'H NMR (CDCl;, 400 MHz) & 7.73-7.72 (m, 1 H), 7.35-7.28 (m, 5 H), 5.81 (dd, J =4.0, 1.2 Hz, 1 H), 6.22 (ddd,
J=17.2,10.4,8.4Hz 1 H),531(d,J=10.4 Hz, 1 H), 5.24 (dt, J=17.2, 1.2 Hz, 1 H), 4.26 (td, J = 16.6, 8.4 Hz,

1 H), 2.55 (s, 3 H). *C NMR (CDCls, 125 MHz) & 182.4 (t, J = 30.0 Hz), 153.2, 137.0, 136.6 (t, J = 5.6 Hz),
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135.3 (t, J = 1.9 Hz), 132.4 (1, J = 3.8 Hz), 129.8, 128.7, 128.0, 127.8, 120.8, 118.7 (t, J = 257.5 Hz), 54.3 (t, =
21.9 Hz), 16.2. ""F NMR (CDCls, 376 MHz) 8 —104.8 (d, As, J = 15.0 Hz, 2 F). IR (film) 3030, 1662, 1448, 1275,
1171, 1061, 1040, 932, 812, 748, 719, 700 cm™. HRMS (ESI, m/z): caled. for C,¢H;,F,OSK [M+K]" 331.0371,

found 331.0382. m.p. 55-56 °C.
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ethyl 2,2-difluoro-3-hydroxy-3-(1-phenyl-1H-pyrazol-4-yl)propanoate (7e-3)

General procedure G was followed using activated Zn (1.54 g, 23.6 mmol), 1,2-dibromoethane (0.16 mL, 1.9
mmol), 1-phenyl-1H-pyrazole-4-carbaldehyde® (2.70 g, 15.7 mmol), ethyl bromodifluoroacetate (2.0 mL, 15.7
mmol), and THF (80 mL). Workup and chromatographic purification (10% to 30% EtOAc in hexanes) afforded
the title compound 7e-3 as a colorless solid (3.8 g, 82%). "H NMR (CDCl;, 400 MHz) 6 8.00 (s, 1 H), 7.74 (s, 1
H), 7.63 (dt,J=7.2, 1.5 Hz, 2 H), 7.44 (t, J = 8.0 Hz, 2 H), 7.30 (tt, J = 7.6, 1.4 Hz, 1 H), 5.25 (ddd, J = 16.0, 7.8,
2.4 Hz, 1 H), 4.34 (q, J = 7.2 Hz, 2 H), 3.40 (br, 1 H), 1.32 (t, J = 7.2 Hz, 3 H). °C NMR (CDCl;, 125 MHz) &
163.6 (t, J=31.2 Hz), 140.3, 139.6, 129.6, 127.1, 127.0, 119.5, 118.2 (d, J = 2.5 Hz), 113.9 (dd, J = 256.2, 252.5
Hz), 66.9 (dd, J = 29.4, 24.4 Hz), 63.3, 13.9. ’F NMR (CDCl;, 376 MHz) & —120.7 (dd, J = 263.2, 15.0 Hz, 1 F),
—114.1 (dd, J=263.2, 7.5 Hz, 1 F). IR (film) 3325, 2986, 1759, 1599, 1568, 1504, 1406, 1321, 1213, 1074, 1007,
955, 856, 800, 758, 690 cm™. HRMS (ESI, m/z): calcd. for Ci4H;4F,N,03Na [M+Na]" 319.0870, found 319.0865.

m.p. 51-52 °C.

HSCAOWN
F F N

Ph
7e-2

ethyl 2,2-difluoro-3-0xo0-3-(1-phenyl-1H-pyrazol-4-yl)propanoate (7e-2)
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IBX (3.89 g, 13.9 mmol) was added into a solution of compound 7e-3 (1.65 g, 5.57 mmol) dissolved in DMSO
(0.020 L), and the solution was stirred at rt for 20 h. Water (20 mL) was added and the mixture was extracted with
EtOAc (3 x 40 mL). The combined organic layers were washed with saturated NaHCOs(,q) (2 x 60 mL) and brine
(2 x 60 mL), then dried over anhydrous Na,SOy,, filtered, and concentrated. Purification by flash chromatography
(10% to 20% EtOAc in hexanes) provided the title compound 7e-2 as a colorless solid (1.45g, 88%). "H NMR
(CDCls, 400 MHz) 6 8.61 (s, 1 H), 8.30 (s, 1 H), 7.76-7.73 (m, 2 H), 7.55-7.50 (m, 2 H), 7.43 (tt, J = 7.6, 1.5 Hz,
1 H), 4.40 (q, J = 7.2 Hz, 2 H), 1.36 (t, J = 7.2 Hz, 3 H). °C NMR (CDCl;, 125 MHz) & 180.1 (t, J = 28.8 Hz),
161.8 (t,J =30.6 Hz), 142.9 (t, J=2.5 Hz), 139.0, 131.6 (t, J=4.4 Hz), 129.9, 128.5, 120.2, 118.8 (t, J=2.5 Hz),
109.5 (t, J = 261.9 Hz), 64.1, 14.0. ’F NMR (CDCls, 376 MHz) & —110.8 (s, 2 F). IR (film) 3138, 2986, 1772,
1690, 1541, 1504, 1312, 1244, 1174, 1126, 1036, 951, 889, 824, 760, 688 cm™'. HRMS (ESI, m/z): calcd. for

Cy14H,F2N,03Na [M+Na]” 317.0714, found 317.0695. m.p. 28-29 °C.

potassium 2,2-difluoro-3-oxo-3-(1-phenyl-1H-pyrazol-4-yl)propanoate (7e-1)

General procedure | was followed using 7e-2 (1.31 g, 4.45 mmol), KOH (0.250 g, 4.45 mmol), and MeOH (0.020
L). Workup afforded the title compound 7e-1 as a colorless solid (1.2 g, 89%). 'H NMR (DMSO-dg, 400 MHz) &
9.04 (s, 1 H), 8.20 (s, 1 H), 7.90 (dd, J = 7.6, 1.6 Hz, 2 H), 7.55 (t, J = 8.0 Hz, 2 H), 7.41 (t, J = 7.2 Hz, 1 H). °C
NMR (DMSO-dg, 125 MHz) 6 184.5 (t, J = 28.8 Hz), 162.3 (t, J = 2.5 Hz), 142.3, 138.7, 131.8, 129.7, 127.7,
120.4, 119.4, 111.3 (t, J = 261.2 Hz). ’F NMR (DMSO-ds, 376 MHz) & —107.8 (s, 2 F). IR (film) 3126, 1693,
1682, 1543, 1506, 1385, 1267, 1167, 1126, 1084, 951, 883, 810, 752, 698, 683, 656 cm™. HRMS (ESI, m/z): calcd.

for C1,H,F,KoN,O3 [M+K]™ 342.9699, found 342.9707. m.p. 139-140 °C.
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cinnamyl 2,2-difluoro-3-oxo-3-(1-phenyl-1H-pyrazol-4-yl)propanoate (7¢)

General procedure J was followed using 7e-1 (0.76 g, 2.5 mmol), oxalyl chloride (0.19 mL, 2.3 mmol), cinnamyl

alcohol (0.28 g, 2.1 mmol), Et;N (0.58 mL, 4.2 mmol), DMF (48 uL), and CH,Cl, (12 mL). Workup and

chromatographic purification (5% to 10% EtOAc in hexanes) afforded the title compound 7e as a colorless solid
(0.68 g, 85%). 'H NMR (CDCl;, 400 MHz) & 8.61 (s, 1 H), 8.31 (s, 1 H), 7.72 (d, J = 8.0 Hz, 2 H), 7.50 (t, J = 8.0
Hz, 2 H), 7.43-7.37 (m, 3 H), 7.35-7.28 (m, 3 H), 6.72 (d, J = 16.0 Hz, 1 H), 6.27 (dt, J = 16.0, 6.4 Hz, 1 H), 4.98
(d, J=6.4 Hz, 2 H). "C NMR (CDCl;, 125 MHz) & 179.9 (t, J = 28.8 Hz), 161.7 (t, J = 30.6 Hz), 143.0 (t, J =2.5
Hz), 139.0, 136.6, 135.7, 131.7 (t, J = 3.8 Hz), 129.9, 128.9, 128.8, 128.6, 127.0, 120.8, 120.2, 118.8, 109.6 (t, J =
262.5 Hz), 68.3. ""H NMR (CDCl;, 376 MHz) & —110.6 (s, 2F). IR (film) 3138, 3059, 1774, 1688, 1541, 1504,
1308, 1242, 1171, 1126, 1036, 968, 951, 883, 758, 690 cm. HRMS (ESI, m/z): calcd. for CyH;¢F,N,O;Na

[M+Na]" 405.1027, found 405.1025. m.p. 64—65 °C.

(E)-2,2-difluoro-5-phenyl-1-(1-phenyl-1H-pyrazol-4-yl)pent-4-en-1-one (8e)

General procedure E was followed using 7e (76.5 mg, 0.200 mmol), Pd(OAc), (2.2 mg, 0.010 mmol), t-
BuBrettPhos (9.7 mg, 0.020 mmol), and 1,4-dioxane (0.40 mL). Workup and chromatographic purification (0% to
5% EtOAc in hexanes) afforded the title compound 8e as a colorless solid (43 mg, 64%). '"H NMR (CDCls, 400
MHz) & 8.56 (s, 1 H), 8.29 (s, 1 H), 7.72-7.70 (m, 2 H), 7.51 (t, J = 8.0 Hz, 2 H), 7.43-7.22 (m, 6 H), 6.61 (d, J =
16.0 Hz, 1 H), 6.19 (dt, J=16.0, 7.4 Hz, 1 H), 3.10 (tdd, J = 17.0, 7.4, 1.4 Hz, 2 H). >C NMR (CDCl;, 125 MHz)
6 184.3 (t, J =31.9 Hz), 143.2 (t, J = 2.5 Hz), 139.2, 136.7, 136.6, 131.6 (t, J = 5.0 Hz), 129.9, 128.8, 128.4,
128.1, 126.6, 120.0, 119.6, 118.7 (t, J = 5.0 Hz), 118.5 (t, J = 251.2 Hz), 37.6 (t, J = 23.8 Hz). "’F NMR (CDCl;,
376 MHz) 6 —102.4 (t, J = 16.9 Hz, 2 F). IR (film) 1686, 1541, 1502, 1186, 1038, 951, 908, 876, 833, 756, 688

em’. HRMS (ESL m/z): caled. for CaoH,,F,N,O [M+H]" 339.1309, found 339.1320. m.p. 95-97 °C.
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2,2-difluoro-3-phenyl-1-(1-phenyl-1H-pyrazol-4-yl)pent-4-en-1-one (9e¢)

General procedure F was followed using 7e (76.5 mg, 0.200 mmol), Pd(OAc), (2.2 mg, 0.010 mmol), PhXPhos
(9.3 mg, 0.020 mmol), and 1,4-dioxane (2.0 mL). Workup and chromatographic purification (0% to 5% EtOAc in
hexanes) afforded the title compound 9e as a colorless solid (49 mg, 72%). "H NMR (CDCls, 400 MHz) & 8.38 (s,
1 H), 8.16 (s, 1 H), 7.67 (dt, J = 8.4, 1.9 Hz, 2 H), 7.50 (t, J = 8.0 Hz, 2 H), 7.42-7.25 (m, 6 H), 6.25 (ddd, J =
17.2,10.4, 8.4 Hz, 1 H), 5.35 (d, J =10.4 Hz, 1 H), 5.29 (dt, J =16.8, 1.2 Hz, 1 H), 4.28 (td, J = 16.4, 8.4 Hz, 1
H). *C NMR (CDCl;, 125 MHz) & 184.8 (t, J = 31.2 Hz), 143.0 (t, J = 3.1 Hz), 139.1, 135.2 (d, J = 5.0 Hz),
132.2(dd, J=4.4,3.1 Hz), 131.4 (t, J= 5.6 Hz), 129.9, 129.8, 128.8, 128.3, 128.2, 121.0, 120.4, 120.1, 118.6 (t, J
= 255.6 Hz), 53.8 (t, J = 22.5 Hz). "’F NMR (CDCl;, 376 MHz) & —107.6 (dd, A of ABX, Jag = 263.2 Hz, Jax =
15.0 Hz, 1 F), —106.2 (dd, B of ABX, Jag =263.2 Hz, Jgx = 15.0 Hz, 1 F). IR (film) 3065, 3032, 1684, 1599, 1541,
1504, 1250, 1174, 1036, 951, 887, 758, 725, 700, 688, 658 cm™'. HRMS (ESI, m/z): caled. for CyH;7F2N,O

[M+H]" 339.1309, found 339.1303. m.p. 81-82 °C.

ethyl 3-cyclohexyl-2,2-difluoro-3-hydroxypropanoate (7f-3)

General procedure G was followed using activated Zn (3.2 g, 49 mmol), 1,2-dibromoethane (0.25 mL, 2.9 mmol),
cyclohexanecarboxaldehyde (3.0 mL, 25 mmol), ethyl bromodifluoroacetate (3.2 mL, 25 mmol), and THF (0.050
L). Workup and chromatographic purification (10% to 15% EtOAc in hexanes) afforded the title compound 7f-3
as a colorless oil (3.7 g, 63%). '"H NMR (CDCls, 400 MHz) & 4.36 (q, J = 7.2 Hz, 2 H), 3.89-3.79 (m, 1 H), 1.99

(d, J=8.0 Hz, 1 H), 1.94-1.91 (m, 1 H), 1.82-1.65 (m, 5 H), 1.37 (t, J = 7.2 Hz, 3 H), 1.32-1.08 (m, 5 H). °C
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NMR (CDCls, 125 MHz) & 164.1 (dd, J = 32.5, 31.2 Hz), 115.6 (dd, J = 256.2, 253.8 Hz), 75.4 (dd, J = 26.2, 23.8
Hz), 63.2, 38.4, 29.8, 27.5, 26.3, 26.2, 26.0, 14.2. '°F NMR (CDCls, 376 MHz) § —120.1 (dd, J = 263.2, 15.0 Hz,
1 F), ~111.6 (dd, J = 263.2, 7.5 Hz, 1 F). HRMS (ESL, m/z): caled. for C;,H,sF,0sNa [M+Na]" 259.1122, found

259.1128. Spectroscopic data matched that from the previous report.’

o O

H,c” 0
FF

7f-2

ethyl 3-cyclohexyl-2,2-difluoro-3-oxopropanoate (7f-2)

General procedure H was followed using oxalyl chloride (3.8 mL, 44 mmol), DMSO (4.2 mL, 59 mmol), 7f-3
(3.47 g, 14.7 mmol), Et;N (12 mL, 88 mmol) and CH,Cl, (95 mL). Workup and chromatographic purification (2%
to 5% EtOAc in hexanes) afforded the title compound 7f-2 as a colorless oil (3.00 g, 87%). '"H NMR (CDCls, 400
MHz) 6 4.37 (q, J = 7.2 Hz, 2 H), 2.94-2.88 (m, 1 H), 1.94-1.89 (m, 2 H), 1.85-1.80 (m, 2 H), 1.73-1.69 (m, 1
H), 1.36 (t, J = 7.2 Hz, 3 H), 1.47-1.19 (m, 5 H). >C NMR (CDCl;, 125 MHz) § 200.4 (t, J = 26.2 Hz), 161.8 (t, J
=30.6 Hz), 108.8 (t, J = 263.1 Hz), 63.8, 45.5, 28.3, 25.7, 25.5, 14.1. ’F NMR (CDCl;, 376 MHz) 8 —113.1 (s, 2
F). HRMS (ESI, m/z): calcd. for C;;H;¢F,0;Na [M+Na]" 257.0965, found 257.0959. Spectroscopic data matched

that from the previous report.’

K
K¢
FF

7f-1

potassium 3-cyclohexyl-2,2-difluoro-3-oxopropanoate (7f-1)

General procedure I was followed using 7f-2 (2.8 g, 12 mmol), KOH (0.67 g, 12 mmol), and MeOH (12 mL).
Workup afforded the title compound 7f-1 as a colorless solid (2.5 g, 85%). '"H NMR (DMSO-d,, 400 MHz) &
2.72-2.66 (m, 1 H), 1.78-1.59 (m, 5 H), 1.27-1.11 (m, 5 H). "C NMR (DMSO-dg, 125 MHz) & 204.0 (t, J = 26.2

Hz), 162.2, 111.2 (t, J = 263.8 Hz), 44.8, 28.3, 25.4, 25.0. '°F NMR (DMSO-dg, 376 MHz) & ~111.1 (s, 2 F). IR
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(film) 2935, 2864, 1732, 1690, 1674, 1446, 1373, 1329, 1248, 1207, 1174, 1140, 1070, 964, 820, 796, 739, 631,

584 cm™. HRMS (ESI, m/z): calcd. for CoH; F,K,05 [M+K]" 282.9950, found 282.9948. m.p. 188 °C decomposed.

o 0
P "0
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7f

cinnamyl 3-cyclohexyl-2,2-difluoro-3-oxopropanoate (7f)

General procedure J was followed using 7f-1 (1.5 g, 6.1 mmol), oxalyl chloride (0.52 mL, 6.1 mmol), cinnamyl
alcohol (1.1 g, 8.0 mmol), Et;N (1.0 mL, 7.4 mmol), DMF (1.0 mL), and CH,Cl, (20 mL). Workup and
chromatographic purification (2% to 5% EtOAc in hexanes) afforded the title compound 7f as a colorless oil (1.6
g, 81%). '"H NMR (CDCl;, 400 MHz) & 7.42-7.40 (m, 2 H), 7.37-7.30 (m, 3 H), 6.73 (d, J = 15.6 Hz, 1 H), 6.27
(dt,J=15.6, 6.8 Hz, 1 H), 4.95 (d, J= 6.8 Hz, 2 H), 2.95-2.89 (m, 1 H), 1.94-1.89 (m, 2 H), 1.83-1.78 (m, 2 H),
1.71-1.68 (m, 1 H), 1.47-1.17 (m, 5 H). "C NMR (CDCl;, 125 MHz) & 200.3 (t, J = 26.9 Hz), 161.7 (t, J = 30.6
Hz), 136.6, 135.8, 128.9, 128.8, 127.0, 120.9, 108.8 (t, J = 263.8 Hz), 68.1, 45.5, 28.3, 25.6, 25.4. ’F NMR
(CDCl;, 376 MHz) 6 —112.9 (s, 2 F). IR (film) 2935, 2858, 1776, 1736, 1450, 1310, 1202, 1144, 966, 746, 692

cm’'. HRMS (ESI, m/z): calcd. for CgH,0F,03Na [M+Na]" 345.1278, found 345.1284.

(E)-1-cyclohexyl-2,2-difluoro-5-phenylpent-4-en-1-one (8f)

General procedure E was followed using 7f (96.7 mg, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), t-
BuBrettPhos (14.5 mg, 0.0300 mmol), and 1,4-dioxane (0.60 mL). The reaction was run at 70 °C, and the reaction
time was extended to 36 h. Workup and chromatographic purification (0% to 5% EtOAc in hexanes) afforded the
title compound 8f as a light yellow oil (51.0 mg, 61%). '"H NMR (CDCls, 400 MHz) & 7.38-7.23 (m, 5 H), 6.54 (d,

J=16.0 Hz, 1 H), 6.08 (dt, J = 16.0, 7.4 Hz, 1 H), 2.98-2.86 (m, 3 H), 1.88-1.77 (m, 4 H), 1.71-1.67 (m, 1 H),
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1.42-1.19 (m, 5 H). °C NMR (CDCls, 125 MHz) § 204.3 (t, J = 29.4 Hz), 136.8, 136.5, 128.8, 128.0, 126.5,
118.8 (t, J = 5.6 Hz), 118.0 (t, J =253.1 Hz), 45.1, 37.2 (t, J = 23.8 Hz), 28.3, 25.8, 25.6. "°F NMR (CDCls, 376
MHz) § ~105.6 (t, J = 16.9 Hz, 2 F). IR (film) 2934, 2856, 1734, 1497, 1450, 1207, 1146, 1057, 1032, 968, 748,

692 cm™'. HRMS (ESI, m/z): calcd. for C,;HF,ONa [M+Na]" 301.1380, found 301.1388.

1-cyclohexyl-2,2-difluoro-3-phenylpent-4-en-1-one (9f)

General procedure F was followed using 7f (96.7 mg, 0.300 mmol), Pd(OAc), (3.4 mg, 0.015 mmol), PhXPhos
(13.9 mg, 0.0300 mmol), and 1,4-dioxane (3.0 mL). The reaction time was extended to 36 h. Workup and
chromatographic purification (0% to 5% EtOAc in hexanes) afforded the title compound 9f as a light yellow oil
(61.0 mg, 73%). '"H NMR (CDCls, 400 MHz) & 7.36—7.28 (m, 5 H), 6.17 (ddd, J = 17.2, 10.0, 8.4 Hz, 1 H), 5.32
(d, J=10.0 Hz, 1 H), 5.24 (d, J = 17.2 Hz, 1 H), 4.16-4.05 (m, 1 H), 2.63-2.56 (m, 1 H), 1.78-1.74 (m, 2 H),
1.68-1.62 (m, 2 H), 1.44-1.39 (m,1 H), 1.28-1.08 (m, 5 H). *C NMR (CDCls, 125 MHz) & 205.0 (t, J = 28.8 Hz),
135.2 (d, J=5.0 Hz), 132.4 (dd, J = 6.2, 2.5 Hz), 129.8, 128.8, 128.1, 120.8, 118.1 (t, J =258.1 Hz), 53.1 (t, J =
21.9 Hz), 45.9, 28.1, 27.7, 25.7, 25.6, 25.5. ’F NMR (CDCls, 376 MHz) & —112.0 (dd, A of AMX, Jau = 263.2
Hz, Jax=16.9 Hz, 1 F), —107.6 (dd, M of AMX, Jam =263.2 Hz, Jux = 15.0 Hz, 1 F). IR (film) 2934, 2856, 1732,
1494, 1452, 1207, 1167, 1059, 1032, 966, 930, 742, 700 cm™. HRMS (ESI, m/z): calcd. for C,;H,F,ONa

[M+Na]" 301.1380, found 301.1378.

Preparation of Compound 15 in Figure 2B

A O O
o A,
FF
15

1-(3-(trifluoromethyl)phenyl)allyl 2,2-difluoro-3-oxo-3-phenylpropanoate (15)
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An oven-dried one-neck round-bottom flask was charged with potassium salt 1a-1 (1.0 g, 4.2 mmol), and the
system was evacuated and backfilled with N three times. Dry CH,Cl, (21 mL) and DMF (0.10 mL) were added
via a syringe, and the reaction mixture was cooled to 0 °C. Oxalyl chloride (0.31 mL, 3.7 mmol) was added
dropwise, and then the reaction mixture was stirred at 0 °C for 30 min, and rt for 2 h. Next, a solution of 1-(3-
(triftuoromethyl)phenyl)prop-2-en-1-01* (0.71 g, 3.5 mmol) dissolved in dry CH,Cl, (2.0 mL) was added
dropwise at 0 °C followed by dropwise addition of Et;N (0.97 mL, 7.0 mmol). The resulting reaction mixture was
stirred at 0 °C for 30 min, and rt for 2 h. H,O (10 mL) was added to quench the reaction, and the CH,Cl, was
removed under reduced pressure. The aqueous layer was extracted with ether (3 x 20 mL), and the combined
organic layers were dried over anhydrous Na,SQ,, filtered, and concentrated. Purification by flash
chromatography (0% to 15% EtOAc in hexanes) afforded the title compound 15 as a colorless oil (0.81 g, 60%).
'H NMR (CDCl;, 400 MHz) & 8.04 (dd, J = 8.0, 1.4 Hz, 2 H), 7.69-7.65 (m, 1 H), 7.59 (dt, J = 6.4, 1.8 Hz, 1 H),
7.54-7.47 (m, 5 H), 6.45 (d, J=6.0 Hz, 1 H), 5.98 (ddd, J = 17.0, 10.8, 6.2 Hz, 1 H), 5.42-5.40 (m, 1 H), 5.37 (d,
J=12Hz, 1 H). "C NMR (CDCl;, 125 MHz) § 185.4 (t, J = 27.5 Hz), 161.0 (t, J = 30.6 Hz), 138.0, 135.4, 133.7,
131.3 (q, J = 32.5 Hz), 131.1, 130.7, 130.1 (t, J = 3.1 Hz), 129.5, 129.2, 125.8 (q, J = 3.7 Hz), 124.1 (q, J = 3.7
Hz), 124.0 (q, J = 270.9 Hz), 119.9, 109.9 (t, J = 263.7 Hz), 79.0. ’F NMR (CDCl;, 376 MHz) § —107.5 (d, A of
AB, J=289.5 Hz, 1 F), -107.1 (d, B of AB, J=289.5 Hz, 1 F), —62.7 (s, 3 F). IR (film) 3072, 1778, 1714, 1699,
1599, 1452, 1333, 1256, 1167, 1128, 1074, 926, 804, 704, 687, 580 cm™. HRMS (EI, m/z): calcd. for C;oH,F50;

[M-H"] 383.0707, found 383.0698.
Experimental Procedures for Catalytic Reactions in Figure 2B

An oven-dried 1 dram vial was charged with substrate 15 (57.6 mg, 0.150 mmol), Pd(OAc), (1.0 mg, 0.0045
mmol for catalyst system A or 0.8 mg, 0.0037 mmol for catalyst system B), ligand (t-BuBrettPhos 4.4 mg, 0.0090
mmol for catalyst system A or PhXPhos 3.5 mg, 0.0075 mmol for catalyst system B), and a magnetic stir bar. The
vial was equipped with a three-way valve, evacuated and backfilled with Ny, four times. Dry 1,4-dioxane (0.3
mL for catalyst system A or 1.5 mL for catalyst system B) was added via a syringe under Ny The vial was
sealed with a screwed-cap under Ny, flow, and was stirred at rt for 5 min. Subsequently, the vial was placed on a

pre-heated reaction block, and stirred at 60 °C for catalyst system A or 90 °C for catalyst system B for 24 h. The
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vial was cooled to rt, and the mixture was diluted with EtOAc (2.0 mL for catalyst system A or 0.1 mL for

catalyst system B). 2,2,2-trifluoroethanol (10 pL, 0.1372 mmol) was added as a standard, and the reaction mixture

was stirred at rt for 30 min to ensure thorough mixing. An aliquot was taken from the vial for ’F NMR analysis.
F NMR yields and selectivities reported in the manuscript represent an average of two independent runs for

catalyst system A or B, respectively.

Analysis of Selectivity Data in Figure 3

O O Pd(OACc), (3.0 mol%) o
t-BuBrettPhos (6.0 mol%)
7N \ (0] Ph X X ph +
XT FFE 1,4-dioxane, 60 °C, 20-24h  X7T EF
la, 4a-4c, 4e, 49 2a, 5a-5c, 5e, 59 3a, 6a-6¢, 6e, 69

log (Selectivity,/Selectivity,) vs c*

0.3 -
> 02 - m-CO,Et
2 01 - p-NO,
8 0-
(]
Qx -0.1 -
2 02
2 03 -
(S]
< -04 - y = 0.448x - 0.1203
g’— _O 5 _ R2=09979
gb ’ p-OMe
- -06 T T T T T T T 1
-0.8 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8
o-+
Substrate  Substituent Selectivity Log (Selectivityx/ o
X) (lin/br) Selectivityy)

1a H 18 - -

4a m-CF; 23 0.1065 0.52

4b p-NO, 30 0.2218 0.79

4c m-CO,Et 21 0.0669 0.37

4e p-Me 10 0.2553 -0.31

4g p-OMe 6 0.4771 -0.78

Values for 6* were obtained from the literature.”*
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer 400
Solvent coei3
Temperature 2937
Pulse Sequence 230
Bxperiment 1D
T ot s §
0239
Nt 16 HsC 0
Scans
Receiver Gain 322 FF
Relaxation 1.0000 1a-3
Delay
Pulse Width  16.0000
Acquisiton 3.9584
ime
Acquison  2013-07-03T20:03:00
Spectrometer 40013
Frequency
Spectral Width  8278.1
Lowest 16733
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
) g g g g
[} — ~ — Ik}
T T T T T T T T T T T T T T T T T T
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
£1 (ppm)
O OO ONWOV—HO
Parameter Value ninNNG oMM
MHY MMNTTOO0OO0O
oA ANNNN
o AR N
rigin Bruker Analytik GmbH
Spectrometer drd00 —— =
Solvent coci3
Temperature 293.7
Puise Sequence  zgflqn
Experiment 1D
Probe 5 mm QNP 1H/ 13/ 31P/
19F Z-GRD 78400/ 0239
Number of Scans 16
Receiver Gain 645
Relaxation Delay  1.0000 o COH
Pulse Width 27.0000
Acquisition Time  0.8717 HaC o
Acquisition Date  2013-07-03720:04:00 FF
Spectrometer 376.50
Frequency 1a-3
Spectral Width 75188.0
Lowest Frequency 752436
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
i
T T T T T T T T T T T T T T T T T T
10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische Messtechnik
mbH
Spectrometer  dn00
Solvent coai3
Temperature  293.8
Pulse Sequence 2930
Experiment 1 8] o
Probe 5 mm QNP 1H/ 13¢/
g;gg 19F Z-GRD 78400/ HaC 0
Number of Scans 16 FF
Receiver Gain 322
Relaxation Delay  1.0000 a2
Puise Width 16.0000
Acquisition Time  3.9584
Acquisition Date  2013-07-05T18:56:00
Spectrometer 40013
Frequency
Spectral Width  8278.1
Lowest Frequency -1673.7
Nucleus H
Acquired Size 32768
Spectral Size 32768
& 34 & iy
a o o o o
— -~ 3 )
r T T T T T 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 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
—
Parameter Value N
N
MHY o
—
Origin Bruker Analytik GmbH '
Spectrometer arx400 [
Solvent coai3
Temperature 2038
Puise Sequence zqfian
Experiment 1D
Probe 5 mm QNP 1H/ 13C/ 31/ 19F
Z-GRD 78400/ 0239
Number of Scans 16
Receiver Gain 724 o 0
Relaxation Delay 1.0000
Puse Wit 27.0000 HaC g
Acquisition Time 08717
Acquisition Date 2013-07-05T18:58:00 FF
igﬁr;rnqmr 376.50 1a2
Spectral Width 75188.0
Lowest Frequency ~ -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
r T T T T T T T T T T T T T T T T T
10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker Analytische
Messtechnik GmbH
Spectrometer dnd00
Solvent DMSO
‘Temperature 293.6 O O
Pulse Sequence 2930 K
Experiment. 1D ‘U
Probe 5 mm QNP 1H/ 13C/ 319/ 19F Z- F F
GRD 28400/ 0239
Number of Scans. 16 1a-1
Receiver Gain 724
Relaxation Delay 1.0000
Pulse Width 16,0000
Acquisition Time 3.9584
/Acquisition Date 2013-10-13T13:29:39
Spectrometer Frequency 400.13
Spectral Width 8278.1
Lowest Frequency -1670.5
Nucleus H
Acquired Size 32768
Spectral Size 32768
MG
a Qo
— —
T T T 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 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)
O ¢ N 0 A O Lo wm — = N
QO ¥ n oMo Nwe =i Yo paib ol I i
o g o NN [ ENE R QuYymn—Qo
0 0 O O O MM AN — = O [=1Ne)Je)l¢| B W) We)}
— = - o o - TOMGRgOOmO™M
Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectromete spect O O
r
Solvent  DMSO K‘U
Temperature 298.2
Pulse 29pg30 FF
Sequence
Experiment 1D 1a-1
Probe mm
CPDUL 13¢/
D-1H Z-GRD
244862/
0018
Number of 1024
Scans
Receiver 2050
Gain
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Time
Acquisition  2014-06-03T
Date :00
Spectromete 125.77
r Frequency
Spectral 207619
Width
Lowest -2361.2
Frequency
Nucleus 13C
Acquired 32768
size
Spectral Size 32768
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

f1 (ppm)



SI-67

n
Parameter Value f\!
MHY 8
—
Origin Bruker Analytik GmbH !
Spectrometer 400 |
Solvent DMSO
Temperature 2936
Pulse Sequence 2gfign
Experiment. 1D
Probe 5 mm QNP 1H/ 13C/ 31P/
19F Z-GRD 78400/ 0239
Number of Scans 16 o o
Receiver Gain 1290 K
Relaxation Delay  1.0000 o
Pulse Width 27.0000 FF
Acquisition Time 0.8716
Acquisition Date 2013-10-13T13:30:58 1a-1
Spectrometer 376.50
Frequency
Spectral Width 75188.0
Lowest Frequency -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Lo -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1
f1 (ppm)
LN MTITITITOLONOALOOO--ANONL O N o
O MAAORNDOLMAHO0OONNNOLMAN @ NN
COMhTMMMmMMMMAMANAN O NN N o o
NNNRNNRNNNNNNNRNS OGSO SS <+ <
e = ) W
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische Messtechnik
GmbH
Spectrometer  drx400
Solvent o3
Temperatre  293.8 0o 0
Pulse Sequence 2930
Experiment D N o]
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 78400/ F F
0239
Number of Scans 16 1a
Receiver Gain 322
Relaxation Delay ~ 1.0000
Pulse Width 16.0000
Acquisition Time ~ 3.9584
Acquisition Date  2013-07-10T16:17:00
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest Frequency -1673.7
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
N /\l /U J‘lt A
&  Add & & d
N ] < < S
— - N < — — o~
r T T T T T T T T T T T T T T T T T
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coei3 o o]
Temperature  298.2
Pulse Sequence zgpg30 - (8}
Experiment 1D F F
Probe 5 mm CPDUL
13C/ DH Z- 1a
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Pulse Width ~ 9.7000
Acquisition 11011
Time
Acquisition  2013-11-09T01
Date :45:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2279.0
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
k i W
—r - r - T - T 1 - T - T T * T ‘*~ T ’*~ T ‘"~ T ‘" T "~ T " T ‘" T ‘" T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
n
Paramets Val M
arameter jalue :
~N
MHY o
—
Origin Bruker Analytik GmbH "
Spectrometer  drx400
Solvent coai3
Temperature  293.9
Pulse Sequence  zgflan
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 28400/
0239 o 0
Number of 16
Scans T 0
Receiver Gain 912
F F
Relaxation Delay 1.0000
Pulse Width ~ 27.0000 1a
Acquisition Time 0.8717
Acquisition Date 2013-07-17T13:22:00
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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e BeBeBeBede LwvvoywwwwyMMMmMMmOaMOmMmAaENNNNANNNOINNANNS S S A AT A= A= OC
0 06 6 0B B & NNRNNNRNNRNNRNNNNNNNRNNNNNRNNNNNNRNOCOOBOOBOSSSMNmMmmmMmmmmaamn o
Sy, B NN LN sl s R STl
Parameter Value
MHY
Origin UXNMR, Bruker Analytische
Messtechnik GmbH
Spectrometer drx400
Solvent cDCI3 O
Temperature 293.9
Pulse Sequence 2930 =
Eoert FPh
xperiment 10
Probe 5 mm QNP 1H/ 13C/ 31P/ F F
19F Z-GRD 78400/ 0239
Number of Scans 16
2a
Receiver Gain 362
Relaxation Delay 1.0000
Pulse Width 14.5000
Acquisition Time 3.9584
Acquisition Date 2014-06-17T09:05:31
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest Frequency -1673.3
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
TSR & 4 3
N eoonNY < Q Q
N A NN — — ~
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
1 (ppm)
1n O In COVWARNIMANONHOAN =L = © QO
oY~ RYN A A AT TMQANQN RO O QR ® 000 g g
N G O COTNNNSSSBBNGS A GG DO NN NQ®
o © © A MOMOMAOMAONNNNNA A~ NNKNOS ® 0N
LR o o o o o o NNNN Mmmm
~ Te———— | e ———— N ~
Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect 0
Solvent: coa3
Temperature  298.2 ey Ph
Pulse Sequence zgpg30
Experiment. 1D F F
Probe 5 mm CPDUL
13C/ D-1H Z-
GRD 744862/ 2:'
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
Time
Acquisition 2014-06-18T18:
Date 40:00
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest -2280.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
| J 1L
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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-98.87
-98.92
-98.96

Parameter Value
MHY
Origin Bruker Analytik GmbH
Spectrometer 400
Solvent coci
Temperature  293.8
Pulse Sequence 2zgfiqn
Bxperment 1D o]
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD 78400/ T
Fh
Number of 16 F F
Scans
Receiver Gain 724
Relaxation 1.0000 2a
Delay
Puise Width 270000
Acquisition 0.8716
Time
Acquisition Date 2014-06-17T09:06:52
Spectrometer 376.50
Frequency
Spectral Width ~ 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
|
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
oOoN MOV ANIOINNMWLOWVULHOO-T-MOANNMOLIITNODITAATTYTNMOUAOoOOTNIOTOVIOINTOLWLMWL T ITM
NOVOTITTOANNTATONNDROTMMNMANTOONVONOTINNOODOMONTITOOONIM=DN
QYUY hhIhTTIMmmmMmgMmOOANNNNNANNNANSNMANNNNNNMNMMMNN
NN NNNNNNNNNNNNNNNNNNNNNNNMNOCDVOOOOULOOO N DN DWNND DS S S S S
e e
— ST [ T T
Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400 [a]
Solvent o3 F,
Temperature  293.9 F Ph
Pulse 2930
Sequence e
Experiment. 1D
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
78400/ 0239 Ja
Number of 16
Scans
Receiver Gain 362
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition  2014-06-17T08
e :49:29
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
& AAq & A5 &
e ceQc < e e <
o~ — N 0 — — —
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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190.28
190.05
189.81

-

135.33
134.25
133.08

132.64

132.60
132.57

130.10

130.07
130.05

129.82
128.80

128.05

120.84

120.77

118.78
116.72

77.48
77.23

L

76.98

\

54.34
54.17

L
\

53.99

Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectrometer spect 0]
Solvent o F,
Temperature 298.2 F Ph
Puise 20pg30
Sequence =
Experiment 1D
Probe 5 mm CPDUL
13¢/D1H Z-
GRD 744862/
0018 Ja
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Time
Acquisition  2014-06-18T1
Date 8:15:00
Spectrometer 125.77
Frequency
Spectral 207619
Width
Lowest 22800
Frequency
Nudleus 13C
Acquired Size 32768
Spectral Size 32768
A QAL L
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
AMANOMN WO
TN ANNMMNO A
aNANMOMOMOMmMOT T
O O0OO0OO0O0O0COoOo
oA A
Parameter Value oottt
iy e
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coci3
Temperature  293.9
Pulse Sequence  zgfian
Experiment )
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 78400/ [a]
0239 E
Number of Scans 16 F Ph
Receiver Gain 724
Relaxation Delay 1.0000 i
Pulse Width ~ 27.0000
Acquisition Time 08716
Acquisition Date  2014-06-17T08:50:42
Spectrometer  376.50 3a
Frequency
Spectral Width ~ 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
A UU
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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——— B,
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer dnd00 a 0
Solvent coai3
Temperature  293.3 S 18] Fh
Pulse 2930
Sequence
Experiment 1D 1h
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD
28400/ 0239
Numberof 16
Scans
Receiver Gain 322
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition 3.9584
Time
Acquisition 2014-07-19T09:50:06
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
S dad & L &
g 2838 e & & S
o~ —~ AN N ~ — — o~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
n o < nMunTMT ATt O
Q3 S @ anRinARRSRH&H o @0 o
A a Tl WITOORRR G QO QA fTNa -~
0 @ O O nNnMmMmHOMmMOANNNANNNN [=3e)] NN O ~N
— — A A A A A A A A A A a © NN ©
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer ~ spect o a
Solvent coci3
Temperature  298.9 S 8} Fh
Pulse 29pg30
Sequence
Experiment 1D 1b
Probe 5 mm PABBO BB/
19F-1H/ D Z-GRD
110902/ 0011
Number of 3742
Scans
Receiver Gain 23170
Relaxation 0.1500
Delay
Pulse Width 16,5000
Acquisition 1.0912
Time
Acquisition 2014-07-13T15:35:49
Date
Spectrometer  125.76
Frequency
Spectral Width 30030.0
Lowest -2420.8
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
.
r 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

f1 (ppm)
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Parameter Value 1 1
MHY \/
origin Bruker Analytik GmbH
Spectrometer  drxd00
Solvent cocs
Temperature 2933
Pulse Sequence  zgfian
Experiment 1 o 0
e 197161 7.6R0 264007 ! Ph
0239
Number of Scans 16
Receiver Gain 362 1hb
Relaxation Delay 1.0000
Pulse Width 27.0000
Acquisition Time  0.8716
Acquisition Date  2014-07-19T09:51:23
Spectrometer 376.50
Frequency
Spectral Width 751880
Lowest Frequency -90303.8
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230
f1 (ppm)
e}
TOMOOVLANOHOUNLOLONMOATOOVOMAOAMOT TOTAOTOANNCTTALANDNDOFTONGWONODW—NLOTLT 0 WD
MAAAOARNNETNOONOONROULILMOANNAAONNNOONTMNANOOIDTAAONNTMM A0 AWML T MON
NNRNNNNROLOLUOUTTLLILLELTMMOMONMMMMMNMMOOMMMNMANNYYOYOMANNNNQ®XRRX®RQRRX
- NNNNNNRNNNNNNNNNN NNNNNNRNNRNRNNRNNRNRNNRNNOOOOVOOVOVOONTET T&TE T T F T T
e S S S S N S0 M e e S S S S SS S S S S S S S S S S
. LB (LI e Lo L La—
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische Messtechnik
GmbH
Spectrometer 400
Solvent coa3
‘Temperature 2934 =
Pulse Sequence 2930
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/ 1c
31P/ 19F Z-GRD 28400/
023
Number of Scans 16
Receiver Gain 228
Relaxation Delay 1.0000
PulseWidth  14.5000
Acquisition Time 3.9584
Acquisition Date  2014-07-19T11:06:20
Spectrometer  400.13
Frequency
Spectral Width ~ 8278.1
Lowest -1668.1
Frequency
Nucleus 1H
Acquired Sze 32768
Spectral Size 32768
A
& SEAR G Fode o s 4
o~ ot oNOO-ANONO o~ < © o
S NS nNoSoBo-oS- o S N ~
r T T T T T T T T T T T T T T T T T T T T T T T T T T T
14.0 13.5 13.0 12,5 12.0 11.5 11.0 10.5 100 95 90 85 8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 @
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-6-233-1 b~ - - - M nN~NN nNQN n
MHY-6-233-1 b-catalyst A-crude-F H_‘E_‘_‘_‘a gv—‘vﬂN%gm
MmMmmMmMnmmmm NANNDNNDNN
o 0 00 0 00 0
Rl e B e B e B e B e B | Ron i B e B e B e B B |
C T T T T e T T T
Parameter Value —— ——] =
MHY
Origin Bruker
Analytik GmbH
Spectrometer  drx400
Solvent €Da3
Temperature  293.5 [u] Q F‘d(OAC)Z (3 o mol%) u]
Pulse Sequence zgfian +BuBrettPhos 6.0 maol%) .y
Experiment 1D PhMO Fh FPh Fh
Probe 5 mm QNP .
) iy H 1 4-dioxane 60 °C, 20 h H
19F Z-GRD
oo b Catalyst System A b
Numbe f 16 .
scans crude reaction mixture
Receiver Gain 406
Relaxation 1.0000
Delay
Pulse Width 27.0000
Acquisition 0.8716
ime
Acquisition 2014-07-20T12 F
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest -89933.3
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
2b
N , o . A
4 f
S o)
=] a
=] n
— <+
T T T T T T T T T T T T T T T T T T
-40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230
f1 (ppm)
OUUANMD—HTONDHT—AANRNMOOOVONDAINTOOTOANMOTOOVOTONTINOANNIDODOTNOTOFTDON D
CNVOTMEHTOMA OOV NTTMNMMATONIROVOININTININT A A00VOLUOUTONTMNHNTMAAMNMMNODD DN
SNy MEMIMANNNNNNNDINNDINDEANNNNRNNNRNGOOGERO oo
ONNNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNNOOOOOUOUOUOVUOVOUOVUIIIIIDANNNNNN
B
Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer drx400 8]
Solvent coci3
=
Temperature 293.4 Ph Ph
Pulse 2930
Sequence
Experiment 1D 2h
Probe 5 mm QNP
1H/ 13¢/
31P/ 19F Z-
GRD 78400/
0239
Number of 16
Scans
Receiver Gain 287
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition  3.9584
Time
Acquisition 2014-07-25T0
Date 9:34:14
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
M Jl\ L
& &g g X 1 J
< Q=Y e < < -
~ — W - - — ~
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 Q

f1 (ppm)
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Parameter Value
MHY
origin Bruker BioSpin
GmbH
Spectrometer spect O
Solvent coc3 -
Temperature  298.2 Fh Ph
Pulse Sequence zgpg30
Experiment 1D
Probe 5 mm CPDUL 2h
13C/ D-1H Z-
GRD 44862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation Delay 0.1500
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition Date 2014-07-25723:3
3:00
Spectrometer 125.77
Frequency
Spectral Width  29761.9
Lowest -2281.4
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
[ . 1
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
OV O AN
NRRNRX a9
NNDNDNDNDNDN
00 00 00 0 0 ©
Parameter Value !T‘ VT{ 171 !74 'T 'T' 'T‘
Y ——
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coc3
Temperature  293.4
Pulse Sequence  zgfian
Experiment 10 [a]
Probe 5 mm QNP 1H/ 13C/ 31P/ -
19F Z-GRD 28400/ 0239 Ph Ph
Number of Scans 16
Receiver Gain 362
Relaxation Delay 1.0000 2h
Puise Width 27.0000
Acquisition Time  0.8716
Acauisition Date  2014-07-25T09:35:54
Spectrometer 376.50
Frequency
Spectral Widkh 751880
Lowest Frequency -90303.8
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230

f1 (ppm)
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MHY-6-236-1 b-catalyst B-crude-F

Parameter Value
MHY
Origin Bruker Analytik GmbH

Spectrometer  drx400
Solvent cpai3

- MTWNWONO
o o o
MmMmHMHMmMHmMmM
o o o
R

|

-187.15
-187.21
-187.23
-187.28
-187.34
-187.36
-187.41
-190.93
-191.00
-191.06
-191.13
-194.48
-194.56
-194.61
-194.68

Temperature  293.4 0 I} Pd(OAE)z (2 5 mul%) 0 0]
Puise Sequence z3ign PhiPhos (5.0 mal%) H
Experiment 1D PhMO Ph Bh Sy Ph + F Ph
Probe 5 mm QNP 1H/ 13¢/ .
31P/ 19F Z-GRD H T 4-dioxane 20 °C 20h H Fh e
28400/ 0239 Catalyst SystemB
Number of 16 1h ystoy 2h 3b
Scans
Recelver Gain 362 crude reaction mixture
Relaxation  1.0000
Delay
Pulse Width 27.0000
Acquisition 08716
Time
Acquisition 2014-07-20T14:27:17
Date
Spectrometer  376.50
Frequency
Spectral Width 75188.0 F
Lowest -89930.3
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
3b
==
2b
‘ " | "
é oy
S Nom
=) enNH
=} =T
— ™Mm N T
T T T T T T T T T T T T T T T T T T T T
-40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230
f1 (ppm)
OONTOLMOMWONTIOILOANTOVANANNONMNMNIOINIOILMOOMOL NI ATANNETAHLANNTODITOM—-HOMOMNO
HEH TN A O N TN NOOVAXROVUOITNTATOOODNATAVONNOUNNNILNHAOOTOTITMHMMHA—-0O0C YO
QANXVHVRREEINYNININY LTI LIMOMMMmMaANNANNANNNNNNANANNGORNRNAANNNANNNNSS=OQQ
NANNRKNNKNNRNNNNRNNRNNRNNRNNRNNRNRNRNRNNRNNRNANNANNRNNRNNRNNNLODODODONDOLODLLLODLOLLDLLLLDLWDLDLLWLWDLW®
L
D N e — —
Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik 0
GmbH F
Spectrometer  drx400 Ph
Solvent coa3
Temperature  293.4 Ph =
Pulse Sequence zg30
Experiment 1D 3b
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD.
78400/ 0239
Numberof 16
Scans
Recelver Gain 362
Relaxation  1.0000
Delay
Pulse Width ~ 14.5000
Acquisition 3.9584
Time
Acquisition  2014-07-25T19
Date 51:27
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1668.1
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
e To’;’_‘ el i A ™ i
Q = 0 N 0 NV AN Y n o ~N
RN RO Y T B R
[RIRC IR ] NOooo ™M N oY}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

4.5
f1 (ppm)
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196.58
196.42
196.09
195.94
- 140.59
| 140.56
| 139.36
| 139.35

137.71

136.10

136.06
[ 135.30
L 135.21
L 134.35
L 134.31
| 134.00
| 133.87

- 133.76
132.97
129.10
129.07

\ 129.02

\ 129.00

L 128.90

L 128.77
| 128.52
1 127.63
| 127.59
| 126.46
1119.12
118.08
96.63
96.48
95.11
94.95
77.48
77.23
76.98
52.65
52.49
52.39
52.23

——

Y

|
}
<

L T

Parameter  Value
MHY

Origin Bruker
BioSpin 0
GmbH

Spectromete spect Ph
r

Solvent  CDCI3 Ph P

Temperature 298.2

Pulse 29pg30 3b

Sequence

Experiment 1D

Probe 5mm
CPDUL 13/
D-1H Z-GRD
244862/
0018

Number of 1024

Scans

Receiver 2050

Gain

Relaxation  0.1500

Delay

Pulse Width 9.7000

Acquisition  1.1011

Time.

Acquisition  2014-07-28T
18:22:00

Spectromete 125.77

r Frequency

Spectral  29761.9

Width

Lowest ~ -22816
Frequency

Nucleus  13C
Acquired 32768
Size

Spectral 32768
Size

i Ll A ‘ - .

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

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
DONO LW
NRaahxaaoq
dAH S d YT Y Y
[o)3e} Ie N M) e N Ie))
Parameter Value AR

MHY —_— =

Origin Bruker Analytik GmbH

Spectrometer drxd00

Solvent a3

Temperature 293.4

Pulse Sequence  zgfian

Experiment 1D 0

Probe 5 mm QNP 1H/ 13¢/ 31P/

19F 2-GRD 28400/ 0239 F Ph

Number of Scans 16

Receiver Gain 322 P h =

Relaxation Delay 1.0000

Pulse Width 27.0000 3b

Acquisition Time ~ 0.8716
Acquisition Date  2014-07-25T19:52:53

Spectrometer  376.50
Frequency

Spectral Width ~ 75188.0
Lowest Frequency -90303.8
Nucleus 19F
Acquired Size 65536
Spectral Size 65536

A

g

—

2.08~

T T T T T T T T T T T T T T T T T T T
-50 -60 -70 -80 -90 -100  -110  -120  -130  -140  -150  -160  -170  -180  -190  -200  -210  -220  -230
f1 (ppm)
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-6-235-1c- - -H © CONOMNM®WOM o LNON®OMOLW NI
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messkechmik GrbH 0o o Pd(0AL), (3.0 mal%h)
Spectrometer 00 o i-BuBrettPhos (5.0 mol%)
Solvent o3 PR Fh
Temperature  293.3 H H 1d-dioxane 60 °C, 20 h
Pulse Sequence 230 Cartalyst System A
Experiment 1D T 2c
Probe i crude reaction mixture
28400/ 0239
Number of 16
Scans
Receiver Gain 102
Relaxation 1.0000
Delay
Pulse Width ~ 14.5000 CHzBr2
Acquisiton  3.9584
Time
Acquisition 2014-07-27T17:43:08
Date
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
Ha
Hy
HoH,
™ A L
4 NI & d o Y A
N —mnoa - Qe © < <
o~ - ANt - — — [aV] o~
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)
-6-237-1c- - H © TNONODON ®©
MHY-6-237-1c-catalyst B-crude-H c SoFTadRT A
N A EHAN T
N TEEEFTFTMnNmnmm
Parameter  Value | N N |
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH O
fpectromete drxd400 O O pd(OAC)Q (’25 le%) O H b
Solvent  CDCI3 . PhxPhos (5.0 mol%) H Ph
Temperature 293.4 PR Ph Ph Ph + Bl
Z:u:eem 2030 H H 1 A-dioxane, 90 °C, 20 h H H Ph
u
Eperment 10 1e Catalyst SystemB 2 3c
Probe. 5 mm QNP . .
1H/ 13¢/ crude reaction mixture
31P/ 19F Z-
GRD 78400/
0239
Number of 16
Scans
Receiver 144
Gain
Relaxation ~ 1.0000 CHEBrZ
Delay
Pulse Width 14.5000
Acquisition  3.9584
Time
Acquisition  2014-07-28T
Date 14:26:06
Spectromete 400.13
r Frequency
Spectral 8278.1
Width
Lowest -1673.3
Frequency
Nucleus 1H
Acquired 32768
Size
Spectral Size 32768
Ha
Hy
H.
J‘ T TR
=] I N ¥ ©
=) 0 LT 0o
— o con
f T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

f1 (ppm)
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Parameter
MHY

Origin

Spectrometer
Solvent
Temperature
Puise Sequence
Experiment
Probe

Number of
Scans

Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

7.774
7.741

——

7.715

7.700
7.694
7.658

Value

UXNMR, Bruker
Analytische
Messtechnik
GmbH

X400
coci3
206.8
230
D

5 mm QNP 1H/
13/ 31P/ 19F Z-
GRD 28400/
0239

16

912

1.0000

16.0000

3.9584
2014-03-08T11:3
9:00

400.13

8278.1
-1673.2

1H
32768
32768

o

3.1

1.1

7.638

7.553

7.534
7.514

7.270
- 6.537
X 6.497

P

3.837

Fals
g Qe

4a2

3105
-

Parameter
MHY

Origin

Spectrometer
Solvent
Temperature

Puise
Sequence

Experiment
Probe

Number of
Scans

Receiver Gain
Relaxation
Delay

Puise Width
Acquisition

Acquisition

Spectrometer
Frequency
Spectral
Width
Lowest
Frequency
Nucleus

Value

Bruker Analytik
GmbH

arx400
coai3

203.2

zqfian

1D

5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD
28400/ 0239

16

813
1.0000

27.0000
0.8716

2014-06-03T23:10:35
376.50

75188.0

-75243.6

19F

4 1.114

N
n

7.0

Acquired Size 65536
Spectral Size 65536

T T T T T T T T T T T T T T T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

o |1.007 ——

—-62.91

We

4a2

0.5

T T T T T T T

-100

f1 (ppm)

-110

-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer drxd00
Solvent coa3 FiC e
Temperature  293.4 aH
Pulse 2930
Sequence
Experiment 10 4a4
Probe
1H/ 13¢/ 31P
19F Z-GRD
28400/ 0239
Numberof 16
Scans
Receiver Gain 287
Relaxation  1.0000
Delay
Pulse Width  14.5000
Acquisition 3.9584
Acquisition 2014-06-05T15
:34:56
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
A
e-ng e < o -
o o Al i o~ i
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
<]
]
o
O
T
Parameter Value ‘
MHY
origin Bruker Analytik
GmbH
Spectrometer  drx400
Solvent a3
Temperature  293.4
Puise 2qflan Fal = OH
Sequence
Experiment 1D
Probe 5 mm QNP 1H/ 13C/
31/ 19F Z-GRD 4a-1
78400/ 0239
Number of 16
Scans
Receiver Gain 813
Relaxation 1.0000
Delay
Pulse Width  27.0000
Acquisition 0.8716
Acquisition 2014-06-05T15:36:22
Date
Spectrometer 376.50
Frequency
Spectral Width 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -120 -130 -140 -150 -160 -170 -180 -190

-100
f1 (ppm)



SI1-81

[=} NAdONWLNONDILMANNAOVOOQULOUMMONTLANNDALANMOOONNL
M COQAONNOUNNNTIMNOORNROVOYTR IR ANTITONNNNDNOOR
o H"ovvovwoinhninhNNNYLLTNMGAMNMAOANNNTNNNNGSG
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer spect
Solvent cpa3
Temperature 298.9
Pulse 2930
Seauence g a
Experiment 1D FaC
3
Probe 5 mm BBO BB-1H-D S u} ,L% Fh
7-GRD 78007/ 061 FF
Number of 16
Scans 4a
Receiver 724
Gain
Relaxation 1.0000
Delay
Pulse Width  16.8000
Acquisition  3.1720
Time
Acquisition  2014-03-13T09:16:00
Spectrometer 500.13
Frequency
Spectral 10330.6
Width
Lowest -2084.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
g X A
e e N
— — o~
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
= Q VYT NATQOTRHMNMOROUYMNHAANNORANNRD =N QO L
~N A SR AN AAMNY NN QYo Q20X
1 11 Ny ddddooooaaNULUMBBONMmMmnmaNodNoN NN
© © © COOMMMMMMMAMNMAANANNNNNNNNNNNNRAAONNGSN
i B ] - - A AT A AT A A A A A A A A A A A A A A A A A A A A A A NNNO
N o e e ———
T e
Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent coa3
Temperature  298.1 O
Pulse 29pg30 F-C
Sequence 3 o OW\PI’]
Experiment 1 F F
Probe 5 mm CPDUL 13C/
D-1H Z-GRD 744862/ 4a
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 11011
Time
Acquisition 2014-03-13T14:36:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2279.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
| l | ‘
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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—-62.80

—-107.31

Parameter Value
MHY
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coan3
Temperature 293.3
Pulse Sequence zgfian
Bperiment 1D
Probe 5 mm QNP 1H/ 13/ F.C
31P/ 19F Z-GRD
28400/ 0239 3 s 8] Fh
Number of 16 F F
Scans
Receiver Gain 912 1a
Relaxation 1.0000
Delay
Pulse Width 27.0000
Acquistion  0.8716
Time
Acquisition 2014-06-08T15:58:31
Date
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest. -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
— -————— ————— [ —————— [ —— T
-10 -20 -30 -60 -90 -100  -110  -120  -130  -140  -150  -160  -170  -180  -190
f1 (ppm)
THATOOUMNATATOALANOANNINANDOONANNODOONVMODOWNVDOOVWVOONNOTDLWODOVLANNM
COTTOOOAOXCRNRNNLOLOLOLANODLINDNMOHOAANSSHOUOULMOUANLNLMANSNTOMANHODVONOTTANN
SHAAY0CV VYNNI LYoo NNNNNAAA A A S
WOWAONNNMNMNNNNNRNRNRNNNNNNNNNNNNNNOVDOOLOLOVOLOOVOOUMMOMOMNOOOMOOOOOM
G 5 e s S s S ST ST TR S
— B s —
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer  drx400
Solvent [ee)
Temperature 2935 a
Pulse Sequence 2g30
Experiment 1D FS c i Ph
Probe 5 mm QNP 1H/ 13/
31P/ 19F Z-GRD 8400/ FF
Number of 16 5a
Scans
Receiver Gain 813
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition 2014-04-01T08:52:50
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest. -1668.1
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
. J‘ml L
I &R & & W
o e~ S < <
— R ] — - ~
r T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect 0]
Solvent cpa3 F C
Temperature  298.2 3 = Fh
Pulse 29pg30 F F
Sequence
Experiment 1D
Probe 5 mm CPDUL 13C/ 5 a
D-1H Z-GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition 2014-04-01T17:53:00
Date
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest. -2279.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
I L L. A
—— :
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10
f1 (ppm)
~ n oy
Parameter Value '\- L'D. \D. '\.
N 0 6 &
" v e
Origin Bruker Analytik ‘\‘/
GmbH
Spectrometer drx400
Solvent CDCI3
Temperature 2933
Pulse Sequence zgfign
Experiment 1D
Probe 5 mm QNP 1H/
13C/ 31P/ 19F Z-
GRD 78400/
0239 o}
Number of 16
Scans FsC Sy Ph
Receiver Gain 724 F F
Relaxation Delay 1.0000
Pulse Width 27.0000 5 a
Acquisition Time 0.8716
Acquisition Date 2014-03-31T09:4
3:31
Spectrometer 376.50
Frequency
Spectral Width ~ 75188.0
Lowest. -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
r T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer ~ drx400 o]
Solvent o3 E
Temperature  293.5 F
Pulse Sequence 2930 Ph
Experiment 1D FsC =
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD
28400/ 0239
Number of 16 6a
Scans
Receiver Gain 512
Relaxation ~ 1.0000
Delay
Pulse Width ~ 14.5000
Acquisition 39584
Time
Acquisition  2014-04-01T08:57:41
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.3
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
L J\M i |
L A & 5 ~
8 man e 23 =
N MM — — —
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
VOO LANDIAINILMONOLATLANOOUNDNDHOULANMOMONNOTOAN
e ARNNNOGQRNANORNAAANAMNOOONGOOKRSININY Y OME3 M0
2RO TMANNT I I I IO 0000 RBINEE O OINTYTYTYTMadogy S NORYY
ooomMmMmMmMmMmMmMmMmmnmmmmnmnmnmmmnmaaNaNaaNANNANANANANANANNNSSNNOYMMM
- A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A ANNNYDNLWN
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH F o
Spectrometer  spect F
Solvent coan3 Ph
Temperature  298.2 FiC L
Pulse Sequence zgpg30
Experiment 1D
Probe 5 mm CPDUL
13¢/ D-1H 2- 6a
GRD 744862/
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 97000
Acquiston 11011
Acquisition  2014-04-01T18:
Date 19:00
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest 22788
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
l B REnAr A
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value O . . . B . . . .
d HHANNMM Y T
MHY o OO0 O0OO0O0OO
O oA A H o H
Origin Bruker Analytik ! ot
GmbH | e\
Spectrometer drx400
Solvent €DCi3
Temperature 2933
Puse 2gfian
Sequence
Experiment 1D
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD o]
28400/ 0239 F
Number of 16 F
Scans Ph
Receiver Gain 724 FsC e
Relaxation 1.0000
Delay
Pulse Width ~ 27.0000
Acquisition  0.8716 6a
Time
Acquisition 2014-03-31T09:54:51
ate
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Lo -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1
f1 (ppm)
TANONOMOVITOIIPILANNNNOLMOILWARNITSNOOMOIIMOMON T
O -H A ST OO OORNNNNDM A OONNNOMONOANYTMOMOHOOONTMOHOANAN
NS RNNNOLOV QUYL YANMRMNARNERNSTYITIMMNCSCS
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische Messtechnik
GmbH
Spectrometer  drx400
Solvent cnci3 0 0
“Temperature 293.8
Pulse Sequence 2930 S 8] Ph
Experiment D F'F
Probe 5mm QNPVIH/ 13¢/ 02[\]
31P/ 19F Z-GRD 8400/ 4b
0239
Number of Scans 16
Receiver Gain 406
Relaxation Delay 1.0000
Pulse Width 16.0000
Acquisition Time  3.9584
Acquisition Date  2014-02-02T12:46:00
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest 16735
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
s dd & X 4
e e Q e < <
N - — — ~
r T T T T T T T T T T T T T T T T T
2.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
G
Spectrometer spect
Solvent coai3
Temperature 298.2 = 8] Ph
Pulse 2930 F'E
Sequence ol
Experiment 1D 2 4b
Probe 5 mm CPDUL 13C/
D-1H Z-GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition L1011
Time
Acquisition 2014-02-03T12:01:00
Date
Spectrometer 125.77
Frequency
Spectral 297619
Width
Lowest -2279.4
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
—— T +~ 1 +~ 1 *~ 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
f1 (ppm)
<
Parameter Value <
MHY B
—
Origin Bruker Analytik '
Spectrometer  drx400
Solvent coa3
Temperature 2038
Pulse 2gfign
Sequence
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD
28400/ 0239 R Fh
Number of 16
Scans o FF
Receiver Gain 724 2 Ah
Relaxation 1.0000
Delay
Pulse Width 27.0000
Acquistion  0.8717
Time
Acquisition 2014-02-02T12:47:00
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische Messtechnik
GmbH
o]
Spectrometer  drx400
Solvent coai3 T
“Temperature 293.5 Ph
Pulse Sequence 2930 Qaun FF
Experiment 1D 2z
Probe 5 mm QNP 1H/ 13¢/ 5h
31P/ 19F Z-GRD 78400/
0239
Number of Scans 16
Receiver Gain 181
Relaxation Delay 1.0000
Pulse Width 14.5000
Acquisition Time  3.9584
Acquisition Date  2014-05-28T16:14:55
Spectrometer  400.13
Frequency
Spectral Width ~ 8278.1
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
. JMM\ A JL —
a4 NN b
o a cse e < <
— — < - o~
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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—awv NANMERIATELMO =YY MAOC0 00 N
& B B NOYfYfdddiO 0o dNTYTYTYTrTowy LN S
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect 0
Solvent coe3
Temperature  298.2 o Ph
Pulse Sequence zgpg30
Experiment 10 FF
Probe 5 mm CPDUL 13C/ OzM
D-1H Z-GRD 744862/ b
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 97000
Acquisition 1.1011
Time
Acquisition 2014-05-30T00:52:00
Date
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2282.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
I | L ‘
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value —
MHY
Origin Bruker Analytik
GmbH
Spectrometer 00
Solvent coai3
Temperature  293.5 o]
Pulse 2gfian
Sequence i Ph
Experiment 1D FE
Probe 5 mm QNP 1H/ 13¢/ N
31P/ 19F Z-GRD 2
28400/ 0239 5h
Number of 16
Scans
Receiver Gain 575
Relaxation 1.0000
Delay
Pulse Width  27.0000
Acquistion  0.8716
Time
Acquisition 2014-05-28T16:16:22
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
-————— ———F———— —————— [ —— T —— [ —— T — T — 17—
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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WOVOVOVOVONNNNNNNNNNNNN NNNNNOOOOOVOVUOUONWINIT T F T I
——————— L S
L I\l\// \Lin'ﬂf e
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer dnc400 0
Solvent. coai3 F
Temperature  292.6 F Ph
Pulse 2930
Sequence L
Experiment. 10
Probe 5 mm QNP 1H/ 13/
31P/ 19F Z-GRD (o1
28400/ 0239
Number of 16 6b
Scans
Receiver Gain 228
Relaxation 1.0000
Delay
Pulse Width  16.0000
Acquisition  3.9584
Acquisition 2014-02-05T19:44:00
Date
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest. -1673.4
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
J " A l J\_,
& S &% A
ceeec e Qe <
NN — — —
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 4 3 2 1 0 -1 -2 -3 -4

6
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH O
Spectrometer spect F
Solvent coci3 F =18
Temperature 298.2
Pulse 20pg30 =
Sequence
Experiment 1D
Probe 5 mm CPDUL 13¢/ 0N
D-1H Z-GRD 744862/ G6h
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width  9.7000
Acquisition 11011
Acquisition  2014-02-06T13:56:00
Date
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest. -2280.1
Frequency
Nudeus  13C
Acquired Size 32768
Spectral Size 32768
— T T T T~ T T T T~ T T~ T T~ T T T "~ T " T T T " T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
VCoOoONOVWMNOM
- NOOONINnNANM
Parameter Value . . . . . . . .
A S ANNMM
MHY [=NeNeoNoNoNeNeNol
Ran e B I e B e B e B e B |
Origin Bruker Analytik T T
GmbH e\ =
Spectrometer dnd00
Sovent  CDCI3
Temperature 292.6
Pulse 2zgfign
Sequence O
Experiment 1D E
Probe 5 mm QNP 1H/ 13¢/ F Fh
31P/ 19F Z-GRD
28400/ 0239 P
Number of 16
Scans
Receiver 645
Gain OzM
Relaxation 10000 6h
Delay
Pulse Width  27.0000
Acquisition 0.8717
Time
Acquisition 2014-02-05T19:45:00
Date
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest 75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
n
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400
Solvent coc3
Temperature 293.3
Pulse 2930
Sequence Et0,C o,
Experiment 1D OH
Probe 5 mm QNP 1H/ 13¢/
31/ 19F Z-GRD
28400/ 0239 e
Number of 16
Scans
Receiver Gain 406
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition  3.9584
Acquisition 2014-03-31T10:17:00
Date
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.4
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
I J L . ML
&t A4 & & & AN
Qe S e Qe < < a -
o - — - - < o m
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coc3
Temperature  298.2 Et0:C =y OH
Pulse Sequence zgpg30
Experiment 1D
Probe 5 mm CPDUL dc-1
13¢/ D-1H Z-
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
Time
Acquisition 2014-03-31T19:
Date 09:00
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest. -2279.3
Frequency
Nucleus 13¢
Acquired Size 32768
Spectral Size 32768
] A M
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH
Spectrometer  dn400
Solvent coen oo
Temperature  293.5
Puise Sequence 2930 B10,L = o’%ph
Experiment 1D FF
Probe 5 mm QNP 1H/
13¢/ 31P/ 19F dc
Z-GRD 28400/
0239
Numberof 16
Scans
Receiver Gain 512
Relaxation 10000
Delay
Puise Width  14.5000
Acquistion  3.9584
Time
Acquisiion  2014-04-04T10:
Date 47:18
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768 JL
IS d '™ g & & P
8888389 8 3 e S 3
N—-OOMm+ — — (o] o~ ™M
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect 0] 0]
Solvent [eeE) Et0.C
Temperature  298.2 z S (0] Ph
Puise Sequence  2gpg30 FF
Experiment 1D
Probe 5 mm CPDUL 1c
13¢/ D-1H Z-
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation Delay 0.1500
Pulse Width 97000
Acquisition Time 1.1011
Acquisition Date  2014-04-05T16:2
1:00
Spectrometer  125.77
Frequency
Spectral Width ~ 29761.9
Lowest 22810
Frequency
Nudleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Paramets Val M
arameter alue Y
~N
MHY o
—

Origin Bruker Analytik !

GmbH

Spectrometer  drx400
Solvent [elek}
Temperature  293.6
Pulse Sequence zgfian

Experiment 1D
Probe 5 mm QNP 1H/ 0]
13¢/ 31P/ 19F
2-GRD 78400/ Et0.C T
0239 Fh
Numberof 16 FF
Scans.
Receiver Gain 724 dc
Relaxation Delay 1.0000
Puise Width ~ 27.0000
Acquisiton~ 0.8716
ime
Acquisition Date 2014-04-04T10:4
Spectrometer 37650
Frequency
Spectral Width 751880
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
A EHA 1000000 0YVVLOVLYUNMINNNINININNININTTTOMNOYOMMMOMMAT YT MMA A=A M
N —-
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer  dn400
Solvent coc3 o]
Temperature  293.5 B0 -
Pulse 2930 2 Ph
Sequence
Experiment 1D FF
Probe 5 mm QNP 1H/ 13¢/
316/ 19F Z-GRD sc
78400/ 0239

Number of 16
Scans

Receiver Gain 81
elaxation  1.0000
elay

Pulse Width  14.5000

Acquisition  3.9584
Time

Acquisition  2014-05-28T16:42:00

Re
De

Spectrometer  400.13

Frequency

Spectral Width 8278.1
Lowest -16733
Frequency

Nucleus H

Acquired Size 32768
Spectral Size 32768

2.02] =

LB A DS g & g S

g e e < = e

OO - M+ -~ i o~ (s}
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)



S1-93

mMm 0 ™M OLWWHLOTNODO OO NDOOVOEANNMOD O
R oy nmoeooaohnmmMmaohVoL MmN ©mnaa S SaR n
S g &b ORNUMTANNNSTOSSSgBBOdNSS ooy SN N —“onN L
0 0 0 OWOMMOMOMOHOMOHOMO MO MO OHOOHOANANNNANNNN— NN O - QNN <
— o o o o o A A A A A A A A NN (o} Mmonm -
S S W S Ny S T T S S S S N S R R
~ \ — ~ \ ~ \
Parameter Value
MHY
origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coai3
Temperature  298.2 0
Pulse 20pg30 EtD.C
Sequence 2 = Bh
Experiment 1D FF
Probe 5 mm CPDUL
13C/ D-1H Z-
GRD 744862/ Sc
0018
Number of 768
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
Time
Acquisition 2014-05-30T14
Spectrometer 125.77
Frequency
Spectral Width 29761.9
Lowest -2285.4
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
1 LH JLL R .
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
N O
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Parameter Value
MHY ~
origin Bruker Analytik
GmbH
Spectrometer drxd00
Solvent coai3
Temperature  293.5 0
Pulse 2qfign
Sequence Et0.C = Ph
Experiment 1D
Probe 5 mm QNP 1H/ 13/ FF
31P/ 19F Z-GRD
28400/ 0239 Sc
Number of 16
Scans
Receiver Gain 512
Relaxation 1.0000
Delay
Pulse Width 27.0000
Acquisition 0.8716
Time
Acquisition 2014-05-28T16:50:50
Date
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
u
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -120 -130 -140 -150 -160 -170 -180 -190

-100
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH E o
Spectrometer  drx400 E
Solvent coan3 Ph
Temperature  293.5 Et0,0 P
Puise 2030
Sequence
Experiment 1D
Probe 5 mm QNP Ge
1H/ 13C/ 31/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 90
Relaxation  1.0000
Delay
Pulse Width 145000
Acquisiton ~ 3.9584
Acquisiton  2014-05-30T16
116:09
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -16733
Frequency
Nudleus H
Acquired Size 32768
Spectral Size 32768
Jﬂm A
& gl S & 25 s )
S Qeaeo < Qe < <
< - N i — o ™M ™M
r T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)
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Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectromete spect o]
v F,
Solvent  CDCI3 F Fh
Temperature 298.2
Pulse 29pg30 Et05C e
Sequence
Experiment 1D
Probe 5mm
CPDUL 13/ 6c
D-1H Z-GRD
244862/ 0018
Number of 1024
Scans
Receiver 2050
Gain
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Time
Acquisition  2014-05-31T
Date 20:20:00
Spectromete 125.77
r Frequency
Spectral 297619
Width
Lowest 22836
Frequency
Nudeus  13C
Acquired 32768
Size
Spectral Size 32768
* L
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



S1-95

OM<IT NI M®
@Qauinin ¥ uNN
AHd NN MO YT
O OO0 O0O0OoOo
IR
Parameter Value e\
MHY
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coai3
Temperature  293.5
Pulse Sequence zgfign
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 78400/ 0]
0239 E
Numberof 16
St Fph
Receiver Gain 575 Et0.C e
Relaxation 1.0000
Delay
Pulse Width  27.0000
Acquisiion  0.8716 6c
Time
Acquisition  2014-05-30T16:17:43
Date
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
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
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
OQONNMONDIDTOT RO TIANMIHEHNINANMNMAOIAINITOWNOOM-NOLLM u
NI oo TToLUTITFonoAAN " ORNNOVOINONTANMANOOONLWTM q
NNANNQQRQGEEEQEQRARRYQYYINININMMMMMMOMMQINL A M
NN NOOVOVOVLVLLVLLVLVOVLOVLYVLLVLVOVOVUVUOVLVLVLOVLOVOVUOVUOUTTETMMHMMHMHMM R
e e e R N Ny
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer dnd00
Solvent coci3
Temperature 293.4 BDC\N
Sequence I\/N o
Experiment 1D OH
Probe 5 mm QNP 1H/ 13¢/
31/ 19F Z-GRD
28400/ 0239
Number of 16 4d1
Scans
Receiver 362
Gain
Relaxation 1.0000
Delay
Pulse Width 160000
Acquisition  3.9584
Time
Acquisition  2013-12-10T11:31:00
Date
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.2
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
] Ll
2dads & & A 4
Qaxnc e N e 2 el
oo - o~ < < =
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer 00
Solvent coa3
Temperature  293.1 BUC\N/\ a o
Puse 230 I\\/N
Sequence o
Experiment 1D Ouph
Probe 5 mm QNP 1H/ 13¢/ FF
31P/ 19F Z-GRD
28400/ 0239 1d
Number of 16 ¢
Scans
Receiver Gain 406
Relaxation  1.0000
Delay
Pulse Width 16.0000
Acquisition 3.9584
Time
Acquisition  2014-02-10T09:41:54
Date
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.7
Frequency
Nucleus I
Acquired Size 32768
Spectral Size 32768
- T S A g 1 &
e &5= & 8 & S g 3 2
o~ o N ™m o~ — ~N < < [}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)
NN NOWMAOAETOWUON-HONLOANNAN-OLW T
NN SOV aARONMANA—HONOO AN OO NP o sua NS
VW AddFT00N-d0S 3R ANNANSN TV A oA °
@ 0 @ vuouowuunLMmMOmMmMmMHMOHMOHANNNA - - O ONIN O @ QT M o]
— = - oA o o o o o o o o ONIN O < < < (o)
Parameter Value
MHY
origin Bruker BioSpin GmbH
Spectrometer spect EUE\N/\ o 0
Solvent cpa3
Temperature 298.2 K,N = OMF’h
Pulse 29pg30
Sequence F F
Experiment 1D
Probe 5 mm CPDUL 13¢/ 4d
D-1H Z-GRD 744862/
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquision 11011
Acquisition 2014-02-10T19:27:00
Date
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest 2279.0
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
i * ‘ ' (W M,
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10

f1 (ppm)
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Parameter Value f"!
N
MHY o
Rl
Origin Bruker Analytik GmbH '
Spectrometer  dn400 ‘
Solvent coa3
‘Temperature 293.1
Pulse Sequence zgflan
Experiment. 1D B
il
Probe 5 mm QNP 1H/ 13¢/ ~
31P/ 19F Z-GRD 28400/ N’O O O
N
Numberof 16 S 8] Ph
Scans F
Receiver Gain 813
Relaxation Delay 1.0000 2
Pulse Width 27.0000
Acquisition 0.8716
Time
Acquisition Date2014-02-10T09:46:11
Spectrometer 376.50
Frequency
Spectral Width ~ 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
—— T ——T—— 77— — T T—— 17— ————T7——
-10 20 -30 -40 -50 -60 70 -80 90  -100 -110  -120  -130  -140  -150  -160  -170  -180  -190
f1 (ppm)
AN AOTOTONT AN AT A NO A A1 ONOMOOTONNENTOLANNOMLANTOANOANDNNT AN OANOMODLWN O
MO -EA " O0ONTTMOMANM—ATONTANOANNT —THOTITITONAANSTRNMANONDDOTOORNONLOLOLMMANSIODOINDNOD
HHEHH0VVOCVYINNYIANNNNAQARORRRRRREININANAAAAQNINASA A A0 0O00 Y
WWWONNNNRNNRNNRNNNNNNOOOOOVOLOVOOLOLOUOVOOVOLOOVOLOLOOVOVLOLOMMOOHOMHOMO MOMOMHOPOMOMOHOMOOHOMHMHM -
e ————————— i —_—
A————— ——
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drd00 Boc N a
Solvent [eeE) /\|
Temperature  295.1 I\/ I o, Fh
Pulse Sequence 2930
Experiment 1D FF
Probe 5 mm QNP 1H/
13¢/ 319/ 19F 5d
2-GRD 28400/
0239
Number of 16
Scans
Receiver Gain 322
Relaxation 1.0000
Delay
Pulse Width 16.0000
Acquisition 3.9584
Time
Acquistion  2014-02-23T21:
41:35
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest 16733
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
A J\\ e
X Cebowe X & d
o ecaoecHQ < < ] <
— AN N A — < © [}
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent coai3 Boc.,
Tenpere 02 Ny 0
Pulse Sequence zgpg30 k/N T
Experiment 10 Ph
Probe 5 mm CPDUL 13¢/ FF
D-1H Z-GRD 744862/
0018 5(I
Numberof 1024
scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 11011
Time
Acquisition 2014-02-24T14:51:00

Spectrometer  125.77

Frequency

Spectral Width  29761.9
Lowest 22796
Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 32768

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

Parameter Value
MHY

Origin Bruker Analytik GmbH ~—

Spectrometer  drx400
Solvent coei3
Temperature  295.1

-98.81
-98.85
-98.90

Pulse Sequence  zgflgn
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 78400/ Boc
~

0239 N O

Receiver Gain 724
Relaxation Delay 1.0000 FF
Pulse Width 27.0000

Acquisition Time 08716 ad
Acquisition Date 2014-02-23T21:43:32
Spectrometer 37650
Frequency
Spectral Width ~ 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
i)
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
origin UXNMR, Bruker
Analytische s}
Messtechnik GmbH Boc F,
Spectrometer  drx400 \N/\I F Ph
Solvent coci3 k/N
Temperature  293.5 =
Pulse Sequence 2930
Experiment 1D
Probe. 5 mm QNP 1H/ 13/
31P/ 19F Z-GRD 28400/ 6d
0239
Number of 16
Scans
Receiver Gain 228
Relaxation  1.0000
Delay
Pulse Width 16.0000
Acquisition 3.9584
ime
Acquisition 2014-02-20722:27:57
Date
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest -1673.3
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
O S & &' £y Y &
s 83838 & e & & 2 & 3
— — N~ ™ — o o o < (s} (&)}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
n — AN MONDVDOUMALLMOLWLWOW®ONOT- T OO
Rk B AN-ANNTSSENRARRIIN"Tgene 2"y o
oSS o TH OO MANNSOSOSgBI00wKBEe TN Y MminA~ ©
a O O mmmommmmmmmnmmnmmmaaNaNNANASA "= "0ONNO T T TMm o]
— - o A A A A A A A A A A A A A A A A A A ONNN nwmwmss < < N
~ ] e e o o ) \
Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent coci3
Temperature  298.2 F u]
Pulse 200930 Boc.
Sequence N’\ F Ph
Experiment. 1D k/
Probe 5 mm CPDUL 13/ N =
D-1H Z-GRD 744862/
0018
Number of 1024
Scans 6d
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
Time
Acquisition 2014-02-21T19:56:00
Date
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2282.2
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
i | " I N
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter
MHY

Origin
Spectrometer
Solvent

Temperature

Pulse Sequence

Experiment
Probe.

Value

Bruker Analytik GmbH
drx400

o3

293.5

2qfian

10

5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD 78400/
0239

-102.10
-102.15
-102.83
-102.87
-103.50
-103.54
-104.22
-104.26

Number of Scans 16 0
Receiver Gain 724 F
Relaxation Delay 1.0000 Boc N /'\ F Fh
Pulse Width 27.0000 K/
Acquisition Time 0.8716 il P
Acquisition Date  2014-02-20T22:29:39
Spectrometer  376.50
Frequency
Spectral Width ~ 75188.0 6d
Lowest 75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
MmMmLWWno T T @ — n
YT ANN—HOD AN — [oe]
nNev Y NNH ¥ M ® b
NNNNNNN O O ™ o~
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer dnd00
Solvent coci3
Temperature 293.4 Ia]
Pulse 2930
Sequence o
Experiment 1D Me
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD e
28400/ 0239 le2
Number of 16
Scans
Receiver 724
Gain
Relaxation  1.0000
Delay
Pulse Width 14.5000
Acquisition 39584
Time
Acquisition  2014-03-14T14:36:00
Date
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.4
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
J‘ “ 1
oA & d A
eee < e e
— NN — (a2} (a2}
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter  Value
MHY
origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer drx400
Solvent coai3 =
Temperature  293.7 OH
Puise 2030
Sequence Ivle
Experiment 1D se
Probe 5 mm QNP
1H/ 13/ 3P/
19F Z.GRD
28400/ 0239
Numberof 16
Scans
Receiver Gain 203
Relaxation  1.0000
Delay
Pulse Width  14.5000
Acquistion  3.9584
ime
Acquisiton  2014-06-04T1
Date 2:45:37
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest 16733
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
.
A& g X A & &
e Qe e < Q o. o
NN - ~— ~N ™M o
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
O'\wl—nl\ﬂ'Homvﬂol\gl\Nmewwmcleﬁ@c\mw"‘EDO\NNC\\DM wn
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Parameter Value
MHY
origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400
Soivent  CDCI3 oo
Temperature 293.6
Pulse 2930 " O’w Ph
Sequence FF
Experiment 1D e
Probe 5 mm QNP 1H/ 13¢/ 1e
31P/ 19F Z-GRD
28400/ 0239
Numberof 16
Scans
Recelver Gain 456
Relaxation  1.0000
Delay
Pulse Width 14.5000
Acquisition  3.9584
Time
Acquisition  2014-03-20T09:28:26
Date
Spectrometer 400.13
Frequency
Spectral 82781
Width
Lowest 16733
Frequency
Nudeus  1H
Acquired Size 32768
Spectral Size 32768
M Jﬂ( JL I
& Sa¢d & & & 4
o cecwvQo < < N <
~— NN N i ~— o ™
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent [ee) s o u Ph
Temperature  298.2 F F
Pulse Sequence  zgpg30 he
Experiment 1D de
Probe 5 mm CPDUL
13¢/ DAH Z-
GRD 744862/
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation Delay 0.1500
Pulse Width 9.7000
Acquisiton  1.1011
Time
Acquisition Date 2014-03-20T18:1
3:00
Spectrometer 12577
Frequency
Spectral Width ~ 29761.9
Lowest 2281.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
(o))
Parameter Value ﬂ?
~
MHY o
i
Origin Bruker '
Analytik GmbH
Spectrometer  dn400
Solvent coci3
Temperature  293.6
Puise Sequence zgfiqn o o
Experiment 1D
Probe 5 mm QNP S (a] Ph
1H/ 13C/ 31P/
19F Z-GRD F F
8400/ 0239 e
Numberof 16 de
Scans
Receiver Gain 724
Relaxation  1.0000
Delay
Pulse Width 27.0000
Acquisition  0.8716
Time
Acquistion  2014-03-20T09
Date 29:47
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -120 -130 -140 -150 -160 -170 -180 -190

-100
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik o}
GmbH
Spectrometer  drx400 . Fh
Solvent coci3
Temperature  293.6 F
Pulse 2930 ME
Sequence
Experiment 1D Je
Probe 5 mm QNP
1H/ 13C/ 31/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 114
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition 3.9584
ime
Acquisition 2014-05-30T1
7:19:04
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
ML ‘Mﬂ“‘ J A l A
& ] g 4 & 4
N eoH= < < S <
N - NN - — ~ -
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
o no QWO VANANOVTMOVOOUM—EHOITODN
N RNNOMMMY XY, Q00D 0RQ 290 252 o
S g R NOYYTOOORBOSHBNNN O NI N« L]
Q@ @ MmO MmMMOMmMmOMOANNANN—A A A~ NN O 0 O ™ —
- - HrH A A A A A A A A A A A A A NNN m M M o~
Parameter Value
MHY
origin Bruker
BioSpin
GmbH
Spectrometer spect
Solvent o3
Temperature 298.2 O
Puse 20pg30
Sequence .
Experiment 1D Fh
Probe 5 mm CPDUL F F
13C/ D-1H Z-
GRD 244862/ e
0018
Number of 1024 Se
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquistion  2014-05-31T2
Date 2:33:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest -2284.8
Frequency
Nuceus  13C
Acquired Size 32768
Spectral Size 32768
‘ 4' | l 1 A
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value —~
MHY
Origin Bruker Analytik
GmbH
Spectrometer  dnc00
Solvent coci3 o
Temperature  293.5
Pulse 2qflgn R Ph
Sequence
Experiment 1D M F
Probe 5 mm QNP 1H/ 13C/ e
31P/ 19F Z-GRD
28400/ 0239 e
Number of 16
Scans
Receiver Gain 512
Relaxation 1.0000
Delay
Pulse Width 27.0000
Acquision  0.8716
Time
Acquisition 2014-05-30T17:27:24
Date
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
L e T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
NMANOOUMOOVUMODNTODDOUMUOUNNONNODIIH-SOOMOMANNTHOTHO—HOWLWLITTMNHANNN
VAONOVOVOMMMA—T—T0NDNDOVOITNNOTNOTMAATIIOIONTATNDOTTMOOODNTNOWWOITM
QNN YVOVLYYOVYINNITETITANNNAANNNNNSASHOMOANNNNNNSSOOGOANNNM
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Parameter  Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik 0
GmbH F.
Spectrometer drx400 F Ph
Sovent  CDCI3
Temperature 293.6 =
Pulse 2930
Sequence
Experiment 1D Me
Probe 5 mm QNP Ge
1H/ 13C/
31P/ 19F 2-
GRD 78400/
Number of 16
Scans
Receiver 181
Gain
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition 3.9584
Time
Acquisition 2014-05-30T1
Date 6:52:43
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
| M i A L,
S A& Y & A & &
N eeceQe < e Qe < <
~ - AN A — - - — ™
T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter  Value
MHY
origin Bruker
BioSpin
GmbH 0]
Spectromete spect F,
' F
Solvent  CDCI3 Ph
Temperature 298.2 e
Pulse 20pg30
Sequence
Experiment 1D Me
Probe 5 mm
CPDUL 13¢/ be
D-1H Z-GRD
744862/
0018
Number of 1024
Scans
Receiver 2050
Gain
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Acquisition  2014-05-31T
Date 21:28:00
Spectromete 125.77
 Frequency
Spectral 297619
Width
Lowest 22819
Frequency
Nudeus  13C
Acquired 32768
Size
Spectral 32768
Size
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
OQOTMONLWLO AN
VOMmMmy =N
N Mmmm T T
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Parameter Value A A
MHY ="
origin Bruker Analytik
GmbH
Spectrometer 00
Solvent coci3
Temperature  293.6 5!
Puise Sequence zgfign E
Experiment 1D F
Probe 5 mm QNP 1H/ Ph
13¢/ 316/ 19F
Z-GRD 78400/ v
0239
Numberof 16
Scans Me
Receiver Gain 645 Ge
Relaxation  1.0000
Delay
Puise Width  27.0000
Acquisiton  0.8716
Time
Acquistion  2014-05-30T17:
Date 00:03
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
L
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -120 -130 -140 -150 -160 -170 -180 -190

-100
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400 0
Sovent  CDCI3
Temperature 293.6 R Qe
Puise 2530
s
et 10 S
Probe 5 mm QNP 1H/ 13C/ e
31P/ 19F Z-GRD 442
28400/ 0239
Number of 16
Scans
Receiver 456
Gain
Relaxation  1.0000
Delay
Pulse Width  16.0000
Acquisition  3.9584
Time
Acquisition  2013-12-12T10:24:00
Date
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.4
Frequency
Nudeus  1H
Acquired Size 32768
Spectral Size 32768
L. Jb L
& ©'R'S s 2 &
) 883 S 8 S
o o -~ — N ™M
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
OCMAAMAOMONNMOANMANO VY VYOI <+
NTOOMOO A ANUNLDLODYT A " OTMNMHOOION O =] n
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| e ok |
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer  drx400
Solvent coci3
Temperature  293.7 T OH
Pulse Sequence 2930
Experiment 1D a
Probe S mm QNP 1H/ 13/ \_.O
31/ 19F Z-GRD 28400/
0239 411
Number of 16
Scans
Receiver Gain 362
Relaxation 1.0000
Delay
Pulse Width  16.0000
Acquistion  3.9584
Time
Acquisition Date 2013-12-13T08:57:00
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest 16734
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
L A_j\
Sodas L & 4 &
aeac S S e ]
o= O — N o~ o
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400
Solvent cpa3 o 0 Ph
Temperature 293.3 F F
Pulse 2930
Sequence ]
Experiment 1D Ry}
Probe 5 mm QNP 1H/ 13/ 4
31P/ 19F -GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 645
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition 3.9584
Time
Acquisition 2014-04-07T18:03:13
Date
Spectrometer 400.13
Frequency
Spectral 82781
Width
Lowest -1673.7
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
\ A J4 \
b b A ) %
a a o Qo Q Qe °’.
— S - oSN = -~ -
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
O < ol T o wmn N MNONOMOMT O = 00T
N M — o © N ANAAA 00O N0QQN ©n pas
LT ] N sdVvm—dodooanNBdNSENY = SN “
0 ®© @ OO TEIMMMMAMMAMANANAHAOO0O0O NN @
- - HH A A A A A A A A A A A A A A NN ©
Parameter Value
MHY
origin Bruker BioSpin GmbH
Spectrometer spect
Solvent coa3 @ o
Temperature  298.2 £ OJ§(U\F'h
Pulse 29pg30
Sequence F F
Experiment 1D 0
Probe 5 mm CPDUL 1. \_~O
D-1H Z-GRD 244862/ a
o018
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 97000
Acquisition 1.1011
Time
Acquisition  2014-04-08T11:03:00
Date
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2281.0
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
i A A ‘ ‘
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value 9
MHY "
origin Bruker Analytik GmbH
Spectrometer drx400
Solvent cpa3
Temperature 293.2 0
Pulse Sequence 2gfign
Experiment 1D e M Ph
Probe 5 mm QNP 1H/ 13C/ 31P/ F F
19F Z-GRD Z8400/ 0239
Number of Scans 16 O
Receiver Gain 813 O
Relaxation Delay 1.0000 4f
Pulse Width 27.0000
Acquisition Time 0.8716
Acquisition Date 2014-04-07T18:04:44
Spectrometer 376.50
Frequency
Spectral Width 75188.0
Lowest Frequency ~ -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
— T 7T 1 "~ T T+~ T "~ T T+~ T "~ T T+~ T "~ T " T "~ T " T "~ T "~ T " T "~ T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
T ANT T OANNNMNMANOINOO—TOOUVUARNHOARNLANNTMANMMAONOVINANMNQ T
MMM e 00N TTMOANMOATONANT—TO0ODOOTTTITANNODMOM A INT MO A= QONOLWLWL
1000 0VVUOINYNAQARINMRNRRRNNDT QOO AT00CQOQ
WOOVOVOOONNNNNNNNNNNNOVOOLOVOVLOLOLOVOOLOLOOOOLOUOUINIODMMO OO MOHMO MO MO MOHMOM
O G 5 N S S e ————— 0 o o
i T— L —
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer 00 o
Solvent [eiTek) o
Temperature  293.3 Ph
Pulse Sequence 2g30 FF
Bxperiment 1D o}
Probe 5 mm QNP 1H/ 13¢/ S
31P/ 19F Z-GRD 28400/ 5f
0239
Number of 16
Scans
Recelver Gain 161
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition  2014-04-26T12:19:00
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
S M |
&  4¢ dmd fo &'
N e Qe QS o cc <
— — N o N — — N ~N
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect 0
Solvent o3
Temperature 2982 T, Fh
Puise Sequence zgpg30
Experiment 1D FF
Probe 5 mm CPDUL 13/ o
D-1H Z-GRD 244862/ poy}
0018 5f
Numberof 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Puise Width  9.7000
Acquision  1.1011
Time
Acquisition  2014-04-28T19:18:00
Date
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest 22816
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
! ' | l I I
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
T M
f— Vo e S
228
(A
Origin Bruker Analytik GmbH ‘\‘/
Spectrometer  drx00
Solvent coai3
Temperature 2933
Pulse Sequence  zgfian
Experiment D 0]
Probe 5 mm QNP 1H/ 13¢/ n
31P/ 19F Z-GRD 8400/ Ph
0239
Number of Scans 16 FF
Receiver Gain 575 0
Relaxation Delay 1.0000 \d_—o
Pulse Width 27.0000 af
Acquisition Time  0.8716
Acquisition Date  2014-04-24T15:02:44
Spectrometer  376.50
Frequency
Spectral Width ~ 75188.0
Lowest Frequency -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
L
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische 0
Messtechnik F
GmbH F
Spectrometer  drx400 Ph
Solvent a3 L
Temperature 2933
Pulse Sequence 2930
Experiment 1D 0
Probe 5 mm QNP 1H/ )
13/ 31P/ 19F 6f
Z-GRD 78400/
0239
Numberof 16
Scans
Receiver Gain 456
Relaxation Delay 1.0000
Pulse Width  14.5000
Acquision  3.9584
Time
Acquisition Date 2014-04-25T19:5
9:21
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest 16737
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
& A% AN - $'S =Y
& &2 &5 S 8 S8 S
— — 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
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)
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S g o NN fT0aadNO0ScdmMSoded®d-d LN ® M0
) W TTET OMOMOMOHOMOMOMOHOMOANNNNSA—TOOONNUY mmMmm
— - V¥ A A A A A A A A A A A A A A A A ANNN n wn wn
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Parameter Value
MHY
o]
Origin Bruker BioSpin F
GmbH F
Spectrometer  spect Ph
Solvent coen P
Temperature 2982
Pulse Sequence zgpg30
Experiment 10 (8]
Probe 5 mm CPDUL W o]
13C/ D-1H 2 of
GRD 744862/
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 97000
Acquistion  1.1011
Time
Acquisition Date 2014-04-25T01:
28:00
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest 22802
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

f1 (ppm)
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Parameter Value L A
MHY N %%‘
Origin Bruker Analytik
GmbH
Spectrometer  dx400
Solvent coai3
Temperature  293.6 a
Pulse 2gfian E
Sequence F
Experiment 1D Ph
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD =
28400/ 0239
Number of 16
Scans (o]
Receiver Gain 724 ()
Relaxation 1.0000
Delay 6f
Pulse Width 27.0000
Acquistion 08716
Time
Acquisition 2014-06-03T16:43:38
Date
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
Led.
-————— 7 ——— 7 ——— T —— | —— T ——— T
-10 -20 -30 -40 -50 -60 -70 -80 -90 4100 -110  -120  -130  -140  -150  -160  -170  -180  -190
f1 (ppm)
ANANNLWNO LW, - N 0 M
QT IONNANO T © I ©
NN mm @ x
NNNNNOO O O Mm M
Parameter Value
MHY
Origin UXNMR, Bruker 0
Analytische
Messtechnik GmbH S
Spectrometer 00 OMe
Solvent coa3
Temperature  295.3 i E1e)
Pulse Sequence 2930 492
Experiment 1D
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD 78400/
0239
Number of 16
Scans
Recelver Gain 406
Relaxation Delay 1.0000
Pulse Width 16.0000
Acquisition 3.9584
ime
Acquisition Date 2014-02-12T17:26:00
Spectrometer 400.13
Frequency
Spectral Width ~ 8278.1
Lowest -1673.6
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
M .. n
&L & & &'
o o o (o)} o o
— N o~ o Mm m
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH N
Spectrometer  drd00 H
Solvent coai3
Temperature  295.8 Mel
Pulse Sequence 2930 1g-1
Experiment 1D
Probe 5 mm QNP 1H/ 13/
31P/ 19F Z-GRD 28400/
Number of 16
Scans
Receiver Gain 322
Relaxation Delay 1.0000
Puise Width  16.0000
Acquisition Time 3.9584
Acquisition Date  2014-02-14T17:28:00
Spectrometer  400.13
Frequency
Spectral Width ~ 8278.1
Lowest -1673.4
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
g 4 X d o s
< S e < e ] a
o~ [a\] - ~ o~ [32] 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
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker o 0]
Analytische )%
Messtechnik GmbH
Spectrometer  drx400 o o Fh
Solvent coai3 FF
MeO 4y
Puise Sequence  2g30
Bxperiment 1D
Probe 5 mm QNP 1/ 13¢/
31P/ 19F Z-GRD 28400/
0239
Number of 16
Scans
Receiver Gain 813
Relaxation Delay 1.0000
Pulse Width  14.5000
Acquisition Time 3.9584
Acquisition Date  2014-04-09T12:48:32
Spectrometer 40013
Frequency
Spectral Width  8278.1
Lowest 16737
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
. JL N J oL A
4 odd 44 & & d
N eca S < < < S
[aV] — N N N - — ~N ™
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect g 0O
Solvent coci3
Temperature  298.2 R Ph
Pulse Sequence zgpg30 F F
Experiment 1D MeQ
49
Probe 5 mm CPDUL 13¢/
D-1H Z-GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Acquisition  2014-02-21T21:12:00
Date
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 22810
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
‘ h l s | [ | I .
T T T T L e e B L — T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
—
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Parameter Value ‘
MHY
Origin Bruker Analytik GmbH
Spectrometer ana00
Solvent cpa3
Temperature 296.5
Pulse Sequence 2gfian
Experiment 1D
Probe 5 mm QNP 1H/ 13C/ 317/ tel
19F 2-GRD 78400/ 0239 49
Number of Scans 16
Receiver Gain 813
Relaxation Delay 1.0000
Pulse Width 27.0000
Acquision Time~~ 0.8716
Acquisition Date 2014-02-15T13:37:47
Spectrometer 376.50
Frequency
Spectral Width 75188.0
Lowest Frequency  -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -120 -130 -140 -150 -160 -170 -180 -190

-100
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH O
Spectrometer 400
Solvent coai3 2 Ph
Temperature  293.3
Pulse 2930 M O F F
Sequence 2
Experiment 1D 39
Probe S mm QNP 1H/ 13¢/
319/ 19F ZGRD
78400/ 0239
Number of 16
Scans
Receiver Gain 181
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquistion  3.9584
Time
Acquisition 2014-04-26T11:07:20
Date
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
ML J J'M“ A A
& N A & o
°’. Qoo - < < < <
— - A N A — ™ ~
T T E— T —T T E— T T —T T T —T T T —T —T T T T —T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent €DCi3
Temperature  298.2 o]
Pulse 29930
Sequence i Ph
Experiment 1D F F
Probe 5 mm CPDUL 13C/
D-1H Z-GRD 744862/ M e O
0018 59
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
Time
Acquisition  2014-04-28T19:43:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2280.5
Frequency
Nudleus 13¢
Acquired Size 32768
Spectral Size 32768
4 uJ l’ ' i
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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-98.986
-99.032
-99.077

Parameter Value
MHY -
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coc3

Temperature 2933
Pulse Sequence zgflan
Experiment 1D

Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD 28400/
239

o
Numberof 16
Scans T Ph
Receiver Gain 1149
Relaxation  1.0000 FF
Delay MeO
Pulse Width  27.0000 39
Acquisition 0.8716
ime
Acquisition 2014-04-26T11:08:35
Date
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
l,
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
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Qoo INNTEIITANNNRONNNNAN"TAAMANNN=SAMMANNNNRN
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I e g B B B B B T s
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH 0
Spectrometer  drx400 F
Solvent cbci3 F Ph
Temperature  293.4
Pulse 2930 =
Sequence
Experiment 1D
Probe 5 mm QNP a0 6
1H/ 13/ 31P/ 9
19F Z-GRD

28400/ 0239

Number of 16
Scans

Receiver Gain 362
Relaxation ~ 1.0000
Delay

Pulse Width  14.5000

Acquisition 39584
Time

Acquisition  2014-04-25T10
Date 34:37

Spectrometer  400.13

Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency

Nucleus H

Acquired Size 32768
Spectral Size 32768

1.00] =
=
"

d dxd 2 A 4 4

N e ceQ N Qe < S

o~ — NN [a\] — - — ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH O
Spectrometer  spect F
Solvent €DCi3 F
‘Temperature 298.2 Ph
Pulse Sequence  2gpg30 L
Experiment 1D
Probe 5 mm CPDUL
13¢/ DH Z- Mel
GRD 244862/ L]
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition Date 2014-04-26T00:
42:00
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest -2279.3
Frequency
Nudleus 130
Acquired Size 32768
Spectral Size 32768
i by
T T e e . B B B e B A | T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value oA o o o
origin Bruker Analytik
Spectrometer  drd00
Solvent coa3
Temperature 293.3
Pulse Sequence zgfign
Experiment 1D
Probe 5 mm QNP 1H/ [a]
13¢/ 31P/ 19F F
Z.GRD 28400/ E
0239 Ph
Number of 16
Scans -
Receiver Gain 645
Relaxation 1.0000
Delay {[=1e} G
Pulse Width ~ 27.0000 q
Acquisition 0.8716
Time
Acquisition 2014-04-24T12:
Date 34:01
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter  Value
MHY
Origin UXNMR, _
Bruker
Analytische OH
Messtechnik
GmbH
Spectrometer 00 O
Solvent o3
Temperature  293.9 CH
Puise 2030 4h-1
Sequence
Experiment 1D
Probe 5 mm QNP
1H/ 13¢/ 31P/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 203
Relaxation  1.0000
Delay
Pulse Width  14.5000
Acquisition  3.9584
Time
Acquisition  2014-06-20T1
Date 1:07:23
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.3
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
M . . I |
AR A AT g d d
cecaogoaQg Qe e S
NAANA A — - ~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value oA A A A A A A A A A — NINN ©
MHY
e N - \
Origin Bruker
BioSpin GmbH
Spectrometer spect
Solvent coai3
Temperature  298.2
Puise 200930
Sequence = OH
Experiment 1D
Probe 5 mm CPDUL
13/ D-1H Z-
GRD 744862/
0018
Number of 512 CH
Scans
Receiver Gain 2050 4h-1
Relaxation 01500
Delay
Pulse Width ~ 9.7000
Acquisition 11011
Time
Acquisition  2014-05-30T0
Date :27:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest -2287.1
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
A L W Ll
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH oo
Spectrometer  drx400 .
Solvent coci3 6] J‘% Fh
Temperature  293.9 FF
Puise Sequence 7930
Experiment 1D
Probe 5 mm QNP 1H/ (o3}
13C/ 31P/ 19F
2-GRD 8400/
0239 4h
Numberof 16
Scans
Receiver Gain 144
Relaxation  1.0000
Delay
Pulse Width 145000
Acquisition 39584
Time
Acquisition  2014-06-20T11:
Date 03:08
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
UA)L J n A M‘&‘_A—L
& LEIR g &
S NdmS e & 3
o~ Mm M T — — —
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
O ¢ - RIFTOOOWMNAAANNNCHTAOIONT T ONTANONIOINTONOAAT OO MA
N m ORMNAANMATANOHACNYHOCQONRXNNNAANRSQAHNC QO X MWW
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect o 0
Solvent o3 S
Temperature  298.2 prh
Pulse Sequence zgpg30 FF
Experiment 1D
Probe 5 mm CPDUL
13/ D-1H Z-
GRD 744862/ CN
0018
Numberof 512 4h
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 97000
Acquiston 11011
Time
Acquisition  2014-06-17T15:
Date ¥
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest -2288.2
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
Il A U h 1 | | A I .
T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value —
MHY I‘
Origin Bruker Analytik
GmbH
Spectrometer 400
Solvent [eblek)
Temperature  293.5
Pulse Sequence  zgflan
Experiment 1D o o
Probe 5 mm QNP 1H/
13C/ 31P/ 19F S 0 M Ph
2-GRD 28400/
0239 F F
Number of 16
Scans
Receiver Gain 724 T
Relaxation 1.0000
Delay 4h
Pulse Width 27.0000
Acquisition 0.8716
Time
Acquisition Date 2014-06-13T17:
12:53
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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WAONNNRNNRNRNNRNNRNNNRNNNNRNRNNNNNNNNNNNNRNNRNNNNODOOOOLOOM MmmMmmMmmMmMmmMmNnmMmmM
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik a
GmbH S
Spectrometer  dr400 Ph
Solvent coai3 F F
Temperature  203.5
Pulse Sequence 2930
Experiment 1D (M)
Probe 5 mm QNP
1H/ 13C/ 317/ 5h
19F 2-GRD
78400/ 0239
Numberof 16
Scans
Receiver Gain 256
Relaxation  1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition 2014-07-23T16
149:41
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.5
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
A M
P s S T
S @coaoacn S < <
N M- ANNN A — — ~
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
origin Bruker BioSpin
GmbH a
Spectrometer  spect
Solvent cpai3 iy Ph
Temperature  298.2 FF
Pulse Sequence 2gpg30
Experiment 1D
Probe 5 mm CPDUL
136/ D-1H Z- CN
GRD 244862/
o018 5h
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 97000
Acquision  1.1011
Time
Acquisition 2014-06-06T00
Date :10:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 227955
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
I l ' I i A AL
L e e B e B B B B T L — T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
MHY ~
Origin Bruker Analytik
GmbH
Spectrometer dn00
Sovent  CDC3
Temperature 293.4 0
Pulse zgfian S
Sequence Fh
Experiment 1D FE
Probe 5 mm QNP 1H/ 13/
31P/ 19F -GRD
28400/ 0239
Number of 16 CH
Scans 5h
Receiver 724
Gain
Relaxation  1.0000
Delay
Puise Width  27.0000
Acquisiton ~ 0.6716
ime
Acquisition  2014-06-05T15:45:06
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 752436
Frequency
Nuceus  19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400
Solvent coai3
Temperature  293.4
Puise 230
Sequence
Experiment 1D
Probe 5 mm QNP
1H/ 13¢/ 31P/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 181
Relaxation  1.0000
Delay
Pulse Width 145000
Acquisition  3.9584
Time
Acquisition  2014-06-05T17
Date :49:52
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.3
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
fodd¥ine & S 4 X
EEEERE) S S 2 e
NM-=MANO — — — —
f T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 Q
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coc3
Temperature  298.2
Pulse Sequence  2gpg30
Experiment 1D
Probe 5 mm CPDUL
13¢/ D-1H 2
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation Delay 0.1500
Pulse Width ~ 9.7000
Acquisition Time 11011
Acquisition Date 2014-06-07T11:1
Spectrometer  125.77
Frequency
Spectral Width  20761.9
Lowest 22826
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
l ! ‘ n
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

f1 (ppm)
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Parameter Value o=
iy TN
Origin Bruker Analytik GmbH
Spectrometer drx400
Solvent coa3
Temperature 2934
Pulse Sequence  zgflqn
Experiment 10
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 8400/
0239
Number of Scans 16
Receiver Gain 645
Relaxation Delay ~1.0000
Pulse Width 27.0000
Acquisition Time ~ 0.8716
Acquisition Date  2014-06-05T17:47:42
Spectrometer 376.50
Frequency
Spectral Width ~ 75188.0
Lowest Frequency -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
x
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische Messtechnik
GmbH
Spectrometer dre400
Solvent cpaI3 O
Temperature 293.5
Pulse Sequence  zg30
Experiment. 1D o O P h
Probe 5 mm QNP 1H/ 13¢/ Me FF
31P/ 19F Z-GRD 28400/
0239 4i
Number of Scans 16
Receiver Gain 456
Relaxation Delay ~ 1.0000
Pulse Width 16.0000
Acquisition Time ~ 3.9584
Acquisition Date  2014-03-11T14:07:29
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest Frequency -1673.7
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
W,
¥ SdEH & £y 3
o Scay o < ®
— — N~ M o o~ o~
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coai3 |G ]
Temperature  298.2
Pulse Sequence 2gpg30 e 8] Ph
Experiment 1D e FF
Probe 5 mm CPDUL
13C/ D-1H Z- .
GRD 744862/ 4i
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Puise Width  9.7000
Acquistion 11011
ime
Acquistion  2014-03-12T20:
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest 2280.5
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
1 | : L . A
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
MHY
origin Bruker Analytik
GmbH
Spectrometer dnc400
Solvent [eeE)
Temperature  293.5 o] o]
Puise 2gfian
Sequence i 0 Ph
Experiment 10
Probe 5 mm QNP 1H/ 13/ Me FF
31P/ 19F Z-GRD
78400/ 0239 4i
Number of 16
Scans

Receiver Gain 813

Relaxation  1.0000
Delay

Pulse Width ~ 27.0000
Acquisition  0.8716

Time
Acquisition  2014-03-11T14:08:51
Date

Spectrometer 376.50

Frequency

Spectral 75188.0

Width

Lowest 752436

Frequency

Nucleus 19F

Acquired Size 65536
Spectral Size 65536

T T T T T T T T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer  drx400 Q
Solvent coai3
Temperature  293.6 - Ph
Pulse 230
Sequence Me F
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/ 5i
31P/ 19F Z-GRD
28400/ 0239
Numberof 16
Scans
Receiver Gain 90
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
ime
Acquisition  2014-06-04T10:11:19
Date
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
Mo | JM
b  Adda & & o
< ceemo < - S
o~ - NN ™M - (o] ™
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect 9]
Solvent coa3
Temperature  298.2 T F’h
Puise 20pg30 Me F
Sequence
Experiment 1D )
Probe 5 mm CPDUL 5i
13¢/D-1H Z-
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition 2014-06-04T21
:37:00
Spectrometer 125.77
Frequency
Spectral Width 29761.9
Lowest -2281.9
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
1 1L . -
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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-98.25
-98.30
-98.35

Parameter Value
MHY ~
Origin Bruker Analytik
GmbH
Spectrometer 00
Solvent coais
Temperature  293.6
Puise 2gfign
Sequence
Experiment 1D u]
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD N Ph
28400/ 0239
Number of 16 e F
Scans
Receiver Gain 575 5i
Relaxation  1.0000 i
Delay
Pulse Width ~ 27.0000
Acquisition  0.8716
Time
Acquisition  2014-06-04T10:06:29
Spectrometer 376.50
Frequency
Spectral 751880
Width
Lowest 752436
Frequency
Nucleus  19F
Acquired Size 65536
Spectral Size 65536
M
———T— — v v v v v v v v
-10 20 4100 -110
f1 (ppm)
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Parameter  Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer drxd00
Sovent  CDCI3
Temperature  293.1 o]
Puise 2030 F,
Sequence F
Experiment 1D
Probe 5 mm QNP
1H/ 13¢/
31P/ 19F 2-
GRD 78400/ Ivle
0239
Number of 16 .
Scans 6i
Receiver Gain 228
Relaxation  1.0000
Delay
Puise Width 145000
Acquisition~ 3.9584
Time
Acquisition  2014-06-15T2
Date 2:45:58
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest 16736
Frequency
Nodeus  1H
Acquired Size 32768
Spectral Size 32768
w "
& £} &
< < <
(oY} i (2]
T T T T T
9.0 8.5 8.0 4.0 3.0 2.5 2.0

4.5
f1 (ppm)
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Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectrometer spect 0
Soent  CDCI3 F
Temperature 298.2 F Ph
Puise 20pg30
Sequence
Experiment 1D
Probe 5 mm CPDUL We
13¢/ D1H Z-
GRD 744862/ .
0018 6i
Number of 1024
Scans
Receiver 2050
Gain
Relaxation  0.1500
Delay
Pulse Width  9.7000
Acquistion 11011
Time
Acquisition  2014-06-17T1
4:14:00
Spectrometer 125.77
Frequency
Spectral 297619
Width
Lowest 2280.4
Frequency
Nudeus  13C
Acquired Size 32768
Spectral Size 32768
i lJ L)
T T T T T L e B B B B L T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
m 0 0 M
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Parameter Value [ A R R
Origin Bruker Analytik
GmbH
Spectrometer drx400
Solvent o3
Temperature  293.1
Pulse 2gfian
Sequence
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD I}
28400/ 0239 F
Number of 16
e F Ph
Receiver Gain 645
Relaxation  1.0000
Delay
Pulse Width ~ 27.0000 Me
Acquision  0.8716
ime .
Acquisition  2014-06-15T22:48:13 6i
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value ' \‘ \ / ‘\\ // /
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400
Sovent  CDCI3
Temperature 293.2
Pulse 2030 ]
Sequence
Experiment 1D /\/I‘L
Probe 5 mm QNP 1/ 13¢/ +Bu ORt
31P/ 19F Z-GRD
28400/ 0239 4j-2
Number of 16
Scans
Recelver Gain 203
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition 3.9584
Time
Acquisition  2014-04-30T18:17:30
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.7
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
& d ) 4
e e = &«
— — (2} m o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value ‘ kﬁ%‘ /w&g&_‘ W ‘
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer  dx400
Solvent coei3
Temperature  293.5
Pulse Sequence 230 S
By N
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/ 4§
31P/ 19F Z-GRD 78400/ {l
0239
Numberof 16
Scans
Receiver Gain 72
Relaxation Delay 1.0000
Pulse Width ~ 14.5000
Acquision 3.9584
ime
Acquisition Date 2014-08-05T12:53:41
Spectrometer  400.13
Frequency
Spectral Width ~ 8278.1
Lowest 16733
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
| M \ J\‘ BREVAN J,AJUL
&4 & & d
S Q < e -
— (o] — (&)}
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH a o]
Spectrometer  drx400 .
Solvent cpa3 =T R M Ph
Temperature  300.0 FF
Pulse Sequence 2930 ;
Experiment 1D 4j
Probe 5 mm QNP 1H/
13C/ 31P/ 19F
7-GRD 8400/
0239
Numberof 16
Scans
Receiver Gain 724
Relaxation  1.0000
Delay
Pulse Width  14.5000
Acquisiton 39584
Time
Acquisition  2014-06-03T14:
Date 14:41
Spectrometer 400,13
Frequency
Spectral Width  8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
l 'l
A d4 g & &
- Qe < < <
o~ - N ~ — o~
T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)
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Parameter  Value
MHY
Origin Bruker
BioSpin GmbH

Spectrometer spect

Solvent coci3
Temperature  298.2 t-Bu A\\/\O Ph
Pulse 29pg30

Sequence F F
Experiment 1D 4i
Probe S mm CPDUL )
13C/ D1H Z-
GRD 244862/
0018
Numberof 512
Scans

Receiver Gain 2050
Relaxation  0.1500
Delay

Pulse Width ~ 9.7000

Acquisition 11011
Time

Acquisition  2014-05-30T0
Date 0:13:00

Spectrometer 125.77

Frequency
Spectral 20761.9
Width

Lowest -2281.1
Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 32768

| | . Y

- 9.07=

=

—33.34

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)
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Parameter Value =
MHY |
Origin Bruker Analytik
GmbH
Spectrometer 400
Sovent  CDCI3
Temperature 293.5
Pulse 2gfian
Sequence
Experiment 1D 0 0
Probe 5 mm QNP 1H/ 13/
319/ 19F Z-GRD S,
28400/ 0239 tBu g Fh
Number of 16 FF
Scans
Receiver Gain 724 4j
Relaxation 1.0000
Delay
Pulse Width  27.0000
Acquisition  0.8716
Time
Acquisition 2014-06-03T14:12:23
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
£1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik O
GmbH
Spectrometer 400 +Bu th
Solvent coai3 FE
Temperature  293.2
Pulse 2030 5j
Sequence
Experiment. 1D
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 322
Relaxation 1.0000
Delay
Pulse Width ~ 14.5000
Acquisition 3.9584
Time
Acquisition 2014-07-24T21
Date 17:17
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
‘ wh . JLUJML
S A s & A
< b S - e
o~ — N — — o~ [}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH 0
Spectrometer  spect
Solvent coa3 +Bu =18
Temperature ~ 298.2 FE
Pulse Sequence zgpg30
Experiment. 1D 5]'
Probe 5 mm CPDUL
13C/ DAH Z-
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9,700
Acquisition 1.1011
Time
Acquisition 2014-07-25T22:
Date
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2279.3
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
A duod. ‘ N I J A A A
—T T T~ T T~ T T~ T T~ T T~ T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
MHY ~
Origin Bruker Analytik GmbH
Spectrometer  dn00
Solvent coci
Temperature  293.2
Pulse Sequence zgfian
Experiment 1D o]
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD Ph
28400/ 0239
Number of 16 FF
Scans
Receiver Gain 912 5j
Relaxation  1.0000
Delay
Pulse Width ~ 27.0000
Acquision  0.8716
Time
Acquistion  2014-07-24T21:14:56
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest: -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
A ok
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter
MHY

Origin

Spectrometer
Solvent
Temperature

Puise
Sequence

Experiment
Probe.

Number of
Scans.

Receiver Gain
Relaxation
Delay

Pulse Width

Acquisition
Time

Acquisition
Date

Spectrometer
Frequency

Spectral
Width

Lowest
Frequency
Nucleus

Acquired Size
Spectral Size

T T

8.019
8.015
8.000

Value

UXNMR,
Bruker
Analytische
Messtechnik
GmbH

drx400
coci3
2938
2930

10
5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
28400/ 0239
16

114
1.0000

14.5000
3.9584

2014-06-18T1
1:54:50
400.13
8278.1
-1673.3

H
32768
32768

7.996
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NN\l aoaaans
e = e —
0
E
F Ph
-
+-Bu
6j

1004
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f1 (ppm)
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Parameter Value
MHY
o Bruke
" BospinGmon ]
Spectrometer spect
Solvent o3 F Ph
Temperature  298.2
Pulse 29pg30 +Bu Ea
Sequence
Experiment 1D 6j
Probe 5 mm CPDUL
13C/ D-1H Z-
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Pulse Width ~9.7000
Acquisition  1.1011
ime
Acquisition  2014-06-24T1
1:41:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest 22789
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
A A Ll L . T R R |
r 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

f1 (ppm)
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Parameter Value QPP A A d
MHY ‘\\\‘/ \/“/
Origin Bruker
Analytik GmbH
Spectrometer ~ drx400
Solvent o
Temperature 293.4
Pulse Sequence zgfian O
Experiment 1D £
Probe: 5 mm QNP
1H/ 13C/ 31/ F Fh
19F Z-GRD
78400/ 0239 P
Numberof 64 +Bu
Scans .,
Receiver Gain 724 6j
Relaxation  1.0000
Delay
Pulse Width 27.0000
Acquision  0.8716
Time
Acquisition 2014-06-19723
:43:07
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest: -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
Al »
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter Value NN E— e e | v ~J—
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer 400
Soent  CDCI3
Temperature 293.8 o] OH
Pulse 2930
Sequence
& HsC ™o
periment 1D
Probe 5 mm QNP 1H/ 13/ FF
31/ 19F Z-GRD Ohe
28400/ 0239
Number of 16 fa3
Scans
Receiver Gain 256
Relaxation 1.0000
Delay
Pulse Width 16.0000
Acquisition 3.9584
Time
Acquisition 2013-11-04T12:03:00
Date
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.5
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
& & & M & &
a o < Q < @ <
— — — o~ ™ o ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent o3 Qo
Temperature  298.2
. HaC ™0
uise 2030
Sequence F F
Experiment 1D OMe
Probe 5 mm CPDUL 13¢/
D-1H Z-GRD 244862/ Ta3
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Time
Acquisition 2014-02-03T12:51:00
Date
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2281.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value —s/ =
MHY
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent a3 o] OH
Temperature  293.8
Puise Sequence zgflqn Haz 0
Experiment 1D F'F
Probe 5 mm QNP 1H/ 13¢/ Ohle
31P/ 19F Z-GRD
78400/ 0239 7a3
Numberof 16
Scans
Receiver Gain 813
Relaxation  1.0000
Delay
Pulse Width 27.0000
Acquisition 0.8717
Time
Acquisition 2013-11-04T12:06:00
Date
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
origin UXNMR, Bruker
Analytische
Messtechnik GmbH O O
Spectrometer ~ drxd00
Solvent coa3
HsC™ D
Temperature  293.7 F F
Puise 2630
Sequence Ohde
Experiment 1D Taz2
Probe 5 mm QNP 1H/ 13/
31P/ 19F -GRD
8400/ 0239
Number of 16
Scans
Receiver Gain 456
Relaxation 10000
Delay
Pulse Width 16.0000
Acquisition  3.9584
Acquisition 2013-11-05T16:55:00
Date
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.3
Frequency
Nucleus "
Acquired Size 32768
Spectral Size 32768
Jl /JL I ;
& iy A4 d
< < < < =
N N N ™ ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value |
MHY
Origin Bruker Analytik GmbH
Spectrometer <400
Solvent coci3 0 8]
Temperature  293.7
Puise Sequence zgfian HaC =0
Experiment 1D FF
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD Ohde
28400/ 0239 Ta.?
Numberof 16
Scans
Receiver Gain 512
Relaxation  1.0000
Delay
Pulse Width 19.5000
Acquisition 0.8717
Time
Acquisition 2013-11-04T15:03:00
Date
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400 a 9
Solvent DMSO 8 ‘O
Temperature  293.6
Pulse 2930 FF
Sequence Ol
Experiment 1D Ta-i
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 575
Relaxation 1.0000
Delay
Pulse Width 16.0000
Acquisition ~ 3.9584
Time
Acquisition 2013-11-06T12:11:00
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -16703
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
M “ JU
S S S
(o] ~N ™
r T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent DMSO a o]
Temperature  298.2 K.
Pulse Sequence zgpg30 0
Experiment 1D F F
Probe 5 mm CPDUL Ohe
13C/ D1H - 7al
GRD 744862/ a-
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition 2013-11-09T02
Date :35:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2361.5
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
r 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

f1 (ppm)
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Parameter Value
MHY
Origin Bruker Analytik
GmbH o o
Spectrometer 400
Solvent  DMSO K‘O
Temperature 293.6
Puise 2gfian FF oy
Sequence 2
Experiment 1D Ta-1
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 912
Relaxation  1.0000
Delay
Puise Width ~ 27.0000
Acquisiton 08717
Acquisition  2013-11-06T12:14:00
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 752436
Frequency
Nudeus  19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
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Parameter Value
MHY
origin UXNMR, Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drxd00 g a
v :
Solvent cpa3 Ph~" S0
Temperature 2938 )
Pulse Sequence 2g30
OMe

Experiment 1D

Probe 5 mm QNP 1H/ Ta
13¢/ 31P/ 19F
Z.GRD 28400/
0239

Number of 16
Scans

Receiver Gain 456
Relaxation 1.0000
Delay

Pulse Width  16.0000

Acquisition 3.9584
Time.

Acquisition 2013-11-09T18:

Spectrometer  400.13

Frequency
Spectral Width  8278.1
Lowest -1673.6
Frequency

Nucleus H

Acquired Size 32768
Spectral Size 32768

J ! Jt 1 |

4 & & 3 I A 4

o = o © =] =) =)

[a'] mn o i - o [22]
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH 0] 0]
Spectrometer  spect
Solvent coai3 Ph"="0
Temperature  298.2 FF
Puise 20pg30 Ohle
Sequence
Experiment 1D Ta
Probe 5 mm CPDUL 13C/
D-1H Z-GRD 744862/
0018
Number of 1024
Scans
Receiver Gain - 2050
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Time
Acquisition 2014-02-03T12:26:00
Date
Spectrometer 125.77
Frequency
Spectral Width 29761.9
Lowest -2283.9
Frequency
Nudleus 13¢
Acquired Size 32768
Spectral Size 32768
r 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
f1 (ppm)
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Parameter Value ‘
MHY
Origin Bruker Analytik
GmbH
Spectrometer  dx400
Solvent coci3 O 0
Temperature 293.7
Puise Sequence  zgfian Phe" S0
Experiment 1D FF
Probe 5 mm QNP 1H/
13/ 31P/ 19F Ohvle
Z-GRD 28400/ Ta
0239
Number of 16
Scans
Receiver Gain 645
Relaxation Delay 1.0000
Puise Width 270000
Acquisition 0.8717
Acquisition Date 2013-11-08T13:5
Spectrometer 376.50
Frequency
Spectral Width  75188.0
Lowest. -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische 0
Messtechnik
GmbH
oy,
Spectrometer drx400 Ph
Solvent cpai3 F F
Temperature  294.0 Ohde
Puise 230
Sequence 8a
Experiment 1D
Probe 5 mm QNP
1H/ 13¢/ 31/
19F 2-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 512
Relaxation  1.0000
Delay
Pulse Width ~ 16.0000
Acquison 39584
ime
Acquisition  2014-02-01T1
Date 7:20:00
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -16733
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
J{ A MMM . J l 1
d L & $
< oenNGo < ] < <
(o] NN NN — — (2] o~
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent. [solek] [u]
Temperature  298.2
Puise Sequence zgpg30 Ph S
Experiment 1D o
Probe 5 mm CPDUL
13/ D-1H 2- Ohle
GRD 744862/ Ba
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Puise Width  9.7000
Acquision ~ 1.1011
ime
Acquisition  2014-02-03T11
Date 1361
Spectrometer 12577
Frequency
Spectral Width 29761.9
Lowest 22793
Frequency
Nudleus 13¢
Acquired Size 32768
Spectral Size 32768
i L 1 I
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value ‘\‘/
MHY
Origin Bruker Analytik
GmbH
Spectrometer  drx400
Solvent coci3
Temperature  294.0
Puise Sequence ~ zgfian 0
Experiment 1D
Probe 5 mm QNP 1H/ S
13/ 31P/ 19F 2- Ph
GRD 8400/
0239 Fr Ohde
Number of 16
Scans 8a

Receiver Gain 645

Relaxation Delay 1.0000

Pulse Width 27.0000
Acquisition Time 0.8717
Acquisition Date  2014-02-01T17:2

Spectrometer  376.50

Frequency
Spectral Width ~ 75188.0
Lowest 75243.6
Frequency

Nucleus 19F

Acquired Size 65536
Spectral Size 65536

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

1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH 0
Spectrometer  drx400 F
Solvent coci3 F
Temperature  294.0 Qe
Pulse 2930 =
Sequence Ph
Experiment 1D
Probe 5 mm QNP 9a
1H/ 13C/ 31P/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 456
Relaxation 1.0000
Delay
Pulse Width 16.0000
Acquisiton  3.9584
Time
Acquisition 2014-02-01T17
:13:00
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest 16734
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
,M Jm JUJ‘ n M“L._,JL jL j ,l_,\_,
& 4 4 & g 2 4
N S < < Qe Q <
(2] n (o] — — — ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5



SI-140

o v m LDLAOANDLDITAINDLNOOADLDOLMOANNO AL
T TOHUNOONNRORINQRROSNS0S 0@ nous
0 0 IN FunmuwaadaNaNaNNdONBNWLAS A ST NI NY oA
0 © O MMM MOMOMOMOMOANANNANANNANANA—A A NN O n < ¢ <
— = o H A A A A A A A A A A A A A A A A A NN n wn wn wn
- | e - i
Parameter Value
MHY
Origin Bruker
Biospin
GmbH
Spectrometer spect 0
Solvent coai3 F
Temperature  298.2 F
Puise 20pg30 Ohe
Sequence =
Exeriment 10 Ph
Probe 5 mm CPDUL
13C/ D-1H Z- 9a
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width  9.7000
Acquisiton  1.1011
Time
Acquisition  2014-02-03T1
Date 1:11:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest 22817
Frequency
Nudleus 13C
Acquired Size 32768
Spectral Size 32768
‘ |‘ ‘j L ‘ 1 1 A
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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& ®
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Parameter Value AN
MHY <
Origin Bruker Analytik
GmbH
Spectrometer 00
Solvent coa3
Temperature  294.0
Puise Sequence  zgfian 0
Experiment 1D
Probe 5 mm QNP 1H/ F
13/ 31P/ 19F
ZGRD 28400/ Otde
0239 =
Fh
Number of 16
Scans
Receiver Gain 645 9a
Relaxation Delay 1.0000
Puise Width  27.0000
Acquisition 08717
ime
Acquisition Date 2014-02-01T17:1
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest 75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
) \
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter  Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer drx400
Solvent coai3 0 OH
Temperature 293.0
Pulse 2930 HSC%
Sequence F F
Experiment 1D F
Probe 5 mm QNP
1H/ 13/ 7h-3
31P/ 19F -
GRD 28400/
0239
Number of 16
Scans
Receiver 406
Gain
Relaxation  1.0000
Delay
Pulse Width  16.0000
Acquisition 39584
ime
Acquisition  2014-02-11T0
9:12:34
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.3
Frequency
Nuceus  1H
Acquired Size 32768
Spectral Size 32768
e < e N o S
~N [a\] — o~ o ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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o oA A A A A A A NNNNNNNO —
Poameter e S TN TN T \
MHY
Origin Bruker BioSpin
Spectrometer  spect Is] OH
Solvent coai3
:empereture 298.1 H3C%
ulse 29pg30
Sequence FF
Experiment 1D F
Probe 5 mm CPDUL 7h3
13/ D-1H Z-
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Puise Width ~ 9.7000
Acquision 11011
ime
Acquison  2014-02-11T23
Date :00:(
Spectrometer 125.77
Frequency
Spectral Width 29761.9
Lowest -2280.1
Frequency
Nucleus 13¢
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value

MHY

Origin Bruker Analytik

GmbH

Spectrometer drx400

Solvent coai3

Temperature  293.0

Pulse 2gfian

Sequence

Experiment 1D

Probe 5 mm QNP 1H/ 13C/

31P/ 19F Z-GRD
28400/ 0239

Number of 16

0 OH
HaC™ O
F'E
r

-113.41
-114.09
-114.11
-120.22
-120.27
-120.92
-120.97

Scans 7b3
Receiver Gain 724
Relaxation 10000
Delay
Pulse Width ~ 27.0000
Acquision  0.8716
Time
Acquisition  2014-02-11T09:13:49
Date
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
oy
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400
Solvent coai3 o Q
Temperature  292.0 e
Pulse 2930 HSC 8}
Sequence FF
Experiment 1D F
Probe 5 mm QNP
1H/ 13/ 31P/ 7b-2
19F Z-GRD
78400/ 0239
Number of 16
Scans
Receiver Gain 322
Relaxation  1.0000
Delay
Pulse Width  16.0000
Acquison  3.9584
Time
Acquisition  2014-01-23T09
Date
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.6
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768 dl “{
A ) L
& & d d
o o N e
- - ~N ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
origin Bruker BioSpin
GmbH 0 0
Spectrometer  spect
Solvent coai3 HaC A
Temperature 2982
Pulse Sequence zgpg30 FF F
Experiment 1D
Probe 5 mm CPDUL 7h-2
13¢/ D-1H Z-
GRD 244862/
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width ~ 9.7000
Acquisition 11011
Time
Acquisition Date 2014-01-23T11:
40:
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest -2279.0
Frequency
Nudleus 13¢
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
o NMT N
LR U A
[eoleNoNeNol
el oNe)
Parameter Value Al
MHY ——1 |
Origin Bruker Analytik GmbH
Spectrometer  dx400
Solvent coci3
Temperature  292.1
Puise Sequence  zgfian o] u]
Experiment 1D .
Probe 5 mm QNP 1H/ 13/ HyC 0]
31P/ 19F Z-GRD 28400/ FF
0239
Number of 16 F
Scans h-2
Receiver Gain 645
Relaxation Delay 1.0000
Pulse Width  27.0000
Acquisition 08717
Time
Acquisition Date 2014-01-23T09:59:00
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400 O O
Solvent DMSO K.
Temperature  293.3 o
Pulse Sequence zg30 F
Experiment 1D F
Probe 5 mm QNP Th-
1H/ 13C/ 31P/
19F Z-GRD
8400/ 0239
Number of 16
Scans
Recelver Gain 456
Relaxation 1.0000
Delay
Pulse Width 16.0000
Acquisition 3.9584
Time
Acquisition 2014-01-24T15
Date 2347
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1670.1
Frequency
Nucleus I
Acquired Size 32768
Spectral Size 32768
J{ A
& -
N <
o~ (o]
r T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectromete spect
r
Solvent DMSO O O
Temperature 298.2 74 N
Pulse 2gpg30 o]
Sequence E
Experiment 1D F
Probe 5mm
CPDUL 13¢/ 7h-1
D-1H Z-GRD
244862/
0018
Number of 1024
Scans
Receiver 2050
Gain
Relaxation ~ 0.1500
Delay
Pulse Width  9.7000
Acquisition  1.1011
Time
Acquisition  2014-06-03T
Date 1:49:00
Spectromete 125.77
r Frequency
Spectral 297619
Width
Lowest -2361.2
Frequency
Nucleus 13C
Acquired 32768
Size
Spectral Size 32768
r 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

f1 (ppm)
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Parameter Value A A
MY ——e
Origin Bruker Analytik
GmbH
Spectrometer dn00
Solvent: DMSO
Temperature 293.4 [S.
Pulse zgfign
Sequence K‘O
Experiment 1D F
Probe 5 mm QNP 1H/ 13C/ F
31P/ 19F Z-GRD
28400/ 0239 Th-1
Number of 16
Scans
Receiver 813
Gain
Relaxation 1.0000
Delay
Pulse Width  27.0000
Acquisition ~ 0.8716
Time
Acquisiton 2014-01-24T15:25:10
Date
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
— T T -~ T T~ T T+ T T~ T T~ T ‘"~ T T T T~ T ‘" T ‘" T " T "~ T T T T T " T " T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH o 0
Spectrometer  dn00
Solvent coai3 Bh MO
Temperature  293.1 F
Pulse Sequence 2930 F
Bperiment 1D
Probe 5 mm QNP 1H/ Th
13¢/ 31P/ 19F
Z-GRD 78400/
0239
Number of 16
Scans
Recelver Gain 456
Relaxation 10000
Delay
Pulse Width 16.0000
Acquision  3.9584
Time
Acquisition 2014-01-27T09:
e 43:00
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.4
Frequency
Nucleus 1
Acquired Size 32768
Spectral Size 32768
& &% & < &
N S a S S S
— o~ — — ~
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
Gm
Spectrometer spect o 0
Solvent coai3
Fh "0
Pulse 20pg30 F
Sequence F
Experiment 1D 7b
Probe 5 mm CPDUL 13/
D-1H Z-GRD 744862/
0018
Number of 1024
Scans
Receiver 2050
Gain
Relaxation  0.1500
Delay
Puise Width  9.7000
Acquision  1.1011
Time
Acquisition  2014-02-11T23:51:00
Spectrometer 125.77
Frequency
Spectral 297619
Width
Lowest -2280.1
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
A= NM N
NAMmmmaN
DO O0O0QON
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Parameter Value oot
MHY e
Origin Bruker Analytik
Spectrometer drx400
Solvent coai3 s} Is]
Temperature 293.1
Pulse zgflan P T
sequence Ph™ =" 70
Experiment 1D F
Probe 5 mm QNP 1H/ 13¢/ F
31P/ 19F Z-GRD b
78400/ 0239
Number of 16
Scans
Receiver Gain 724
Relaxation  1.0000
Delay
Puise Width  27.0000
Acquisition  0.8717
ime
Acquisition  2014-01-27T09:44:00
Date
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest 75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
.
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer dn00 Is]
Solvent coc3
Temperature 293.1 =
Pulse 230 Fh
Sequence FF
Experiment 1D F
Probe. 8b
1H/ 13C/ 31P/
19F Z-GRD
78400/ 0239
Number of 16
Scans
Receiver Gain 322
Relaxation ~ 1.0000
Delay
Pulse Width  14.5000
Acquisition  3.9584
Time
Acquisition  2014-06-10T2
Date 3:07:11
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
& fédaa & & §
< e MY 9 < < N
o~ NN = — ~— o~
r T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.5
f1 (ppm)
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- HrH A A A A A A A A A A A A A A A A A A A NINN mmnm
~ N\ T e ~
Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectromet ~ spect
er o]
Solvent coa3 T,
Temperatur 298.2 Ph
e FF
Pulse 2gpg30 F
Sequence 8h
Experiment 1D
Probe 5mm
CPDUL 13¢/
D-1H Z-GRD
744862/
0018
Number of 1024
Scans
Receiver 2050
ain
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Acquisition  2014-06-11T
16:46:00
Spectromet  125.77
er
Frequency
Spectral  29761.9
Width
Lowest ~ -2279.5
Frequency
Nuceus  13C
Acquired 32768
Size
Spectral 32768
Size
) L | A A
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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-102.17
-102.19

Parameter Value
MHY e 2o
Origin Bruker Analytik

Spectrometer  dn00
Solvent coei
Temperature 293.1

Pulse Sequence ~ zgflan

Experiment 1D
Probe 5 mm QNP 1H/ I}
13C/ 31P/ 19F 2-
GRD 78400/
0239 Ph 2
Numberof 16
Scans FF F
Receiver Gain 645
Relaxation Delay 1.0000 8b
Pulse Width ~ 27.0000
Acquisition Time 0.8716
Acquisition Date2014-06-10T21:0
3:26
Spectrometer 376,50
Frequency
Spectral Width ~ 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
I
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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QANNMMMAMOIANNANNSAANANNNANNSSMmANNMMNNN
ONNNNRNNRNNNNNNNNVODOVDOOOCLOOON N T F T F T
5 S S S S S S S S S S
N =T r— —_— ——
Parameter  Value
MHY
origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectromete drx400
" o]
Solvent  CDCI3 E
Temperature 293.4 F
Pulse 2930 F
Sequence -
Experiment 1D Ph
Probe 5 mm QNP
1H/ 13/ 9b
31P/ 19F 2-
GRD 28400/
0239
Number of 16
Scans
Receiver 362
Gain
Relaxation 1.0000
Delay
Pulse Width  16.0000
Acquisition  3.9584
Time
Acquisition  2014-02-10T
13:50:58
Spectromete 400.13
r Frequency
Spectral  8278.1
Width
Lowest  -16733
Frequency
Nucevs  1H
Acquired 32768
Size
Spectral Size 32768
J JM MM ”"M A A 1__@.
& AN 2 S5 &
S Q < < Qe <
o~ n — — —
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter
MHY

Origin

Spectromet
er

Solvent
Temperatur
e

Pulse
Sequence
Experiment
Probe

Number of
Scans
Receiver
Gain
Relaxation
Delay
Pulse Width
Acquisition
ime
Acquisition

Spectromet
er
Frequency
Spectral
Width
Lowest
Frequency
Nucleus
Acquired
Size
Spectral
Size

188.78
188.54
188.31

(135.27

L 135.24

- 133.00

- 133.06

[ 133.03

| 133.02

13299

132.96

\ 132.50
\ 132.46

L 129.43
| 129.41
| 128.84
| 128.11
| 120.86
| 118.82
| 116.76
| 116.19
L116.02

_-167.43
~-165.38

Value

Bruker
BioSpin
GmbH

spect

[erek)

298.2
20p30

1D

5mm
CPDUL 13C/
D-1H Z-GRD
244862/
0018

1024

2050

0.1500

9.7000
11011

2014-02-12
T00:41:00
125.77
29761.9
-2279.0

13C
32768

32768

J
Nz

1 132.53

1

I 129.81

1
]

77.48
77.23

76.98

L
\

54.26

L
\

54.09
53.91

Parameter

MHY

Origin

Spectrometer

Solvent

Temperature

200

T T T T T T T

190 180 170 160 150 140

Value

Bruker Analytik

drx400
coa3
293.4

Pulse Sequence zgfign

Experiment
Probe

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulse Width
Acquisition

Acquisition
Date

Spectrometer

Frequency

Spectral Width

Lowest
Frequency
Nucleus

Acquired Size
Spectral Size

10

5 mm QNP 1H/
13C/ 31P/ 19F
Z-GRD 78400/
0239

16

645
1.0000

27.0000
0.8716

2014-02-10T13:
376.50

75188.0
-75243.6

19F
65536
65536

T
130

+-102.00
L -102.05
| -102.54

T
120

-102.55

-102.56
-102.57
- -102.59

T T
110 100
f1 (ppm)

\ -102.61
| -102.74
| -102.78
| -103.18
1 -103.22
| -103.91
L-103.96

T

90

- -102.60

T
-100
f1 (ppm)

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190
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7.306
7.286

Parameter Value
MHY
Origin UXNMR, Bruker

Analytische

7.270

7.266
6.986
6.946
6.936

6.929
6.915

6.909

§

5.133
5.114
5.093

/
\
/
AN
s
\

5.074
4.347
4.330

4.312
4.294

3.865
3.853
3.841

3.167
3.155
3.144

/
\

1.329
1.312

1.294

/
\

Messtechnik GmbH 0 OH I//\O
Spectrometer drx400 i \)
P
Solvent o3 Ha o]
Temperature 293.5
Puse 2030 FF
Sequence
Experiment 1D Tc3
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD.
28400/ 0239
Number of 16
Scans
Receiver Gain 203
Relaxation  1.0000
Delay
Pulse Width  14.5000
Acquisition  3.9584
Time
Acquisition  2014-07-23T22:34:56
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.3
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
B T & 4 & & &
NS S o < < <
— - — ~ <+ < -
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
oumno o < Nt A aNOQOLWLM
= @©Q A R MoLaonNaaa OIS A x
< 40 — B ARG SIS yNoaNoQwam M S
O O © n M N = A NNOTYTTTFnOm O <
— = - — — e o o o o o NNNNNNNOO < i
Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect 0 OH (\O
Solvent o3 N
Temperature  298.2 e \)
Pulse 20pg30 HiC 8]
Sequence F F
Experiment 1D
Probe 5 mm CPDUL 7c3
13C/ D-1H Z-
GRD 744862/
0018
Numberof 512
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Pulse Width 97000
Acquisiton 11011
ime
Acquisition  2014-07-25T22
:54:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 22831
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value A
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coan3
Temperature  293.4 0 OH (\O
Pulse Sequence zgfign
e e i
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD 78400/ FF
0239
Number of 16
Scans Tc3
Receiver Gain 813
Relxation  1.0000
Delay
Pulse Width 27.0000
Acquisition 0.8716
Time
Acquisition 2014-07-19T15:52:27
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
— —— ———— — 77— — [ —— [ —— T
-10 -20 -30 -40 -60 70 -80 -90 4100  -110  -120  -130  -140  -150  -160  -170  -180  -190
f1 (ppm)
O FTITTFoouwm hn VO =M= MNATOAANNNL A =M
nmm—oonNNN a AN OTONLVLON—=HAO OO — O
iy MM NN - MmEmmMer Qoo nNNNN - mmnn
NNNNNNNNN ~ TFTFFTmOmmmnnmnmnmnmnmnmnm oo
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400 a a (\O
Sovent  CDCI3 o N\)
Temperature 293.2 HSC 0
Pulse 2930 F F
Sequence
Experiment 1D
Probe 5 mm QNP 1H/ 13/ Te2
31P/ 19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver 81
Gain
Relaxation 1.0000
Delay
Pulse Width  14.5000
Acquisition  3.9584
Time
Acquisition  2014-07-14T20:25:44
Date
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest 16733
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
+3 4 & ) &b &
o S A “ S
N o - o~ < < ™M
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)



S1-152

A 0O (=R [+ NOANNITNO®RD D
RS To0 R GaMTLTT R DN en®e g9 2 8
nwmwm AN o HOANH AW HON TN Qo O\. Q
@ 0 © O O © wn MANANNANN-H-AOO NN YO O M «Q <
— - — — oA A A A A A NNN OO < —
Parameter Value
MHY
Origin Bruker BioSpin
GmbH 0 s} (\O
Spectrometer spect M \/)
e
Solvent coai3 Hal 0
Temperature 298.2 FE
Pulse 2gpg30
Sequence
Experiment 1D Jc2
Probe 5 mm CPDUL 13C/
D-1H Z-GRD 244862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Pulse Width ~9.7000
Acquisition 11011
Time
Acquisition  2014-07-26T07:36:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest 22815
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
] / J LI 1 . 1
—rT 1 -~ 1 -~ T ‘* T ‘’ T ‘* T "~ T ‘" T " T "~ T ‘T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
<
n
~N
o
—
Parameter Value '
MHY
Origin Bruker Analytik GmbH
Spectrometer ~ drx400
Solvent coci3
Temperature  293.2
Pulse Sequence zgfian [SRE (\ o}
Experiment 1D . N\/)
Probe 5 mm QNP 1H/ 13C/ HiC 0
31P/ 19F Z-GRD F F
28400/ 0239
Number of 16
Scans Tc2
Receiver Gain 575
Relaxation ~ 1.0000
Delay
Pulse Width  27.0000
Acquisition  0.8716
Time
Acquisition  2014-07-14T20:23:35
Date
Spectrometer 376.50
Frequency
Spectral Width 75188.0
Lowest 75243.6
Frequency
Nudleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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7.573
7.569
7.564
7.467

|

7.448

7.374
7.354
7.335

7.263

7.256

7.242
7.236

3.761
3.750
3.745
3.737
3.136
3.128
3.123
3.111

2.509
2.504
2.500
2.495

2.491

Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH O O (\O
Spectrometer  drxd00 K. M \}
Solvent DMSO O
Temperature 2934 FF
Pulse Sequence 230
Experiment 1D Te-l
Probe 5 mm QNP 1H/
13C/ 31P/ 19F
2-GRD 78400/
0239
Number of 16
Scans
Receiver Gain 322
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquistion  3.9584
ime
Acquisition 2014-07-20T13:
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1670.9
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
) & X
eeace < S
— < <
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
DN O n onN o OV N O VN ®©
® Q¥ ®OoY S == NnNHo¥MA = Vo T BT O
S a o AN M OO Mm=q Q moawinm=o
Q 0 © O O © n M AN NNH -~ O o VO
o — — o o o o ©o TIFmmmmmnm
Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect I} 0 l/’\O
Solvent DMSO
Temperature ~ 298.2 K\O i \)
Pulse Sequence zgpg30
Experiment 1D FF
Probe 5 mm CPDUL
13C/ D-1H 2-
GRD 744862/ 7e
0018
Number of 512
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition 11011
Time
Acquistion  2014-07-25T23:
Date 08:00
Spectrometer 12577
Frequency
Spectral Width 29761.9
Lowest -2358.6
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
l l » L A J | L___J
r 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

f1 (ppm)
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Parameter Value !
MHY ‘
Origin Bruker Analytik
GmbH
Spectrometer drx400
Sovent  DMSO
Temperature 293.4 I} (\O
Pulse zgflgn
Sasence K N
Experiment 1D
Probe: 5 mm QNP 1H/ 13C/ F F
31P/ 19F Z-GRD
28400/ 0239
Number of 16 Tc
Scans
Receiver Gain 1149
Relaxation 10000
Delay
Pulse Width  27.0000
Acquisition 0.8716
Time
Acquisition 2014-07-20T13:12:11
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest -75243.6
Frequency
Nucleus  19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -170 -180 -190
f1 (ppm)
NO NS TOHDNO G M =N N N o N M 00T
NNOVWOWITMMAOOVWTMANOOG N O O N n T m @ N O
MAFTRAMMNAMARAT A ENNRARS S a ®BY H=o=
NNNNNNNNNNNNMN ©OOOOOVUOUO T < mmm mmm
Y
Sl P N W e
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH o 0 K\O
Spectrometer  drxd00 N\)
Solvent coci3 Ph S
Temperature 293.4 F F
Pulse Sequence 2930
Exeriment 1D 7
Probe 5 mm QNP 1H/ c
13C/ 31/ 19F
Z-GRD 78400/
0239
Number of 16
Scans
Receiver Gain 72
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition Date 2014-07-03T20:
Spectrometer  400.13
Frequency
Spectral Width ~ 8278.1
Lowest 16733
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
y 4 &
o - o
o~ < <
T T T T T T T T T T T T T T T
5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker
BioSpin
GmbH
specramete spect o 0 o
. N \)
Solvent coai3 Bh~" a0
Temperature 298.2 FE
Pulse 29pg30
Sequence
Experiment 1D Te
Probe 5mm
CPDUL 13¢/
D-1H 2-GRD
244862/ 0018
Number of 1024
Scans
Receiver 2050
in
Relaxation  0.1500
Delay
Pulse Width  9.7000
Acquisition  1.1011
Time
Acquisition  2014-07-26T
Date 07:10:00
Spectromete 125.77
r Frequency
Spectral 29761.9
Width
Lowest -2284.8
Frequency
Nudeus  13C
Acquired 32768
Size
Spectral Size 32768
| | il
—— 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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
™M
0
N
o
Parameter Value i
MHY
Origin Bruker Analytik
GmbH
Spectrometer drx400
Sohvent  CDCI3
Temperature 293.4 o 0 (\O
Pulse 2gflan M \)
sequence Ph~" "0
Experiment 1D FF
Probe 5 mm QNP 1H/ 13¢/
31/ 19F Z-GRD
78400/ 0239 ic
Number of 16
Scans
Receiver 575
Gain
Relaxation  1.0000
Delay
Pulse Width ~ 27.0000
Acquisition  0.8716
me
Acquisition  2014-07-03T20:53:30
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH [0 (\O
Spectrometer  drx400 \)
Solvent coci3 Ph Sy N
Temperature 2933 FE
Pulse 2030
Sequence
Experiment. 1D 30
Probe S mm QNP 1H/ 13¢/
31P/ 19F Z-GRD
78400/ 0239
Number of 16
Scans
Receiver Gain 322
Relaxation 1.0000
Delay
Pulse Width ~ 14.5000
Acquisition 3.9584
Time
Acquisition 2014-07-25T10:14:54
Date
Spectrometer 400.13
Frequency
Spectral 8278.1
‘Width
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
A
< < < o
— — < <+ N
T T T T T T T T T T T T T T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 Q
f1 (ppm)
— N o HMOMAAMOAAOLONNIODEANMAIANDOM-HD
5 QW MO ORCRNANOORNSSCaTREONANRY N ooz
g o o T O CMMAPOING A d IS ARBEOY W6 TN - M=o
c 00 mmmnmmmmmaAaANaNNANNANNANSA A A A A A A ANNO O [ 0 0 ©
— - A A A A A A A A A A A A A A A A A A A A ANNNO < MmmMmm
~ e\ — = | \ ~
Parameter Value
MHY
Origin Bruker BioSpin
GmbH ] m
Spectrometer  spect N\)
Solvent coan3 Ph~"%
Temperature 298.2 F F
Pulse Sequence  zgpg30
Experiment 1D 8c
Probe 5 mm CPDUL
13¢/ D-1H Z-
GRD 744862/
0018
Number of 768
Scans
Receiver Gain 2050
Relaxation Delay 0.1500
Pulse Width 9.7000
Acquisition 1.1011
Time
Acquisition Date 2014-07-25T23:5
3:00
Spectrometer  125.77
Frequency
Spectral Width ~ 29761.9
Lowest 22806
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
1 l WL L A . |
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value ~
MHY
Origin Bruker Analytik GmbH
Spectrometer  dn00
Solvent [SeE)
Temperature  293.3
Puise Sequence zgfian
Eperment 10 o] o
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD Z8400/ Ph S N\)
0239
Numberof 16 FF
Scans
Receiver Gain 1149 8c
Relaxation  1.0000
Delay
Pulse Width 27.0000
Acquisition 0.8716
Time
Acquisition 2014-07-25T10:12:47
Date
Spectrometer 37650
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
1
T T T T T T T T T T T T T
-10 -20 -40 -60 -70 -80 -90 -100 -110 -120 -130 -170 -180 -190
f1 (ppm)
MAOVMAATONOLLTMMOO TO—TaNONOVUANLNN SO OO NI\NOI\gmeO\O\wl\l\l\ﬂMc\T’\c\ﬂ\D(\ll—ﬁ
OO DORNNEHAHONLLMANAN OO NOVUINTMOTMN -] NN OLWnY OCOONLLMHEHANONOOLOONNWO
ML OMMOMMMONANNNA=SASNNNNNASASASNANANNNmMMNNQRQQ® A ==
NNNNNNNNNNNNNDN NNNNNNNNNOOOOOO oML INTETETETETFTTFrMMMmOMOMOMOMOMMOO M
R ) e ——
=/ — T T — —
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drxd00 o] il
Solvent coai3 FF
Temperature 293.4
Pulse Sequence 230 e
Experiment 1D Fh
Probe 5 mm QNP 1H/
13¢/ 31P/ 19F 9c¢
ZGRD 28400/
0239
Number of 16
Scans
Receiver Gain 228
Relaxation  1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquision  2014-07-25T16:
21:13
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
SR 2 £ 4 & &
esas = =S = = <
— Y- — — — <+ <
T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value
MHY
o]
Origin Bruker BioSpin
GmbH
m g i
Spectrometer  spect E
Solvent: cbci3 F
Temperature  298.2
Pulse Sequence zgpg30 e
Experiment. 1D Ph
Probe 5 mm CPDUL
13C/ DH Z- 9c
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition 2014-07-26T06
Date :
Spectrometer 125.77
Frequency
Spectral Width 297619
Lowest -2281.2
Frequency
Nucleus 130
Acquired Size 32768
Spectral Size 32768
l | I, 1
L e T s s B e A A T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
owmno $ N O W
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N Qo-AN®
INEN RS RN R e i)
Parameter Value 888e88s889
MHY P A NN
Origin Bruker Analytik
GmbH
Spectrometer d400
Sobvent  CDOI3
Temperature 293.4
(5
Puise 2oflan
Sequence J
Experiment 1D E 0 Il
Probe 5 mm QNP 1H/ 130/ F
319/ 19F Z-GRD
8400/ 0239
Numberof 16 P
Scans Ph
Receiver Gain 724 g c
Relaxation  1.0000
Delay
Pulse Width  27.0000
Acaquistion 08716
ime
Acquisition 2014-07-25T16:19:06
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
L m
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Porameter  Value N = N ~I—
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer drx400
Solvent coan3
Temperature 293.7 o] OH
Puise 2530
Sequence HEC% e
om0 Y
Probe 5 mm QNP
1H/ 13/ CHs
31P/ 19F 2- ~
GRD 78400/ Td-3
0239
Number of 16
Scans
Receiver 512
Gain
Relaxation  1.0000
Delay
Pulse Width 16.0000
Acquisition  3.9584
ime
Acquisition  2013-12-18T1
8:38:00
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.5
Frequency
Nuceus  1H
Acquired Size 32768
Spectral Size 32768
. J'L L L
a o < S oS <
o o — (o] o m ™
T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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O O VY < M NN o NNIoO O OOMm n <
— o — — o NNINNNNNO -~
Parameter Value —5— | VAERNEN ~N— — \—" Y
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coei3
Temperature 2982
Pulse Sequence 2gpg30
Experiment 1D O OH
Probe 5 mm CPDUL
13C/ D-1H Z- HsC ™0 =
GRD 244862/
0018 FF g
Number of 1024 CH,
Scans 7
d-3
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width  9.7000
Acquistion 11011
Time
Acquiston  2013-12-19T23:
Date 44:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 22790
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
| . L )
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

f1 (ppm)
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-113.88
-113.90
-114.57
-114.59
-119.81
-119.85

-120.51
-120.55

Parameter Value
MHY —y =
Origin Bruker Analytik
Spectrometer dr00
Solvent coai3
Temperature 293.7
Pulse zgflan
Sequence
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/ 0 oA
31P/ 19F Z-GRD
78400/ 0239 HSCAD //
Number of 16
Scans FFPos
Receiver Gain 724 [ H3
Relaxation  1.0000 7d-3
Delay
Pulse Width  27.0000
Acquisition ~ 0.8717
Time
Acquisition  2013-12-18T18:41:00
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
gy,
T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
N O T O W O W WwWo T MW NO O Q= m
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NNNNN N O VYo T < o~ -
Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400 0 0
Solvent coa3
Temperature  293.7 s o
Pulse Sequence zg30 HzC 0 Y’
Experiment 1D F
Probe 5 mm QNP CH
1H/ 13/ 31P/ 7d2 ?
19F Z-GRD -
28400/ 0239
Number of 16
Scans
Receiver Gain 512
Relaxation 10000
Delay
Pulse Width  16.0000
Acquision  3.9584
ime
Acquison  2013-12-18T18
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.4
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
& & & & X
< < N < <
— — o~ m ™
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent [ee)
Temperature  298.1 o 0
Pulse Sequence 2gpg30
Bpernent 10 HC 0 @
Probe 5 mm CPDUL 13¢/ F /
D-1H 2.GRD Z44BG2/ TH,
Number of 1024 7d-2
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Pulse Width ~ 9.7000
Acquistion  1.1011
Time
Acquistion  2013-12-20T00:10:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 2279.0
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
A ) LLL
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
f1 (ppm)
O
—
o
o
Parameter Value -
MHY |
Origin Bruker Analytik GmbH
Spectrometer  dx400
Solvent coei3
Temperature  293.7 g 0
Puise Sequence  zgfian
Experiment 1D HSCAO //
Probe 5 mm QNP 1H/ 13¢/ F
P/ 19F - 4
316 19F 2.GRO z8400/ CH,
Number of 16 Td2
Scans
Receiver Gain 724
Relaxation Delay 1.0000
Pulse Width ~ 27.0000
Acquisition Time 0.8717
Acquisition Date  2013-12-18T18:32:00
Spectrometer 37650
Frequency
Spectral Width ~ 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
origin UXNMR, Bruker
Analytische
Messtechnik
GmbH O O
Spectrometer  drxd00
Solvent DMSO K\O e
Temperature  293.7 /i
Pulse Sequence 2930 FF s
Bperiment 1D CHa
Probe 5 mm QNP 1H/ 7d-1
13C/ 31P/ 19F
Z-GRD 78400/
0239
Number of 16
Scans
Recelver Gain 512
Relaxation 10000
Delay
Pulse Width 16.0000
Acquision  3.9584
Time
Acquisition 2013-12-20T09:
Date 34:00
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest -1670.5
Frequency
Nucleus "
Acquired Size 32768
Spectral Size 32768
Q < Q
— — ™M
r T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectrometer spect
Solvent DMSO O O
Temperature 298.2 K
Pulse 29pg30 0 =
Sequence FFE & /‘
Experiment 1D CH
Probe 5 mm CPDUL 3
13C/ D-1H 2- Td-1
GRD 244862/
0018
Number of 1024
Scans
Receiver 2050
Gain
Relaxation ~ 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition 2013-12-20T1
Date 9:23:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest -2360.0
Frequency
Nudeus  13C
Acquired Size 32768
Spectral Size 32768
r 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

f1 (ppm)
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Parameter Value !
MHY
Origin Bruker Analytik GmbH
Spectrometer  dx400
Solvent DMSO
Temperature  293.7 [u] (]
Puise Sequence zgflan K
Experiment 1D 0 = ]
Probe 5 mm QNP 1H/ 13¢/
31/ 19F Z-GRD 78400/ FF S
0239 CH
Numberof 16 Td-1 3
scans
Receiver Gain 1149
Relaxation  1.0000
Delay
Puise Width  27.0000
Acquistion  0.8717
Time
Acquisition  2013-12-207T09:38:00
Date
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische o o
Messtechnik
GmbH
Spectrometer  dnc400 PRS0 d #
Solvent coa3 FF 5
Temperature  294.0
rature H
Puise 2030 7d
Sequence
Experiment 1D
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 512
Relaxation 1.0000
Delay
Puise Width  16.0000
Acquisition  3.9584
Time
Acquisition  2014-01-09T16
Date 45:00
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.4
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768 /MN
Jl M J L \
& e S d d
e < Qe < < <
— n — — o~ ™
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
Gr
Spectrometer  spect
Solvent coai3 o 0
Temperature ~ 298.2
Pulse Sequence 2gpg30 Ph " =
Experiment 1D FF & /‘
Probe 5 mm CPDUL
13C/ D-1H Z- CH:3
GRD 744862/ 7d
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
ime
Acquisition 2014-01-27T10:
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 22822
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
r 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
f1 (ppm)
[oe]
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Parameter Value —
MHY I‘
Origin Bruker Analytik
GmbH
Spectrometer dn00
Solvent  CDCI3 o 0o
Temperature 294.0
puise zgfian T
Sequence Ph™ ™% ad J
Experiment 1D FF s
Probe 5 mm QNP 1H/ 13¢/ oH
31P/ 19F Z-GRD 2
28400/ 0239 Td
Number of 16
Scans
Receiver 912
Gain
Relaxation  1.0000
Delay
Pulse Width  27.0000
Acquisition  0.8717
Time
Acquisition  2014-01-09T16:47:00
Date
Spectrometer 376.50
Frequency
Spectral 751880
Width
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter  Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectromete drx400
v
Solvent  CDCI3 0
Temperature 293.0 .
Puise 2930 Ph c J
Sequence FFF g
Experiment 1D
Probe 5 mm QNP Me
1H/ 13¢/
31/ 19F - 8d
GRD 78400/
0239
Number of 16
Scans
Receiver 287
Gain
Relaxation  1.0000
Delay
Pulse Width  16.0000
Acquisition  3.9584
ime
Acquisition  2014-01-23T
20:38:00
Spectromete 400.13
¥ Frequency
Spectral  8278.1
Width
Lowest -1673.2
Frequency
Nuceus  1H
Acquired 32768
Size
Spectral Size 32768
" J}MH JbL I\ l_.A._,
$ 4
S S
o~ ™M
T T T T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
— O = ONMOOIMOOMOUEANETMALON
hag NQRDEMRNNGRNDO D DS v 799 2
o ool MO OO OCGRBNNG S B G0 B S NEAR TNe N
0 00 © mmmmonmnmAaNNANANANNS A A A~ NN WO 00 00 0 O
— - - A A A A A A A A A A A A A A NINDN m M ™m —
parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectromete spect
v
Solvent  CDCI3
Temperature 298.2 0]
Puise 29pg30
Sequence Ph S e
Experiment 1D y
Probe 5mm FF 3
CPDUL 13¢/
D-1H Z-GRD he
744862/
0018 ad
Number of 1024
Scans
Receiver 2050
Gain
Relaxation  0.1500
Delay
Pulse Width 9.7000
Acquisition  1.1011
Time
Acquisition  2014-01-24T
Date 11:47:00
Spectromete 125.77
r Frequency
Spectral  29761.9
Width
Lowest 22828
Frequency
Nuceus  13C
Acquired 32768
Size
Spectral Size 32768
‘ J . L A A
r 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

f1 (ppm)
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Parameter Value Qo
MHY *\V
Origin Bruker Analytik
Spectrometer  dn00
Solvent coei
Temperature 292.9
Pulse Sequence zgflan
Experiment 1D 0
Probe 5 mm QNP 1H/
13C/ 31P/ 19F Ph o =
2Z-GRD 78400/ /‘
0239 F F 5
Number of 16
Scans te
Receiver Gain 645 3 (I
Relaxation Delay 1.0000
Puise Width ~ 27.0000
Acquisition 0.8717
Time
Acquisition Date 2014-01-23T20:4
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest. -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
L
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
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Parameter  Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer dn00
Solvent o3 o
Temperature 294.0 F, &
Pulse 2930 F Y f
Sequence S
Experiment 1D - e
Probe 5 mm QNP Fh
1H/ 13C/
31P/ 19F Z-
GRD 28400/ 9d
0239
Number of 16
Scans
Receiver Gain 456
Relaxation 1.0000
Delay
Pulse Width  16.0000
Acquisition  3.9584
Time
Acquisition 2014-01-22T1
Date :24:00
Spectrometer 400.13
Frequency
Spectral  8278.1
Width
Lowest -1673.7
Frequency
Nudleus H
Acquired Size 32768
Spectral Size 32768
J ] MM s A,
4 & X & &S & &
o < R e ee < <
o n o — — — ™M
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent o3
Temperature  298.2
Pulse Sequence 2gpg30 o]
Experiment 1D F, £
Probe 5 mm CPDUL F Y
13C/ D-1H - (=3
GRD 744862/ =
0018 Fh &
Numberof 1024
Scans.
Receiver Gain 2050 d
Relaxation  0.1500
Delay
Pulse Width 97000
Acquisition  1.1011
Acquisition  2014-01-27T10:
Date 12
Spectrometer  125.77
Frequency
Spectral Width  29761.9
Lowest 22875
Frequency
Nucleus 13¢
Acquired Size 32768
Spectral Size 32768
A Lim J N
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
n
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Parameter Value N
MHY
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent a3
Temperature  294.1
Pulse Sequence zgflan E 0
Experiment 1D F o
Probe 5 mm QNP 1H/ 13¢/ !
31P/ 19F Z-GRD S
28400/ 0239 Ph = 2
Numberof 16
Scans
Receiver Gain 724 9d
Relaxation  1.0000
Delay
Puise Width  27.0000
Acquisition  0.8717
Time
Acquisition  2014-01-22T16:27:00
Date
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
A "
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer  drx400
Solvent coa3 O OH
Temperature  293.5
Pulse Sequence zg30 HSC/\O \ N
Experiment 1D F F N
Probe 5 mm QNP 1H/ 13/ Ph
31P/ 19F Z-GRD
28400/ 0239 Te3
Numberof 16
Scans
Receiver Gain 161
Relaxation  1.0000
Delay
Pulse Width 145000
Acquisition 3.9584
Time
Acquisition 2014-07-03T18:45:54
Date
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
[ M JL A J L
s T g 3 :
ceaceco < e o S
— O NN — ~ o~ o ™
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH O OH
Spectrometer  spect
Solvent coc3
S
Temperature  297.4 Hee” 0 i M
Pulse Sequence zgpg30 FF I
Experiment 1D Ph
Probe S mm PABBO BB/ Tel3
19F-1H/ D Z-GRD
2110902/ 0011
Number of 2991
Scans
Receiver Gain 18390
Relaxation 0.1500
Delay
Pulse Width 16.5000
Acquisttion 1,092
Time
Acquisition 2014-07-03T19:10:02
Date
Spectrometer  125.76
Frequency
Spectral Width  30030.0
Lowest 2427.9
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
I U
r 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

f1 (ppm)



S1-169

VOOV OWN LD
REIBARS3
MO IT +TO O =
A A ANANANN
PR A A A
T T T T T
Parameter Value
Origin Bruker Analytik GmbH
Spectrometer  dxd00
Solvent o3
Temperature  293.5
Pulse Sequence  zgflan
Experiment 1D o OH
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD 78400/ H3C/\O N
239 e 3 W
Number of Scans 16 N
Recelver Gain 645 Ph
Relaxation Delay 1.0000 Te3
Puise Width ~ 27.0000
Acquisition Time 0.8716
Acquisition Date 2014-07-03T18:47:15
Spectrometer  376.50
Frequency
Spectral Width ~ 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
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[ee] ONNNNNNNNNNNNNNNNNRNNRNDNNNNNNDNNMNT S — = -
B N M M AN I T
[ e —— ~I—
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH o 0
Spectrometer 400
s
Solvent o3 H,z™ ™0 ( Sy
Temperature  293.4 F N
Pulse Sequence 230 .
Bxperiment 1D h
Probe 5 mm QNP 1H/ Te-2
13¢/ 31/ 19F
Z-GRD 28400/
0239
Nomberof 16
Scans
Receiver Gain 287
Relaxation Delay 1.0000
Puse Width  14.5000
Acquisiton 39584
Time
Acquisition Date 2014-07-03T21:5
Spectrometer  400.13
Frequency
Spectral Width ~ 8278.1
Lowest 16733
Frequency
Nucleus I
Acquired Size 32768
Spectral Size 32768
J ) U
L ) J o
S ceee N e
~— o NN - o (2]
e LI B — T T T T T T T T T T T T T T T
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 45 4.0 35 3.0 2.5 2.0 15 1.0 05

5.0
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische 0 0
Messtechnik .
bH o~
Spectrometer sp:cl HaC © \ N
Solvent cpa3 F F N
Temperature  297.4 Fh
Pulse 29pg30 Te-2
Sequence
Experiment. 10
Probe 5 mm PABBO
BB/ 19F-1H/
D Z-GRD
7110902/ 0011
Number of 2374
Scans
Receiver Gain 18390
Relaxation 0.1500
Delay
Pulse Width  16.5000
Acquistion 10912
ime
Acquisition 2014-07-0312
2:08:13
Spectrometer 125.76
Frequency
Spectral 30030.0
Width
Lowest -2419.5
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T L— — 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
f1 (ppm)
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Parameter Value
MHY
Origin Bruker Analytik GmbH
Spectrometer 00
Solvent oo O O
Temperature  293.4 .
Pulse Sequence zgflan HsC (8] 1 \IN
Experiment 1D F F il
Probe. 5 mm QNP 1H/ 13/ bh
31P/ 19F Z-GRD 78400/
0239 Te2
Number of 16
Scans
Receiver Gain 813
Relaxation Delay 1.0000
Pulse Width  27.0000
Acquisition 0.8716
Time
Acquisition Date 2014-07-03T21:57:11
Spectrometer  376.50
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drd00 0 0
Solvent DMSO K
Temperature 2933 0 y =
Pulse 230 FF N
Sequence
Experiment 1D bh
Probe 5 mm QNP
1H/ 13C/ 31P/ Te-1
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 645
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition ~ 3.9584
Time
Acquisition  2014-06-30T09
:03:59
Spectrometer 400,13
Frequency
Spectral Width 8278.1
Lowest -1670.5
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
" LA L
& 4 &S
a o o298
o o~ AN~
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische o 0
Messtechnik K
GmbH “O \ N
Spectrometer  spect )
Solvent DMSO FF H
Temperaure 2974 Ph
Pulse Sequence zgpg30 Te-1
Experiment 1D
Probe 5 mm PABBO
BB/ 19F-1H/ D
7-GRD 2110902/
o011
Number of 7736
Scans
Receiver Gain 18390
Relaxation 0.1500
Delay
Pulse Width 16.5000
Acquisition 1.0912
Time
Acquisition Date 2014-07-05T17:
49:59
Spectrometer  125.76
Frequency
Spectral Width  30030.0
Lowest -2496.8
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value
MHY
Origin Bruker Analytik
GmbH
Spectrometer  drx400
Solvent DMSO (8] 8]
Temperature  293.4 K
Pulse 2gfign 0 \N
Sequence b
Experiment 1D FF
Probe. 5 mm QNP 1H/ 13C/ b h
31P/ 19F Z-GRD
78400/ 0239 Ja1
Number of 16
Scans
Receiver Gain 912
Relaxation ~ 1.0000
Delay
Pulse Width ~ 27.0000
Acquisition  0.8716
Time
Acquisition  2014-06-30T09:05:20
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest 75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
(o)) MO O TULULTNMOMLAOAINNOANNONOONDVDANLLONLNLO
Q HNONOWXMETN0OTITITANNONAONMOAODINOLL MAON
MR RER RN R R R D D
[oe] ONNNNRNNRNRNRNNRNRNNRNNRNNNOOOOOOOOTT
| [ e T
T— T T —
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische

Messtechnik
GmbH

Spectrometer  drx400

Solvent a3
Temperature  293.5
Pulse Sequence zg30 [a] 8]
Experiment 1D
Probe 5 mm QNP 1H/ Ph~"Se"0 A
13¢/ 31/ 19F o
2-GRD 78400/ FF
0239 1
N Fh
umber of 16
Scans Te
Receiver Gain 228
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisiton ~ 3.9584
Time
Acquisition  2014-07-01T21:
27:12
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest 16733
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
& & T g & &
a o B ] S S S
o o NN MM — — o~
r T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische

Messtechnik GmbH
Spectrometer spect
Solvent coai3
Temperature 297.4

Puse 20pg30

Sequence

Experiment 1D

Probe 5 mm PABBO BB/
19F-1H/ D Z-GRD
7110902/ 0011

Number of 7580

Scans

Receiver 18390

Gain

Relaxation  0.1500
Delay

Pulse Width  16.5000
Acquisition  1.0912
Time
Acquisition  2014-07-04T18:48:00
Date

Spectrometer 125.76

Frequency
Spectral 30030.0
Width

Lowest -2417.5
Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 32768

HON NOONTT-HOUMTONMOWOOTNLWLWL
QO QAU NNVUYURAENINOQANNWYLINYOMOXMA
AH A MM ANOON A A ABRONOS D =N LN
VOO TTETMMNMMMMOHOANNNNNNNA—OONNUO®
A A A A A A A A A A A A A A A A A A A A ANNNO
s\“/ \&\\/)))JJJQQQQQQQQ \V‘
FAr—r
o 0
Ph- "0 i
FF '
Ph
Te

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
[oo]
n
o
—
—
]
Parameter Value
MHY
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent coci3
Temperature  293.7 o0
Pulse Sequence  zgflan Bh MO 2 M
Experiment 1D \ A
Probe 5 mm QNP 1H/ 13¢/ 31/ FF
19F Z-GRD 28400/ 0239 Eh
Number of Scans 16 Te
Receiver Gain 813
Relaxation Delay  1.0000
Pulse Width 27.0000
Acquisition Time 08716
Acquisition Date  2014-07-01T16:17:32
Spectrometer  376.50
Frequency
Spectral Width ~ 75188.0
Lowest Frequency -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

1 (ppm)



SI-174

NMMON-—TOMANONINT ATONMOONTATOANIITMMNMONMOITOTONOMMILNDOONIOIOWLWLONUOMOT MO N A
VAN NOODOAN-HODANANANNHOONVONNOLOULLOMOMATOOINVOVONTMAOANODVLDOTNNITETMA—AAANNLLL
MANNNRANRNOIOS YIS NNAS" sl 114000800
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400 o]
Sovent  CDCI3
Temperature 293.4 PR ™ i N
Pulse 2930 FF i
Sequence .
Experiment 1D 8 e F’ h
Probe 5 mm QNP 14/ 13¢/
31P/ 19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 575
Relaxation 1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition 2014-07-13T16:54:23
Date
Spectrometer 400.13
Frequency
Spectral 8278.1
‘Width
Lowest -1673.7
Frequency
Nucleus  1H
Acquired Size 32768
Spectral Size 32768
L “ A““; il
d 4 LS 3 & &
e o S NY S < S <
— O NN — — ~
s B e e T T T L—
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5. 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 Q
f1 (ppm)
< 0 M HOAONOTOOAINANOONDOODWOWAHNMOO
naoQ NH=SHNOOVOVaEMOINhANINN©YWYST T DR oo
< ¥ ¥ MR R R R B B R R R =R R R NI LI
@ o © TETEOOOOMOMOANANANNANNNA A A A A A N Y © NENN
— - A A A A A A A A A A A A A A A A A A A NN mmm
- e N e -
Parameter Value
MHY
Origin Bruker BioSpin GmbH O
Spectrometer  spect
Solvent coei3 Ph™ ™ \\N
Temperature  298.2 FF ’
Pulse Sequence zgpg30 .
Experiment. 1D 3 e P h
Probe 5 mm CPDUL 13¢/
D-1H Z-GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisiton1.1011
ime
Acquisition 2014-07-13T16:43:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2279.9
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
J L . .
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value
MHY k\‘/
origin Bruker Analytik GmbH
Spectrometer  dnd00
Solvent cei3
Temperature  293.4 o
Puise Sequence  zgfian
Experiment )
Ph ™ -
Probe 5 mm QNP 1H/ 13/ 317/ o
19F Z-GRD 28400/ 0239 FF
Number of Scans 16 I
Ph
Receiver Gain 813 ge
Relaxation Delay ~ 1.0000
Pulse Width 27.0000
Acquisition Time  0.8716
Acquisition Date  2014-07-13T16:51:55
Spectrometer 37650
Frequency
Spectral Width 751880
Lowest Frequency -75243.6
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
m
T T T T T T T T T T T T T T
-10 -20 -30 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
D NT DO MmN A AOAMAAOVUMNUOUEAANANOLLONOTAND—=EHOLNONTHLLANON OO
NOWO®ONYO YL NNODYTTTONANTODODONNOLIAIANOINTNANOOUMEAEANNWOOOWO T
MHEYVOYY oY mommooonmmmmaMngaNAdAdNNANaNNaANNNMMOomm N NN
WAONNNNNDN NANNNNNNRNNNRNRNNNNNNNNOOOOOOVOOUOULMODLDWLWLLWLLWLLILDT T T
R S S S S S S S S S S S S S S
B s =
Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
S 0
pectrometer  drx400 F
Solvent cpa3 F Sy
Temperature  293.4 h
Pulse 2930 e N‘
Sequence Ph Ph
Experiment. 1D
Probe. 5 mm QNP 9e
1H/ 13/ 317/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 228
Relaxation  1.0000
Delay
Pulse Width 14.5000
Acquisition 3.9584
Time
Acquisition 2014-07-05T2
0:49:!
Spectrometer 400.13
Frequency
Spectral 8278.1
‘Width
Lowest -1673.3
Frequency
Nucleus "
Acquired Size 32768
Spectral Size 32768
NNL " J‘““\ ” n Lg
dd Sl & SR &
a o Qe < Qc Q
o o N N O — — —
r T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 Q

5.0
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer spect =
Solvent coa3 FF e
Tem N
perature  298.2 N
Pulse 29pg30 / N
Sequence Ph K
Experiment. 10 Ph
Probe 5 mm CPDUL 13C/ Je
D-1H Z-GRD 244862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Time
Acquisition  2014-07-13T17:08:00
Spectrometer 125.77
Frequency
Spectral Width 29761.9
Lowest 22812
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
T T T L e B L B B T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
MM T O T D
NexihmnmaQ
N LWwWwWWOMNNODO®
O OO0 OO0OOoOo
HH A A A A
T T T T T
Parameter Value Y
MHY
Origin Bruker Analytik GmbH
Spectrometer  dnd00
Solvent coci3
Temperature 293.4
Pulse Sequence  zgflan
Experiment 1D
Probe: 5 mm QNP 1H/ 13C/
31P/ 19F -GRD 28400/
0239
Number of Scans 16
Receiver Gain 1024
Relaxation Delay 1.0000
Pulse Width ~ 27.0000 9e
Acquisition Time  0.8716
Acquisition Date  2014-07-05T20:51:19
Spectrometer 37650
Frequency
Spectral Width ~ 75188.0
Lowest: -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
il .
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik 0 OH
GmbH
Spectrometer  dnc00
B oo
FF
Temperature  293.7
Pulse 2930
Sequence 73
Experiment 1
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
28400/ 0239
Number of 16
Scans
Receiver Gain 362
Relaxation 1.0000
Delay
Pulse Width  16.0000
Acquisition 3.9584
ime
Acquisition 2013-11-07T17
:50:00
Spectrometer 400.13
Frequency
Spectral Width 8278.1
Lowest -1673.3
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 32768
J '{\ M A
N < aca o
o~ — o~ un m
r T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)
Q<+ M O naooN
¥ ¥ F M ~ S e TNQOT TN TOLNNG o
O O OO o NNOWLWLWNWLM VAN O OL <
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Parameter Value
MHY
Origin Bruker
BioSpin GmbH
Spectrometer  spect
Solvent €DCi3
Temperature 298.2
Puise 2pg30 Q oH
Sequence
J—— Hat 0
Probe 5 mm CPDUL F F
13C/ D-1H Z-
GRD 744862/
0018 T3
Number of 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width  9.7000
Acquisition 1.1011
Acquisition  2014-06-03T2
Date 0:33:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest -2279.1
Frequency
Nudleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value oA H
" SR
Origin Bruker Analytik
GmbH
Spectrometer dn00
Solvent coci3
Temperature 293.2
Pulse 2gflan
Sequence
Experiment 1D o aH
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD HzGC 0
78400/ 0239 FF
Number of 16
Scans
Receiver 813 T3
Gain
Relaxation ~ 1.0000
Delay
Pulse Width ~ 27.0000
Acquisition  0.8716
Time
Acquisition  2014-05-31T21:42:39
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 75243.6
Frequency
Nuceus  19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
CWHMWDLIAEANMNMOTOMOLOLOAHANVTOTATOANANATOTONOTETINATMNIINNOMONY =LY
NOOOVUIT AT HTOOMMMANTOONIAILITMNANTHOODOANANNHOAANTITMHOOVONINITMANTTOOONW®OWLAN
NMMNMAQANNQAANRRNRNANRROIRABERROREIANNMNNNROGOICIT LI TN ANNANA
N T T ANNNN™ ™= A A A — oA = o o o o o o o o o
— T —————______
- ™ o na T
Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH Is] 0
Spectrometer  drx400
e
Solvent coci3 H,C 0
Temperature  293.6 e
Pulse 2930
Sequence
Experiment 1D Tf-2
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
78400/ 0239
Number of 16
Scans
Receiver Gain 362
Relaxation 10000
Delay
Pulse Width  16.0000
Acquisiion  3.9584
Time
Acquison  2013-11-09T09
121:00
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.4
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
) J‘ h
< < cQQ m
N — NN <]
r T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0

1 (ppm)
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Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectrometer spect
Solvent o3 o 0
Temperature  298.2 .
Puise 20pg30 H;C™ "0
Sequence FF
Experiment 1D
Probe 5 mm CPDUL
S 72
GRD 744862/
0018
Number of 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Pulse Width 97000
Acquisition 11011
ime
Acquisition 2014-06-03T2
0:59:00
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest 22788
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
o~
i
™
i
i
Parameter Value '
MHY |
Origin Bruker Analytik
GmbH
Spectrometer  drx400
Solvent coa3 o o
Temperature 2936
Pulse Sequence zgfian o
) HyC™ "0
Experiment 1D ' F
Probe 5 mm QNP 1H/
13¢/ 31P/ 19F
Z-GRD 28400/
0239 Tf-2
Numberof 16
Scans
Receiver Gain 724
Relaxation  1.0000
Delay
Pulse Width 27.0000
Acquisition 0.8717
Time
Acquisition Date 2013-11-09T09:
23:00
Spectrometer 37650
Frequency
Spectral Width  75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik GmbH
Spectrometer drx400
Sovent  DMSO o 0
Temperature  293.7 K
Puise 2930 0
Sequence £ F
Experiment 1D
Probe 5 mm QNP 1H/ 13¢/
31P/ 19F Z-GRD Tf-1
78400/ 0239
Number of 16
Scans
Receiver Gain 322
Relaxation 10000
Delay
Pulse Width ~ 16.0000
Acquisition 39584
Time
Acquisition  2013-11-11T12:29:00
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1670.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
" J )
e - N
— n n
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin GmbH
Spectrometer  spect
Solvent DMSO 0 0
Temperature  298.2 K
Pulse 2gpg30 ~0
Sequence
Experiment 1D FF
Probe 5 mm CPDUL 13/
D-1H Z-GRD 744862/
0018 7
Number of 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width ~ 9.7000
Acquisiton 11011
Time
Acquisition  2014-06-02T13:12:00
Date
Spectrometer 125.77
Frequency
Spectral 29761.9
Width
Lowest -2360.6
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
r 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

f1 (ppm)
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Parameter Value !
MHY
Origin Bruker Analytik
GmbH
Spectrometer  dn00
Solvent DMSO
Temperature 2937 o o
Pulse Sequence zgflan K
Experiment 1D "0
Probe 5 mm QNP 1H/ FF
13/ 31P/ 19F
2-GRD 28400/
0239 71
Number of 16
Scans
Recelver Gain 1149
Relaxation 1.0000
Delay
Pulse Width ~ 27.0000
Acquisition 08717
Time
Acquisition Date 2013-11-11T12:
32:00
Spectrometer  376.50
Frequency
Spectral Width ~ 75188.0
Lowest 752436
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)
ATNOAN-TNOOUNNVNODNDO ATV ANLOVDOMOVOWVW AOVOTAITNITILANMANATOTINANALLOITITNOITMINETMNMLONM
N—=ONOLMANT—ATOONT AT ORNRNDLMNMOT AT TN MNANOTIITMNMANTONOHOITMATOONOITMNMANATODNDON O T =
TIEIIMMNOMMOMNMAANANRNMMANNANNNGARNRCQAQRQRRIVEANNNOT LT NMMOMMIMMMNANANANN
NNNNNN NNNNNOOOVOOVOUOVWOOTTANN™ ™ ™™= ™™ ™™ = ™ ™= = ™ = ™= ™ = ™= ™ = ™ = = ™ = = ™= = =~
T I N N W P
Parameter Value
MHY
Origin UXNMR, Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400 o o
Solvent coai3 T,
. PhMO
perature  293.6
Pulse Sequence 2930 F F
Experiment 1D
Probe 5 mm QNP 1H/
13/ 31P/ 19F "
Z-GRD 78400/
0239
Numberof 16
Scans
Receiver Gain 406
Relaxation 1.0000
Delay
Pulse Width 160000
Acquision  3.9584
Time
Acquision  2013-11-14T12:
Date 53:00
Spectrometer  400.13
Frequency
Spectral Width  8278.1
Lowest -1673.4
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
‘A\ _J J’\;
£ g d 2 Kdy T4
Qe < e N e eee o
N ™M - — o~ ~ NN n
r T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5
f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer spect
Solvent cpa3
“Temperature 298.2 O O
Pulse Sequence 2gpg30 S
Experiment 1D ph g
Probe 5 mm CPDUL F F
13C/ D-1H Z-
GRD 744862/
0018 Tf
Numberof 1024
Scans
Receiver Gain 2050
Relaxation 0.1500
Delay
Pulse Width 9.7000
Acquisition 1.1011
ime
Acquisition Date 2014-06-02T12:
Spectrometer 12577
Frequency
Spectral Width  29761.9
Lowest -2280.2
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 32768
i | C 1 .
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value !
MHY
Origin Bruker Analytik
GmbH
Spectrometer drx400
Sovent  CDC3
Temperature 293.6 u] 6]
Puise 2gfian
Sequence PhMO
Experiment 1D
Probe 5 mm QNP 1H/ 13/ FF
31P/ 19F Z-GRD
28400/ 0239
Number of 16 L
Scans
Receiver 645
Gain
Relaxation ~ 1.0000
Delay
Puise Width ~ 27.0000
Acquistion  0.8717
Time
Acquisition 2013-11-14T12:55:00
Date
Spectrometer 376.50
Frequency
Spectral  75188.0
Width
Lowest 752436
Frequency
Nudeus  19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  dn400
Solvent a3
Temperature  293.1 o]
Pulse Sequence 2930 e
Experiment 1D Ph
Probe 5 mm QNP FF
1H/ 13¢/ 31P
19F Z-GRD
28400/ 0239 8f
Number of 16
Scans
Receiver Gain 362
Relaxation 1.0000
Delay
Puise Width  14.5000
Acquisition  3.9584
ime
Acquistion  2014-06-15T23
Date 45:32
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
Jon
Py & & & ia d
o < < e Q- @Q
© — — (s} < ~ n
T v T v T v T v T v T v T v T v T v T v T v T v T v T v T v T v T v T v
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f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin
GmbH
Spectrometer  spect
Solvent coais o
Temperature  298.2
Pulse Sequence zgpg30 Ph T
Experiment 1D
Probe 5 mm CPDUL FF
13¢/ D-1H 2
GRD 744862/
0018 8f
Number of 1024
Scans
Receiver Gain 2050
Relaxation 01500
Delay
Puise Width  9.7000
Acquision 11011
Time
Acquisition  2014-06-17T14:
39:00
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest 2279.1
Frequency
Nucleus 13
Acquired Size 32768
Spectral Size 32768
I " deid | . A deii
T T T T T T T T T T T T T T T T T T T T T
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f1 (ppm)
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4.5
f1 (ppm)

Parameter Value
MHY k\‘/
Origin Bruker Analytik GmbH
Spectrometer  dx400
Solvent coc3
Temperature  293.1
Pulse Sequence ~ zgfian
Experment 1D
Probe. 5 mm QNP 1H/ 13/ [u]
31/ 19F Z-GRD 78400/
0239 e,
Number of 16 Fh
scans FF
Receiver Gain 645
Relaxation Delay 1.0000 Bf
Pulse Width ~ 27.0000
Acquisition Time 0.8716
Acquisition Date 2014-06-10T22:04:28
Spectrometer  376.50
Frequency
Spectral Width ~ 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
A 1
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f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer  drx400
Solvent coc3 a
Temperature  293.1 F
Pulse Sequence zg30 F
Experiment 1D
Probe 5 mm QNP o
1H/ 13C/ 31P/ Ph
19F Z-GRD
28400/ 0239 o
Numberof 16
Scans
Receiver Gain 256
Relaxation  1.0000
Delay
Pulse Width 14,5000
Acquisiton  3.9584
Time
Acquisition  2014-06-10T22
Date :28:07
Spectrometer  400.13
Frequency
Spectral Width 8278.1
Lowe: -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
Py & £'S < & P
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Parameter  Value
MHY
Origin Bruker
BioSpin
GmbH
Spectrometer spect
Solvent cpa3
Temperature  298.2 Is]
Pulse 2gpg30 F
Sequence F
Experiment 1D
Probe S mm CPDUL =
13C/ DH Z- Ph
GRD 244862/
0018 o
Number of 1024
Scans

Receiver Gain 2050
Relaxation  0.1500
Delay

Pulse Width ~ 9.7000
Acquisition  1.1011

ime

Acquisition  2014-06-11T1
6:20:00

Spectrometer 125.77

Frequency

Spectral 29761.9

Width

Lowest -2279.1

Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 32768
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Parameter Value A
MHY ——] ==
Origin Bruker Analytik GmbH
Spectrometer  drx400
Solvent o3
Temperature  293.1
Pulse Sequence  zgfian
Experiment. 1D
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD 8400/
0239
Number of Scans 16 6]
Receiver Gain 724 F,
Relaxation Delay ~1.0000 F
Pulse Width  27.0000
Acquisition Time  0.8716 Flh /
Acquisition Date  2014-06-10T22:29:45
Spectrometer 37650 9f
Frequency
Spectral Width ~ 75188.0
Lowest -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
L
Ul "
T T T T T T T T T T T T T T T T T T T
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f1 (ppm)
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Parameter Value
MHY
Origin UXNMR,
Bruker
Analytische
Messtechnik
GmbH
Spectrometer dnd00 T o o
Solvent coai3 FaC
Temperature  293.5 0 Fh
Puise 230 F F
Sequence
Experiment 1D 15
Probe 5 mm QNP
1H/ 13C/ 31P/
19F Z-GRD
28400/ 0239
Numberof 16
Scans
Receiver Gain 512
Relaxation  1.0000
Delay
Puise Width ~ 15.5000
Acquisition  3.9584
Time
Acquisition  2014-11-18T2
2:08:26
Spectrometer 400.13
Frequency
Spectral 8278.1
Width
Lowest -1673.7
Frequency
Nucleus H
Acquired Size 32768
Spectral Size 32768
1 A s & &R
e QeQ e e Qo
[a\] ~ = N — — - O
r T T T T T T T T T T T T T T T T T T
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f1 (ppm)
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Parameter Value
MHY
Origin Bruker BioSpin T
GmbH
i Fs
Spectrometer  spect
Solvent coci3
Temperature  298.2
Pulse Sequence 2gpg30 15
Experiment 1D
Probe 5 mm CPDUL
13C/ D Z-
GRD 744862/
0018
Numberof 1024
Scans
Receiver Gain 2050
Relaxation  0.1500
Delay
Pulse Width 97000
Acquision 11011
Time
Acquision  2014-11-19T19:
Date 21:00
Spectrometer 125.77
Frequency
Spectral Width  29761.9
Lowest 2279.2
Frequency
Nucleus 13¢
Acquired Size 32768
Spectral Size 32768
h A A l L ' ' L "
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Parameter Value ' o
MHY ‘ v
Origin Bruker Analytik
GmbH
Spectrometer drx400
Solvent €DCI3
Temperature 293.3 =
Pulse zgflan
Sequence FiC
Experiment 1D
Probe 5 mm QNP 1H/ 13C/
31P/ 19F Z-GRD
78400/ 0239
Number of 16 15
Scans
Receiver Gain 1290
Relaxation 1.0000
Delay
Pulse Width ~ 27.0000
Acquisition 0.8716
Acquisition 2014-11-17T20:31:25
Date
Spectrometer 376.50
Frequency
Spectral 75188.0
Width
Lowest. -75243.6
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)
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Parameter Value \‘/ \V
MHY
Origin Bruker Analytik
GmbH
Spectrometer  dd00 o
Sovent e R (o] Pd(0AC), (3.0 mal /o)o o]
Temperature  293.6 FaC t-BuBrettPh os (5.0 mol%) FaC .
Puise Sequence zgfiqn 8] Fh Fh
Experiment 1D FF 14-dioxane 60 °C, 24 h F
Probe S mm QNP 1H/
AR 15 Catalyst SystemA 5a
Z-GRD 78400/
0239
Number of 16
Scans
Receiver Gain 1448
Relaxation 5.0000
Delay
Pulse Width 27.0000
Acquisition 0.8716
CF3CHOH
Acquisition 2014-11-18T23:
18:02
Spectrometer  376.50
Frequency Ba
Spectral Width 75188.0
Lowest -75050.5
Frequency
Nucleus 19F
Acquired Size 65536
Spectral Size 65536 5a
6a
A " A
4 |
S n
=) o
S o
— ~N
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f1 (ppm)
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Parameter Value ~} ——\
MHY
Origin Bruker Analytik
GmbH
Spectrometer  drx400
Soivent o3 o}
Temperature  293.6
Pulse S¢ fil \ O O
uise Sequence zgfign Pd{0AC)S (25 mol%) F Ph
Bxperinent 10 FaC a Ph PhiPhos (5.0 mol%)
Probe 5 mm QNP 1H/ Fil =
13C/ 31P/ 19F F F
2Z-GRD 28400/ 14-dioxane, 80 °C, 24 h
0239
Numberof 16 Catalyst SystemB
scans 15 6a
Receiver Gain 1149
Relaxation 5.0000
Delay
Pulse Width ~ 27.0000 6a
Acquisition 0.8716
Time
Acquisition 2014-11-18T23:
Date :
Spectrometer  376.50
Frequency
Spectral Width 75188.0
Lowest. -75070.8
Frequency CF3CH20H
Nucleus 19F
Acquired Size 65536
Spectral Size 65536
6a
J — 5
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