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General Chemistry:

1H NMR spectra were recorded on a 300 or 400-MHz spectrometer. Chemical shift for tH NMR
spectra (in parts per million) relative to internal tetramethylsilane (Me4Si, 6 = 0.00 ppm) with CDCls.
13C NMR spectra were recorded at 75.5 or 101 MHz. Chemical shifts for 13C NMR spectra are reported
(in parts per million) relative to CDCl3 (6 = 77.0 ppm). 3P NMR spectra were recorded at 121.5 or
162 MHz, and chemical shifts reported (in parts per million) relative to external 85% phosphoric acid
(6 = 0.0 ppm). TLC plates were visualized by UV or immersion in permanganate potassium (3 g
KMnO4, 20 g K2C03, 5 mL 5% NaOHaq and 300 mL of water) followed by heating.

Reagent and solvents:

All starting materials were purchased from commercial sources and used as received. The solvents
were distilled under N; and dried according to standard procedures (THF from Na/ benzophenone
ketyl; DMF from MgSO4; CH3CN, toluene and dichloromethane from CaH3).

31P NMR Yield Measurements:

The NMR yields are determined by integration of all the resonances in the 31P spectra, an approach
which is valid if no phosphorus-containing gas (i.e. PH3) evolves, or if the precipitate in a
heterogeneous mixture does not contain phosphorus. The yields determined by NMR are generally
accurate within ~10% of the value indicated, and are reproducible.

(Rp)-Menthyl (hydroxymethyl)-H-phosphinate 2:1

_/

-

HO/_ \H

Paraformaldehyde (9.91 g, 330 mmol, 1.1 equiv) and hypophosphorous acid (39.6 g, 300 mmol, 1
equiv, 50% w.t. in water) were introduced in a round bottom flask and the reaction mixture was
stirred for 24h at 75°C. The reaction mixture was cooled down to rt and the oil obtained was diluted
in toluene (300 mL). L-menthol (46.9 g, 300 mmol, 1 equiv) was added and the reaction mixture was
stirred for 24h at reflux under N; in a flask equipped with a Dean-Stark trap. The solvent was then
removed under vacuum and the residue obtained was dissolved in a mixture of diethyl ether/hexane
(50 mL: 200 mL) and the flask was placed in the fridge for 4h (2°C). The solid obtained was filtered
and solubilized in diethyl ether (200 mL) and placed in the fridge (2°C) for 3h to afford the product
as white needles (6.54 g, 10%, >99% de). Mp = 101-102°C; 31P NMR (162 MHz, CDCl3): 6 = 34.9 (dm, J
= 542 Hz); 'H NMR (400 MHz, CDCl3): 6 = 7.16 (dm, J = 542 Hz, 1H), 4.04-4.23 (m, 2H), 3.82-4.00 (m,
2H), 2.14-2.24 (m, 1H), 1.98-2.11 (m, 1H), 2.04 (dquint.,, J = 2.4 and 7.0 Hz, 1H), 1.62-1.73 (m, 2H),
1.34-1.52 (m, 2H), 1.24 (q, / = 12.0 Hz, 1H), 0.93 (d, / = 6.7 Hz, 6H), 0.76-1.10 (m, 2H), 0.80 (d, /= 7.0
HZ, 3H); 13C NMR (101 MHZ, CDClg): 6 =79.3 (d,]p0c= 8.3 HZ), 59.7 (d,]pc= 111 HZ), 485 (d,]pocc= 55
Hz), 43.3, 33.8, 31.5, 25.6, 22.9, 21.8, 20.8, 15.7; HRMS (ESI+) m/z calcd for C11H2303P ([M+Na]*)
257.1385, found 257.1423; [a]p?2 = -61.4° (chloroform).

(Sp)-Menthyl (hydroxymethyl)phenylphosphinate 3:1

_/

Qo
Ph—R
\—0oH

To a solution of phenylphosphinic acid (42.6 g, 300 mmol, 1 equiv) in toluene (300 mL) was added L-
menthol (46.9 g, 300 mmol, 1 equiv). The reaction mixture was stirred at reflux for 24 h under N, in a
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flask equipped with a Dean-stark trap. After cooling down the reaction to rt, paraformaldehyde (9.01
g, 300 mmol, 1 equiv) was added and the reaction mixture was stirred at reflux for 24 h under N,.
The solvent was then removed under vacuum and the crude obtained was recrystallized at rt in
diethyl ether (200 mL) to afford the product as colorless crystals (24.2 g, 26%, 97% de). Mp = 138-
1390C; 31P NMR (162 MHz, CDCl3): & = 37.2 (s); *H NMR (400 MHz, CDCl3): 6 = 7.77-7.87 (m, 2H),
7.52-7.60 (m, 1H), 7.42-7.51 (m, 2H), 4.29-4.43 (m, 2H), 3.93-4.10 (m, 2H), 2.26 (dquint., J = 2.6 and
7.0 Hz, 1H), 1.80-1.91 (m, 1H), 1.57-1.73 (m, 2H), 1.26-1.47 (m, 2H), 0.96 (d, J = 7.1 Hz, 3H), 0.74-1.13
(m, 3H), 0.89 (d, /= 7.0 Hz, 3H), 0.78 (d, = 6.4 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 132.3 (d, Jrccec
= 2.8 Hz), 131.7 (d, Jeccc= 9.9 Hz, 2C), 130.6 (d, Jpc= 123 Hz), 128.3 (d, Jecc= 12.1 Hz, 2C), 77.1 (d, Jroc
= 8.3 Hz), 60.2 (d, Jec= 117 Hz), 48.7 (d, Jrocc= 6.1 Hz), 43.2, 34.0, 31.4, 25.5, 22.8, 21.9, 21.1, 15.7;
HRMS (EI+) m/z calcd for CiH2803P ([M+H]*) 311.1776, found 311.1766; [a]p?? = -46.7°
(chloroform).

(Rp)-Menthyl cinnamyl(hydroxymethyl)phosphinate 4:1

-
-
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To a solution of cinnamylphosphinic acid (9.11 g, 50 mmol, 1 equiv) in toluene (100 mL) was added
L-menthol (7.81 g, 50 mmol, 1 equiv). The reaction mixture was stirred at reflux for 24 h under N in
a flask equipped with a Dean-Stark trap. After cooling down the reaction to rt, paraformaldehyde (1.5
g, 50 mmol, 1 equiv) was added and the reaction mixture was stirred at reflux for 24 h under N». The
solvent was then removed under vacuum and the crude obtained was recrystallized at rt in a mixture
ethyl acetate/diethyl ether (30 mL : 150 mL) to afford the product as a white solid (5.6 g, 32%, > 99%
de). Mp = 145-146°C; 31P NMR (162 MHz, CDCl3): & = 48.8 (s); *H NMR (400 MHz, CDCl3): 6 = 7.19-
7.39 (m, 5H), 6.55 (dd, J = 4.7 and 15.8 Hz, 1H), 6.12-6.27 (m, 1H), 4.20-4.34 (m, 1H), 3.87 (s, 2H),
3.64 (s, 1H), 2.85 (dd, J = 7.6 and 17.6 Hz, 2H), 2.06-2.22 (m, 2H), 1.60-1.71 (m, 2H), 1.28-1.54 (m,
2H), 1.15 (q,J = 11.7 Hz, 1H), 0.74-1.07 (m, 2H), 0.91 (d, ] = 6.4 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H), 0.77
(d,] =70 HZ, 3H); 13C NMR (101 MHZ, CDCls): 6 =136.8 (d, ]pcccc= 3.3 HZ), 1350 (d, ]pcc= 12.2 HZ),
128.5 (2C), 127.5, 126.2 (d, Jecccec= 1.7 Hz, 2C), 118.4 (d, Jeccc= 10.5 Hz), 76.7 (d, Jroc= 8.3 Hz), 59.5
(d, Jec= 106 Hz), 48.6 (d, Jrocc= 5.6 Hz, 2C), 43.5, 34.0, 31.6 (d, Jec= 87.3 Hz), 31.5, 25.5, 22.7, 22.1,
21.0, 15.5; HRMS (EI+) m/z calcd for CzoH3103P ([M]*) 350.2011, found 350.2012; [a]p?* = -51.6°
(chloroform).

(Rp)-Menthyl (hydroxymethyl)phenylphosphinate 3:1
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In a round bottom flask was introduced (R,)-2 (117 mg, 0.5 mmol, 1 equiv), Pd(OAc): (2.3 mg, 0.01
mmol, 2.0 mol %), xantphos (6.4 mg, 0.011 mmol, 2.2 mol %), a mixture of DMF and 1,2-
dimethoxyethane (2.25 mL : 0.25 mL), DIPEA (0.11 mL, 0.65 mmol, 1.3 equiv) and bromobenzene
(0.05 mL, 0.5 mmol, 1 equiv). The reaction mixture was stirred under a flow of N; for 10 minutes and
then heated at 115°C for 24 hours before cooling down to rt. The solvent was then removed under
vacuum and the resulting residue was dissolved in ethyl acetate and washed with a saturated
aqueous solution of NaHCO3; and brine. The organic layer was dried over MgSO,, filtered and
concentrated under vacuum. The crude obtained was purified by column chromatography
(hexane/ethyl acetate 5:5 to 3:7) to afford the product as a white solid (106 mg, 68%, de = 95%). Mp
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=103-1059C; 31P NMR (162 MHz, CDCl3): 8 = 37.4 (s); *H NMR (400 MHz, CDCI3): 6 = 7.80-7.91 (m,
2H), 7.45-7.62 (m, 3H), 4.09-4.21 (m, 1H), 4.02-4.08 (m, 2H), 2.77-2.87 (m, 1H), 2.29-2.39 (m, 1H),
1.90-2.05 (m, 1H), 1.58-1.69 (m, 3H), 1.22-1.50 (m, 2H), 0.93 (d, J = 6.2 Hz, 3H), 0.85 (d, J = 7.0 Hz,
3H), 0.76-1.02 (m, 2H), 0.47 (d, / = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 132.3 (d, Jecccc = 2.7
Hz), 131.8 (d, Jeccc= 9.9 Hz, 2C), 129.4 (d, Jec= 124 Hz), 128.4 (d, Jecc= 12.1 Hz, 2C), 77.4 (d, Jpoc = 8.3
Hz), 60.4 (d, Jec= 115 Hz), 48.6 (d, Jrocc= 6.0 Hz), 43.6, 34.0, 31.5, 25.4, 22.6, 22.0, 21.0, 15.2; HRMS
(EI+) m/z calcd for C17H2703P ([M+H]*) 311.1776, found 311.1773; [a]p?2 = -37.9° (chloroform).

(Rp)-Menthyl (hydroxymethyl)-1-naphtylphosphinate 5:1

IR

In a round bottom flask was introduced (R,)-2 (117 mg, 0.5 mmol, 1 equiv), Pd(OAc): (2.3 mg, 0.01
mmol, 2.0 mol %), xantphos (6.4 mg, 0.011 mmol, 2.2 mol %), a mixture of DMF and 1,2-
dimethoxyethane (2.25 mL : 0.25 mL), DIPEA (0.11 mL, 0.65 mmol, 1.3 equiv) and 1-
bromonaphthalene (0.06 mL, 0.5 mmol, 1 equiv). The reaction mixture was stirred under a flow of N,
for 10 minutes and then heated at 115°C for 24 hours before cooling down to rt. The solvent was then
removed under vacuum and the resulting residue was dissolved in ethyl acetate and washed with a
saturated aqueous solution of NaHCO3 and brine. The organic layer was dried over MgSO.,, filtered
and concentrated under vacuum. The crude obtained was purified by column chromatography
(hexane/ethyl acetate 5:5 to 0:10) to afford the product as a white solid (152 mg, 84%, 94% de). Mp
=102-103°C; 31P NMR (162 MHz, CDCl3): d = 38.6 (s); H NMR (400 MHz, CDCl3): 6 = 8.54-8.60 (m,
1H), 8.20-8.30 (m, 1H), 8.03-8.10 (m, 1H), 7.88-7.96 (m, 1H), 7.52-7.64 (m, 3H), 4.29-4.43 (m, 1H),
4.08-4.27 (m, 2H), 2.35-2.44 (m, 1H), 1.88-2.00 (m, 1H), 1.59-1.74 (m, 3H), 1.35-1.54 (m, 3H), 0.96 (d,
J = 6.2 Hz, 3H), 0.84-1.04 (m, 2H), 0.74 (d, J = 7.0 Hz, 3H), 0.44 (d, ] = 6.8 Hz, 3H); 13C NMR (101 MHz,
CDClg): 6 =134.3 (d, ]pccc= 7.7 HZ), 133.6 (d, ]pccc= 9.4 HZ), 1335 (d, ]pcccc= 2.7 HZ), 133.0 (d, ]pcc=
11.6 Hz), 129.0, 127.3, 126.2, 126.2 (d, Jpccc = 3.3 Hz), 126.1 (d, Jec= 121 Hz), 124.7 (d, Jrcc = 13.8 Hz),
78.0 (d, Jroc= 8.3 Hz), 61.8 (d, Jec= 111 Hz), 48.7 (d, Jrocc= 5.0 Hz), 43.6, 34.0, 31.7, 25.4, 22.7, 22.1,
20.9, 15.2; HRMS (EI+) m/z calcd for C21H2903P ([M]*) 360.1854, found 360.1860; [a]p?2 = -52.3°¢
(chloroform).

(Rp)-Menthyl (hydroxymethyl)p-anisylphosphinate 6:1
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OMe
In a round bottom flask was introduced (R,)-2 (117 mg, 0.5 mmol, 1 equiv), Pd(OAc): (2.3 mg, 0.01
mmol, 2.0 mol %), xantphos (6.4 mg, 0.011 mmol, 2.2 mol %), a mixture of DMF and 1,2-
dimethoxyethane (2.25 mL : 0.25 mL), DIPEA (0.11 mL, 0.65 mmol, 1.3 equiv) and 4-bromoanisole
(0.06 mL, 0.5 mmol, 1 equiv). The reaction mixture was stirred under a flow of N; for 10 minutes and
then heated at 115°C for 24 hours before cooling down to rt. The solvent was then removed under
vacuum and the resulting residue was dissolved in ethyl acetate and washed with a saturated
aqueous solution of NaHCO3; and brine. The organic layer was dried over MgSO,, filtered and
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concentrated under vacuum. The crude obtained was purified by column chromatography
(hexane/ethyl acetate 5:5 to 0:10) to afford the product as a white solid (90 mg, 53%, 81% de). Mp =
110-1120C; 31P NMR (162 MHz, CDCl3): 6 = 37.8 (s); *H NMR (400 MHz, CDCl3): & = 7.74-7.84 (m, 2H),
6.96-7.03 (m, 2H), 4.05-4.18 (m, 1H), 3.96-4.05 (m, 2H), 3.87 (s, 3H), 2.60-2.71 (m, 1H), 2.29-2.39 (m,
1H), 2.01 (dquint,, J = 2.6 and 7.3 Hz, 1H), 1.58-1.69 (m, 3H), 1.20-1.48 (m, 2H), 0.93 (d, / = 6.5 Hz,
3H), 0.87 (d, ] = 6.7 Hz, 3H), 0.76-1.02 (m, 2H), 0.51 (d, / = 6.8 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 =
162.8 (d,]pcccc= 2.8 HZ), 133.7 (d,]pccc= 111 HZ, ZC), 1205 (d,]pc= 131 HZ), 114.0 (d,]pcc= 13.2 HZ,
2C), 77.2 (d, Jeoc= 7.7 Hz), 60.5 (d, Jec= 117 Hz), 55.3, 48.7 (d, Jrocc= 6.0 Hz), 43.6, 34.0, 31.5, 25.4,
22.7,22.0, 21.0, 15.3; HRMS (EI+) m/z calcd for C1gH2904P ([M]*) 340.1803, found 340.1801; [a]p?* =
-68.3° (chloroform).

(Rp)-Menthyl cinnamyl(hydroxymethyl)phosphinate 4:1

-
-

Qo

/—P
Ho N
\ Ph

To a solution of (Ry)-2 (468 mg, 2 mmol, 1 equiv, > 99% de) in tert-amyl alcohol (10 mL) was added
Pdzdbaz (18.3 mg, 0.02 mmol, 1 mol%), xantphos (23.2 mg, 0.04 mmol, 2 mol%) and cinnamyl
alcohol (0.26 mL, 2 mmol, 1 equiv). The reaction mixture was stirred at reflux for 20 h under N, in a
flask equipped with a Dean-Stark trap. After cooling down the reaction to rt, the solvent was
removed under vacuum and the residue obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 90:10) to afford the product as a white solid (681 mg, 97%, >
99% de). Mp = 145-146°C; 31P NMR (162 MHz, CDCI3): 6 = 48.8 (s); *H NMR (400 MHz, CDCl3): § =
7.19-7.39 (m, 5H), 6.55 (dd, J = 4.7 and 15.8 Hz, 1H), 6.12-6.27 (m, 1H), 4.20-4.34 (m, 1H), 3.87 (s,
2H), 3.64 (s, 1H), 2.85 (dd, J = 7.6 and 17.6 Hz, 2H), 2.06-2.22 (m, 2H), 1.60-1.71 (m, 2H), 1.28-1.54
(m, 2H), 1.15 (q, / = 11.7 Hz, 1H), 0.74-1.07 (m, 2H), 0.91 (d, ] = 6.4 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H),
0.77 (d, /= 7.0 Hz, 3H); 13C NMR (101 MHz, CDCls): 6 = 136.8 (d, Jecccc = 3.3 Hz), 135.0 (d, Jpcc= 12.2
HZ), 1285 (ZC), 127.5, 126.2 (d, ]pccccc= 1.7 HZ, ZC), 118.4 (d, ]pccc= 105 HZ), 76.7 (d, ]poc= 8.3 HZ),
59.5 (d, Jec= 106 Hz), 48.6 (d, Jrocc= 5.6 Hz, 2C), 43.5, 34.0, 31.6 (d, Jec= 87.3 Hz), 31.5, 25.5, 22.7,
22.1,21.0,15.5; HRMS (EI+) m/z calcd for C20H3103P ([M]*) 350.2011, found 350.2012; [a]p2* = -51.6°
(chloroform).

(Rp)-Menthyl (acetoxymethyl)phenylphosphinate 3a:2
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To a solution of (Ry)-2 (703 mg, 3 mmol, 1 equiv, >99% de) in dichloromethane (15 mL) at 0°C under
N, was added pyridine (0.30 mL, 3.75 mmol, 1.25 equiv) and acetic anhydride (0.34 mL, 3.6 mmol,
1.2 equiv). The ice-bath was removed and the reaction mixture was stirred for 16h at rt. The solvent
was removed under vacuum and the residue obtained was solubilized in ethyl acetate. The organic
layer was washed with NaHCO3; and brine, dried over MgSO0,, filtered and concentrated under
vacuum to afford the product as a white solid (829 mg, 100%, 94% de). 31P NMR (162 MHz, CDCl3): §
=26.8 (dm, /= 567 Hz); 'H NMR (400 MHz, CDCl3): 6 = 7.14 (dt,J = 1.8 and 567 Hz, 1H), 4.09-4.21 (m,
2H), 3.94-4.05 (m, 1H), 2.01-2.08 (m, 1H), 1.95 (s, 3H), 1.83-1.92 (m, 1H), 1.47-1.55 (m, 2H), 1.20-
1.36 (m, 2H), 1.10 (q,J = 11.1 Hz, 1H), 0.79-0.92 (m, 1H), 0.60-0.79 (m, 1H), 0.76 (d, J = 7.1 Hz, 3H),
0.75 (d, ] = 6.4 Hz, 3H), 0.63 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 170.0 (d, Jecoc= 6.5 Hz),
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79.6 (d, Jroc= 7.8 Hz), 60.0 (d, Jec= 113 Hz), 48.4 (d, Jrocc= 6.1 Hz), 43.2, 33.6, 31.4, 25.5, 22.8, 21.7,
20.7,20.1, 15.6.

To a suspension of Mn(0Ac): (8.7 mg, 0.05 mmol, 5 mol%), MnO; (261 mg, 3 mmol, 3 equiv.), sodium
acetate (246 mg, 3 mmol, 3 equiv.) and benzene (1.8 mL, 20 mmol, 20 equiv.) in acetic acid (2.5 mL)
at 709C under N2 was added a solution of (Ry)-7 (276 mg, 1 mmol, 1 equiv, 94% de) in acetic acid (2.5
mL) over 2 hours via a syringe pump. The reaction mixture was then stirred for an additional 2h at
70°C under N». Ethyl acetate (~ 30 mL) and an aqueous solution of Na;S;04 0.2M saturated with
NaHCO3 (~40 mL) were added. The biphasic suspension was stirred vigorously for 5 minutes,
filtered through celite and the two layers were separated. The organic layer was washed with an
aqueous solution of NaS;04 0.2M saturated with NaHCO3 (~40 mL), a saturated aqueous solution of
NaHCO3 (~ 40 mL) and brine (~ 40 mL), dried over MgSQy,, filtered and concentrated under vacuum.
The crude obtained was purified by column chromatography (dichloromethane/acetone 98:2 to
94:6) to afford the product as a yellow oil (183 mg, 52%, de = 94%). 31P NMR (162 MHz, CDCl3): 8 =
31.8 (s, 97%); 'H NMR (400 MHz, CDCl3): § = 7.72-7.81 (m, 2H), 7.47-7.54 (m, 1H), 7.37-7.45 (m, 2H),
4.41 (dm, J = 43.8 Hz, 2H), 4.07-4.17 (m, 1H), 2.17-2.26 (m, 1H), 1.95 (s, 3H), 1.87-1.98 (m, 1H), 1.51-
1.60 (m, 2H), 1.27-1.41 (m, 2H), 1.21 (q, J = 11.4 Hz, 1H), 0.69-0.92 (m, 2H), 0.84 (d, J = 6.4 Hz, 3H),
0.77 (d,]J = 7.0 Hz, 3H), 0.44 (d, / = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 169.8 (d, Jpcoc = 8.3 Hz),
132.7 (d, ]pcccc= 25 HZ), 131.7 (d, ]pccc= 9.9 HZ, ZC), 129.2 [d, ]pc= 131 HZ), 128.4 (d, ]pcc= 13.0 HZ,
2C), 77.8 (d, Jeoc= 7.5 Hz), 60.6 (d, Joc= 120 Hz), 48.6 (d, Jrocc= 6.3 Hz), 43.5, 33.9, 31.5, 25.4, 22.7,
21.9, 21.0, 20.4, 15.3; HRMS (CI+, methane) m/z calcd for Ci9H3004P ([M+H]*) 353.1882, found
353.1873; [a]p?7 = -78.20 (chloroform).

(Rp)-Menthyl (hydroxylmethyl)phenylphosphinate 3b:1

//.
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To a solution of (Ry)-3a (150 mg, 0.43 mmol, 1 equiv) in methanol (2 mL) was added potassium
carbonate (6 mg, 0.043 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt. The solvent was
removed under vacuum and then the residue was solubilized in EtOAc (20 mL). Water (20 mL) and
NaHSO4 were added until the pH was around 1. The aqueous layer was saturated with NaCl and the 2
layers were separated. The organic layer was washed with saturated NaHCO3 (20 mL) and brine (20
mL), dried over MgSO0y, filtered and concentrated under vacuum to afford the product as a white solid
(123 mg, 92%, 94% de). Mp = 103-105°C; 3P NMR (121.47 MHz, CDCl3): 8 = 37.4 (s); *H NMR (300
MHz, CDCI3): 6 = 7.80-7.91 (m, 2H), 7.45-7.62 (m, 3H), 4.09-4.21 (m, 1H), 4.02-4.08 (m, 2H), 2.77-2.87
(m, 1H), 2.29-2.39 (m, 1H), 1.90-2.05 (m, 1H), 1.58-1.69 (m, 3H), 1.22-1.50 (m, 2H), 0.93 (d, / = 6.2 Hz,
3H), 0.85 (d,J = 7.0 Hz, 3H), 0.76-1.02 (m, 2H), 0.47 (d, ] = 7.0 Hz, 3H); 3C NMR (101 MHz, CDCl3): § =
132.4, 131.8 (d, Jeccc= 9.7 Hz, 2C), 129.4 (d, Jec= 124 Hz), 128.4 (d, Jpcc= 12.4 Hz, 2C), 77.5 (d, Jroc=
7.3 Hz), 60.4 (d, Jec= 115 Hz), 48.7 (d, Jrocc= 5.7 Hz), 43.6, 34.0, 31.6, 25.4, 22.7, 22.0, 21.0, 15.3; [a]p?”
=-69.09 (chloroform).

(Rp)-Menthyl (hydroxylmethyl)phenylphosphinate 3b:1
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To a suspension of Mn(OAc): (313 mg, 1.81 mmol, 5 mol%), MnO; (9.45 g, 108.6 mmol, 3 equiv.),
sodium acetate (8.91 g, 108.6 mmol, 3 equiv.) and benzene (32.4 mL, 362 mmol, 10 equiv.) in acetic
acid (90 mL) at 70°C under N, was added a solution of (S,)/(Rp)-7 (10 g, 36.2 mmol, 1 equiv, ratio
54:46) in acetic acid (90 mL) over 2 hours via a syringe pump. The reaction mixture was then stirred
for an additional 2 hours at 70°C under N». Ethyl acetate (~ 250 mL) and an aqueous solution of
Na;S204 0.2M saturated with NaHCO3 (~ 250 mL) were added. The suspension was stirred vigorously
for 5 minutes, filtered through celite and the two layers were separated. The organic layer was
washed with an aqueous solution of Na;S;04 0.2M saturated with NaHCO3 (~ 250 mL), a saturated
aqueous solution of NaHCO3 (~ 250 mL) and brine (~ 250 mL), dried over MgSO,, filtered and
concentrated under vacuum to afford the product as a yellow oil (9.91 g, 78%). 31P NMR (162 MHz,
CDCl3): 8 =32.0 (s, 54%), 31.9 (s, 46%).

To a solution of (S,)/(Rp)-3a (8.42 g, 24 mmol, 1 equiv, ratio 54:46) in methanol (50 mL) was added
potassium carbonate (330 mg, 2.4 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt. The
solvent was removed under vacuum and then the residue was solubilized in EtOAc (100 mL). Water
(100 mL) and NaHSO4 were added until the pH was around 1. The aqueous layer was saturated with
NaCl and the 2 layers were separated. The organic layer was washed with saturated NaHCO3 (100
mL) and brine (100 mL), dried over MgSQ0,, filtered and concentrated under vacuum. The crude
obtained was precipitated in hexane to afford the product as a white solid (1.82 g, 24%, 95% de). Mp
=103-1059C; 31P NMR (121.47 MHz, CDCl3): 6 = 37.4 (s); *H NMR (300 MHz, CDCl3): 8 = 7.80-7.91 (m,
2H), 7.45-7.62 (m, 3H), 4.09-4.21 (m, 1H), 4.02-4.08 (m, 2H), 2.77-2.87 (m, 1H), 2.29-2.39 (m, 1H),
1.90-2.05 (m, 1H), 1.58-1.69 (m, 3H), 1.22-1.50 (m, 2H), 0.93 (d, J = 6.2 Hz, 3H), 0.85 (d, J = 7.0 Hz,
3H), 0.76-1.02 (m, 2H), 0.47 (d,J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): d = 132.4, 131.8 (d, Jeccc =
9.7 Hz, 2C), 129.4 (d, Jec= 124 Hz), 128.4 (d, Jpcc= 12.4 Hz, 2C), 77.5 (d, Jeoc= 7.3 Hz), 60.4 (d, Jpc= 115
Hz), 48.7 (d, Jrocc= 5.7 Hz), 43.6, 34.0, 31.6, 25.4, 22.7, 22.0, 21.0, 15.3; [a]p?? = -69.0° (chloroform).

(Rp)-menthyl (acetoxymethyl) mesitylphosphinate 8a:?

g
ACOV

To a solution of (Ry)-2 (703 mg, 3 mmol, 1 equiv, >99% de) in dichloromethane (15 mL) at 0°C under
N, was added pyridine (0.30 mL, 3.75 mmol, 1.25 equiv) and acetic anhydride (0.34 mL, 3.6 mmol,
1.2 equiv). The ice-bath was removed and the reaction mixture was stirred for 16h at rt. The solvent
was removed under vacuum and the residue obtained was solubilized in ethyl acetate. The organic
layer was washed with NaHCO3; and brine, dried over MgSO0,, filtered and concentrated under
vacuum to afford the product as a white solid (829 mg, 100%, 94% de). 31P NMR (162 MHz, CDCl3): §
=26.8 (dm, /= 567 Hz); 'H NMR (400 MHz, CDCl3): 6 = 7.14 (dt,J = 1.8 and 567 Hz, 1H), 4.09-4.21 (m,
2H), 3.94-4.05 (m, 1H), 2.01-2.08 (m, 1H), 1.95 (s, 3H), 1.83-1.92 (m, 1H), 1.47-1.55 (m, 2H), 1.20-
1.36 (m, 2H), 1.10 (q,J = 11.1 Hz, 1H), 0.79-0.92 (m, 1H), 0.60-0.79 (m, 1H), 0.76 (d, J = 7.1 Hz, 3H),
0.75 (d, ] = 6.4 Hz, 3H), 0.63 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 170.0 (d, Jecoc= 6.5 Hz),
79.6 (d, Jroc= 7.8 Hz), 60.0 (d, Jec= 113 Hz), 48.4 (d, Jrocc= 6.1 Hz), 43.2, 33.6, 31.4, 25.5, 22.8, 21.7,
20.7,20.1, 15.6.

To a suspension of Mn(OAc): (26 mg, 0.15 mmol, 5 mol%), MnO; (783 mg, 9 mmol, 3 equiv.), sodium
acetate (738 mg, 9 mmol, 3 equiv.) and mesitylene (2.1 mL, 15 mmol, 5 equiv.) in acetic acid (7.5 mL)
at 709C under N2 was added a solution of (Ry)-7 (828 mg, 3 mmol, 1 equiv, 94% de) in acetic acid (7.5
mL) over 2 h via a syringe pump. The reaction mixture was then stirred for an additional 2h at 70°C
under N». Ethyl acetate (~ 50 mL) and an aqueous solution of Na;S,04 0.2M saturated with NaHCO3
(~ 50 mL) were added. The suspension was stirred vigorously for 10 minutes, filtered through celite
and the two layers were separated. The organic layer was washed with an aqueous solution of
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Na;S204 0.2M saturated with NaHCO3 (~ 50 mL), a saturated aqueous solution of NaHCO3 (~ 50 mL)
and brine (~ 50 mL), dried over MgSO0y, filtered and concentrated under vacuum. The crude obtained
was purified by column chromatography (dichloromethane/acetone 100:0 to 95:5) to afford the
product as a colorless oil (876 mg, 79%, 94% de). 31P NMR (162 MHz, CDCl3): § = 36.0 (s, 3%), 35.7
(s, 97%); 'H NMR (400 MHz, CDCl3): 6 = 6.80 (d, / = 4.0 Hz, 2H), 4.31-4.47 (m, 1H), 4.35-4.40 (m, 2H),
2.54 (s, 6H), 2.18 (s, 3H), 2.06-2.13 (m, 1H), 1.91 (s, 3H), 1.82 (dquint,, J = 1.8 and 6.8 Hz, 1H), 1.53-
1.64 (m, 2H), 1.36-1.47 (m, 1H), 1.36-1.47 (m, 1H), 1.31 (t,/ = 11.3 Hz, 1H), 1.20 (q, / = 11.6 Hz, 1H),
0.94 (dq, J = 2.6 and 12.6 Hz, 1H), 0.74-0.89 (m, 1H), 0.86 (d, / = 6.5 Hz, 3H), 0.73 (d, / = 7.0 Hz, 3H),
0.59 (d, / = 6.8 Hz, 3H); 13C NMR (101 MHz, CDCl3): & = 169.8 (d, Jecoc= 7.7 Hz), 143.3 (d, Jpcc= 11.6
HZ, 2C), 141.9 (d, ]pcccc= 2.8 HZ), 130.7 (d, ]pccc= 135 HZ, ZC), 123.3 (d, ]pc= 131 HZ), 76.8 (d, ]p0c=
7.6 Hz), 62.4 (d, Jpc= 110 Hz), 48.6 (d, Jrocc= 4.7 Hz), 43.6, 34.0, 31.6, 25.7, 23.3 (d, Jeccc= 2.3 Hz, 20),
22.8, 22.0, 20.9 (20C), 20.3, 15.4; HRMS (EI+) m/z calcd for CzH3s04P ([M]*) 394.2273, found
394.2274.

(Rp)-Menthyl (hydroxymethyl)mesitylphosphinate 8b:

SO

ro
HO_

To a solution of (R,)-8a (876 mg, 2.22 mmol, 1 equiv, 94% de) in methanol (10 mL) was added
potassium carbonate (31 mg, 0.22 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt. The
solvent was removed under vacuum and then the residue was solubilized in ethyl actate. Water and
NaHSO4 were added until the pH was around 1. The aqueous layer was saturated with NaCl and the 2
layers were separated. The organic layer was washed with saturated NaHCO3z and brine, dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (dichloromethane/acetone 100:0 to 90:10) to afford the product as a colorless oil
(741 mg, 95%, 94% de). 3P NMR (162 MHz, CDCl3): 6 = 42.3 (s); 'H NMR (400 MHz, CDCl3): d = 6.82
(s, 1H), 6.82 (s, 1H), 5.87 (s, 1H), 4.34-4.47 (m, 1H), 3.90-4.07 (m, 2H), 2.57 (s, 6H), 2.25-2.33 (m, 1H),
2.21 (s, 3H), 1.82-1.94 (m, 1H), 1.57-1.68 (m, 2H), 1.39-1.53 (m, 1H), 1.19-1.37 (m, 2H), 0.71-1.04 (m,
2H), 092 (d, J = 6.2 Hz, 3H), 0.77 (d, ] = 6.9 Hz, 3H), 0.62 (d, J = 6.7 Hz, 3H); 13C NMR (101 MHz,
CDClg): 6 =143.3 (d, ]pcc= 11.2 HZ, 2(:), 141.6 (d, ]pcccc= 25 HZ), 130.6 (d, ]pccc= 12.7 HZ, ZC), 1235
(d, Jec= 122 Hz), 76.7 (d, Jeoc= 7.8 Hz), 62.4 (d, Jec= 107 Hz), 48.8 (d, Jrocc = 4.4 Hz), 43.6, 34.2, 31.7,
25.7, 23.4 (d, Jeccc = 1.8 Hz, 2C), 22.9, 22.2, 21.0, 21.0, 15.4; HRMS (EI+) m/z calcd for CzoH3303P
([M]*) 352.2167, found 352.2164; [a]p?5=-21.1° (chloroform).

(Rp)/(Sp) Menthyl (hydroxylmethyl)mesitylphosphinate 8b:

-
~

To a suspension of Mn(OAc); (467 mg, 2.7 mmol, 5 mol%), MnO; (13.92 g, 160 mmol, 3 equiv.),
sodium acetate (13.12 g, 160 mmol, 3 equiv.) and mesitylene (37 mL, 266 mmol, 5 equiv.) in acetic
acid (90 mL) at 70°C under N; was added a solution of (S,)/(R,)-7 (14.7 g, 53.2 mmol, 1 equiv, ratio
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54:46) in acetic acid (90 mL) over 2 hours via a syringe pump. The reaction mixture was then stirred
for an additional 2h at 709C under N». Ethyl acetate (~ 250 mL) and an aqueous solution of Na;S;04
0.2M saturated with NaHCO3 (~ 250 mL) were added. The suspension was stirred vigorously for 5
minutes, filtered through celite and the two layers were separated. The organic layer was washed
with an aqueous solution of Na;S,04 0.2M saturated with NaHCO3 (~ 250 mL), a saturated aqueous
solution of NaHCO3 (~ 250 mL) and brine (~ 250 mL), dried over MgSO0,, filtered and concentrated
under vacuum.

The crude obtained was solubilized in methanol (100 mL) and potassium carbonate (733 mg, 5.3
mmol, 0.1 equiv.) was added and the mixture was stirred for 20 h at rt. The solvent was removed
under vacuum and then the residue was solubilized in EtOAc (150 mL). Water (150 mL) and NaHSO.
were added until the pH was around 1. The aqueous layer was saturated with NaCl and the 2 layers
were separated. The organic layer was washed with saturated NaHCO3 (150 mL) and brine (150 mL),
dried over MgSO0y, filtered and concentrated under vacuum. The crude obtained was precipitated in
hexane to afford the product as a white solid (11.3 g, 60% on 3 steps). 31P NMR (121.5 MHz, CDCl3): §
=41.5 (50%, s), 41.0 (50%, s); *H NMR (300 MHz, CDCl3): & = 6.92 (s, 2H), 4.32-4.49 (m, 1H), 3.77-
4.12 (m, 3H), 2.64 (s, 3H), 2.61 (s, 3H), 2.21-2.34 (m, 4H), 1.84-1.95 (m, 1H), 1.61-1.73 (m, 2H), 1.22-
1.54 (m, 3H), 0.76-1.13 (m, 9.5H), 0.64 (d, ] = 6.7 Hz, 1.5H).

(Rp)/(Sp) Menthyl-[4-(acetamido)phenyl](hydroxylmethyl)phosphinate 9b:

3
-

HO\/

NHAc

To a suspension of Mn(0Ac); (385 mg, 2.23 mmol, 5 mol%), MnO; (11.62 g, 133.5 mmol, 3 equiv.),
sodium acetate (10.95 g, 133.5 mmol, 3 equiv.) and acetanilide (30.1 g, 222.6 mmol, 5 equiv.) in
acetic acid (90 mL) at 709C under N; was added a solution of (S,)/(R,)-7 (12.3 g, 44.5 mmol, 1 equiv)
in acetic acid (90 mL) over 2 hours via a syringe pump. The reaction mixture was then stirred for an
additional 2h at 709C under N,. Ethyl acetate (~ 200 mL) and an aqueous solution of Na;S;04 0.2M
saturated with NaHCO3; (~ 200 mL) were added. The suspension was stirred vigorously for 5
minutes, filtered through celite and the two layers were separated. The organic layer was washed
with an aqueous solution of Na;S,04 0.2M saturated with NaHCO3 (~ 200 mL), a saturated aqueous
solution of NaHCO3 (~ 200 mL) and brine (~ 200 mL), dried over MgSO0,, filtered and concentrated
under vacuum.

The crude obtained was solubilized in methanol (100 mL) and potassium carbonate (622 mg, 4.5
mmol, 0.1 equiv.) was added and the mixture was stirred for 20 h at rt. The solvent was removed
under vacuum and then the residue was solubilized in EtOAc (150 mL). Water (150 mL) and NaHSO.
were added until the pH was around 1. The aqueous layer was saturated with NaCl and the 2 layers
were separated. The organic layer was washed with saturated NaHCO3 (150 mL) and brine (150 mL),
dried over MgSO0y, filtered and concentrated under vacuum. The crude obtained was precipitated in
hexane to afford the product as a white solid (6.0 g, 37% on 3 steps). 3P NMR (121.5 MHz, CDCI3): 6 =
37.8 (48%, s), 37.2 (52%, s); *H NMR (300 MHz, CDCl3): 6 = 9.44 (s, 1H), 7.31-7.48 (m, 2H), 7.13-7.26
(m, 2H), 4.16-4.33 (m, 1.5H), 3.95-4.12 (m, 1.5H), 2.11-2.24 (m, 1H), 2.15 (s, 3H), 1.93-2.05 (m, 1H),
1.75-1.83 (m, 1H), 1.58-1.72 (m, 2H), 1.22-1.44 (m, 2H), 0.95-1.08 (m, 1H), 0.98 (d, / = 7.0 Hz, 1.5H),
0.93 (d,J = 6.4 Hz, 1.5H), 0.86 (d, ] = 6.8 Hz, 1.5H), 0.85 (d, J = 6.9 Hz, 1.5H), 0.80 (d, J = 6.5 Hz, 1.5H),
0.55 (d,J = 6.9 Hz, 1.5H).

(Rp)-Menthyl (hydroxymethyl)methylphosphinate 10:1
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To a solution of (R,)-2 (234 mg, 1 mmol, 1 equiv, 98% de) in dichloromethane (10 mL) at 0°C and
under N; was added bis(trimethylsilyl)acetamide (0.49 mL, 2 mmol, 2 equiv) followed by
iodomethane (0.062 mL, 1 mmol, 1 equiv). The ice-bath was removed and the reaction mixture was
then stirred for 20 h at rt. Methanol was added (0.08 mL, 2 mmol, 2 equiv) and the reaction mixture
was concentrated under vacuum. The residue obtained was dissolved in ethyl acetate and the organic
layer was washed with a saturated aqueous solution of NaHCO3 and brine, dried over MgSO0y,, filtered
and concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 10:0 to 7:3) to afford the product as a white solid (188 mg, 76%, > 99%
de). Mp = 82-83°C; 31P NMR (162 MHz, CDCl3): 6 = 51.9 (s); *H NMR (400 MHz, CDCl3): 6 = 4.15-4.28
(m, 1H), 3.73-3.90 (m, 2H), 3.07-3.16 (m, 1H), 2.08-2.18 (m, 1H), 2.06 (dquint, J = 2.3 and 7.0 Hz, 1H),
1.62-1.73 (m, 2H), 1.52 (d, J = 13.7 Hz, 3H), 1.40-1.58 (m, 1H), 1.24-1.38 (m, 1H), 1.15 (q,/ = 11.1 Hz,
1H), 0.93 (d, ] = 6.7 Hz, 3H), 0.91 (d, J = 6.7 Hz, 3H), 0.78-1.08 (m, 2H), 0.82 (d, J = 6.7 Hz, 3H); 13C
NMR (101 MHz, CDCl3): 6 = 76.2 (d, Jroc= 7.8 Hz), 60.6 (d, Jec= 111 Hz), 48.4 (d, Jrocc= 5.5 Hz), 43.4,
33.9, 314, 25.6, 22.7, 21.9, 20.9, 15.6, 11.8 (d, Jpc= 91.2 Hz); HRMS (EI+) m/z calcd for Ci2H2603P
([M+H]*) 249.1620, found 249.1621; [a]p2?2 = -60.6° (chloroform).

(Rp)-Menthyl allyl(hydroxymethyl)phosphinate 11:1

To a solution of (Ry)-2 (117 mg, 0.5 mmol, 1 equiv, 98% de) in dichloromethane (5 mL) at 0°C and
under N; was added bis(trimethylsilyl)acetamide (0.25 mL, 1 mmol, 2 equiv) followed by allyl
bromide (0.09 mL, 1 mmol, 2 equiv). The ice-bath was removed and the reaction mixture was stirred
for 36 h at rt. Methanol was added (0.04 mL, 1 mmol, 2 equiv) and the reaction mixture was then
concentrated under vacuum. The residue obtained was dissolved in ethyl acetate and the organic
layer was washed with a saturated aqueous solution of NaHCO3 and brine, dried over MgSO0y,, filtered
and concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 96:4) to afford the product as white solid (88 mg, 64%, 95% de).
Mp = 69-71°C; 31P NMR (162 MHz, CDCl3): 6 = 48.4 (s); 1H NMR (400 MHz, CDCl3): 6 = 5.74-5.93 (m,
1H), 5.19-5.32 (m, 2H), 4.18-4.32 (m, 1H), 3.81-3.89 (m, 2H), 3.53-3.64 (m, 1H), 2.64-2.77 (m, 2H),
2.06-2.18 (m, 2H), 1.61-1.72 (m, 2H), 1.40-1.54 (m, 1H), 1.24-1.39 (m, 1H), 1.15 (q,J = 11.5 Hz, 1H),
0.92 (d, J = 7.0 Hz, 6H), 0.78-1.08 (m, 2H), 0.81 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): § =
127.2 (d, Jeccc= 9.4 Hz), 120.3 (d, Jocc= 12.7 Hz), 76.7 (d, Jeoc= 8.3 Hz), 59.1 (d, Jec= 107 Hz), 48.5 (d,
Jrocc= 5.5 Hz), 43.4, 34.0, 32.4 (d, Jec= 86.8 Hz), 31.5, 25.5, 22.7, 22.0, 21.0, 15.6; HRMS (EI+) m/z
calcd for C14H2703P ([M]*) 274.1698, found 274.1694; [a]p2* = -71.3° (chloroform).

(Rp)-Menthyl benzyl(hydroxymethyl)phosphinate 12:

,
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To a solution of (Ry)-2 (1.17 g, 5 mmol, 1 equiv, 98% de) in dichloromethane (50 mL) was added at
0°C and under N; bis(trimethylsilyl)acetamide (2.45 mL, 10 mmol, 2 equiv) followed by
benzylbromide (1.2 mL, 10 mmol, 2 equiv). The ice bath was removed and the reaction mixture was
stirred for 12 h at rt. Methanol was then added (0.40 mL, 10 mmol, 2 equiv) and the mixture was
concentrated under vacuum. The residue obtained was dissolved in ethyl acetate and the organic
layer was washed with a saturated aqueous solution of NaHCO3 and brine, dried over MgSO0s,, filtered
and concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 98:2 to 90:10) to afford the product as a white solid (1.353 g, 84%, > 99%
de). Mp = 133-134¢C; 31P NMR (162 MHz, CDCl3): & = 47.1 (s); *H NMR (400 MHz, CDCl3): 6 = 7.22-
7.36 (m, 5H), 4.35 (dt, ] = 6.0 Hz, 1H), 4.16-4.26 (m, 1H), 3.71-3.86 (m, 2H), 3.17-3.32 (m, 2H), 2.02-
2.09 (m, 1H), 1.85 (dquint., J = 2.5 and 7.0 Hz, 1H), 1.59-1.68 (m, 2H), 1.36-1.50 (m, 1H), 1.23-1.33 (m,
1H), 1.12 (q,/ = 11.2 Hz, 1H), 0.97 (dq, / = 3.0 and 12.7 Hz, 1H), 0.76-0.93 (m, 1H), 0.90 (d, / = 6.6 Hz,
3H), 0.83 (d,J = 7.0 Hz, 3H), 0.67 (d, /] = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): d = 131.3 (d, Jpcc= 7.9
HZ), 130.0 (d, ]pccc= 56 HZ, ZC), 1285 (d, ]pcccc= 2.6 HZ, ZC), 126.7 (d, ]pccccc= 3.1 HZ), 76.6 (d, ]poc=
7.9 Hz), 59.2 (d, Jec= 106 Hz), 48.6 (d, Jrocc = 5.3 Hz), 43.4, 34.1 (d, Jec = 86.2 Hz), 34.0, 31.5, 25.3, 22.7,
22.1,21.1,15.4; HRMS (EI+) m/z calcd for C1gH2903P ([M]*) 324.1854, found 324.1852; [a]p24 = -27.9¢
(chloroform).

(Rp)-Menthyl (hydroxymethyl)triphenylmethylphosphinate 13:

E\o’ :
HO *Ph

PH Ph
To a solution of (R,)-2 (468 mg, 2 mmol, 1 equiv, 96% de) in dichloromethane (10 mL) was added at
0°C under N; bis(trimethylsilyl)acetamide (1.0 mL, 4 mmol, 2 equiv) followed by
bromotriphenylmethane (1.29 g, 4 mmol, 2 equiv). The ice bath was removed and the reaction
mixture was stirred for 12 h at rt. Methanol was then added (0.16 mL, 4 mmol, 2 equiv) and the
mixture was concentrated under vacuum. The residue obtained was dissolved in ethyl acetate and
the organic layer was washed with a saturated aqueous solution of NaHCO3 and brine, dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (dichloromethane/acetone 100:0 to 95:5) to afford the product as a white solid
(465 mg, 49%, 95% de). Mp = 157-158°C; 31P NMR (162 MHz, CDCls): & = 47.7 (s); H NMR (400 MHz,
CDCl3): 6 = 7.43-7.55 (m, 6H), 7.22-7.35 (m, 9H), 4.27-4.47 (m, 2H), 3.75-3.88 (m, 1H), 3.44-3.55 (m,
1H), 2.18-2.27 (m, 1H), 1.48-1.67 (m, 3H), 1.34-1.45 (m, 1H), 1.03-1.19 (m, 2H), 0.76-1.01 (m, 2H),
0.90 (d, J = 6.3 Hz, 3H), 0.68 (d, / = 6.9 Hz, 3H), 0.64 (d, ] = 6.7 Hz, 3H); 13C NMR (101 MHz, CDCl3): § =
141.3 (s, 3C), 130.9 (d, Jecec = 4.5 Hz, 6C), 128.0 (s, 6C), 127.0 (s, 3C), 78.4 (d, Jeoc= 9.1 Hz), 63.3 (d, Joc
= 83.5 Hz), 60.6 (d, Jec= 92.9 Hz), 49.1 (d, Jrocc= 5.3 Hz), 42.5, 34.0, 31.6, 24.5, 22.7, 22.2, 21.3, 15.8;
HRMS (EI+) m/z calcd for C3oH3703P ([M]*) 476.2480, found 476.2470; [a]p2® = -9.9° (chloroform).

(Rp)-Menthyl (hydroxymethyl)methylphosphinate 10:1

_/

-

HO/_ \Me
To a solution of (R,)-2 (234 mg, 1 mmol, 1 equiv, 98% de) in tetrahydrofuran (5 mL) at -78°C and
under N, was added a solution of LIHMDS 1.0M in tetrahydrofuran (2.0 mL, 2 mmol, 2 equiv). After
15 minutes of stirring, iodomethane (0.062 mL, 1 mmol, 1 equiv) was added at -78°C and then the
reaction mixture was allowed to warm-up to room temperature over 1 hour. The mixture was then
stirred for an additional 1 hour at rt. A saturated aqueous solution of NH4Cl was added and the two

S11



layers were separated. The aqueous layer was extracted twice with dichloromethane. The combined
organic layer was washed with brine, dried over MgS0,, filtered and concentrated under vacuum.
The crude obtained was purified by column chromatography (dichloromethane/acetone 10:0 to 7:3)
to afford the product as a white solid (202 mg, 81%, > 99% de). Mp = 82-83°C; 31P NMR (162 MHz,
CDCl3): & = 51.9 (s); 'H NMR (400 MHz, CDCl3): § = 4.15-4.28 (m, 1H), 3.73-3.90 (m, 2H), 3.07-3.16
(m, 1H), 2.08-2.18 (m, 1H), 2.06 (dquint.,, J/ = 2.3 and 7.0 Hz, 1H), 1.62-1.73 (m, 2H), 1.52 (d, ] = 13.7
Hz, 3H), 1.40-1.58 (m, 1H), 1.24-1.38 (m, 1H), 1.15 (q,/ = 11.1 Hz, 1H), 0.93 (d, / = 6.7 Hz, 3H), 0.91 (d,
J=6.7 Hz, 3H), 0.78-1.08 (m, 2H), 0.82 (d, J = 6.7 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 76.2 (d, Jroc
= 7.8 Hz), 60.6 (d, Jec= 111 Hz), 48.4 (d, Jrocc= 5.5 Hz), 43.4, 33.9, 31.4, 25.6, 22.7, 21.9, 20.9, 15.6,
11.8 (d, Jec = 91.2 Hz); HRMS (EI+) m/z calcd for C12H2603P ([M+H]*) 249.1620, found 249.1621;
[a]p?2 = -60.6° (chloroform).

(Rp)-Menthyl hydroxymethyl(N-methylphthalimide)phenylphosphinate 14:

To a solution of (S,)/(Rp)-2 (4.69 g, 20 mmol, 1.0 equiv, ratio 55:45) and N-(bromomethyl)phtalimide
(4.8 g, 20 mmol, 1.0 equiv) in toluene was added at rt under N, hexamethyldisilazane (10.4 mL, 50
mmol, 2.5 equiv) and trimethylsilyl chloride (6.35 mL, 50 mmol, 2.5 equiv). The reaction mixture was
stirred for 16 hours at reflux under N,. Methanol (2.02 mL, 50 mmol, 2.5 equiv) was added and the
mixture was concentrated under vacuum. The residue was dissolved in ethyl acetate and the organic
layer was washed with NaHCO3 and brine, dried over MgSO,, filtered and concentrated under
vacuum. The residue obtained was purified by crystallization in a mixture of
dichloromethane/diethyl ether (20 mL:200 mL) to afford the product as a white solid (2.06 g, 26%,
>99% de). Mp = 161-162°C; 31P NMR (162 MHz, CDCl3): 6 = 41.1 (s); H NMR (400 MHz, CDCl3): 6 =
7.88-7.93 (m, 2H), 7.75-7.81 (m, 2H), 4.30-4.40 (m, 1H), 4.11-4.25 (m, 2H), 3.96 (d, J = 3.5 Hz, 2H),
3.43 (1H), 2.25-2.33 (m, 1H), 2.00 (dquint., J = 2.6 and 7.0 Hz, 1H), 1.62-1.71 (m, 2H), 1.42-1.56 (m,
1H), 1.31-1.39 (m, 1H), 1.28 (q,/ = 11.1 Hz, 1H), 0.81-1.07 (m, 2H), 0.94 (d, J = 6.5 Hz, 3H), 0.85 (d, ] =
7.0 Hz, 3H), 0.78 (d, ] = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 = 167.8 (2C), 134.5 (2C), 131.8 (20),
123.8 (2C), 78.5 (d, Jroc= 8.1 Hz), 59.2 (d, Jec= 105 Hz), 48.5 (d, Jrocc= 6.0 Hz), 43.6, 34.8 (d, Jpc= 98.0
Hz), 33.9, 31.6, 25.6, 22.8, 21.9, 20.9, 15.5; HRMS (EI+) m/z calcd for C21H300sP ([M+H]*) 394.1783,
found 394.1777; [a]p?> = -24.5° (chloroform).

(Rp)-Menthyl (acetoxymethyl)octylphosphinate 15:3

_/

-

O
1 O
II_.>~

AcO
~ Noctyl

To a solution of (Ry)-2 (703 mg, 3 mmol, 1 equiv, >99% de) in dichloromethane (15 mL) at 0°C under
N, was added pyridine (0.30 mL, 3.75 mmol, 1.25 equiv) and acetic anhydride (0.34 mL, 3.6 mmo]l,
1.2 equiv). The ice-bath was removed and the reaction mixture was stirred for 16h at rt. The solvent
was removed under vacuum and the residue obtained was solubilized in ethyl acetate. The organic
layer was washed with NaHCO3; and brine, dried over MgSO0,, filtered and concentrated under
vacuum to afford the product as a white solid (829 mg, 100%, 95% de).” 31P NMR (162 MHz, CDCl3): §
=26.8 (dm, /= 567 Hz); 'H NMR (400 MHz, CDCl3): 6 = 7.14 (dt,J = 1.8 and 567 Hz, 1H), 4.09-4.21 (m,
2H), 3.94-4.05 (m, 1H), 2.01-2.08 (m, 1H), 1.95 (s, 3H), 1.83-1.92 (m, 1H), 1.47-1.55 (m, 2H), 1.20-
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1.36 (m, 2H), 1.10 (g, J = 11.1 Hz, 1H), 0.79-0.92 (m, 1H), 0.60-0.79 (m, 1H), 0.76 (d, J = 7.1 Hz, 3H),
0.75 (d, ] = 6.4 Hz, 3H), 0.63 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 170.0 (d, Jecoc= 6.5 Hz),
79.6 (d, Jroc= 7.8 Hz), 60.0 (d, Jec= 113 Hz), 48.4 (d, Jrocc= 6.1 Hz), 43.2, 33.6, 31.4, 25.5, 22.8, 21.7,
20.7,20.1, 15.6.

To a solution of (R,)-7 (553 mg, 2 mmol, 1 equiv) in DMSO (5 mL) was added 1-octene (0.31 mL, 2
mmol, 1 equiv) and Mn(0OAc), (17 mg, 0.1 mmol, 5 mol%). The reaction mixture was stirred for 16 h
at 100°C under air. Ethyl acetate and an aqueous solution of Na;S,04 at 0.5M were added and the two
layers were stirred for 10 minutes and then separated. The organic layer was washed with brine,
dried over MgSO,, filtered and concentrated under vacuum. The crude obtained was purified by
column chromatography (hexane/ethyl acetate 8:2 to 7:3) to afford the product as a white solid (424
mg, 55%, 94% de). Mp = 57-59°C; 31P NMR (162 MHz, CDCl3): 8 = 46.3 (s); 1H NMR (400 MHz, CDCl3):
8 =3.97-4.12 (m, 2H), 1.88 (s, 3H), 1.49-1.59 (1H), 1.32-1.47 (m, 3H), 0.98-1.28 (m, 9H), 0.91 (q, ] =
11.5 Hz, 1H), 0.71-0.84 (m, 1H), 0.54-0.72 (m, 1H), 0.68 (d, J = 7.0 Hz, 3H), 0.68 (d, / = 6.4 Hz, 3H),
0.64 (t, /= 6.8 Hz, 3H), 0.59 (d, J = 7.0 Hz, 3H); 13C NMR (75.46 MHz, CDCl3): 6 = 169.5 (d, Jecoc= 7.9
Hz), 76.2 (d, Jroc= 7.7 Hz), 59.6 (d, Jec= 106 Hz), 48.4 (d, Jrocc= 6.0 Hz), 43.1, 33.8, 31.6, 31.3, 30.5 (d,
Jecc= 15.5 Hz), 28.8, 28.7, 27.2 (d, Jec= 95.9 Hz), 25.4, 22.6, 22.4, 21.8, 20.9 (d, Jeccc = 4.2 Hz), 20.8,
20.3, 15.4, 13.8; HRMS (EI+) m/z calcd for C21H4104P ([M+H]*) 389.2821, found 389.2812; [a]p = -
34.60.

(Rp)-Menthyl phenyl-H-phosphinate 1:1

/

e
Ph—R
H
To a solution of N-chlorosuccinimide (4.0 g, 30 mmol, 3 equiv) in dichloromethane (150 mL) at -78°C
and under N, was added dropwise a solution of dimethyl sulfide (2.2 mL, 30 mmol, 3 equiv) in
dichloromethane (10 mL). After 30 minutes at -78°C, a solution of (S,)-3 (3.1 g, 10 mmol, 1 equiv,
>99% de) in dichloromethane (30 mL) was added over 20 minutes. After 1h at -78°C, triethylamine
(7 mL, 50 mmol, 5 equiv) was added over 15 minutes and the reaction was stirred for 30 minutes at -
78°C. After warming up the reaction to rt, water was added and the two layers were separated. The
aqueous layer was extracted with dichloromethane (X2). The combined organic layer was dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (hexane/ethyl acetate 9:1 to 8:2) to afford the product as a colorless oil (2.58 g,
92%, >99% de). 31P NMR (162 MHz, CDCl3): 8 = 24.7 (dm, J = 553 Hz); 1H NMR (400 MHz, CDCI3): 8 =
7.73-7.84 (m, 2H), 7.66 (d, ] = 553 Hz, 1H), 7.46-7.64 (m, 3H), 4.22-4.36 (m, 1H), 2.14-2.27 (m, 2H),
1.62-1.75 (m, 2H), 1.38-1.54 (m, 2H), 1.24 (q, J = 11.2 Hz, 1H), 0.78-1.13 (m, 2H), 0.96 (d, J = 7.0 Hz,
3H), 0.90 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H); [a]p?3 = -35.5°(chloroform, literature with 90%
de: -21.0° in benzene).

(Rp)-Menthyl phenyl-H-phosphinate 1:1

/

-

e
Ph—R

H
To a solution of N-chlorosuccinimide (12.95 g, 97 mmol, 3 equiv) in dichloromethane (400 mL) at -
78°C and under N; was added dropwise a solution of 1-(methylthio)dodecane (21 g, 97 mmol, 3
equiv) in dichloromethane (30 mL). After 30 minutes at -78°C, a solution of (S,)-3 (10 g, 32 mmol, 1
equiv, >99% de) in dichloromethane (70 mL) was added over 20 minutes. After 1h at -78°C,
triethylamine (22.5 mL, 161 mmol, 5 equiv) was added over 15 minutes and the reaction was stirred
for 30 minutes at -78°C. After warming up the reaction to rt, water was added and the two layers
were separated. The aqueous layer was extracted with dichloromethane (X2). The combined organic
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layer was dried over MgSO,, filtered and concentrated under vacuum. The crude obtained was
purified by column chromatography (hexane/ethyl acetate 9:1 to 7:3) to afford the product as a
colorless oil (5.8 g, 65%, >99% de). 31P NMR (162 MHz, CDCI3): 6 = 24.7 (dm, J = 553 Hz); 1TH NMR
(400 MHz, CDCl3): & = 7.73-7.84 (m, 2H), 7.66 (d, ] = 553 Hz, 1H), 7.46-7.64 (m, 3H), 4.22-4.36 (m,
1H), 2.14-2.27 (m, 2H), 1.62-1.75 (m, 2H), 1.38-1.54 (m, 2H), 1.24 (q, J = 11.2 Hz, 1H), 0.78-1.13 (m,
2H), 096 (d, J = 7.0 Hz, 3H), 0.90 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H); [a]p?3 = -35.5¢
(chloroform, literature with 90% de: -21.0° in benzene).

(Sp)-Menthyl phenyl-H-phosphinate1:1

—/
O

IR

H-R

To a solution of N-chlorosuccinimide (110 mg, 0.82 mmol, 1.5 equiv) in dichloromethane (5 mL) at -
78°C and under N, was added dropwise a solution of dimethyl sulfide (0.06 mL, 0.82 mmol, 1.5
equiv) in dichloromethane (1 mL). After 10 minutes at -78°C, a solution of (R,)-Menthyl
(hydroxymethyl)phenylphosphinate (170 mg, 0.55 mmol, 1 equiv, >99% de) in dichloromethane (2
mL) was added over 20 minutes. After 1h at -78°C, triethylamine (0.38 mL, 2.74 mmol, 5 equiv) was
added over 15 minutes and the reaction was allowed to warm up to rt. After 1h at rt, water was
added and the two layers were separated. The aqueous layer was extracted with dichloromethane
(X2). The combined organic layer was dried over MgSO,, filtered and concentrated under vacuum.
The crude obtained was purified by column chromatography (hexane/ethyl acetate 6:4) to afford the
product as a colorless oil (125 mg, 81%, > 99% de). 31P NMR (162 MHz, CDCl3): 8 = 22.4 (d, J = 557
Hz); TH NMR (400 MHz, CDCl3): § = 7.67-7.82 (m, 2H), 7.68 (d, ] = 557 Hz, 1H), 7.42-7.62 (m, 3H),
4.18-4.32 (m, 1H), 2.25-2.35 (m, 1H), 2.02-2.16 (m, 1H), 1.62-1.75 (m, 2H), 1.22-1.58 (m, 3H), 0.80-
1.14 (m, 2H), 0.95 (d, J = 6.4 Hz, 3H), 0.88 (d, / = 7.0 Hz, 3H), 0.67 (d, J = 7.0 Hz, 3H); [a]p?3 = -77.4°
(chloroform, literature with 70% de: -89.6°in benzene).

(Sp)-Menthyl methyl-H-phosphinate 16:1

To a solution of N-chlorosuccinimide (470 mg, 3.5 mmol, 3 equiv) in dichloromethane (35 mL) at -
78°C and under N; was added dropwise a solution of dimethyl sulfide (0.26 mL, 3.5 mmol, 3 equiv) in
dichloromethane (3 mL). After 10 minutes at -78°C, a solution of (R,)-10 (290 mg, 1.17 mmol, 1 equiv,
>99% de) in dichloromethane (5 mL) was added over 20 minutes. After 1h at -78°C, triethylamine
(0.81 mL, 5.84 mmol, 5 equiv) was added over 15 minutes and the reaction was stirred for 30
minutes at -78°C. After warming up the reaction to rt, water was added and the two layers were
separated. The aqueous layer was extracted with dichloromethane (X2). The combined organic layer
was dried over MgSO0y, filtered and concentrated under vacuum. The crude obtained was purified by
column chromatography (hexane/ethyl acetate 8:2 to 4:6) to afford the product as a colorless oil
(134 mg, 61%, 96% de). 31P NMR (162 MHz, CDCl3): § = 28.5 (dm, ] = 537 Hz); 'H NMR (400 MHz,
CDCl3): 8 = 7.33 (d, ] = 537 Hz, 1H), 4.15-4.29 (m, 1H), 2.06-2.20 (m, 2H), 1.62-1.73 (m, 2H), 1.52 (d,J
=15.2 Hz, 3H), 1.24-1.58 (m, 2H), 1.14 (q,/ = 11.4 Hz, 1H), 0.93 (d, / = 6.2 Hz, 6H), 0.78-1.10 (m, 2H),
0.83 (d, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 76.8 (d, Jroc= 7.2 Hz), 48.4 (d, Jrocc= 6.1 Hz),
41.8, 34.0, 31.4, 29.6, 25.7, 23.1, 22.0, 20.8, 15.9, 15.3 (d, Jec= 95.6 Hz); [a]p?3 = -92.2° (chloroform,
literature: -96.6°in benzene).
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(Sp)-Menthyl-1-naphtyl-H-phosphinate 17:1

_/
90
H-FR,
To a solution of N-chlorosuccinimide (100 mg, 0.75 mmol, 3 equiv) in dichloromethane (15 mL) at -
78°C and under N; was added dropwise a solution of dimethyl sulfide (0.055 mL, 0.75 mmol, 3 equiv)
in dichloromethane (2 mL). After 10 minutes at -78°C, a solution of (R,)-5 (90 mg, 0.25 mmol, 1 equiv,
94% de) in dichloromethane (2 mL) was added over 20 minutes. After 1h at -78°C, triethylamine
(0.38 mL, 2.74 mmol, 5 equiv) was added over 15 minutes and the reaction was stirred for 30
minutes at -78°C. After warming up the reaction to rt, water was added and the two layers were
separated. The aqueous layer was extracted with dichloromethane (X2). The combined organic layer
was dried over MgSO0y, filtered and concentrated under vacuum. The crude obtained was purified by
column chromatography (hexane/ethyl acetate 9:1 to 7:3) to afford the product as a colorless oil (72
mg, 87%, 94% de). 31P NMR (162 MHz, CDCl3): 8 = 23.3 (dm, ] = 557 Hz); 1H NMR (400 MHz, CDCl3): 6
= 8.45-8.51 (m, 1H), 7.99-8.10 (m, 2H), 8.05 (d, / = 557 Hz, 1H), 7.90-7.96 (m, 1H), 7.54-7.67 (m, 3H),
4.31-4.44 (m, 1H), 2.34-2.44 (m, 1H), 2.05 (dquint,, / = 2.6 and 7.0 Hz, 1H), 1.61-1.74 (m, 2H), 1.24-
1.56 (m, 3H), 0.97 (d, J = 6.4 Hz, 3H), 0.75-1.10 (m, 2H), 0.80 (d, / = 7.0 Hz, 3H), 0.61 (d, J = 6.7 Hz,
3H); 13C NMR (101 MHZ, CDC13): 6 =133.6 (d,]pcccc= 2.8 HZ), 133.4 (d,]pcc= 105 HZ), 1325 (d,]pccc=
10.0 Hz), 131.7 (d, Jeccc = 14.4 Hz), 128.9 (d, Jeccec= 1.7 Hz), 127.5, 126.7 (d, Jpc= 132 Hz), 126.7, 125.2

(d, ]pccc= 7.2 HZ), 124.6 (d, ]pcc= 16.6 HZ), 77.8 (d, ]poc= 7.1 HZ), 485 (d, ]pocc= 6.7 HZ), 43.5, 42.2 (d,
Jeocc = 1.1 Hz), 34.0, 31.6, 25.3, 22.8, 22.0, 20.8, 15.4; [a]p23 = -74.0° (chloroform).

(Sp)-Menthyl cinnamyl-H-phosphinate 18:1

To a solution of N-chlorosuccinimide (200 mg, 1.5 mmol, 3 equiv) in dichloromethane (20 mL) at -
78°C and under N; was added dropwise a solution of dimethyl sulfide (0.11 mL, 1.5 mmol, 3 equiv) in
dichloromethane (3 mL). After 10 minutes at -78°C, a solution of (R,)-4 (175 mg, 0.5 mmol, 1 equiv,
>99% de) in dichloromethane (3 mL) was added over 20 minutes. After 1h at -78°C, triethylamine
(0.35 mL, 2.5 mmol, 5 equiv) was added over 15 minutes and the reaction was stirred for 30 minutes
at -78°C. After warming up to rt, water was added and the two layers were separated. The aqueous
layer was then extracted with dichloromethane (X2). The combined organic layer was dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (hexane/ethyl acetate 9:1 to 7:3) to afford the product as a colorless oil (132 mg,
82%, > 99% de). 31P NMR (121.47 MHz, CDCl3): = 30.9 (dm, / = 539 Hz); 1H NMR (300 MHz, CDCl3):
0 =7.20-7.41 (m, 5H), 7.17 (d, ] = 539 Hz, 1H), 6.56 (dd, J = 5.9 and 15.8 Hz, 1H), 6.05-6.20 (m, 1H),
4.37-4.63 (m, 1H), 2.80 (dd, / = 7.6 and 18.5 Hz, 2H), 2.06-2.24 (m, 2H), 1.62-1.73 (m, 2H), 1.34-1.55
(m, 2H), 1.15 (q, / = 11.4 Hz, 1H), 0.75-1.12 (m, 2H), 0.92 (d, ] = 6.5 Hz, 3H), 0.91 (d, J = 7.0 Hz, 3H),
0.82 (d, /= 7.0 Hz, 3H); 13C NMR (75.46 MHz, CDCl3): 8 = 136.8 (d, Jecccc= 3.3 Hz), 135.8 (d, Jpcc= 14.4
HZ), 128.6 (d,] =1.1 HZ, ZC), 127.8, 126.2 (d,]pccccc= 2.3 HZ, ZC), 117.0 (d,]pccc= 10.0 HZ), 77.3 (d,]poc
= 7.8 Hz), 48.4 (d, Jeocc= 6.1 Hz), 41.8, 34.3 (d, Jec= 91.8 Hz), 34.0, 31.4, 25.7, 23.1, 21.9, 20.8, 15.8;
HRMS (EI+) m/z calcd for C19H2902P ([M]*) 320.1905, found 320.1907; [a]p?3 = -89.8° (chloroform).
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(Sp)-Menthyl (3-phenylpropyl)-H-phosphinate 19:

To a solution of N-chlorosuccinimide (721 mg, 5.4 mmol, 3 equiv) in dichloromethane (30 mL) at -
78°C and under N; was added dropwise a solution of dimethyl sulfide (0.4 mL, 5.4 mmol, 3 equiv) in
dichloromethane (5 mL). After 10 minutes at -78°C, a solution of (R,)-menthyl hydroxymethyl(3-
phenylpropyl)-H-phosphinate (630 mg, 1.8 mmol, 1 equiv, 98% de) in dichloromethane (5 mL) was
added over 20 minutes. After 1h at -78¢C, triethylamine (1.25 mL, 9 mmol, 5 equiv) was added over
15 minutes and the reaction was allowed to warm up to rt. After 1h at rt, water was added and the
two layers were separated. The aqueous layer was extracted with dichloromethane (X2). The
combined organic layer was dried over MgSO.,, filtered and concentrated under vacuum. The crude
obtained was purified by column chromatography (dichloromethane/acetone 99:1 to 97:3) to afford
the product as a colorless oil (554 mg, 96%, 96% de). 3P NMR (162 MHz, CDCl3): 6 = 33.3
(dsextuplet, ] = 12.7 and 528 Hz); *H NMR (400 MHz, CDCl3): 8 = 7.16-7.23 (m, 2H), 7.05-7.13 (m, 3H),
7.08 (d, J = 528 Hz, 1H), 4.07-4.19 (m, 1H), 2.62 (t, ] = 7.4 Hz, 2H), 1.99-2.10 (m, 2H), 1.77-1.91 (m,
2H), 1.53-1.73 (m, 4H), 1.21-1.43 (m, 2H), 1.02 (g, / = 11.6 Hz, 1H), 0.94 (dquint., J = 3.0 and 12.4 Hz,
1H), 0.84 (d, J = 6.8 Hz, 6H), 0.69-0.85 (m, 1H), 0.74 (d, ] = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): d =
140.7, 128.4 (2C), 128.4 (2C), 126.1, 76.7 (d, Jroc= 7.4 Hz), 48.3 (d, Jpocc= 5.9 Hz), 41.6, 36.2 (d, Jpcc=
16.0 Hz), 33.9, 31.3, 28.1 (d, Jec= 95.0 Hz), 25.6, 22.9, 22.4 (d, Jeccc= 2.5 Hz), 21.9, 20.8, 15.7; [a]p?3 = -
27.39 (chloroform).

(Sp)-Menthyl cyclohexyl-H-phosphinate 20:

To a solution of N-chlorosuccinimide (400 mg, 3 mmol, 3 equiv) in dichloromethane (25 mL) at -78°C
and under N, was added dropwise a solution of dimethyl sulfide (0.22 mL, 3 mmol, 3 equiv) in
dichloromethane (3 mL). After 10 minutes at -78°C, a solution of (Sy)-methyl
(hydroxymethyl)cyclohexylphosphinate (316 mg, 1 mmol, 1 equiv, > 99% de) in dichloromethane (5
mL) was added over 20 minutes. After 1h at -78¢°C, triethylamine (0.70 mL, 5 mmol, 5 equiv) was
added over 15 minutes and the reaction was allowed to warm up to rt. After 1h at rt, water was
added and the two layers were separated. The aqueous layer was then extracted with
dichloromethane (X2). The combined organic layer was dried over MgSO0s, filtered and concentrated
under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 90:10) to afford the product as a colorless oil (181 mg, 63%, >
99% de). 31P NMR (162 MHz, CDCl3): 6 = 37.1 (s); *H NMR (400 MHz, CDCl3): 6 = 6.84 (d, / = 512 Hz,
1H), 4.08-4.17 (m, 1H), 2.01-2.14 (m, 2H), 1.71-1.90 (m, 4H), 1.53-1.69 (m, 4H), 1.10-1.47 (m, 7H),
1.04 (q,/ =11.2 Hz, 1H), 0.99 (dq, J = 2.4 and 12.6 Hz, 1H), 0.78-0.95 (m, 1H), 0.89 (d, J = 7.0 Hz, 3H),
0.88 (d, J = 6.5 Hz, 3H), 0.78 (d, ] = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): d = 76.4 (d, Jeoc= 7.8 Hz),
48.4 (d, Jrocc = 5.8 Hz), 41.5 (d, Jrocc= 1.2 Hz), 37.1 (d, Jec= 97.7 Hz), 34.0, 31.3, 25.8 (2C), 25.6 (d, Jrcc
=10.7 Hz), 25.6 (d, Jecc= 9.5 Hz), 24.1 (2C), 22.9, 21.9, 20.8, 15.6.

(Sp)-Menthyl triphenylmethyl-H-phosphinate 21:
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To a solution of N-chlorosuccinimide (100 mg, 0.75 mmol, 3 equiv) in dichloromethane (20 mL) at -
78°C and under N; was added dropwise a solution of dimethyl sulfide (0.06 mL, 0.75 mmol, 3 equiv)
in dichloromethane (2 mL). After 10 minutes at -78°C, a solution of (R)-13 (119 mg, 0.25 mmol, 1
equiv, 95% de) in dichloromethane (3 mL) was added over 20 minutes. After 1h at -78°C,
triethylamine (0.17 mL, 1.25 mmol, 5 equiv) was added over 15 minutes and the reaction was
allowed to warm up to rt. After 1h at rt, water was added and the two layers were separated. The
aqueous layer was extracted with dichloromethane (X2). The combined organic layer was dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (dichloromethane/acetone 100:0 to 97:3) to afford the product as a white solid (93
mg, 83%, 95% de). 31P NMR (162 MHz, CDCl3): & = 35.4 (dd, J = 4.4 and 550 Hz); 1H NMR (400 MHz,
CDCl3): 8 = 7.66 (d, J = 549 Hz, 1H), 7.27-7.37 (m, 15H), 4.21-4.32 (m, 1H), 2.03-2.11 (m, 1H), 1.57-
1.69 (m, 3H), 1.35-1.48 (m, 1H), 1.15-1.24 (m, 1H), 1.00 (q, / = 11.4 Hz, 1H), 0.98 (dq, J = 3.2 and 14.7
Hz, 1H), 0.89 (d, ] = 6.6 Hz, 3H), 0.81 (dq, / = 3.4 and 12.1 Hz, 1H), 0.74 (d,J = 7.1 Hz, 3H), 0.70 (d, / =
6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 140.5 (d, Jecc = 3.2 Hz, 3C), 130.6 (d, Jeccc= 6.9 Hz, 6C),
128.2 (S, 6C), 127.2 (d,]pccccc= 1.8 HZ, 3C), 78.7 (d,]p0c= 8.7 HZ), 62.0 (d,]pc= 90.7 HZ), 48.6 (d,]pocc=
5.8 Hz), 41.1 (d, Jrocc= 1.9 Hz), 33.9, 31.5, 24.8, 22.6, 22.0, 20.9, 15.5; [a]p?3 = -21.1° (chloroform).

W

(Sp)-Menthyl mesityl-H-phosphinate 22:

H

To a solution of N-chlorosuccinimide (400 mg, 3 mmol, 3 equiv) in dichloromethane (40 mL) at -78°C
and under N, was added dropwise a solution of dimethyl sulfide (0.22 mL, 3 mmol, 3 equiv) in
dichloromethane (3 mL). After 10 minutes at -78°C, a solution of (R,)-8b (352 mg, 1 mmo], 1 equiv,
94% de) in dichloromethane (5 mL) was added over 20 minutes. After 1h at -78°C, triethylamine (0.7
mL, 5 mmol, 5 equiv) was added over 15 minutes and the reaction was allowed to warm up to rt.
After 1h at rt, water was added and the two layers were separated. The aqueous layer was extracted
with dichloromethane (X2). The combined organic layer was dried over MgSO,, filtered and
concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 97:3) to afford the product as a colorless oil (275 mg, 85%, 94%
de). 31P NMR (162 MHz, CDCl3): 6 = 18.7 (d, J = 548 Hz); 'H NMR (400 MHz, CDCl3): 6 =8.09 (d,] =
548 Hz, 1H), 6.89 (s, 1H), 6.88 (s, 1H), 4.27-4.37 (m, 1H), 2.58 (s, 6H), 2.27-2.34 (m, 1H), 2.31 (s, 3H),
2.17 (dquint,, J = 2.7 and 7.0 Hz, 1H), 1.65-1.74 (m, 2H), 1.45-1.57 (m, 1H), 1.34-1.43 (m, 1H), 1.22 (q,
J=11.3 Hz, 1H), 1.06 (dq,J = 3.2 and 12.5 Hz, 1H), 0.77-0.99 (m, 1H), 0.97 (d, J = 6.6 Hz, 3H), 0.90 (d,J
= 7.1 Hz, 3H), 0.80 (d, J = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 142.2 (d, Jecccc= 1.9 Hz), 141.5
(d, Jeccc= 11.4 Hz, 2C), 130.0 (d, Jecc= 12.2 Hz, 2C), 123.7 (d, Jec= 136 Hz), 76.8 (d, Jroc= 7.0 Hz), 48.4
(d, Jeocc = 6.3 Hz), 41.6, 34.0, 31.4, 25.3, 22.8, 21.9, 21.1, 20.9, 20.8 (2C), 15.4; [a]p?? = -28.80
(chloroform).

(Sp)-Menthyl (benzoxymethyl)phenylphosphinate 23:
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To a suspension of NaH (120 mg, 3 mmol, 1.5 equiv, 60% in mineral oil) in dichloromethane (15 mL)
was added at 0°C under N; a solution of (Sp)-3 (621 mg, 2 mmol, 1 equiv, >99% de) in
dichloromethane (5 mL). After 30 minutes at 0°C, benzylbromide (0.29 mL, 2.4 mmol, 1.2 equiv) was
added. The reaction was stirred for 4 hours at rt. A saturated solution of NH4Cl was added and the
two layers were separated. The aqueous layer was extracted with dichloromethane (3X). The
combined organic layers was dried over MgSQy,, filtered and concentrated under vacuum. The crude
obtained was purified by column chromatography (hexane/ethyl acetate 9:1 to 7:3) to afford the
product as colorless oil (801 mg, 100%, >99% de). 31P NMR (162 MHz, CDCl3): 8 = 31.3 (s); *H NMR
(400 MHz, CDCl3): & = 7.80-7.91 (m, 2H), 7.52-7.62 (m, 1H), 7.42-7.52 (m, 2H), 7.24-7.34 (m, 3H),
7.13-7.21 (m, 2H), 4.56 (s, 2H), 4.29-4.43 (m, 1H), 3.75-3.94 (m, 2H), 2.18-2.33 (m, 1H), 1.90-2.01 (m,
1H), 1.56-1.72 (m, 2H), 1.22-1.48 (m, 2H), 0.74-1.17 (m, 3H), 0.92 (d, J = 7.0 Hz, 3H), 0.82 (d, / = 6.7
Hz, 3H), 0.79 (d, J = 6.4 Hz, 3H); 13C NMR (100.62 MHz, CDCl3): 6 = 137.0, 132.3 (d, Jecccc= 2.7 Hz),
131.8 (d, Jeccc= 10.0 Hz, 2C), 131.2 (d, Jec= 129 Hz), 128.3 (2C), 128.3 (d, Jecc= 12.7 Hz, 2C), 127.8
(3C), 77.2 (d,]poc= 7.2 HZ), 75.0 (d,]pcoc= 12.2 HZ), 67.1 (d,]pc= 119 HZ), 48.7 (d,]pocc= 6.1 HZ), 43.4,
34.0, 31.5, 25.5, 22.8, 21.9, 21.1, 15.7; HRMS (EI+) m/z calcd for C24H3403P ([M+H]*) 401.2244, found
401.2246; [a]p?5 = -12.2° (chloroform).

(Sp)-Menthyl (benzoxymethyl)phenylphosphinate 23:

_/

O¥
o

Ph
To a solution of (Sp)-3 (3.1 g 10 mmol, 1 equiv, >99% de) in acetonitrile (30 mL) was added
benzylbromide (6 mL, 50 mmol, 5 equiv) followed by potassium fluoride on alumina (7.25 g, 50
mmol, 5 equiv, 40% w.t). The reaction was stirred for 3 days at rt under N;. The suspension was
filtered through celite. The solid was washed twice with acetonitrile and the filtrate was
concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 95:5) to afford the product as colorless oil (3.97 g, 99%, >99%
de). 31P NMR (162 MHz, CDCl3): § = 31.3 (s); tH NMR (400 MHz, CDCl3): 6 = 7.80-7.91 (m, 2H), 7.52-
7.62 (m, 1H), 7.42-7.52 (m, 2H), 7.24-7.34 (m, 3H), 7.13-7.21 (m, 2H), 4.56 (s, 2H), 4.29-4.43 (m, 1H),
3.75-3.94 (m, 2H), 2.18-2.33 (m, 1H), 1.90-2.01 (m, 1H), 1.56-1.72 (m, 2H), 1.22-1.48 (m, 2H), 0.74-
1.17 (m, 3H), 0.92 (d, J = 7.0 Hz, 3H), 0.82 (d,J = 6.7 Hz, 3H), 0.79 (d, / = 6.4 Hz, 3H); 13C NMR (100.62
MHZ, CDClg): 6 = 137.0, 132.3 (d,]pcccc= 2.7 HZ), 131.8 (d,]pccc= 10.0 HZ, 2C), 131.2 (d,]pc= 129 HZ),
128.3 (2C), 128.3 (d, Jecc= 12.7 Hz, 2C), 127.8 (3C), 77.2 (d, Jeoc= 7.2 Hz), 75.0 (d, Jecoc= 12.2 Hz), 67.1
(d, Jec= 119 Hz), 48.7 (d, Jrocc = 6.1 Hz), 43.4, 34.0, 31.5, 25.5, 22.8, 21.9, 21.1, 15.7; HRMS (EI+) m/z
calcd for C24H3403P ([M+H]*) 401.2244, found 401.2246; [a]p25 = -12.2° (chloroform).

(Sp)-Menthyl [(tert-butyldimethylsilyloxy)methyl]phenylphosphinate 24:
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To a solution of (Sp)-3 (3.1 g, 10 mmol, 1 equiv, >99% de) in dichloromethane (20 mL) was added at
0°C under N; imidazole (1.5 mL, 27 mmol, 2.7 equiv) followed by tert-butyldimethylsilyl chloride (2.6
mL, 15 mmol, 1.5 equiv). The ice bath was removed and the reaction was stirred for 16 h under N; at
rt. The solvent was then removed under vacuum and the crude obtained was dissolved in ethyl
acetate. The organic layer was washed with NaHCOs; and brine, dried over MgSO,, filtered and
concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 95:5) to afford the product as colorless oil (4.23 g, 100%, > 99%
de). 31P NMR (162 MHz, CDCl3): § = 35.6 (s); tH NMR (400 MHz, CDCl3): 6 = 7.83-7.90 (m, 2H), 7.53-
7.58 (m, 1H), 7.43-7.50 (m, 2H), 4.31-4.41 (m, 1H), 4.03 (dd, / = 9.3 and 13.8 Hz, 1H), 3.94 (dd, j = 4.6
and 13.8 Hz, 1H), 2.34 (dquint,, J = 2.5 and 7.0 Hz, 1H), 1.98-2.05 (m, 1H), 1.61-1.73 (m, 2H), 1.32-
1.48 (m, 2H), 1.12 (q, / = 11.1 Hz, 1H), 0.85-1.09 (m, 2H), 0.97 (d,J = 7.1 Hz, 3H), 0.89 (d, / = 6.9 Hz,
3H), 0.82 (d, J = 6.8 Hz, 3H), 0.81 (s, 9H), -0.06 (s, 3H), -0.10 (s, 3H); 13C NMR (101 MHz, CDCl3): 6 =
132.1 (d, ]pcccc= 2.8 HZ), 132.1 (d, ]pccc= 9.7 HZ, ZC), 130.8 [d, ]pc= 128 HZ), 128.0 (d, ]pcc= 125 HZ,
2C), 76.9 (d, Jeoc= 7.5 Hz), 61.0 (d, Jec= 123 Hz), 48.7 (d, Jrocc= 6.1 Hz), 43.5, 34.0, 31.5, 25.6 (3C),
25.4,22.9,21.9,21.1,18.2,15.8, -5.9, -6.0; HRMS (EI+) m/z calcd for C23H4203PSi ([M+H]*) 425.2641,
found 425.2629; [a]p?> = -14.1° (chloroform).

(Sp)-Menthyl (acetoxymethyl)phenylphosphinate 25:2

To a solution of (Sp)-3 (1.55 g, 5 mmol, 1 equiv, >99% de) in dichloromethane (10 mL) was slowly
added at 0°C and under N; triethylamine (0.87 mL, 6.25 mmol, 1.25 equiv) followed by acetic
anhydride (0.57 ml, 6 mmol, 1.2 equiv). The ice bath was removed and the reaction mixture was
stirred at rt for 16 h. The solvent was removed under vacuum and the residue obtained was
solubilized in ethyl acetate. The organic layer was washed with a saturated aqueous solution of
NaHCOszand brine, dried over MgS0,, filtered and concentrated under vacuum to afford the product
as a colorless oil (1.73 g, 98%, >99% de). 31P NMR (162 MHz, CDCI3): 6 = 30.3 (s).

(Sp)-Menthyl [(tosyloxy)methyl]phenylphosphinate 26:*

’

),
g\o’o\
A\ OTs

To a solution of (Sp)-3 (3.1 g, 10 mmol, 1 equiv, >99% de) in dichloromethane (20 ml) under N; was
added N,N-diisopropylethylamine (4.4 mL, 25 mmol, 2.5 equiv). The mixture was cooled down to 0°C
and a solution of tosyl chloride (2.89 g, 20 mmol, 2 equiv) in dichloromethane (15 ml) was added
over 1h. The ice-bath was removed and the solution was stirred for 20h at rt. A saturated aqueous
solution of NaHCO3 was added and the two layers were separated. The aqueous layer was extracted
with dichloromethane (2X). The combined organic layers was dried over MgSO,, filtered and
concentrated under vacuum. The residue obtained was purified by column chromatography
(hexanes/ethyl acetate 9:1 to 7:3) to afford the product as colorless crystals (4.6 g, 99%, > 99% de).
Mp = 68-700C; 31P NMR (162 MHz, CDCl3): 6 = 29.3 (s); 1H NMR (400 MHz, CDCl3): 6 = 7.67-7.75 (m,
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2H), 7.49-7.56 (m, 3H), 7.36-7.43 (m, 2H), 7.17-7.22 (m, 2H), 4.10-4.35 (m, 3H), 2.35 (s, 3H), 2.10
(dquint,, J = 2.6 and 7.0 Hz, 1H), 1.86-1.93 (m, 1H), 1.53-1.66 (m, 2H), 1.22-1.42 (m, 2H), 1.06 (q,/ =
11.1 Hz, 1H), 0.76-1.06 (m, 2H), 0.87 (d, J = 7.0 Hz, 3H), 0.75 (d, ] = 6.8 Hz, 3H), 0.74 (d, ] = 6.5 Hz, 3H);
13C NMR (101 MHz, CDCls): 8 = 145.2, 133.0 (d, Jecccc= 2.8 Hz), 131.8 (d, Jecce= 10.0 Hz, 2C), 131.4,
129.9 (2C), 129.3 (d, Jec= 137 Hz), 128.5 (d, Jecc= 13.3 Hz, 2C), 128.0 (2C), 78.5 (d, Jeoc= 7.4 Hz), 64.3
(d, Jec= 115 Hz), 48.5 (d, Jrocc = 6.1 Hz), 43.3, 33.9, 31.5, 25.5, 22.8, 21.8, 21.6, 21.0, 15.6; HRMS (EI+)
m/z calcd for C24H340sPS ([M+H]*) 465.1865, found 465.1857; [a]p25 = -20.1° (chloroform).

(Sp)-Menthyl (benzoxymethyl)phenylphosphinate borane 27:

_

BHy

O
o
\—ph

To a solution of (S,)-23 (400 mg, 1 mmol, 1 equiv, >99% de) in benzene (5 mL) was added
triethylamine (0.7 mL, 5 mmol, 5 equiv) followed by trichlorosilane (0.5 mL, 5 mmol, 5 equiv). After 2
hours at reflux under N, the reaction was cooled down to rt and then borane dimethylsulfide (2.5
mL, 5 mmol, 5 equiv, 2.0M solution in tetrahydrofuran) was added and the reaction was stirred for
12 hours at rt under Nj. The solvent was removed under vacuum and the crude obtained was
purified by column chromatography (hexane/ethyl acetate 100:0 to 90:10) to afford the product as
colorless oil (302 mg, 76%, > 99% de). 31P NMR (162 MHz, CDCl3): 6 = 104.7 (d, J = 85.8 Hz); 1H NMR
(400 MHz, CDCl3): & = 7.80-7.87 (m, 2H), 7.53-7.59 (m, 1H), 7.46-7.52 (m, 2H), 7.27-7.36 (m, 3H),
7.19-7.24 (m, 2H), 4.54-4.62 (m, 2H), 4.18-4.28 (m, 1H), 3.87-3.98 (m, 2H), 2.23 (dquint., / = 2.6 and
7.0 Hz, 1H), 1.84-1.91 (m, 1H), 1.61-1.72 (m, 2H), 1.34-1.49 (m, 2H), 0.74-1.30 (m, 3H), 1.04 (dq, J =
3.6 and 12.5 Hz, 1H), 0.98 (q, /= 11.1 Hz, 1H), 0.95 (d, /= 7.0 Hz, 3H), 0.77-0.90 (m, 1H), 0.84 (d, ] =
6.9 Hz, 3H), 0.82 (d, / = 6.6 Hz, 3H); 13C NMR (100.62 MHz, CDCl3): 6 = 137.1, 131.8 (d, Jecccc = 2.6 Hz),
131.5 (d, Jec= 57.2 Hz), 131.2 (d, Jeccc= 10.5 Hz, 2C), 128.4 (d, Jecc= 10.2 Hz, 2C),128.4 (2C), 127.8,
127.8 (ZC), 80.3 (d,]poc= 3.8 HZ), 75.2 (d,]pcoc= 7.8 HZ), 69.9 (d,]pc= 561 HZ), 48.9 (d, ]pocc= 65 HZ),
43.5,34.1,31.4, 25.4, 22.9, 22.0, 21.0, 15.9; HRMS (EI+) m/z calcd for C24H35BO,P ([M-H]*) 397.2468,
found 397.2461; [a]p2* = -0.9° (chloroform).

(Rp)-Menthyl [(tert-butyldimethylsilyloxy)methyl[phenylthiophosphinate 28a:

SO

P

\_oTBDMS
To a solution of (S,)-24 (2.12 g, 5 mmol, 1 equiv, >99% de) in toluene (20 mL) was added Lawesson’s
reagent (1.21 g, 3 mmol, 0.6 equiv). The reaction mixture was stirred for 16 hours at reflux under No.
After cooling down the reaction to rt, the solvent was concentrated under vacuum and the residue
obtained was purified by column chromatography (Hexane/ethyl acetate 98:2 to 95:5) to afford the
product as a yellow oil (2.05 g, 93%, > 99% de). 31P NMR (162 MHz, CDCl3): 8 = 82.4 (s); tH NMR (400
MHz, CDCl3): 8 = 7.92-8.01 (m, 2H), 7.49-7.55 (m, 1H), 7.41-7.48 (m, 2H), 4.45-4.56 (m, 1H), 4.13 (dd,
J=8.1and 13.2 Hz, 1H), 3.95 (d, / = 13.3 Hz, 1H), 2.29 (dquint,, J = 2.5 and 7.0 Hz, 1H), 1.79-1.87 (m,
1H), 1.60-1.73 (m, 2H), 1.32-1.53 (m, 2H), 0.75-1.13 (m, 3H), 0.95 (d, /= 7.0 Hz, 3H), 0.89 (d, /= 6.9
Hz, 3H), 0.82 (s, 9H), 0.78 (d, ] = 6.5 Hz, 3H), -0.05 (s, 3H), -0.12 (s, 3H); 13C NMR (101 MHz, CDCl3):
6 =133.2 (d,]pc= 101 HZ), 132.0 (d,]pccc= 10.4 HZ, ZC), 131.9 (d,]pcccc= 3.0 HZ), 127.9 (d,]pcc= 12.6
Hz, 2C), 77.2 (d, Jroc= 7.9 Hz), 67.7 (d, Jec= 99.1 Hz), 48.5 (d, Jeocc= 7.1 Hz), 43.4, 34.1, 31.4, 25.6 (3C),
25.3, 23.0, 22.0, 21.1, 18.2, 16.1, -5.8, -5.8; HRMS (EI+) m/z calcd for C23H420,PSSi ([M+H]*)
441.2412, found 441.2394; [a]p25 = -16.8° (chloroform).
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(Rp)-Menthyl (acetoxymethyl)phenylthiophosphinate 28b:

S0
P

\—OAc

To a solution of (S,)-25 (1.73 g, 5 mmol, 1 equiv, >99% de) in toluene (10 mL) was added Lawesson’s
reagent (1.21 g, 3 mmol, 0.6 equiv). The reaction mixture was stirred for 16 hours at reflux under No.
After cooling down the reaction to rt, the solvent was concentrated under vacuum and the residue
obtained was purified by column chromatography (Hexane/ethyl acetate 99:1 to 97:3) to afford the
product as a colorless oil (1.85 g, 100%, > 99% de). 31P NMR (162 MHz, CDCI3): & = 78.9 (s); tH NMR
(400 MHz, CDCl3): 8 = 7.92-7.99 (m, 2H), 7.55-7.61 (m, 1H), 7.47-7.53 (m, 2H), 4.48-4.61 (m, 3H), 2.19
(dquint.,, J = 2.7 and 7.0 Hz, 1H), 2.04 (s, 3H), 1.61-1.80 (m, 3H), 1.46-1.55 (m, 1H), 1.33-1.45 (m, 1H),
1.08 (dq, /= 3.4 and 13.3 Hz, 1H), 0.98 (q,/ = 11.8 Hz, 1H), 0.98 (d, /= 7.0 Hz, 3H), 0.91 (d, /= 7.0 Hz,
3H), 0.85 (dq, J = 3.3 and 11.9 Hz, 1H), 0.78 (d, / = 6.6 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 169.8
(d, ]pc0c= 7.6 HZ), 132.9 (d,]pc= 104 HZ), 132.4 (d, ]pcccc= 2.8 HZ), 131.6 (d, ]pccc= 11.0 HZ, ZC), 128.3
(d, ]pcc= 13.1 HZ, ZC), 77.9 (d, ]poc= 7.5 HZ), 656 (d, ]pc= 98.2 HZ), 48.4 (d, ]pocc= 7.3 HZ), 43.2, 34.1,
31.4,25.6,23.0,21.9, 21.0, 20.5, 16.0.

(Rp)-Menthyl (hydroxymethyl)phenylthiophosphinate 29:
E\o‘
\—0oH

To a solution of (R,)-28b (1.84 g, 5 mmol, 1 equiv, >99% de) in methanol (10 mL) was added
potassium carbonate (69 mg, 0.5 mmol, 0.1 equiv.) and the mixture was stirred for 16 h at rt. The
solvent was removed under vacuum and then the residue was solubilized in ethyl acetate. The
organic layer was washed with saturated NaHCO3 (150 mL) and brine (150 mL), dried over MgSQ0a,
filtered and concentrated under vacuum to afford the product as a white solid (1.63 g, 100%, 96%
de). Mp = 67-68 °C; 31P NMR (162 MHz, CDCl3): & = 83.6 (s); *H NMR (400 MHz, CDCI3): 8 = 7.87-7.97
(m, 2H), 7.51-7.58 (m, 1H), 7.43-7.50 (m, 2H), 4.47 (dd, J = 4.4 and 10.6 Hz, 1H), 3.84-4.03 (m, 2H),
2.75 (s, 1H), 2.17 (dquint,, J = 2.6 and 7.0 Hz, 1H), 1.58-1.77 (m, 3H), 1.43-1.52 (m, 1H), 1.29-1.41 (m,
1H), 1.05 (dq, J = 3.0 and 12.9 Hz, 1H), 0.76-1.01 (m, 2H), 0.95 (d, / = 7.0 Hz, 3H), 0.88 (d, / = 6.9 Hz,
3H), 0.75 (d, J = 6.6 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 133.0 (d, Jec= 98.4 Hz), 132.4 (d, Jecccc =
3.0 HZ), 131.4 (d, ]pccc= 10.6 HZ, ZC), 128.4 (d, ]pcc= 129 HZ, ZC), 77.9 (d, ]p0c= 8.3 HZ), 652 (d, ]pc=

88.0 Hz), 48.5 (d, Jrocc = 7.1 Hz), 43.2, 34.1, 31.4, 25.6, 23.0, 22.0, 21.0, 16.0; HRMS (EI+) m/z calcd for
C17H2702PS ([M]*) 326.1469, found 326.1466; [a]p25 = -24.9¢ (chloroform).

(Sp)-Menthyl (iodomethyl)phenylphosphinate 30:*

_/

-

0]
%

To a solution of (S,)-26 (4.78 g, 12.5 mmol, 1 equiv, >99% de) in acetone (40 ml) was added sodium
iodide (7.5 g, 50 mmol, 4 equiv). The reaction mixture was stirred for 24h at reflux. The solvent was
removed under vacuum and the residue obtained was dissolved in dichloromethane. The organic
layer was washed with brine, dried over MgS0y,, filtered and concentrated under vacuum. The solid
obtained was purified by column chromatography (dichloromethane/ethyl acetate 10:0 to 9:1) to
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afford the product as a yellow solid (4.06 g, 94%, 96% de). Mp = 66-68°C; 31P NMR (162 MHz, CDCl3):
0 =319 (s); tH NMR (400 MHz, CDCl3): 6 = 7.59-7.68 (m, 2H), 7.30-7.36 (m, 1H), 7.20-7.28 (m, 2H),
4.11-4.23 (m, 1H), 3.01 (dd, J = 8.9 and 12.7 Hz, 1H), 2.88 (dd, J = 5.9 and 12.7 Hz, 1H), 2.12-2.24 (m,
1H), 1.58-1.67 (m, 1H), 1.35-1.51 (m, 2H), 1.18-1.28 (m, 1H), 1.03-1.17 (m, 1H), 0.54-0.86 (m, 3H),
0.75 (d, /= 7.0 Hz, 3H), 0.69 (d,] = 6.9 Hz, 3H), 0.52 (d, / = 6.6 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 =
1325 (d, ]pcccc= 2.7 HZ), 131.8 (d, ]pccc= 9.8 HZ, ZC), 130.2 [d, ]pc= 136 HZ), 128.3 (d, ]pcc= 13.1 HZ,
2C), 77.9 (d, Jroc= 7.2 Hz), 48.6 (d, Jrocc= 6.2 Hz), 42.9, 33.8, 31.3, 25.5, 22.7, 21.8, 21.0, 15.8, -6.5 (d,
Jec=102 Hz); HRMS (EI+) m/z calcd for C17H27102P ([M+H]*) 421.0793, found 421.0793; [a]p = -29.50.

(Rp, Ry)-Ethane-1,2-diylbis(menthyl phenylphosphinate 31:4

To a solution of (S,)-30 (420.3 mg, 1 mmol, 1 equiv, 96% de) in THF (8 mL) at -78°C under N; was
slowly added isopropylmagnesium chloride (0.55 mL, 1.1 mmol, 1.1 equiv, 2.0M in THF). After 1 h of
stirring at -789C, CuCl; (403 mg, 3 mmol, 3 equiv) was added. The dry ice-bath was removed and the
reaction mixture was stirred for 2 h at rt. A saturated solution of NH4Cl was added and the two layers
were separated. The aqueous layer was extracted with dichloromethane (3X). The combined organic
layers was dried over MgS0,, filtered and concentrated under vacuum. The crude obtained was
purified by column chromatography (hexane/ethyl acetate 8:2 to 6:4) to afford the product as a
white solid (237 mg, 81%, de = 89%). Mp = 78-79°C; 31P NMR (162 MHz, CDCl3): & = 39.7 (m); 'H
NMR (400 MHz, CDCl): 6 = 7.77-7.87 (m, 4H), 7.44-7.59 (m, 6H), 4.23-4.36 (m, 2H), 2.21 (dquint,, ] =
2.3 and 7.0 Hz, 2H), 1.78-1.87 (m, 2H), 1.66 (d, ] = 14.4 Hz, 4H), 1.56-1.72 (m, 4H), 1.25-1.44 (m, 4H),
0.74-1.11 (m, 6H), 0.97 (d, J = 7.1 Hz, 6H), 0.90 (d, J = 7.0 Hz, 6H), 0.78 (d, / = 6.4 Hz, 6H); 13C NMR
(101 MHZ, CDC];;): 6 =133.8 (d, ]pc= 129 HZ, ZC), 131.8 (d, ]pcccc= 2.7 HZ, ZC), 130.7 (d, ]pccc= 9.9 HZ,
4C), 128.3 (d, Jecc = 12.7 Hz, 4C), 76.2 (d, Jroc= 7.2 Hz, 2C), 48.6 (d, Jrocc = 6.1 Hz, 4C), 43.1 (2C), 34.0
(2C), 31.3 (2C), 25.7 (2C), 21.9 (d, Jec= 138 Hz, 2C), 21.8 (2C), 17.1 (2C), 15.7 (20); [a]p?5 = -17.1°
(chloroform).

(Sp)-Menthyl [(diphenylphosphino)methyl]phenylphosphinate 32:

00
\_p-Ph
~Ph
To a solution of (S,)-30 (676 mg, 2 mmol, 1 equiv, 96% de) in tetrahydrofuran (10 mL) was added at -
78°C and under N; isopropylmagnesium chloride (1.1 mL, 2.2 mmol, 1.1 equiv, 2.0M solution). After 2
hours at -78°C, chlorodiphenylphosphine (0.37 mL, 2 mmol, 1 equiv) was added. The dry-ice bath
was removed and the reaction was allowed to warm up to rt and was stirred for 4 hours at rt. A
saturated solution of NH4Cl was added and the two layers were separated. The aqueous layer was
extracted with dichloromethane (3X). The combined organic layers was dried over MgSO.,, filtered
and concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 100:0 to 98:2) to afford the product as a white solid (371 g, 39%, 96%
de). Mp = 54-55¢°C; 31P NMR (162 MHz, CDCl3): 8 = 32.2 (d, J = 9.7 Hz, 46%), 11.9 (s, 54%); 'H NMR
(400 MHz, CDCl3): & = 7.84-7.92 (m, 2H), 7.50-7.59 (m, 4H), 7.39-7.49 (m, 4H), 7.32-7.38 (m, 1H),
7.21-7.31 (m, 4H), 4.09-4.20 (m, 1H), 3.03 (dd, J = 2.1 and 11.1 Hz, 1H), 2.99 (d, / = 11.1 Hz, 1H), 2.07
(dquint,, J = 2.1 and 7.0 Hz, 1H), 1.51-1.65 (m, 3H), 1.12-1.29 (m, 2H), 0.69-1.50 (m, 3H), 0.94 (q,] =
11.0 Hz, 1H), 0.69-0.97 (m, 2H), 0.87 (d, J = 7.0 Hz, 3H), 0.80 (d, J = 6.9 Hz, 3H), 0.70 (d, J = 6.5 Hz, 3H);
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13C NMR (101 MHZ, CDClg): 6 =132.8 (d, ]pccc= 9.9 HZ, ZC), 132.7 (d,]pccc= 9.6 HZ, ZC), 132.2 (d, ]pc=
134 HZ), 132.1 (d, ]pcccc= 2.8 HZ), 1315 (d, ]pccc= 105 HZ, ZC), 131.4 (d, ]pcccc= 2.3 HZ), 131.2 (d,
Jeccec= 2.4 Hz), 128.7 (d, Jecc= 10.7 Hz, 2C), 128.5 (d, Jec= 134 Hz), 128.5 (d, Jec= 135 Hz), 128.4 (d,
]pcc= 10.3 HZ, ZC), 128.2 (d,]pcc= 13.3 HZ, ZC), 77.7 (d,]poc= 7.4 HZ), 485 (d,]pocc= 53 HZ), 42.9, 33.9,
31.4, 28.8 (dd, Jec= 92.6 Hz), 25.5, 22.7, 21.9, 21.2, 15.6; HRMS (EI+) m/z calcd for Ca9H3602P2 ([M]*)
478.2191, found 478.2190; [a]p2* = -0.9° (chloroform).

(Rp)-Menthyl (hydroxymethyl) (3-phenylpropyl)phosphinate 33:

)Q\

. \O

o K

To a suspension of Pd/C (191 mg, 0.18 mmol, 10 mol%) in ethanol (2 mL) flushed with N, was added
a solution of (Ry)-4 (630 g, 1.8 mmol, 1 equiv, >99% de) in ethanol (8 mL). The tube was placed in a
hydrogenator and stirred for 20 hours at 50 psi of H. The suspension was then filtered through celite
and the solid was washed with ethanol three times. The filtrate was concentrated under vacuum to
afford the product as a white solid (633 g, 100%, 98% de). 31P NMR (162 MHz, CDCl3): 6 = 52.5
(septuplet, J = 6.5 Hz); 'H NMR (400 MHz, CDCl3): & = 7.24-7.31 (m, 2H), 7.13-7.21 (m, 3H), 4.12-4.22
(m, 1H), 3.83 (dd, J = 6.1 and 14.5 Hz, 1H), 3.75 (dd, J = 1.9 and 14.5 Hz, 1H), 2.69 (t, ] = 7.4 Hz, 2H),
2.01-2.12 (m, 2H), 1.88-1.99 (m, 2H), 1.74-1.84 (m, 2H), 1.61-1.69 (m, 2H), 1.37-1.51 (m, 1H), 1.25-
1.34 (m, 1H), 1.16 (q, J = 11.3 Hz, 1H), 0.98 (dquint., J = 2.5 and 12.8 Hz, 1H), 0.90 (d, J = 6.4 Hz, 3H),
0.90 (d, J = 7.2 Hz, 3H), 0.69-0.90 (m, 1H), 0.77 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): § =
141.0, 128.5 (2C), 128.4 (2C), 126.1, 76.3 (d, Jroc= 7.7 Hz), 59.8 (d, Jec= 105 Hz), 48.6 (d, Jrocc= 5.6
Hz), 43.6, 36.8 (d, Jpcc= 15.7 Hz), 34.0, 31.5, 25.9 (d, Jpc= 90.2 Hz), 25.6, 23.3 (d, Jpccc = 3.5 Hz), 22.7,
22.0,21.0,15.6.

(Sp)-Menthyl (3-phenylpropyl)-H-phosphinate 19:

To a solution of N-chlorosuccinimide (721 mg, 5.4 mmol, 3 equiv) in dichloromethane (30 mL) at -
78°C and under N; was added dropwise a solution of dimethyl sulfide (0.4 mL, 5.4 mmol, 3 equiv) in
dichloromethane (5 mL). After 10 minutes at -78°C, a solution of (R,)-33 (630 mg, 1.8 mmol, 1 equiv,
98% de) in dichloromethane (5 mL) was added over 20 minutes. After 1h at -78°C, triethylamine
(1.25 mL, 9 mmol, 5 equiv) was added over 15 minutes and the reaction was allowed to warm up to
rt. After 1h at rt, water was added and the two layers were separated. The aqueous layer was
extracted with dichloromethane (X2). The combined organic layer was dried over MgS0y, filtered and
concentrated under vacuum. The crude obtained was purified by column chromatography
(dichloromethane/acetone 99:1 to 97:3) to afford the product as a colorless oil (554 mg, 96%, 96%
de). 31P NMR (162 MHz, CDCl3): 8§ = 33.3 (dsextuplet, / = 12.7 and 528 Hz); H NMR (400 MHz, CDCl3):
8 =7.16-7.23 (m, 2H), 7.05-7.13 (m, 3H), 7.08 (d, J = 528 Hz, 1H), 4.07-4.19 (m, 1H), 2.62 (t,J = 7.4 Hz,
2H), 1.99-2.10 (m, 2H), 1.77-1.91 (m, 2H), 1.53-1.73 (m, 4H), 1.21-1.43 (m, 2H), 1.02 (q,J = 11.6 Hz,
1H), 0.94 (dquint., J = 3.0 and 12.4 Hz, 1H), 0.84 (d, J = 6.8 Hz, 6H), 0.69-0.85 (m, 1H), 0.74 (d, /= 6.9
Hz, 3H); 13C NMR (101 MHz, CDCl3): & = 140.7, 128.4 (2C), 128.4 (2C), 126.1, 76.7 (d, Jroc= 7.4 Hz),
48.3 (d, Jrocc= 5.9 Hz), 41.6, 36.2 (d, Jecc= 16.0 Hz), 33.9, 31.3, 28.1 (d, Jec= 95.0 Hz), 25.6, 22.9, 22.4
(d, Jeccc = 2.5 Hz), 21.9, 20.8, 15.7; [a]p?3 = -27.3° (chloroform).
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(Rp)-1-Menthyloxy-1,2,3,4-tetrahydro-1-phosphinoline-1-oxide 34:

SON

NN

)

To a suspension of Mn(OAc), (8.7 mg, 0.05 mmol, 5 mol%), MnO; (261 mg, 3 mmol, 3 equiv.) and
sodium acetate (246 mg, 3 mmol, 3 equiv.) in acetic acid (2.5 mL) at 70°C under N, was added a
solution of (5,)-19 (322 mg, 1 mmol, 1 equiv, 96% de) in acetic acid (2.5 mL) over 2 h via a syringe
pump. The reaction mixture was then stirred for an additional 2h at 709C under N». Ethyl acetate (~
30 mL) and an aqueous solution of Na;S,04 0.2M saturated with NaHCO3 (~40 mL) were added. The
suspension was stirred vigorously for 5 minutes, filtered through celite and the two layers were
separated. The organic layer was washed with an aqueous solution of Na;S;04 0.2M saturated with
NaHCO3 (~40 mL), a saturated aqueous solution of NaHCO3 (~ 40 mL) and brine (~ 40 mL), dried
over MgSQ0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (dichloromethane/acetone 100:0 to 95:5) to afford the product as a colorless oil
(300 mg, 94%, 96% de). 31P NMR (162 MHz, CDCl3): 8 = 36.3 (s); 1H NMR (400 MHz, CDCl3): 6 = 7.71-
7.79 (m, 1H), 7.28-7.34 (m, 1H), 7.20-7.27 (m, 1H), 7.05-7.12 (m, 1H), 4.17-4.28 (m, 1H), 2.33-2.47
(m, 2H), 1.54-1.79 (m, 6H), 1.53-1.62 (m, 2H), 1.29-1.42 (m, 1H), 1.18-1.28 (m, 1H), 1.02 (q, / = 10.9
Hz, 1H), 0.94 (dquint, J = 2.6 and 12.5 Hz, 1H), 0.83 (d, /= 7.0 Hz, 3H), 0.79 (d, / = 6.9 Hz, 3H), 0.79 (d,
J = 6.6 Hz, 3H), 0.75 (dquint, J = 3.2 and 12.8 Hz, 1H); 13C NMR (101 MHz, CDCl3): 8 = 143.7 (d, Jecc=
9.9 HZ), 131.6 (d,]pcccc= 2.4 HZ), 129.8 (d,]pccc= 51 HZ), 129.8 (d, ]pc= 123 HZ), 128.9 (d, ]pcc= 115
Hz), 126.5 (d, Jeccc= 11.5 Hz), 76.4 (d, Jroc= 7.2 Hz), 48.6 (d, Jrocc= 5.9 Hz), 43.6, 34.0, 31.5, 31.3 (d,
Jecc= 8.5 Hz), 26.5 (d, Jec= 92.8 Hz), 25.6, 22.7, 22.0, 21.2 (d, Jeccc= 5.1 Hz), 21.1, 15.6; HRMS (EI+)
m/z calcd for C19H2902P ([M]*) 320.1905, found 320.1907; [a]p22 = -8.6° (chloroform).

(Sp)-1-menthyl-2,3-diphenyl-1-phosphindole 35:5

/Ph

Ph

To a suspension of Mn(0Ac): (8.7 mg, 0.05 mmol, 5 mol%), MnO; (261 mg, 3 mmol, 3 equiv.), sodium
acetate (246 mg, 3 mmol, 3 equiv.) and diphenylacetylene (178 mg, 1 mmol, 1 equiv.) in acetic acid
(2.5 mL) at 70°C under N, was added a solution of (R,)-1 (280 mg, 1 mmol, 1 equiv, >99% de) in
acetic acid (2.5 mL) over 2 h via a syringe pump. The reaction mixture was then stirred for an
additional 2h at 70°C under N;. Ethyl acetate (~ 30 mL) and an aqueous solution of Na;S;0.4 0.2M
saturated with NaHCO3 (~40 mL) were added. The suspension was stirred vigorously for 5 minutes,
filtered through celite and the two layers were separated. The organic layer was washed with an
aqueous solution of NaS;04 0.2M saturated with NaHCO3 (~40 mL), a saturated aqueous solution of
NaHCO3 (~ 40 mL) and brine (~ 40 mL), dried over MgSQy,, filtered and concentrated under vacuum.
The crude obtained was purified by column chromatography (dichloromethane/acetone 100:0 to
98:2) to afford the product as a white solid (130 mg, 29%, > 99% de). Mp = 159-160°C; 31P NMR (162
MHz, CDCl3): 8 = 44.8 (s); 'H NMR (400 MHz, CDCl3): 6 = 7.69-7.79 (m, 1H), 7.05-7.56 (m, 13H), 4.29-
4.42 (m, 1H), 2.25-2.38 (s, 1H), 1.53-1.76 (m, 3H), 1.38-1.51 (m, 1H), 1.16-1.36 (m, 2H), 0.75-1.10 (m,
2H), 0.92 (d, ] = 6.4 Hz, 3H), 0.66 (d, J = 7.0 Hz, 3H), 0.43 (d, J = 6.8 Hz, 3H); HRMS (EI+) m/z calcd for
C30H3302P ([M]*) 456.2218, found 456.2212; [a]p?® = -52.99 (chloroform).

(Rp)-Menthyl (acetoxymethyl)cyclohexylphosphinate 36:
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To a solution of (R,)-7 (2.76 g, 10 mmol, 1 equiv, 96% de) in acetonitrile (40 mL) in a sealed tube was
added cyclohexene (2.03 mL, 20 mmol, 2 equiv) and AIBN (82 mg, 0.5 mmol, 5 mol%) and the
reaction was stirred at reflux under N for 2 hours. After cooling down the reaction to rt, AIBN (82
mg, 0.5 mmol, 5 mol%) was added and the reaction was stirred at reflux under N; for 2 hours. 2
additional addition of AIBN was made every 2 hours. 2 hours after the last addition, the reaction was
cooled down to rt (81% NMR).

(Sp)-Menthyl (acetoxymethyl)(1-hydroxycyclohexyl)phosphinate 37:

To a solution of (Sp)/(Rp)-7 (13.8 g, 50 mmol, 1 equiv, dr 54:46) in toluene (75 mL) was added at rt
and under N; pyridine (0.4 mL, 5 mmol, 0.1 equiv) and cyclohexanone (10.3 mL, 100 mmol, 2 equiv).
The reaction mixture was stirred for 3 days at reflux. After cooling down to rt, the solvent was
removed under vacuum and the residue obtained was purified by column chromatography
(dichloromethane/acetone 98:2 to 90:10) to afford the (R;)/(Sp) mixture product as a white solid (15
g, 80%, 54:46 dr). This solid was recrystallized at -18°C in diethyl ether to afford the product as a
white solid (5.1 g, 27%, 92% de). Mp = 125-126°C; 31P NMR (162 MHz, CDCI3): & = 42.6 (s); *H NMR
(400 MHz, CDCl3): 8 = 4.46-4.55 (m, 2H), 4.25-4.35 (m, 1H), 3.22 (s, 1H), 2.19 (dquint,, J = 2.7 and 7.0
Hz, 1H), 2.10-2.16 (m, 1H), 2.12 (s, 3H), 1.91-1.98 (m, 1H), 1.77-1.85 (m, 1H), 1.64-1.74 (m, 7H), 1.54-
1.63 (m, 3H), 1.41-1.52 (m, 1H), 1.31-1.40 (m, 1H), 1.16-1.29 (m, 1H), 1.14 (q,J = 11.2 Hz, 1H), 1.01
(dquint, J = 3.5 and 12.4 Hz, 1H), 0.92 (d, J = 7.0 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H), 0.78-0.92 (m, 1H),
0.81 (d, /= 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 = 170.2 (d, Jecoc= 7.5 Hz), 77.5 (d, Jpoc = 8.9 Hz),
72.3 (d, Jrc= 116 Hz), 57.2 (d, Jec= 97.9 Hz), 48.8 (d, Jrocc= 5.3 Hz), 43.2, 34.0, 31.6, 30.8 (d, Jpccc= 3.5
Hz), 30.2 (d, Jeccc = 3.7 Hz), 25.4, 22.6, 22.0, 21.2, 20.7, 20.0 (d, Jecc= 9.9 Hz), 19.9 (d, Jecc= 10.1 Hz),
15.4; [a]p2* = -22.4° (chloroform).

(Rp)-Menthyl (acetoxymethyl)(cyclohex-1-ene)phosphinate 38:

SON

()
ACO\/I]:>

To a solution of (5,)-37 (374 mg, 1 mmol, 1 equiv, 92% de) in benzene (5 mL) was added at rt under
N> thionyl chloride (0.087 mL, 1.2 mmol, 1.2 equiv.) followed by triethylamine (0.17 mL, 1.2 mmol,
1.2 equiv.). The mixture was then stirred for 16 h at reflux under N». After cooling down the reaction
to rt, the solvent was removed under vacuum. The residue obtained was solubilized in ethyl acetate
and the organic layer was washed with a saturated aqueous solution of NaHCO3 and brine, dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column

S25



chromatography (dichloromethane/acetone 99:1 to 95:5) to afford the product as a colorless oil (307
mg, 86%, 92% de). 31P NMR (162 MHz, CDCl3): 6 = 32.8 (s); 1H NMR (400 MHz, CDCl3): 8§ =6.71 (d,J =
20.4 Hz, 1H), 4.03-4.31 (m, 3H), 1.98-2.16 (m, 5H), 1.99 (s, 3H), 1.92 (dquint,, J = 2.5 and 7.0 Hz, 1H),
1.46-1.61 (m, 6H), 1.27-1.40 (m, 1H), 1.17-1.26 (m, 1H), 1.06 (q, / = 11.4 Hz, 1H), 0.88 (dq,/ = 2.4 and
10.6 Hz, 1H), 0.79 (d, ] = 6.4 Hz, 3H), 0.79 (d, / = 7.0 Hz, 3H), 0.67-0.79 (m, 1H), 0.64 (d, / = 6.9 Hz, 3H);
13C NMR (101 MHZ, CDC13): 6 =170.0 (d,]pcoc =8.1 HZ), 144.3 (d,]pcc =79 HZ), 129.0 (d,]pc =127 HZ),
76.7 (d, Jroc= 7.3 Hz), 59.4 (d, Jrc= 115 Hz), 48.5 (d, Jrocc = 5.8 Hz), 43.5, 33.9, 31.5, 26.0 (d, Jpcc= 15.4
Hz), 25.5, 24.1 (d, Jeccc= 9.8 Hz), 22.7, 21.9 (d, Jeccc= 8.9 Hz), 21.9, 21.2, 21.0, 20.4, 15.6; HRMS (EI+)
m/z calcd for C19H3304P ([M]*) 356.2116, found 356.2114; [a]p23 = -28.70 (chloroform).

(Rp)-Menthyl (hydroxymethyl)cyclohexylphosphinate 39:

PR
-

To a solution of (Rp)-38 (356 mg, 1 mmol, 1 equiv, 92% de) in methanol (5 mL) was added potassium
carbonate (14 mg, 0.1 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt. The solvent was
removed under vacuum and the crude obtained was purified by column chromatography
(dichloromethane/acetone 95:5 to 85:15) to afford the product as a white solid (135 mg, 43%, 80%
de). Mp = 80-81°C; 31P NMR (162 MHz, CDCl3): & = 38.7 (s); 'H NMR (400 MHz, CDCl3): 6 = 6.74 (d, ] =
20.4 Hz, 1H), 5.16 (s, 1H), 4.03-4.13 (m, 1H), 3.76-3.89 (m, 2H), 2.07-2.22 (m, 5H), 1.99 (dquint., J =
2.5and 7.0 Hz, 1H), 1.52-1.71 (m, 6H), 1.32-1.46 (m, 1H), 1.19-1.30 (m, 1H), 1.10 (q, / = 11.2 Hz, 1H),
0.92 (dq, J = 2.5 and 12.8 Hz, 1H), 0.86 (d, J = 6.1 Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H), 0.73-0.90 (m, 1H),
0.69 (d, /= 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 8 = 143.6 (d, Jecc = 7.4 Hz), 129.0 (d, Jpc = 119 Hz),
76.4 (d, Jroc= 7.7 Hz), 58.8 (d, Jr.c= 112 Hz), 48.6 (d, Jrocc= 5.5 Hz), 43.7, 34.0, 31.5, 26.1 (d, Jpcc= 14.7
Hz), 25.5, 24.2 (d, Jeccc = 9.7 Hz), 22.7, 22.0, 22.0 (d, Jpccc= 10.4 Hz), 21.1, 21.0, 15.7; HRMS (EI+) m/z
calcd for C17H3103P ([M]*) 314.2011, found 314.2007; [a]p2* = -29.9° (chloroform).

To a suspension of Pd/C (34 mg, 0.032 mmol, 10 mol%) in ethanol (1 mL) flushed with N, was added
a solution of (R,)-menthyl (hydroxymethyl)(cyclohex-1-ene)phosphinate (100 mg, 0.32 mmol, 1 equiv,
80% de) in ethanol (4 mL). The tube was placed in a hydrogenator and stirred for 20 hours at 50 psi
of H,. The suspension was then filtered through celite and the solid was washed with ethanol three
times. The filtrate was concentrated under vacuum to afford the product as a white solid (102 mg,
100%, 80% de). Mp = 134-135°C; 3P NMR (162 MHz, CDCl3): 8 = 51.8 (s, 90%); 'H NMR (400 MHz,
CDCl3): 8 = 5.06 (s, 1H), 4.10-4.23 (m, 1H), 3.76-3.89 (m, 2H), 2.04-2.22 (m, 2H), 1.74-2.03 (m, 5H),
1.69-1.71 (m, 3H), 1.16-1.48 (m, 7H), 1.07 (q, / = 11.4 Hz, 1H), 0.97 (dq, / = 2.5 and 12.8 Hz, 1H), 0.89
(d, J= 7.0 Hz, 3H), 0.88 (d, J = 6.4 Hz, 3H), 0.74-0.87 (m, 1H), 0.79 (d, J = 6.9 Hz, 3H); 13C NMR (101
MHZ, CDC13): 6 =76.0 (d,]poc= 8.0 HZ), 582 (d,]pc= 99.1 HZ), 48.8 (d,]pocc= 52 HZ), 43.5, 36.1 (d,]pc=
92.3 Hz), 34.1, 31.5, 26.3 (d, Jecc= 14.1 Hz), 26.3 (d, Jecc= 13.9 Hz), 25.9, 25.4, 25.3 (d, Jeccc= 3.3 Hz),
24.8 (d, Jeccc= 2.9 Hz), 22.6, 22.1, 21.1, 15.5; HRMS (EI+) m/z calcd for C17H3303P ([M]*) 316.2167,
found 316.2162; [a]p23 = -32.1° (chloroform).

(Rp)-Menthyl (hydroxymethyl)cyclohexylphosphinate 39:

N
-
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To a solution of (S,)/(Ry)-7 (13.8 g, 50 mmol, 1 equiv, 54:46 dr) in toluene (75 mL) was added at rt
and under N; pyridine (0.4 mL, 5 mmol, 0.1 equiv) and cyclohexanone (10.3 mL, 100 mmol, 2 equiv).
The reaction mixture was stirred for 3 days at reflux. After cooling down to rt, the solvent was
removed under vacuum and the residue obtained was purified by column chromatography
(dichloromethane/acetone 98:2 to 90:10) to afford the (R,)/(Sp) mixture as a white solid (15 g,
80%). 3P NMR (162 MHz, CDCl3): 8 = 43.9 (s, 46%), 42.8 (s, 54%).

To a solution of (S,)/(Rp)-37 (10.5 g, 28 mmol, 1 equiv, 54:46 dr) in benzene (80 mL) was added at rt
under N thionyl chloride (2.3 mL, 31 mmol, 1.1 equiv.) followed by triethylamine (4.3 mL, 31 mmol,
1.1 equiv.). The mixture was then stirred for 16 h at reflux under N». After cooling down the reaction,
the solvent was removed under vacuum. The residue obtained was solubilized in ethyl acetate and
the organic layer was washed with a saturated aqueous solution of NaHCO3 and brine, dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (dichloromethane/acetone 99:1 to 95:5) to afford the product as a colorless oil
(8.57 g,86%).31P NMR (162 MHz, CDCI3): 6 =37.9 (s, 42%), 37.2 (s, 58%).

To a solution of the crude obtained (8.5 g, 24 mmol, 1 equiv, 52:48 dr) in methanol (50 mL) was
added potassium carbonate (331 mg, 2.4 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt.
The solvent was removed under vacuum and the crude obtained was purified by column
chromatography (dichloromethane/acetone 80:20) to afford the product as a white solid (6.58 g,
87%). 3P NMR (162 MHz, CDCls): 8 = 39.2 (s, 44%), 38.5 (s, 56%).

To a suspension of Pd/C (2.2 g, 2.07 mmol, 10 mol%) in ethanol (25 mL) flushed with N; was added a
solution of the crude obtained (6.5 g, 20.7 mmol, 1 equiv) in ethanol (50 mL). The flask was placed in
a hydrogenator and stirred for 4 days at 50 psi of H,. The suspension was then filtered through celite
and the solid was washed with ethanol three times. The filtrate was concentrated under vacuum to
afford the product as a white solid (6.54 g, 100%). This solid was crystallized in ethyl acetate (200
mL) at rt to afford the product as a white solid (1.55 g, 24%, > 99% de, 14% overall yield). 31P NMR
(162 MHz, CDCl3): & = 47.3 (s); 'H NMR (400 MHz, CDCl3): & = 4.76-4.83 (m, 1H), 4.11-4.22 (m, 1H),
3.78-3.90 (m, 2H), 2.18-2.25 (m, 1H), 1.89-2.06 (m, 3H), 1.76-1.88 (m, 3H), 1.60-1.73 (m, 3H), 1.18-
1.51 (m, 7H), 1.11 (q,/ = 11.0 Hz, 1H), 0.98 (dq, / = 2.5 and 12.9 Hz, 1H), 0.90 (d, /= 7.0 Hz, 3H), 0.90
(d,J = 6.4 Hz, 3H), 0.77-0.90 (m, 1H), 0.79 (d, ] = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 = 76.5 (d,
Jeoc= 8.0 Hz), 57.5 (d, Jec= 100 Hz), 48.7 (d, Jrocc = 5.9 Hz), 44.0, 36.3 (d, Jec= 91.2 Hz), 34.1, 31.5, 26.2
(d, ]pcc= 13.6 HZ), 26.2 (d, ]pcc= 14.7 HZ), 25.9, 255, 253 (:d, ]pccc= 3.2 HZ), 24.7 (d, ]pccc= 3.1 HZ),
22.7,22.0,21.2, 15.6; HRMS (EI+) m/z calcd for C17H3303P ([M]*) 316.2167, found 316.2162; [a]p?3 =
-32.1°(chloroform).

(Rp)-Menthyl (hydroxymethyl)cyclohexylphosphinate 39:

SOV

[
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To a solution of (R,)/(Sp)-7 (8.28 g, 30 mmol, 1 equiv, 54:46 dr) in DMSO (150 mL) was added
Mn(OAc): (368 mg, 1.5 mmol, 5 mol%) and cyclohexene (15.2 mL, 150 mmol, 5 equiv.) and the
reaction was stirred at 1009C under N, for 16 hours. After cooling down the reaction to rt, ethyl
acetate (~ 150 mL) and an aqueous solution of Na;S,04 0.2M saturated with NaHCO3 (~150 mL)
were added and the suspension was stirred vigorously for 5 minutes. The 2 layers were separated
and the organic layer was washed with an aqueous solution of Na;S;04 0.2M saturated with NaHCO3
(~150 mL), a saturated aqueous solution of NaHCO3 (~ 150 mL) and brine (~ 150 mL), dried over
MgSO0,, filtered and concentrated under vacuum. The crude obtained was purified by column
chromatography (dichloromethane/acetone 100:0 to 94:6) to afford the product as a colorless oil
(5.37 g, 50%).

To a solution of the crude obtained (5.37 g, 15 mmol, 1 equiv, 54:46 dr) in methanol (50 mL) was
added potassium carbonate (207 mg, 1.5 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt.
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The solvent was removed under vacuum and the crude obtained was purified by column
chromatography (dichloromethane/acetone 95:5 to 60:40) to afford the product as a white solid
(4.31 g, 91%). This solid was crystallized in acetonitrile at rt to afford the product as a white solid
(1.47g,31%, > 99% de). Mp = 143-144 oC; 31P NMR (162 MHz, CDCI3): 6 = 52.3 (s); tH NMR (400 MHz,
CDCl3): 6 = 4.35-4.42 (m, 1H), 4.13-4.24 (m, 1H), 3.80-3.91 (m, 2H), 2.19-2.27 (m, 1H), 1.90-2.07 (m,
3H), 1.78-1.88 (m, 3H), 1.62-1.74 (m, 3H), 1.20-1.51 (m, 7H), 1.13 (q,/ = 11.0 Hz, 1H), 0.99 (dq,/ = 2.8
and 12.7 Hz, 1H), 0.78-0.95 (m, 1H), 0.92 (d, J = 7.1 Hz, 3H), 0.91(d, / = 6.4 Hz, 3H), 0.80 (d, / = 6.9 Hz,
3H); 13C NMR (101 MHZ, CDC13): 6 =76.6 (d, ]p0c= 8.0 HZ), 57.6 (d, ]pc= 99.3 HZ), 48.7 (d, ]pocc= 59
Hz), 44.0, 36.4 (d, Jrc= 91.5 Hz), 34.1, 31.5, 26.3 (d, Jecc= 13.7 Hz, 2C), 25.9, 25.5, 25.3 (d, Jrccc= 3.3
HZ), 24.8 (d, ]pccc = 3.0 HZ), 22.8, 22.0, 21.2, 15.6; HRMS (EI+) m/Z calcd for C17H3303P ([M]*)
316.2167, found 316.2162; [a]p23 = -32.1° (chloroform).

(Rp)/(Sp) Menthyl acetoxymethyl(1,1-diethoxyethyl)phosphinate 40:

0 o
ACO\/IB OEt
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(Rp)/(Sp)-7 (495 g, 17.9 mmol, 1 equiv, 51:49 dr), triethyl orthoformate (19.7 mL, 107.5 mmol, 6
equiv) and boron trifluoride diethyl etherate (0.45 mL, 3.6 mmol, 0.2 equiv.) were introduced in a
flask and the reaction mixture was stirred at rt under Nz for 24 hours. Ethyl acetate (~ 150 mL) and
an aqueous solution of NaHCO3 (~150 mL) were added and the 2 layers were separated. The organic
layer was washed with brine (~ 150 mL), dried over MgSOy, filtered and concentrated under vacuum.
The crude obtained was purified by column chromatography (hexane/ethyl acetate 90:10 to 70:30)
to afford the product as a colorless oil (5.17 g, 74%). 31P NMR (162 MHz, CDCl3): 8 = 35.9 (s, 52%)
and 35.1 (s, 48%).

(Rp)/(Sp) Menthyl hydroxymethyl(1,1-diethoxyethyl)phosphinate 41:

).
SON
HO II:’:-7<OEt

EtO
To a solution of 40 (6.6 g, 17 mmol, 1 equiv) in methanol (30 mL) was added potassium carbonate
(235 mg, 1.7 mmol, 0.1 equiv.) and the mixture was stirred for 20 h at rt. The solvent was removed
under vacuum to afford the product as a colorless oil (5.95 g, 100%). 31P NMR (162 MHz, CDCl3): 8 =
42.0 (s, 53%) and 41.7 (s, 47%).

(Rp)/(Sp) Menthyl (1,1-diethoxyethyl)-H-phosphinate 43:

o
OEt
EtO
To a solution of concentrated HszPO, (3.3 g, 50 mmol, 1 equiv) was added slowly, at room
temperature under nitrogen, trifluoroacetic acid (1.14 mL, 10 mmol, 0.2 equiv) followed by triethyl

orthoformate (20 mL, 110 mmol, 2.2 equiv.). After 4 hours of stirring at room temperature,
chloroform was added (100 mL) as well as a saturated aqueous solution of NaHCO3 (~100 mL). The 2
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layers were separated and the organic layer was washed with brine (~ 100 mL), dried over MgSO.,,
filtered and concentrated under vacuum to afford the product as a yellow oil (9.87 g, 84% purity). 31P
NMR (162 MHz, CDCl3): 6 = 31.0 (d, J = 543 Hz, 84%), 17.4 (s, 3%) and 7.3 (d, 13%). 'H NMR (400
MHz, CDCl3): & = 6.96 (d, J = 543 Hz, 1H), 4.09-4.32 (m, 2H), 3.63-3.82 (m, 4H), 1.50 (d, / = 12.6 Hz,
3H), 1.40 (t,J = 7.0 Hz, 3H), 1.24 (t,J = 7.1 Hz, 3H), 1.24 (t,/ = 7.0 Hz, 3H).

To a solution of ethyl (1,1-diethoxyethyl)-H-phosphinate (6 g, 28.6 mmol, 1 equiv, 84% purity) in
toluene (40 mL) was added L-menthol (17.85 g, 114 mmol, 4 equiv) followed by Ti(OiPr)s (0.85 mL,
2.86 mmol, 10 mol%). The reaction mixture was stirred for 24 hours under N; at a slow reflux with a
Dean-Stark trap to remove the etanol generated during the reaction. After cooling down the reaction
to rt, the solvent was removed under vacuum and the residue was purified by column
chromatography (dichloromethane/acetone 100:0 to 95:5) to afford the product a colorless oil (5.44
g, 72%). 3P NMR (162 MHz, CDCl3): 6 = 29.8 (s, 51%), 25.3 (s, 49%).

(Rp)/(Sp) Menthyl hydroxymethyl(1,1-diethoxyethyl)phosphinate 41:

S
HO_ " _OEt
o
To a solution of menthyl (1,1-diethoxyethyl)-H-phosphinate (5.12 g, 16 mmol, 1 equiv, 51:49 dr) in
toluene (30 mL) was added paraformaldehyde (0.53 g, 17.6 mmol, 1.1 equiv). The reaction mixture
was stirred in a sealed tube at reflux for 20 hours under N». After cooling down the reaction to rt, the
solvent was removed under vacuum and the residue was purified by column chromatography

(dichloromethane/acetone 100:0 to 90:10) to afford the product a colorless oil (2.58 g, 46%). 31P
NMR (162 MHz, CDCl3): 8 = 42.0 (s, 54%) and 41.7 (s, 46%).

(Rp)/(Sp) Menthyl benzoxymethyl (hydroxymethyl)phosphinate 44:

SON

)

BnO_A_ o

To a solution of (R,)/(Sp)-2 (4.68 g, 20 mmol, 1 equiv, 54:46 dr) in dichloromethane (30 mL) at 0°C
and under N, was added bis(trimethylsilyl)acetamide (10 mL, 40 mmol, 2 equiv) followed by benzyl
chloromethyl ether (5.6 mL, 40 mmol, 2 equiv). The ice-bath was removed and the reaction mixture
was then stirred for 20 h at rt. Methanol was added (1.62 mL, 40 mmol, 2 equiv) and the reaction
mixture was concentrated under vacuum. The residue obtained was dissolved in ethyl acetate and
the organic layer was washed with a saturated aqueous solution of NaHCO3 and brine. The organic
layer was dried over MgSO,, filtered and concentrated under vacuum. The crude obtained was
purified by column chromatography (dichloromethane/acetone 10:0 to 9:1) to afford the product as
white solid (5.27 g, 74%). 3P NMR (162 MHz, CDCl3): d = 41.8 (s, 40%), 41.7 (s, 60%).

(Rp)/(Sp) Menthyl acetoxymethyl(hydroxymethyl)phosphinate 45:

o
ACO~"\_OH
Paraformaldehyde (4.95 g, 165 mmol, 1.1 equiv) and hypophosphorous acid (9.9 g, 150 mmol, 1
equiv, 50% in water) were introduced in a round bottom flask and the reaction mixture was stirred

for 24h at 75°C. The reaction was cooled down to rt and the crude was diluted in toluene (150 mL). L-
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menthol (23.44 g, 150 mmol, 1 equiv) was added and the reaction mixture was stirred for 24h at
reflux under N; in a flask equipped with a Dean-Stark trap. The solvent was then removed under
vacuum and the residue obtained was dissolved in dichloromethane (300 mL). triethylamine (26 mL,
187.5 mmol, 1.25 equiv) and acetic anhydride (17.1 mL, 180 mmol, 1.2 equiv) was then added at 0°C
under N. The ice-bath was removed and the reaction mixture was stirred for 16h at rt. The solvent
was removed under vacuum and the residue obtained was solubilized in ethyl acetate. The organic
layer was washed with NaHCO3; and brine, dried over MgSO0,, filtered and concentrated under
vacuum to afford the product as a white solid (38.7 g, 93%, 46:54 dr). 31P NMR (162 MHz, CDCl3): 8 =
25.9 (dm,J =567 Hz, 46%), 21.9 (dm, / = 567 Hz, 54%).

To a solution of menthyl (acetoxymethyl)-H-phosphinate (38.7 g, 140 mmol, 1 equiv, 46:54 dr) in
toluene (250 mL) was added paraformaldehyde (5.11 g, 170 mmol, 1.2 equiv) and the reaction was
stirred at reflux under N; for 16 hours. The solvent was removed under vacuum to afford the product
as a white solid (42.7 g, 100%, 52:48 dr). 31P NMR (162 MHz, CDCl3): 8 = 43.8 (s, 52%), 43.3 (s, 48%).

Menthyl [(3,5-dinitrobenzoyloxy)methyl](acetoxymethyl)phenylphosphinate 46:

OoN )I"'/Q\
906

%

o\/ N—-OAc

O

To a solution of (R,)/(Sp)-45 (9.18 g, 30 mmol, 1 equiv, 54:46 dr) in dichloromethane (60 mL) was
added at 0°C under N triethylamine (4.81 mL, 34.5 mmol, 1.15 equiv) followed by 3,5-dinitrobenzoyl
chloride (7.61 g, 33 mmol, 1.1 equiv) in dichloromethane (20 mL). The reaction mixture was then
stirred for 20 hours at rt. The reaction mixture was concentrated under vacuum. The residue was
dissolved in ethyl acetate (~ 100 mL) and the organic layer was washed with an aqueous solution of
NaHCO3 (~ 100 mL) and brine (~ 100 mL), dried over MgSO,, filtered and concentrated under
vacuum. The crude obtained was crystallized in toluene (80 mL) to obtain the product as yellow
needles (4.35 g, 29%, >99% de). Mp = 139-140°C; 31P NMR (121.47 MHz, CDCl3): 6 = 34.9 (s); tH NMR
(400 MHz, CDCI3): 6 = 9.27 (s, 1H), 9.17 (s, 2H), 4.71-4.84 (m, 2H), 4.48-4.57 (m, 2H), 4.36-4.47 (m,
1H), 2.13-2.22 (m, 1H), 2.15 (s, 3H), 2.02-2.11 (m, 1H), 1.65-1.74 (m, 2H), 1.36-1.57 (m, 2H), 1.25 (d, ]
= 11.8 Hz, 1H), 1.04 (d, J = 13.2 Hz, 1H), 0.85-0.97 (m, 1H), 0.94 (d, ] = 6.2 Hz, 3H), 0.90 (d, J = 6.3 Hz,
3H), 0.82 (d, / = 6.7 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 = 169.9 (d, Jecoc= 7.2 Hz), 162.0 (d, Jpcoc =
7.1 Hz), 148.8 (2C), 132.6, 129.6 (2C), 123.0, 79.1 (d, Jroc= 7.8 Hz), 60.0 (d, Jrc= 112 Hz), 59.0 (d, Jec=
114 Hz), 48.4 (d, Jrocc= 5.9 Hz), 43.4, 33.8, 31.6, 25.9, 22.8, 21.9, 20.8, 20.5, 15.6; HRMS (EI+) m/z
calcd for C21H30N2010P ([M+H]*) 501.1638, found 501.1621; [a]p25 = -18.2° (chloroform).

O,N

(Rp)-Menthyl phenyl-H-phosphinate 1:1

/

Qo
Ph—R

H
To a solution of (Rp)/(Sp)-1 (8.4 g, 30 mmol, 1 equiv, 50:50 dr) in diethylether (200 mL) was slowly
added at rt under N, phosphorus trichloride (3.14 mL, 36 mmol, 1.2 equiv) followed by pyridine
(2.91 mL, 36 mmol, 1.2 equiv). After 2 hours at rt, the reaction was cooled down to -78°C and then a
mixture of diethylether - water (50 mL) was added over 20 minutes. After 4 hours at -78°C, the
reaction was allowed to warm up to rt. Brine was added and the 2 layers were separated. The organic
layer was dried over magnesium sulfate, filtered and concentrated. The crude obtained was purified
by column chromatography (hexane/ethyl acetate 7:3) to afford the product as a colorless oil (7.3 g,
65%, 63% de). The oil obtained was crystallized in petroleum ether (7.5 mL) at -30°C to afford the
product as a colorless oil (2.5 g, 22%, 96% de). 3P NMR (162 MHz, CDCI3): § = 24.7 (dm, / = 553 Hz);
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1H NMR (400 MHz, CDClz): 6 = 7.73-7.84 (m, 2H), 7.66 (d, ] = 553 Hz, 1H), 7.46-7.64 (m, 3H), 4.22-
4.36 (m, 1H), 2.14-2.27 (m, 2H), 1.62-1.75 (m, 2H), 1.38-1.54 (m, 2H), 1.24 (q, /= 11.2 Hz, 1H), 0.78-
1.13 (m, 2H), 0.96 (d, J = 7.0 Hz, 3H), 0.90 (d, / = 6.4 Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H); [a]p?3 = -35.5°
(chloroform, literature with 90% de: -21.0° in benzene).

10. Berger, ].-L. Montchamp Angew. Chem. Int. Ed. 2013, 52, 11377-11380.

20. Berger, ].-L. Montchamp Chemistry - A European Journal 2014, 20, 12385-12388.

3H. C. Fisher, O. Berger, F. Gelat, ].-L. Montchamp Adv. Synth. Catal. 2014, 356, 1199-1204.
4].-L. Montchamp, O. Berger U.S. Pat. Appl. Publ. 2013, US 20130331594 A1 20131212.
5Y.-R. Chen, W.-L. Duan J. Am. Chem. Soc. 2013, 135, 16754-16757.
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fgelat
Stamp


oB 882

pad=10 run with findz0 before acquisitio

i

expl Proton

s
set

SAMPLE DEC. & VT
date Dec 18 2012 dfry 75.454 Hio
solvent cdc13  dn c13 el
file shome/TCUuser~ dpwr 43
synmrsys /sdatasauto~ dof 0
L2012.12.14/8_ 2012~ dm nnn
1218_28/data/cdci13~ dmm [
Lol fid dmy 13100
ACQUISITION PROCESSING
sfry 300,047 wtfile
in H1 proc ft
at 1.998 fn not used GDI‘I‘IED'-H'IC' [Hp]'ﬁ
np 19184
SW 4800.8 werr xmreact H MR
b 2600 wexp abortoff flus~
b3 16 h procplot aborton
tpwr 55  whbs
pw 7.9 wnt
dl 1.000
tof 277.8
nt 16
ct 16
alock y
gain not used
F &
n
in n
dp
DISPLAY
sp ~594.2
wp 4800.5
Vs 260
5C 0
W 240
hzmm 20.00
is 462 .37
rfil 594.5
rfp 0
th 3
ins 3.000
ai  cdc  ph
{
I
|
‘\
ol
i k% *
. R
LR ,’K |
i
—j%wjkj \*(L . /
I ! B i T I ! i P
14 13 12 11 8 7 6 5 =1  ppm
I [IN S SR S — )
1.11 1.04 3.00 1.01 3.56 3.09
1.02.03 0.93 .04 2.54 5.836 2.79


fgelat
Stamp


0B 882

expl Carbon

SAMPLE SPECIAL [
date Dec 18 2012 temp not used b'
solvent cdc13  gain 20 F+{}HHJ;
file shome/TCUuser~ spin 28
svnmrsys /datasauto~ hst 0.008
L2012.12.14,5_2012~ pwd0 18.500
1218_B31/data/cdecld3~ alfa 10.000
L05.fid FLAGS

ACQUISITION il n
sW 18115.9 in n
at 1.301 dp N
np 47120  hs nn
fis 10000 PROCESSING G':'""FD'-"'":' (P13
bs 64 b 0.
dl 2.000 fn not used EG Al
nt 1000 DISPLAY
ct 1000 sp -1185.5

TRANSMITTER wp 18115.4
tn €13 rfi 1136.1
sfry 75.454 rfp 0
tof 766.0 rp -7.6
tpwr 58 1Ip -201.1

9.250 PLOT
DECOUPLER wC 250
dn H1 sc 1]
doft 0 wvs 272
dm yyy th 6
dmm w ai cdc ph
dpwr 35
dmf 6700
i
|
|
|
‘ fbh o 0 N 1
[ A A I LI B I A LA S A R e [ T S A S S A R
2210 200 180 160 140 120 100 80 60 40 20 ppm


fgelat
Stamp


0B 883
pad=10 run with findz0 before acquisitio ’O\
n
expl Phosphorus

b P a-__,-*

SAMPLE SPECIAL

date Dec 19 2012 temp not used
solvent cdecl13  gain 25
file shome,/TCUuser~ spin 20
svomrsys /datasauto~ hst 0.008

L2012.12.14/8_2012~ pw90 18.300
1219_02/7datayscdel3d~ alfa 10.0060
_01.fid FLAGS
ACQUISITION il n Com |:||:||_|r||:| [
sW 15797.8 in n el
at 1.600 dp y FMH MMF decoupled
np 50852 hs
fh 8800 PROCESSING
bs 4 1b .
d1 1.000 fn not used
nt 16 DISPLAY
ct 16  sp ~3647.3
TRANSMITTER wp 15797.3
tn P31 rfil 3647.8
sfry 121.465% rfp 0
tof 7421.1 rp 52.2
tpwr 55  Ip -113.7
9.150 PLOT
DECOUPLER W 0
dn H1i sc
dof 0 vs 10
dm yyy th 5
dmm w ai «cdc  ph
dpwr 35
dmf 6700
ITAIVEY A
T T { H i ¥ T } i ‘V T T { T ¥ [ T T H H 1 T ¥ H T | T T v i { H H H H i i ( T H i i i
90 80 70 60 50 40 30 20 16 0 ~18 =20 ppm


fgelat
Stamp


0B 883
expl Phosphorus

SAMPLE
date Dec 19 2012
solvent cdel3
file shome/TCUuser~
/svnmrsys /data/auto~
_2012.12.14/s_2012~
1219_02/data/cdcl 3~

W02 fFid
ACQUISITION
SW 15797.8
at 1.600
np 50552
fh 8800
bs 64
d1 1.000
nt 16
ct
TRANSMITTER
tn P31
sfrg 121,465
tof 7421.1
tpwr 55
3.150
DECOUPLER
tn H1
dof 0
dm ynn
dmm w
dpwr 35
dinf 6700

SPECIAL
temp not used
gain 25
spin 20
hst 0.008
pwido 18.300
alfa 10.000

FLAGS

il n
in n
dp
hs

PROCESSING
1b 1.00
fn not used

DISPLAY
sp ~3647.3
wp 15787.3
rfl 3647.8
rfp 0
p 76.0
ip -113.7

PLOT

we 250
sC 0
v 59
th 4

ait  cdc  ph

- SO
pe
HO. .
[ =
Compound [Ry )G
AP NH HMMF coupled

~-37.798

82

60 50 a0 30 20 10 0 -10 -20 ppm


fgelat
Stamp


0B 883

pad=10 run with findz0 before acquisitio

n

expl Proton

.

o

SAMPLE DEC. & VT 1
date  Dec 19 2012 dfrg 75.454 ||;.-‘
soTvent cdc13  dn ci3 Ho
file shome/TCUuser~ dpwr 43
synmrsys /datasauto~r dof [
_2012.12.14/8_2012~ dm nnn
1219_01,/data/scdei3~ dmm C

_01.fid dmf 13100
ACOUISITION PROCESSING hie

sfrg 300.047 wtfile
tn H1 proc ft
at 1.998  fn not used GDmEIEIUFId [Hp]'a
np 19184
SwW 4800.8 werr xmreact HMMA
b 2600 wexp abortoff flus~
bs 18 h procplot aborton
tpwr 55 wbs
pwW 7.8 wnt
dl 1.000
tof 277 .8
nt 16
ct 16
alock N
gain not used

FLAGS
il n
in il
dp \4

DISPLAY
sp -592.5
wp 4800.5
Vs 97
ST 0
we 240
hzmm 20.00
is 341.07
rfl 582.8
rfp 0
th 3
ins 2.000
at  cdc  ph

y
I
i ¥ i ¥ i H H H H ¥ H H i N T i ¥ T [ T H T B H 1 H H H H
14 13 12 11 16 8 7 4 3 2 1 ~§ -1  ppm
,,,,, ol i L L S L SV B— —
2.09 0.93.20 0.99 2.61 8.27
1.92 2.00 0.96 1.05 3.81 2.70


fgelat
Stamp


0B 883 /L
expl Carbon ’O\
SAMPLE SPECIAL ] i
.L-\.\.

date Dec 19 2012 temp not used b
solvent cdc13 gain 20 Ho
file shome,/TCUuser~ spin 20 —
/ynmrsys /datasauto~ hst 0.008
_2012.17 .14/ _2012~ pwil 18.500
1219 _02/data/cdcl13~ alfa 10.000
W03 fid FLAGS

ACQUISITION i1 n
Y 18115.9 in n it
at 1.301 dp y
np 47120 hs nn Com FlElLII'ld [HF' 15
b 10000 PROCESSING 13
bs 84 b 0.50 G MR
dl 2.000 fn not used
nt 800 DISPLAY
ct 800 sp -1135.5

TRANSMITTER wp 18115.4
in C13 rfi} 1136.1
sfrg 75.45%4  rfp @
tof 766.0 rp 5.2
tpwr 58 1Ip -204.1

§.250 PLOT
DECOUPLER we 50

dn H1 s¢ 0
dof 0 vs 510
dm yyy th 7
dmm w al cdc  ph

dpwr 35
dmf 6700



fgelat
Stamp


huf ‘\ ; :::
Compound [Ry
JPAH MMR dac-:uuplad

Current Data Parameters

NAME OB 2157 after column
EXPNO L
PROCNO 1

F2 - Acquisition Parameters
Dai )OJ>0

Time 18.10
INSTRUM mpépx

PROBHD 5 mm PABRO BB/
PULPROG 3
o

SOLVENT

SWH
PIDRES
AQ

RG

W

DE

TE

Dl 2. OO(
D11 0,030
TDo

CHANNEL £1
161.967

31p
14.25 usen

00000000 W

CHANNEL £2

400.1
NUC2 1H
CPDPRGI[2 waltzl6
Q(PD> 90.00 usec

10.00000000 W
0.31604999 w
0.25600001 W

Pro meters

cessing para

30 MHz

161,99
EM
0
L.00 Hz
0
PC 40

MR IR

100

T

90

r

80

T

70

LA

Iliyt!;!v'vsxlwlv}x

60 50 40

U I

30

I B

20

R

10


fgelat
Stamp


O
ou w

Current Data Paramet
Compound (R4 NAME OB 2157

AP H MMF coupled EXPNO
PROCNO

column

F2 - Acguisition
Date 20
Time

INSTRUM kS
PROBHD 5 mm PABBO

PULPROG 30

TD 55536
SOLVENT CDCL3

NS 32

DS 4

SWH 63 He
FIDRES 3127 Hz
AQ 1808 sec
RG .57

DW 00 usec
DE 5050 usec
TH 294,9 K

D1 00000000 sec
TDO 1

MHz

2 | 14,25 usec
PLWI 15.00000000 w

Processing parameters

32768
0
00 Hz
0
40



fgelat
Stamp


3.

o

)
1
H‘:'w#

hs

Co<)
BROKER
( ><)

Current Data Parameters

NAME OB 2157 after column

EXPNO 3
Compound [Ry1-4 PROCNO 1
TH HMR
F2 - Acquisition Parameters
Date__ 20150828
Time 18.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 65536
SOLVENT CcDC13
NS 9
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 81.67
DW 62.400 usec
DE 6.50 usec
TE 294.9 K
D1l 1.00000000 sec
TDO 1
=m=o===== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
. i SR - R A,KUJ I T A L~\.J\ LL;_ o e =
SRR RARBEAIR A AS A Y S RRRAAARAAE '”"W"”"”'l”"”"W"”"“'I”"”"W"”"”'|”"”"W"”"”’l”
1 10 9 8 7 6 5 4 3 2 1 0 ppm
| [az e EeREEE
‘f CS cS CS CJ - 1; —i|eleiei0im


fgelat
Stamp


e
got

Ao, .,H

Compound [Ry)-7
APIH MMF decoupl ed Cu
NAME
EXPNO

PROCNO

ent Data

Acquisiti

INSTR
5 mm

SOLVENT
NS

CHANNE

H;.l iv:ls:lx ,,,,,[,, vviywvllv(vlllllixx!vvl v:;,..-l vvv..!.x 0‘rv»|| .1 Y ‘ Ty

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


fgelat
Stamp


.

jo
B O —

Compound [F'.,,,]-T S
31|:r-_|r1H MME DZII_IFI|E!:| ;w\;/ﬂl ent. Data Pax
EXPNO

PROCNO 1

F2 - Acqguisition Pal ters

PROBHD 5 mm PABBO
PULPROG zZ
D

s
i
<

CHANNEL f1
161.9674¢

cessing

161.9

U R T T S BASREARARS RERSEERRAN RARSARARAN R AR RN AR MRS S T T T

90 80 70 60 50 40 30 20 10 0 -0 -20 -30 ppm


fgelat
Stamp


SON

A
Acclhuf
Compound [F!F]-T
1H A= Current Data Parameters
NAME OB 1781 after work-up
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date__ 20141015
Time 18.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 7
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.08924465 sec
RG 81.67
DW 652.400 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
Do 1
mmmmmems CHANNEL 1 ssssssss
SFO1 400.1324710 MHz
NUCL 1H
Pl 10.00 usec
PLWL 25.00300026 W
F2 - Processing parameters
S1 65536
SF 400.1300000 MHz
WDW EM
S5EB 0
LB 0.30 Hz
| GB 0

PC 1.00

.‘1 B J - i -

'”'!'”‘"”')‘”"‘”‘l’”"'”‘l’”“‘”'I'”"'”’!'”"'”'l'”"'”'l'”"'”'l'”"’”'!'”""”I"”"‘”l"'"’”I' i
11 10 9 8 7 6 5 4 3 2 1 0 ppm

wn < [=18 1] MN[0 O v~ T

< < Qe ORI winie

o o oijo ~|ed| || | o


fgelat
Stamp


e

j’.p

el

Compound [Rgl+
B MME

Data Par

NAME C 1169
EXPNO 4
PROCNO 1

F2 -~ Acquisition
Date__ 201
Time
INSTRUM
PROBHD 5
PULPROG

o

SOLVENT

N&

NUCl
Pl
PLW1 45.001

P RG

PCPD2

SF

WDW

558 0

LB 1.00 Hz
GB 0

pC L.40

200

s
180

I
160

¥

]
140

120 100 80

40


fgelat
Stamp


.
Ac@vb

Compound [Fgl-ga
ANPIH HMF decoupl ed

'v\ltll!!!lvle|vtvx!llvx||xyi‘vvx)|)1l!lvv(l\lv!xlivl!x!rv;,v(lltll!x!v1.!1!!;4ile|v||l4trllvlll LI I

90

80

70

60

50

40 30 20

10

0

-10

I
-2

t T

0 ppm

Current Data Parameters
NAME OB 1379 pux
EXPNO 5
PROCNO 1

Acquisition Par: ters

INSTRUM 5 o
PROBHD 5 mm PABBO BB/
PULPROG z¢ 30
igsl
SOLVENT
N&

DS

SWH
FIDRES
AQ

RG

CHANNEL £1
161.967494

SFO1
NUCl

usec

NUC2
CEDPRG (2

PLW12
PLWL3


fgelat
Stamp


]

£ I.I
e
—
Current Data

NAME OB
Compound [Fy)-Sa PROCRO
AP A HMNMF coupled

INSTRUM
PROBHD 5omm
PULPROGG

T

SOLVENT

NE&

ns

SWH

FIDRES

MHz

usec
W

)tvlx!r(xllrtn\v~<v!11lxll!x|'v14(!'lx!llllv|llll!x4)1!!‘l11!::1|)Vl(lxl'111x1||l'v11|\v|!|¢'x|»11[1‘44|lvll!vt(vt N T ¥

90

80

70

60

50

40 30 20 10 0 -10 ppm


fgelat
Stamp


é
i

;"

o

.n.:n:::-w,'é‘:'H

Compound [Rylga
TH MR

l»1|lx!ll’vlnl!!v)x"('xvrvvllll\vvxvl !nn-n.»{|»uxvm-l-u-.vxu!'-u.(nql.v-nn--lnn-n-v'“.-

12 1 10 9 8

7 6 5

Current Data Parameters

NAME OB 13793 pure
EXPNO 3
PROCNO 1

F2 - Acguisition Parameters
Date_ 20140320
Time 18.09
INSTRUM spwot
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 65536
SOLVENT ChClL3

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.,089446% sec
RG 12.96

DW 62.400 usec
DE 6.50 usec
TE 295.6 K
D1 1.00000000 sec
Do 1

HANNEL f1 =ssss==e
400,1324710 MHz
1H
10.00 usec
25.00300026 W

3

F2 - Processing parameters
ST 65536

SE 400.1300000 MHz
WDwW EM

558 0

LB 0.30 Hz
GB 0

PC 1.00


fgelat
Stamp


Ju.

;T’.p

Current Data Parameters
NAME OB 1379 pure

EXPNO 4
GI:IITIPIIILII'II:I [HF]-EE PROCNO 1
3C MR FZ2 - Acquisition Parameters
Date 2014032
Time
INSTRUM E
PROBHD 5 mm PABBO
PULPROG Exerele
™
SOLVENT
NS
Do
SWH 24038461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203
DW 20.800
DE 6.50
TE 256
Dl 00000
D11 000
DO !
e CHANNEL f1
SFO1 100.62282¢9
NUCT )
Pl
PLWI
NUCZ
CPDPRGI[2 walt 5
PCPD2 90.00 usec
PLWZ 10.00000000 W
PLWL2 0.3 4999 W
PLWL3 : W
F2 2ters
S1 32768
i SF 106.6127690 MHz
| I M
il U T PR .Y W . O e . o
LB 1.00 Hz
B 0
| I I T T I | pe 140

200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


0o ’Jlb;j:ji::l1h‘

r~ o .

< O

55 E_p

\/ HGU@
Compound [Rgl-3
ApAH MMF decoupled

80

70

60

50

40

(o]
D
I~
o

2.84

30

20

10 0

ppm

Current Data Par
NAME OB 1435¢
EXPNO i

PROCNG ;
Acguisition Paramets
20140424

17

1 2
INSTRUM
PROBHD 5 omm
PULPROG
™
SOLVENT
NS

[B35

SWH
[DRIES

CHANNEL f1
161,967

NUC2
CPDOPRG Y

pPCPD2
PLW2

PLWLZ
PLWL3

2 - Proc



fgelat
Stamp


.

o

N
Sy
Current Data Pare

NAME oB 1
EXPNO 3
Compound [Fy)= PROCNO

ANpAH MMF coupled

ters

pure

Acqguisition Pars
201404
L7,
sp
PROBHD Homm PABBO
PULPROG
™
SOLVENT
NS

AQ sec
RG

DW usec
DE usac
TE

D1 562 C
DO

ll!\vr|\<|xI!v\vx|vv|x|vl(v)vxxillvhrl:lrlvllxxll']l!llvvvl‘[lv»l\bvvxllll|4<vxlxll|‘v ™1 T

90 80 70 60 50 40 30 20 10 0 ppm


fgelat
Stamp


Son
HGHKHJ

PROCND

GI:IITI pDLII'Id [HF ]-8 B2 Acquisition
TH MR

201

12
TNETRUM 5
PROBHD 5 mm PABRO
PULPROG

4

400
6.50 usec

297.1 K
1.00000000 sec

== CHANNEL f£1
400.1

| SAARASARAS RRAAASAEAS RARSREALAS MARAREALAN RARALALARE LAREEAARES RARAMEAS RAARARARAS RALMARALAS RUARARARAS RARRARRRES RARRRAN

12 1 10 9 8 7 6 5 4 3 2

M AAARARARE AN ¥

ppm

i

2.00
2.94
1.87
2.06
1.49
1.04
2.11
2.32
11.77
0.08


fgelat
Stamp


0.
“’@

Compound [Ry

2c NI‘LﬂF: tX»iN‘O t
PROCNO i

cguisition Par .
20140424

17.01

spect

5 mm PABB(» BB/

SOLVENT
NS

D5

SWH
FIDRES
AQ

SFO1
NUC1
Pl

PLWL

’ ] ! I ’ | ! I ' I ’ I ’ ] ' | '

200 180 160 140 120 100 80 60



fgelat
Stamp


Ao
Current Data Parameters
NAME OB 184€ after column
EXPNO ] 1
Compound [Ry)-Ea PROCNO 1
ANpAH MMF decoupled .
F2 - Acquisition Parameters
Date 20141121
Time 9.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CcDCcl3
NS 16
DB 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AD 0.5111808 sec
RG 203.57
bW 7.800 usec
DE 6.50 usec
TE 296.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
mmmmsess CHANNEL {1 ssssssss
SFO1 161.9674942 MHz
NUC1 31P
Pl 14.25 usec
PLW1 15.00000000 W
mmmmmems CHANNEBL 2 ===
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[Z waltzl6
PCPD2 90.00 usec
PLWZ2 10.00000000 W
PLW12 0.31604999 W
PLWL13 0.25600001 W
¥2 - Processing parameters
- - DY | SN A e . . . - SI 32768
SE 161.9755930 MHz
WDW EM
"V"”"”I'”"“"V"”"”l'”"”"V"”"”!’”"”"V"”"”l'”"”"F"“"”l'”"”"V"“"”l‘”"”"V MR AR ) < 0 L 00
4 . H
100 20 80 70 60 50 40 30 20 10 0 -10 ppm_. 5 :
PC 1.40

2.11
97.89


fgelat
Stamp


Parame
1843

Current Data
NAME 0B

column

[

Compound [FRyl-ga
NENH MME coupled

EXPNO
PROCNG

late
Time

20141121

- Acquisition Parameters

9.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG
D
SOLVENT
NS
DS :
SWH 64102.563 Hz
FIDRES 0.978127 Hz
BQ 0.5111808 sec
RG 203.57
Dw 7.800 usec
DE 6.50 usec
TE 296.1 K
D1 2.00000000 sec
TDO ]
wmmmssmns CHANNEL £1 = =
SFOL 161.9674942 MHz
NUCl 31p
Pl 14.25 usec
PLWI 15.00000000 W
F2 - Processing parameters
S1 68
SE 161.9755930 MHz
WOW EM
55B 0
LB 1.00 Hz
GB 0
PC L. 40

LARARAREAS REAARAMLY RASRRARERY &

110 100 90

ARRARN RUULALLEAS RARRARMARY RUMARUARAS RN R T UAARRAS RARARRARRN AR T

80 70 60 50 40 30 20 10 O

RN T

-10 -20

IAARRN RARRARAAS YT

-30 -40 ppm


fgelat
Stamp


o B <)
- BRUKER
(<O

Current Data Parameters

G-:imp-:-und [HF]-EE gggo OB 1843 after3column

"H MMF; PROCNO 1
F2 - Acquisition Parameters
Date 20141121
Time 9.26
INSTRUM spect
PROBHD S5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT cDCl13
NS 10
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 8.79
DW 62.400 usec
DE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
==m=m==== CHANNEL fl s===s===
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
ST 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz

GB 0

b oh L ,MN\MM., | . .

Iv-:v:v--vlnuvv.vvv‘lvvv.r--.-quvnnvyvnlruv|-::vv|rr:11-uuv‘:-‘..-.--':vuuu--w-Iv---v'--.'.-.-v|-|vl;-|.-..--‘.rv:.uvvv"-v.-v--.l

11 10 9 8 7 6 5 4 3 0 ppm

[=4 M~ N[N O[O~ WO}~
< <2 wiieeeieeelT
™~ o~ OiM =N~ |{Nl{v|v



fgelat
Stamp


Compound [RylEa
G MMF

Current Data Parameters

NAME OB 1843 after column
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date 20141121

Time 9.43
INSTRUM 8 t
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT CDCl3

NS - i

DS

SUH Hz
FIDRES Hy
AQ B
RG

DW usec
DE usec
TE 297.3 K

D1 2.00000000 sec
Dl 0,03000000 sec
TDO 1

3 MHz
| Pl 10.00 usec
* PLW] 45.00000000 W

CHANNEL f2 =

400.1316005 MHz
1H

CPDPRGIZ 5 )€
PCPD2 50,00 usec
PLW2 10.00000000 W
PLWL2 0.31604999 W
| PLWL13 0.25600001 W

[
51
S5Y
WDW
! 558

LB

GB

PC

200

1
180

v

»
160

T

1
140

Y

!
120

I ’ I ’ f

100 80 60

40

20 0 ppm


fgelat
Stamp


l'rlll

Current Da
N E Of

Compound [Ryl-8o EXD N
FRAH MR decoupl &d PROCNO 1

sy

- Acguisition

te
Time
INSTRUM sy

PROB
PULPROG
D
SOLVENT
NG

5 omm PABRBC

FIDRES
AQ
RG
DW

preTTrT ]!1'ivvvlv]lftv!!iv'l‘li<)!lu“||<x!||1»r(|x(!1(lill'||||xs|1I;;1vbvl‘((\vr(!g!!!l) Y T IR T T a

100 90 80 70 60 50 40 30 20 10 0 10 -20



fgelat
Stamp


"

i

Ho

Current Data : cLers

NAME OB 1857 after column
Compound [R 10 EAPNO ‘
B PROCNO 1

ApAH MMF coupled
FZ - Acquisitic ameters
Date 4 11203
Time 17.08
INSTRUM speot
PROBHD 5 mm PABBO BB/
PULPROG 2¢ 30
T 6 &
SOLVENT
NS
D5
SWH
FIDRES
AQ

RG

usec

usec
o w
b33 ! sec
Do i
CHANNEL f£1 o
161.96749 MH z

it

14.25 usec
15.00000000 W

F2 - Proce

LB 1.00 Hz

RS RS RSN I SRS IR T ;l'--Hnr'yvs-'-x.!xuu”"-n ¥ T T T

' |
100 90 80 70 60 50 40 30 20 10 0 10  -20 -30 ppm


fgelat
Stamp


B

IS
Hﬂv
Current Data Parameters
NAME OB 1857 after column
EXPNO 3
Compound [Fi',]-EI:- PROCNO L
1
H MM/ F2 - Acquisition Parameters
Date__ 20141203
Time 17.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
™ 65536
SOLVENT cDCl3
NS 7
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.,0894465 sec
RG 6.9
DW 62.400 usec
DE 6.50 usec
TE 297.6 K
D1 1.00000000 sec
DO 1
wmmm=mm= CHANNEL fl =m=sss===
5801 400.1324710 MHz
NUCL 1H
Pl 10.00 usec
PLWL 25.00300026 W
¥2 - Processing parameters
SI 65536
SF 400.1300000 MHz
{ WOW EM
ﬁ } $SSB 0
LB 0.30 Hz
‘ E ’\ & GB 0
! \ }IM .H pC 1.00
‘ \ f w f\ ! i \
[ N JUNOW
j'”l"”'"”l"”"'”l"”"'“I"”"'”I"”"'”I"”‘"”l"”"'”l"”"‘”l'”“'“'!'"‘””I”' AR SRR MR
11 10 9 8 7 6 5 4 3 2 1 0 ppm

2.00
0.95
98
99
30
13
03
05
12
2.51
8.66
08


fgelat
Stamp


Compound [Ryl-sb
3 KR

Current Data Parameters

NAME OB 1844 pure
EXPNO 4
PROCNO 1

F2 - Acquisition

Date &

Time 58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Zgpag 30

T

SOLVENT

NS

DS

SWH

FIDRES .. 198

MO 1.3631488 sec
RG 203.57

DW 20.800 usec
DE 6.50 usec
TE 296.0 K

D1 2.00000000 sec
D1t 0.03000000 sec
TDO

e CHANNEL €
SFO1 100,620
NUC1T

Pl L
PLWI1 45,0000

CPDPRG[2

PCPD2

PLW2 1C
PLWLZ C
PLWL3 (

o
P}
I

T

s il
WDHW

S8B ¢
LB
GB 0

]

200

a
180

1
160

1
140

120

I ' ] ' I

100 80 60

40

pC

ppm

00000000 W

25600001

400,137

10
Je Ui

usec

W
W

6049

P2 - Processing parameters
-
e

[§)
85 MHz
M

o


fgelat
Stamp


Current Data Parameters

NAME OB 1415
EXPNO 1
Compound 2a PROCNO )
FPIH MMF decoupled N
F2 Acquisition Parameters
Date 20140407
Time 16.595
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG 2gpg 30
D 65536
SOLVENT chCi3
NS 16
DS 4
SWH 64162.563 Hz
FIDRES 0.978B127 Hz
AQ G.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.5C usec
! TE 295.8 K
! Dl 2.000C0C00 sec
D11 5.03000C00 sec
TDO 1
====s=== (CHANNEL f{]l s=======
SEFOL 161.9674942 MHz
NUC1 31p
Pl 14.25 usec
PLW] 15.00000000 W
mmsemzas CHANNEL 7 sw==ss===
SFO2 400.1316005 MHz
NUC2 iH
CPDPRG[ 2 waltzlé
PCPDZ2 90.00 usec
PLW2 10.00000000 W
PLW1Z2 £.31604999 W
PLW13 0.256000C1 W
F2 -~ Processing parameters
5T 327768
SF 161.9/5593C MHz
WDW EM
S55B (6
LB 1.00 Hz
GB 0
PC 1.40C

Ivvrrv---vl'--vyy..|'r'-r'v-vv!....vr-'vl-v---..yy‘..'-----:ln--v-...vlvwvunnx-v‘v;,..r.:.l.xv-«r,y.lnnnqv-v:;l-:vu:..:

90 80 70 60 50 40 30 20 10 0 ppm

51.52
48.48


fgelat
Stamp


l'rI '

dol .
Current Data Parameters
NAME OB 1415%
EXPNO 2
Compound 2a PROCNO 1
31P.I“H M E I::DI_IFﬂEd F2 - Acguisition Parameters
Date 20140407
Time 16.59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 7g36
TD 65536
SOLVENT CDCL3
NS 31
DS 4
‘ SWH 64102.563 Hz
i FIDRES C.9/812% Hz
AQ £.5111808 sec
RG 203,57
DW 1.800 usec
DE 6.50 usec
TE 295,77 K
D1 2.0000000C sec
OO H
wmwm=s=ss CHANNEL f1 =s==w====
SFO1 161.9674942 MHz
NUC 3ip
Pl 14.2% usec
PLW] 15.00000000 W
F2 - Processing parameters
S 32768
| SF 161.9755930 MHz
: WoW EM
; 338 0
; LB 1.00 Hz
E GB 0
; PC 1.46
f
|
i
il
I
b

l.:y..vv‘.i:-.|1-v<.lvv-.1v--:[---v::-x:lvv---r.|y||w....-.rlr-uv..:-:l--vuuuun‘]xnnxnnyv:lv-;.v‘-,:l-v:v.-vuni‘--.-

90 80 70 60 50 40 30 20 10 0 ppm


fgelat
Stamp


i 0
[esines)
gt N
L o
s EJD
\/ How -
Compound Sb
JPAH MMF decoupled

')vy‘y.-.l,||x’v:c'Iv1‘-'-.‘,]»x-r‘.:-wl,..<‘v-;-I---‘Iv‘|v';v'x[n;‘:l-x-;‘;x--[.x:-l«|

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

15

T

10

ppm

Current Data Pars

NAME OB !
EXPNO i
PROCNO 1
F2 - Acguisition

¥

SOLVENT

NE J

D3 4

SWH 6 563 Hz
FIDRES Hz

AQ

usec
W
W
W

paraneters
DR

GB ;


fgelat
Stamp


Compound Sb
AP H MWF coupled

Current Data Parameters

NAME OB 1415
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140407

Time 16.59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 65536
SOLVENT CDC13

NS 32

DS 4

SWH 64102,563 Hz
FIDRES 0.978127 Rz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.7 K

D1 2.00000000 sec
TDO 1
mmmmw==e CHANNEL fl ========
SFO1 161.9674942 MHz
NUC1 31p

Pl 14.25 usec
PLW1 15,00000000 W

F2 - Processing parameters
ST 32768

SF 161.9755930 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

BC 1.40

I'......v.‘-.....;.‘I-.r-.v---|v.-c--v--‘-----..-.'-..v.--,.l...-.--.-l.---,--.:I.v-..v-v.luv-.u-v-.l.--y--uvu"'-y-

90 80 70 60 50 40 30

20 10 0 ppm


fgelat
Stamp


Current Data Parame

NAME OB 1419 b4

Compound 2b EXPNO
1H A= PROCNO 1

F2 - Acquisition Par
Date 201
Tim
INSTRUM s%
PROBHD 5 mm PABBO B
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

: Processing
SE 400,
¢ i WIDW
| ! ! i vy ‘
i { : 558 0

i LB
(i GB 0
; PC 1.00

AL T IR B TTTT

T T T T T ™1 Ty

3 2 1 0 -1 ppm

ﬂ
o

6 5

2.00
1.13
2.60
0.55
6.40
4.24

P R0 LD
AL L
e OO

11.10
1.83


fgelat
Stamp


37.78
.16

37

)"H.

o]

HGV%

MIHDE

Compound Sb
ANPEAH NMF decoupl ad

55

50

47.67

52.33

30

25 20

ppm


fgelat
Stamp


o s
Y“ r-.
™o

\f

Compound Sb
APNH MM F coupled

JRY
PPNV i " i A N Vo Wi

A R A | YTy 111v|isv|!)!vl(lxx|vl||tl]lllxlxl i vl(yv)sv)lllllrvl|'4! T [T T

90 80 70 60 50 40 30 20 10 0 -10  ppm


fgelat
Stamp


Py

L]

o
H':'n,_,-’ ;l

MHL:

Compound Sb
TH MR

BRUKER

Current Data Parameters

NAME OB 1425 2nd crystallization in CH3CR
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20151111

Time 11.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930

TD 65536
SOLVENT CbCl3

NS £l

bsS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4,0B94465 sec
RG 32.38

oW 62.400 usec
DE 6.50 usec
TE 283.5 K

Dl 1.00000000 sec
TDO 1
wrnwaaxzx= CHANNEL fl mermeommwns
SFO1 400.1324710 MHz
NUC1 1K

Pl 10.00 usec
PLW1 25.00300026 W

F2 - Processing parameters
51 65

SF 400.1300000 MH:z
WDW EM

558 0

LB 0.30 Hz
GB G

BC 1.00

Trv'-Ivv.-v.--ult.vv.-..-|

12

11

10

1.00

9

--.v-.vv.l.vv.-.:-.

I.v.,--u-[rr-”:v.-l.-¢.”..-I

8

3.08
2.13

7

6

5 4

3

4.14

2

(=]
=
o

0.56
2.09
2.65
10.68

1

1.50

0

ppm


fgelat
Stamp


expl Phosphorus

0B 320 |
pad=10 run with findz0 before acquisitio Ho 0 O
n h H.\

L

i

SAMPLE SPECIAL
dats Apr 12 2012 ‘temp not used -
solvent cdel3  gain 14 GIIIITIPDLII'IE' [HF] 0
file shome/TCUuser~ spin 20 APAH MM F decoupl ed
Jvniarsys /data/autov hst 0.008
_2012.04.10/6_2012~ pw90 18.300
N412_30/datascdc13~ alfa 10.000
) _03.fid FLAGS
ACQUISITION il n
SW 15797.8 in n
at 1.600 «dp %
np 50552 hs ny
b 8800 PROCESSING
bs 64 1b 1.00
il 1.060 fn not used
nt 16 DISPLAY
ct 16 sp ~3647.3
TRANSMITTER wp 15797.3
tn P31 rfl 3647.8
sfrg 121.465 rfp 0
tof 7421.1 rp 63.9
tpwr 55 Ip =-113.7
8.150 PLOT
DECOUPLER we 250
an H1 sc 0
dof 0 vs 37
dm yyy th 13
dmm w ail  cdec ph
dpwr 35
dmf 6700

90 80 70 60 50 40 30 20 10 0 -10 -2 ppm


fgelat
Stamp


0B 320

expl  Phosphorus

Ho ©
L#:‘G'Q
M=

SAMPLE SPECIAL
date Apr 12 2012 temp not used
solvent cdel13  gain 14
file shome/TCUuser~ spin 20
svnmrsys sdatasauto~ hst 0.008
_2012.04.10/5_2012~ pw9D 18.300 Compound [F:p]-1I:|
0412 _30/datascdci3~ alfa 10.000
_06.fid FLAGS FRAH MMF coupl ed

ACQUISITION il n
SW 15787.8 in n
at 1.600 dp y
np 50552 hs ny
b 8800 PROCESSING
bs 64 b 1.
dl 1.000 fn not used
nt 16 pIsSpLAY
ct 16  sp -3647.3

TRANSMITTER wp 15787.3
tn P31 rfil 3647 .8
sfryg 121.465 rfp 0
tof 7421.1 rp 67.1
tpwr 55 ip ~113.7
W §.150 PLOT

DECOUPLER W 250
dn H1 sc 0
dof 0 wvs 116
dm ynn  th 22
dmm w ai cdc ph
dpwr 35
dmf 67060
.
90 80 70 60 50 40 30 20 1 0 -10 -20 ppm


fgelat
Stamp


0B 320

expl Proton

SAMPLE
date Apr 12 2012
soivent cdel3
fite shome /TCUuser~
Jynmrsys /data/autos
.2012.09.10/8_2012~
0412_28/data/cdc13~

_bl.fid
ACQUISITION
sfry 300.047
tn H1
at 1.4998
np 19184
sW 4860.8
b 2660
bs 16
tpwr 55
pw 7.8
dl 1.000
tof 277.8
nt 32
ct 32
alock y
gain not used
FLAGS
it n
in n

dp

DISPLAY

sp -598.3
wp a800.5
Vs 202
sC 0
weC 240
hzmm 20.00
is 358.48
rfl 598.6
rfp 0
th 3
ins 1.000

ai cdc  ph

DEC. & VT
dfrg 75.454
dn c13
dpwr 43
dof 0
dm nnn
dmm [
dmf 13100

PROCESSING
witile
proc ft
fn not used
werr xmreact

wexp abortoff flus~
h procplot aborton
whs
witt

A

Ho @
LE:GQ
e

[

Compound (R0
TH MR

14 13

12 11

.82

2.54  13.84
2,09 4.23

ppm


fgelat
Stamp


,i
0B 320 -
expl Carbon H':'-.. E,__C'

SOMPLE SPECIAL 1Y

Pl

date Apr 12 2012 temp not used
solvent cdel13  gain 20
file shome/YCUuser~ spin 20 _
/svnmrsys/data/auto~r hst 0.008 GDITIFII:ILII'Id [HF] 10
_2012.04.10/5_2012~ pw30 18.500 12 mMFR
0412_30/data/cdc13~ alfa 10.000
_07.fid FLAGS

ACQUISITION il M
BW 18115.9 in n
at 1.301 dp Y
np 47120  hs nn
b 10000 PROCESSING
bs 64 1b 0.50
d1 2.000 fn not used
nt 512 DISPLAY
ct 512 sp ~-1135.5

TRANSMITTER wp 18115.4
tn c13 rf1 1136.1
sfryg 75.454 rfp 0
tof 766.0 rp ~-3.0
tpwr 58 1Ip -185.8

§.250 PLOT
DECOUPLER we 250
dn H1 sc¢ 0
dof 0 wvs 297
dm yyy th 4
dmm w ai cdc ph
dpwr 3%
dmf 6700
' T . o ‘ e W e b—— Wi e i o e Y | it
220 200 180 160 140 120 100 80 60 40 20 g ppm


fgelat
Stamp


oB 877f2

pad=10 run with findz0 before acguisitio

n

expl Phosphorus

Y.

E

SAMPLE SPECIAL Ho
date  Dec 19 2012 temp not used —
solvent cdcl3 gain 20 HH
file shome/TCUuser~ spin 20
/svnmrsys /datasauto~ hst 0.008 =
L2012.12.14/8_2012~ pwio 18.300 Gnmpc‘und [HF] 1
1219_28/datascdci3~ alfa 10.000 ANp iy MNR decoupled
_02.fid FLAGS
ACQUISITION il n
sw 15797.8 in n
at 1.600 dp \%
np 50552 hs ny
b 8800 PROCESSING
bs 64 1b 1.00
d1 1.000 fn not used
nt 16 DISPLAY
ct 16 sp ~-3647.3
TRANSMITTER wp 15797.3
in P31 rfl 3647.8
sfry 121.465 rfp 0
tof 7421.1 rp 18.5
tpwr 55 Ip -118.7
9,150 PLOT
DECOUPLER we 250
dn 1 sc 0
dof 0 vs 18
dm yyy th 3
dmm w ai cdc ph
dpwr 35
dmt 6700
e i i e ! I T T R b S b
90 80 70 60 50 40 30 20 10 ~10 =20 ppm


fgelat
Stamp


0B 877f2 ,j"f._
expl Phosphorus
o
0

SAMPLE SPECIAL |
date  Dec 19 2012 temp not used lL-"-
solvent cdcl13  gain 20 HI:IH_-"'
file /home,/TCUuser~ spin 20 \.—K
svnmrsys/sdatasautoy hst 0.008
L2012.12.14/5_2012~ pwio 18.300
1219_28/data/cde13~ alfa 10.000 -
“p4.fid FLAGS ° a?':":"l:“:'und (P11
ACQUISITION i1 n I
Sw 15797.8 in n = FTH MR coupled
at 1.600 dp v )
np 50552 hs =
b 8800 PROCESSING i
bs 64 b 1.60 |
dl 1.000 fn not used
nt 16 DISPLAY
ct 16 sp ~3647.3
TRANSMITTER wp 15787.3
tn P31 rfl 3647.8
sfrg 121.465% rfp 0
tof 7421.1 rp 26.9
tpwr 55 ip -1138.7
9.150 PLOT
DECOUPLER wC 250
dn H1 sc 0
dof 0 vs 115
dm ynn  th 4
dmm w ai cdc  ph
dpwr 35
dmf 6700

90 80 70 60 50 40 30 20 10 0 -10 -20 ppm


fgelat
Stamp


0B 877f1

pad=10 run with findz0 before acquisitio

n

expl Proton

SO

LI

SAMPLE DEC. & VT Hgvf;
date Dec 19 2012 dfrg 75.454
solvent cde13  dn C13
file shome,/TCUuser~ dpwr 43 111
svnmrsys /sdatasauto~ dof 0 =
_2012.12.14/8_ 2012~ dm nnn GEIITIFICILII'IC' [HF
1219_26/data,/cdci3~ dmm c TH MR

L01.fid  dmf 13100
ACQUISITION PROCESSING

sfry 300.047 wtfile
tn H1 proc ft
at 1.8498 fn not used
np 19184
S 4800.8 werr xmreact
b 2600 wexp abortoff flus~
bs 18 h procplot aborton
tpwr 55  whbs
pw 7.9 wnt
dl 1.000
tof 277.%
nt 8
ct 8
alock Yy
gain not used

FLAGS
il n
in n
dp

DISPLAY
Sp ~584.2
wp 4800 .5
Vs 186
§C 0
wC 240
hzmm 20.00
is 444,08
rfl 594.5
rfp 0
th 2
ins 1.600
ai  cdc  ph

H
|
e t R . N,
i e B L o [ ] T i i [ [
14 13 12 11 10 6 5 4 2 1 -0 -1  ppm
[S—] - bped Lt LR - devged
1.00 1.04 1.10 2.202.200 .42 .76
2.07 2.20 2.14 0.561.19.2%®.92


fgelat
Stamp


oB 877f2

expl Carbon

.

SAMPLE SPECTAL o o
date Dec 19 2012 temp not used Hﬁ
solvent cdc13  gain 20 Hio
file shome/TCUuser~ spin 20 e
synmrsys /data/auto~ hst 0.008 \H
L2012.12.14/5_2012~ pwip 18.500
1218 _28/data/cdc13~ alfa 10.000
_05.fid FLAGS Compound [Ry!-11

ACQUISITION il n
SW 18115.9 in n 'IEC; MM
at 1.301 dp Y
np 47120 hs nn
fb 10600 PROCESSING
bs 64 b 0.
[} 2.000 fn not used
nt 18690 DISPLAY
ct 1800 sp ~1135.%5

TRANSHMITTER wp 18115.4
tn c13 rf1 1136.1
sfryg 75.454 rfp 0
tof 766.0 rp ~-2.0
tpwr 58 1p ~210.4

9.250 PLOT
DECOUPLER wWe 250
dn H1 sc 0
dof 0 vs 513
dm yyy th 8
dmm w ai  cdc  ph
dpwr 35
dmf 6700
- S———— \ R oy o MWWMWUW Y
2290 200 180 160 140 120 100 80 60 40 20 ppm


fgelat
Stamp


)

Ho ©
Ph

L

Compound [Rgl-1 2
FNPAH MMF decoupled

(I IS A ;.:.{.v.H:x;o.mxur{..y.r«;;..u' A I T T T ] TP T

110 100 90 80 70 60 50 40 30 20 10 0 -10 ppm


fgelat
Stamp


A,
HOLE_Q‘Q
—rh

Compound [Ry)-12
APAH MM R coupled

i PABRO

U I T R U A S (L T [T AR T

T i
100 90 80 70 60 50 40 30 20 10 0 10 ppm


fgelat
Stamp


.
HGL'E_pvQ
rty

Compound [Rgl-1E

TH rMF Current Data Parameters
NAME OB 1614 after column
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date__ 20140805
Time 9.11
INSTRUM spect
PROBHD 5 mm PABBO BR/
PULPROG 2g30
D 65536
SOLVENT cDei3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32.38
1 DW 62.400 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
T0O 1
mmmmmmms CHANNEL {1 ssssmecs
SFO1 400.1324710 MHz
NUC1 1H
Pi 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM
SEB 0
LB 0.30 Hz
GB O
A PC 1.00
no
S PR 114 0 A .
'V””””V””””V””””V””””V””””V”””“P”””“V””“”V””””V”“”"V””””V“”””V””””V””””V””””V”“”“V””””P””“'!”'””V”'”
15 14 13 12 11 10 9 8 7 6 5 -1 -2 ppm

5.06

4 3 2 1 0
Ol v NN O] v={ O v~ v=]| [ O] 0


fgelat
Stamp


)

HC LE—‘G
o rh

Compound [Rg)-12
BC MR

Current
NAME
EXPNC(
PROCNO

Acquisition ¥

20]
RUM spect
BB/

PROBHD 5 mm PABBO
PULPROG ‘

200

:
180

160

I
140

|
120

100 80 60

40

0

ppm


fgelat
Stamp


)Q

HOW .- Fh
Bt Fh

Compound [P",] A3 Current Data Parameters

APTH MR decoupl ed NAME OB 18401
EXPNO
PROCNO

ion Parameters

F2 -~ Acqui

Date 201 120
Time 17.48
INSTRUM spect
PROBHD 5 mm PABBO BR/
PULPROG z 0

U
D :
SOLVENT
NS

e
DS

SWH
FIDRES

CHANNEL f£1 ==
161.96749472

14.25 usec
15.00000000 w

- Processing pe

1
140

r
120

161,97

I ‘ I ' I ' I ' l T I ' ] 3
Wow
100 80 60 40 20 0 -20 -40  ppmsss 0
LB 1.00 Hz
GB 0
PC 1.40

2.46
97.54


fgelat
Stamp


g

H'C-“'...q_.,..- \Icph
PH Fh

Compound [Rgl-13

APIH MM B soupled

Current Data Parameter

NAME OB 1840F2
EXPNO
PROCNO

Date
Time
INSTRUM
PROBHD 5 mm PABF
PULPROG

D

SOLVENT

NE

DS 4
SWH 64102
FIDRES ).978127
AQ 0.5111808 sec
RG 203.587
DW 7.800 usec
DE
TE

TDO

14.25 usec

15.00000000 W

:‘«.:uu.‘:unu.i;”n I RAREARARRE RARS 111|It1h1$vvl|‘nvl)llln]r!iv;lc‘v))tlx)\l 11:11(!tvllvlv;\lllliv!»v

110 100 90 80 70 60 50 40 30 20 10 0

T v T v

-10 ppm


fgelat
Stamp


SON

1w
F“}HHH#K?(:Fh
PH Fh

Compound [HFH 3

(><O

Current Data Parameters

NAME OB 1840f2
TH MMWE EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date__ 20141120
Time 17.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 8
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.,0894465 sec
RG 13.94
DW 62.400 usec
DE 6.50 usec
TE 295.5 K
D1 1.00000000 sec
t TDO 1
‘ mmmmm=m= CHANNEL £l ==sssems
SFO1 400,1324710 MHz
NUC1 1H
Pl 10.00 usec
1 PLW1 25,.00300026 W
i F2 - Processing parameters
k SI 65536
SF 400.1300000 MHz
| H wow EM
| | 0 oo
LB .. 4
I h A R
U ‘ [‘\ | /\l V| BC 1.00
Tt T AR | | DR T roree o e e [N prorTeTe T [
1 10 5 4 3 2 1 ppm
=3 cﬁ ol ™ ] vﬂ oorbhooﬂv-
S|B o |2 o| |oe||S||®
© o - -l - NI



fgelat
Stamp


A
HOW - }:Fh
el Ph

Compound [Rpl-13
o MR

L

Current Data Parameters

NAME OB 1840f2
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_. 20141120

Time 17.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 682

D5 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 203,57

DW 20.800 usec
DE 6.50 usec
TE 296.9 K

D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
wmmmmmes CHANNEL 1 =ssssswms
SFO1 100.6228293 MHz
NUCL 13C

Pl 10.00 usec
PLW1 45.00000000 W
mmmsm==s CHANNEL 2 sws=ss==
SFO2 400.1316005 MHz
NUC2 1H
CPDPRGL2 waltzl6
PCPD2 90.00 usec
PLW2 10.00000000 W
PLWL1Z2 0.31604999 W
PLW13 0.25600001 W

F2 - Processing parameters
51 32768

S 100.6127685 MHz
WDW EM

58B 0

LB 1.00 Hz
GB 0

PC 1.40

T
200

T

T
180

s
160

Y

1
140

Y

|
120

T
100

] ) | ' ]

80 60 40

1
0 ppm


fgelat
Stamp


Compound [FRgl-14
AP H MM F decoupled

Current Data
NAME
EXPNO

PROC

INSTRUM
PROBHD 5
PULPROG

D

SOLVENT

NS

Ds

SWH

FIDRES

AQ

RG

Dw

DE

TE

D1

D11 § \
THO 1

SFO2
NUC2
CPDPRG 2
TPD2

PLW2
PLWIZ2
PLWI13

2L

0

EUE R

100

A UM I

90

80

[ A

70

60

T

T

50

A IR S L AR

10 0 -10

40

30

20



fgelat
Stamp


Current Data
NAME
EXPNO
PROCNO
Gompound [Fyl-14 FROEH
AP AH MR coupled F2 - Acquisition Pare

Date_ 2013051

PROBHD 5
PULPROG

usec
usec
K

sec

2.00001
TDO 1

CHANNEL f] m=======
SFOI 161.96745942 MHz

WDW
B

[SE
)

UM L I AU I ‘mmvm-.l.vx-mvulyxm,ulsu...;m]c-H«H.[;...\xx;v].-vux [T T o

100 90 80 70 60 50 40 30 20 10 0 -10 -20  ppm


fgelat
Stamp


.
Current Data Parame

I NAME OB
EXPNO
PROCNO

F2 -~ Acquisition Par:
Date_ 20130
Compound [Fyg 14 Time 10.

TH MME INSTRUM spe
PROBHD 5 mm PABBO
PULPROG
D

ot

NS
DS
SWH ¢ .
FIDRES 0.12
AQ 4.0894
RG
DW
DE
TE
D1 1.¢ (
Do 1

== CHANNEL £l m===w===
400.132471¢

Pl 10
PLWL 25.00300¢

usec
W

Processing parve

51
. YRR
SE 400013

WDW

558 0
L83 0.30 Hz
GB 0

rC 1.00

L S B


fgelat
Stamp


h Current
NAME
EXPNO ‘

o PROCNO

Compound (R4
B MMR

PROBHD 5 mm PABBO B
PULPROG FAsfole)
™
SOLVENT
NS

ns

FIDRES
AQ

CHANNEL £1 ==
100, ¢

CHANNEL
400.°

Proce

| ) ) 3 o ; | ; WDW
N ~ v ~ $58 0
LB 1.00 Hz
GB 0
L T S I i e L.ao

1 |
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


B

T T

L

-,
‘?,E'Q
hbct,,ﬂ

Compound [FI',]-15
AP IH MR decoupled

Current Data Parameters

v

r

Ty

e

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

M

T

T

T

I

!’-!v"vxcvi!tu

N IR

I

T

T

M R

T

AN LA B

NAME OB 1172
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date__ 20130717
Time 20.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT Cpels
NS 16
DS 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
TE 294.6 K
D1 2.00000000 sec
D1l 0.03000000 sec
o 1
memmo=== CHANNEL fl ss======
SFO1 161.9674942 MHz
NUCl 31p
Pl 14.25 usec
PLWL 15.00000000 W
mmmeme=s CHANNEL {2 =ssss===
SFO2 400,1316005 MHz
NUC2 1H
CPDPRG{2 waltzl6
PCPD2 90.00 usec
PLWZ2 10.00000000 W
PLWlZ2 0.31604999 W
PLW13 0.25600001 W
F2 - Processing parameters
SI 32768

— . S 161.9755930 MHz

‘ ! bow EM

15 10  ppmsss 0

LB 1.00 Hz
GB Q
PC 1.40


fgelat
Stamp


A,
p.:oLEI Q’Q
Yo

Compound [Rgl-13
ANpAH MMF coupl ed

Current Data Parameters

NAME OB 1172
EXPNO 2
PROCNO 1

FZ - Acquisition Parameters
Date__ 20130717

Time 20.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT cpCl3

NS 32

DS 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 293.9 K

D1 2.00000000 sec
DO 1
mmwmmm=z CHANNEL fl ss=sss===
SFO1 161.9674942 MHz
NUC1 31p

Pl 14.25 usec
PLW1 15.00000000 W

F2 - Processing parameters
SI 32768

SF 161.9755930 MHz
WDW EM

S5B 0

LB 1.00 Hz
GB 0

pC 1.40

[

90

80

x:x'uI:uv::--v-‘v-v..-;vv‘wv.--

70

vv--[;,uxv.---!w-'«-n"|¥---.--.«v‘::-y--n-v‘;-;'-

60

50

40

30 20

T

10

LI

ppm

!


fgelat
Stamp


Compound [HF 15

Current Data Parameters

THMME NAME OB 1172
EXPNC 3
PROCNO 1
F2 - Acquisition Parameters
Date__ 20130717
Time 20.14
INSTRUM spect
PROBHD 5 mm PABBO BR/
PULPROG 2430
D 65536
SOLVENT cpCcl3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AG 4,0894465 sec
RG 6.28
DW 62.400 usec
DE 6.50 usec
TE 293.9 K
D1 1.00000000 sec
™00 1
mmmmmmmz CHANNEL fl =ss=====
SFO1 400.1324710 MHz
$ NUC1 1H
| Pl 10.00 usec
| PLWL 25.00300026 W
i
§§ F2 ~ Processing parameters
i SI 65536
iy SF 400.1300000 MHz
/] ‘ WDW EM
| I 5SB 0
! | | LB 0.30 Hz
I i | GB 0
i i PC 1.00
I""""'I‘""“"l”"""‘!""""‘I"""'"!"'"""I"""“'I""""‘!""""‘l' ) N I
9 8 7 6 5 4 3 2 1 ppm
[ WD DT O
e 0| |70 3y O
o oil=clololicio


fgelat
Stamp


.

o
ACGJ:-:-:M

Compound [Ryl-13

3G MR

Current Data Paramet

NAME OB 1172

EXPNO 4
PROCNO )

INSTRUM
PROBHD 5 mm PABBO BE/
PULPROG 2O
D 65
SOLVENT
NS
DS

SWH

CHANNEL £2
400.13160

CPDPRG[Z
POPD2

|

200

e
180

1
160

T

]

140

1
120

T
100

WDW
P EN - SSR
LB
GB 0
| { y ] oo 1.40

40 20 0 ppm


fgelat
Stamp


Son
o
Q_H hl::l
Compound [Figl-1
APAH MMF decoupled
BN A A R A R ARE RN AN B R

90 80 70 60 S50 40 30 20 10

Cu
NAM
EXPNO

PROCNO

TN
NETRUM

(i

usec
PLW] 15 W



fgelat
Stamp


Compound [Rygl-1 NAME OB 2018
APH MR couplad EXPNO

PROCNO

5 mm PARR

TD
SOLVENT

NS

T SRS AR e T ¥ IARAS RASRARRARS AR [Ty TETY N ¥ T

90 80 70 60 50 40 30 20 10 0 -10 -20 30 -40 ppm


fgelat
Stamp


3
L
O

Crompound [Fy)-1

(><J

Current Data Parameters

THMMR NAME oB 2018
EXPNO 3
PROCNO 1
F2 - Acguisition Parameters
Date 20150429
Time 17.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CbCl3
NS 10
DS 2
SWH B8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32.38
DwW 62.400 usec
DE ©.50 usec
TE 295.1 K
D1 1.00000000 sec
D0 1
smmmmems CHANNEL {1 ssssssess
SFO1 400.1324710 MHz
I NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
| B 81 65536
% a! SF 400.1300000 MHz
‘ L WDW EM
' i ﬁ | SSB 0
o ﬁ!é i LB 0.60 Hz
i H O GB 0
b W
[N ! ' YLV
prerTeTeTy proreTTTe [RAARRARE prorrTee prTTrTe frorrrTe | A [T prorrrrrRpTrTeTTee | T | A I
11 10 8 7 4 3 2 1 0 -1 ppm
RO - cok&f?fﬁ;r~(n <t
G < e
~l—inillo - oo e~


fgelat
Stamp


2

v

CGompound [Rg!-1 Current

NAME ]
13 MMR EXPNO 4
PROCNO 1

Acal

;é é

Lin

INST

'RUM spect
PROBHD 5 mm PABBO BR/
PULPROG

SOLVENT

MH 2

ugsec

i

s I e T !
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


oh O8S

SAMPLE
date Oct 24 2011
sotvent opeis
fite exp

ACQUISITION
25738 .0

1.588
85476
14800
16
4
1 500
54
37

 TRANSHITYER

tn P31
sfryg 21471
tof 13588 .6
Lowr 55
P 7.117
DECGUPLER

in Wi
dof {
i

dsam

dpwi

dmf

SPECTAL

Lemp not used
gain not used
spin 29
hst 8.008
pwii 18.300
alfa 20.000
FLAGS
11 n
in 1
Gy Y
s AL
PROCESEING
i 1.66
fri not used
gisreay
59 0.2
Wy 1100
i 2437.5
) 0
] -140.4
b -285 B
PLOT
W 455
w8 i
Vg 3
th 4

ai  no  ph

Compound S,
ANENH MMF decoupled

22.406

80

70

60

50

ppm


fgelat
Stamp


oR oS

LXp L prt—
SAMPLE
date Qct 24 2011
soivent CDC1i3
file exp
ACQUISITION
sw 26738.0
at 1.598
np 854786
fb 14800
bs 16
58S 4
dl 1.000
nt 64
ct
TRANSMITTER
tn P31
sfrg 121.471
tof 10598.6
tpwr 55
pw 7.117
DECOUPLER
an H1
dof 0
dm ynn
dmm W
dpwr 35
dmf 6700

temp
gain
spin
hst

pwyao
aifa

il
in
dp
hs

fn

SPECIAL
not used
not used
20
0.008
18.300
20.000

FLAGS
n
n
Y

nn
PROGESSING
1.00

not used
pIsSPLAY

-0,

16010.

2437.

-135.
-326.
PLOT

oo

25

R~ oo

7
1

no  ph

Compound [Sy)-1

APAH MM coupl ed

- 24.754

e 20.1686



fgelat
Stamp


0B 085 _,,-"i
expl sZpul
or !
SAMPLE SPECIAL 1D
date Oct 24 2011 temp not used F{__#'
solivent CDC13  gain not used
file exp  spin 20
ACQUISITION hst 0.068
SW 4863.1  pwil 17.200
at 1.994 aifa 20.000
np 18158 FLAGS
fh not used i1 n
bs 16 in n Com FII:ILII'IC' [SF]-I
85 4 dp N
d1 1.000 hs an TH MMR
nt 16 PROCESSING
ct i6 fn not used
TRANSMITTER DIspPLAY
tn H1 sp ~548.0
sfry 300.047 wp 4802.8
tof 277.8  rfl 548.3
tpwr 55 rfp 0
8§.600 rp -117.1
DECOUPLER 1p -79.0
dn c13 PLOT
dof 0 wo 250
dm nnno se 0
dmm ¢ Vs 178
dpwr 4% th 4
dmf 13100 ai c¢dc  ph ﬁ
|
. :
o |
X N
12 10 s) 5 4 Z ~{ ppm
0.47 2.82 1.00 4,86  3.15
1.74 G468 1 & 10.43



fgelat
Stamp


ﬂlﬂ'j-"{.-l
0B 953 .
pad=10 run with findz0 before acquisitio
h e

I s
expl0 Phosphorus H_'B'\

M=

SAMPLE SPECIAL
date Feb 14 2013 temp not used
solvent cdecl3  gain 25 Compound [S,)-16
file shome,/TCUuser~ spin 20 a1 P
svnmrsys sdatasautos hst 0.008 FAH MR decoupl ed
L2013.02.14/5_2013~ pwio 18.300
0214 _12/datayscdei3~ alfa 10.000
_01.fid FLAGS
ACQUISITION il n
swW 15797.8 in n
at 1.600 dp %
np 50552 hs
fh 8800 PROCESSING
brs 64 1b 1.00
d1 1.000 fn not used
nt 64 DISPLAY
ct 64  sp -3647.3
TRANSMITTER wp 15797.3
tn P31 rf1 3647.8
s5trq 121.465 rfp 0
tof 7421.1 rp 105.2
tpwr 55 1Ip -113.7
9.150 PLOT
DECOUPLER W 250
dn Hi s¢ 9
dot 0 vs 163
dm yyy th 21
dmm w al  cdc  ph
dpwr 35
dmf 6700

9:0 80 70 60 50 40 30 2‘0 10 g ~10 =20 ppm


fgelat
Stamp


0B 953
expld Phosphorus

SAMPLE
date Feb 14 2013
solvent cdel13
file /home,/TCUuser~
/ynmrsys /data/auto~
_2013.02.14/s_2013~

0214_12/datascdc13~
_02.¥id
ACQUISTITION
Sw 15797.8
at 1.600
np 50552
fb 8800
bs 64
dl 1.000
nt 64
ct
TRANSMITTER
tn P31
sfryg 121.465
tof 7421.1
tpwr 55
9.1590
DECOUPLER
dn H1
dof 0
dm ynn
dmm W
dpwr 35
dmf 6700

temp
gain
spin
hst

pwao
alfa

SPECIAL
not used

PROCESSING
1.00

not used
DISPLAY

-3647.3

15797.3

3647.8

0

113.7

-113.7

-,
o
H—E;‘G’Q
e

Crompound

[ 116

FPIH MMF coupled

-20

ppm


fgelat
Stamp


oB 970

pad=10 run with findz0 before acquisitio

n

A

T,

o

e
H-F,

hie

expl0 Proton

SAMPLE DEC. & VT
date feb 20 2013 dfrg 75.454
solvent cdecl3  dn €13
file shome/TCUUSer~ dpwr 43 Compound [Sp] A6
svnmrsys /sdatasauto~ dof 1] 1
L2013.02.14/5_ 2013~ dm nnn H MR
0220_27 /data,scde18~ dmm [

J01.fid  dmf 13100
ACQUISITION PROCESSING

sfry 300.047 witfile
in H1 proc fi
at 1.9898 fn not used
np 18184
sW 4800.8 werr xmreact
b 2600 wexp abortoff flus~
bs 16 h procplot aborton
tpwr 55 whs
pw 7.8 wnt
d1 1.000
tof 277.9
nt 32
ct 32
alock Y
gain not used

FLAGS
i1 n
in n
dp

DISPLAY
sp ~-586.6
wp 4800.5
Vs 251
$C 0
we 240
hzmm 20.00
is 419.69
rfl 586.9
rfp 0
th 2
ins 1.000
ai  cdc  ph

‘ f
| { 1
14 13 12 11 10 8 6 5 4 2 1 -0 -1 ppm
0.50 .00 2.37 13.84
.47 2.28 5.88


fgelat
Stamp


.

0B 870
o
10
expld Carbon H_H_-.
SAMPLE SPECIAL mﬂE
date Feb 20 2013 temp not used
solvent cdel3 gain 20
file /home,/TCUuser~ spin 20 Compound [Sp]:la
Jvnmrsys/datasauto~ hst 0.008 IEG =
_2013.02.14/5_2013~ pwi0 18.500
0220 _28/data/cdclid~ alfa 10.080
06 . fid FLAGS
ACQUISITION il n
SwW 18115%.9 in "
at 1.801 dp \
np 47120 hs nn
iy 10000 PROCESSING
bs 64 1b 0.50
dl 2.000 fn not used
nt 800 DISPLAY
ct 800 sp ~1135.5
TRANSMITTER wp 18115.4
tn ci1z  rfi 1136.1
sfrg 75.4%4  rfp g
tof 766.0 rp 55.8
tpwr 58 ip -160.4
9.250 PLOT
DECOUPLER WC 250
dn H1 sc 0
dof 0 wvs 256
tim yvyy th 4
dmm w ail  cdc  ph
dpwr 35
dimf 6700

220 200 180 160 140 120 100 80 60 41 20 0 ppm


fgelat
Stamp


0B 949

}

‘e
pad=10 run with findz0 before acquisitio o
n
expl Phosphorus {?Jﬁ
SAMPLE SPECIAL ,#
date  Feb 9 2013 temp not used H
solvent cdel8  gain 20
file shome/TCUuser~ spin 20
svnmrsys /data/auto~ hst 0.008
_2013.02.09/5_2013~ pwio 18.300
0209_0%S/data/cdcl13~ alfa 10.000
_02.fid FLAGS Compound [Sg)17

ACQUISITION il n )|
v 15787 .8 in " FMH HMF decoupled
at 1.600 dp N
np 50552 hs
b 8800 PROCESSING
bs 64 1b 1.00
d1 1.060 fn not used
nt 16 DISPLAY
ct 16 sp -3647.3

TRANSHITTER wp 15797.3
tn P31 rf1 3647 .8
sfrq 121.465 rfp 0
tof 7421.1 rp 136.0
tpwr 55  1p ~124.4

§.150 PLOT

DECOUPLER we 50
dn H1 sc 0
dof 4 vs 7
dm yyy th 12
dmm w at cdc  ph
dpwi 35
dmf 6700

i hoad
90 80 70 60 50 40 30 2 10 ~10 ~2 0 ppm


fgelat
Stamp


0B 949
expl Phosphorus

SAMPLE
date Feb § 2013
soivent cdell
file shome/TCUuser~
Jvnmrsys sdatasauton
_2013.02.09/s_2013~

0209_05/data/cdci3~
_0a.fid
ACQUISITION
SW 15747.8
at 1.600
np 50852
fb 8800
b 64
d1 1.000
nt 16
ct
TRANSMITTER
tn P31
strg 121.465
tof 7421.1
tpwr 55
9.150
DECOUPLER
dn H1
dof 0
dm yon
dmm W
dpwr 35
dmf 6700

temp
gain
spin
hst

pwso
alfa

il
in
dp
hs

b
fn

Sp
wp
rfl
rfp
rp
1p

we
5C
'
th
ai

SPECIAL
not used

PROCESSING

1.00

not used
DISPLAY

-3647.

15797.

3647,

120.
-114.
PLOT

]
w

ot
=
D OO WODWWW

cde  ph

!f}frh
o

B

H-

Crompound

[S)-17
ANpAH MMF coupl ed

80

70

60

50

40

20

10

ppm


fgelat
Stamp


0B 952

pad=10 run with findz0 before acquisitio

n

S

expl Proton i
1 l,l::l

SAMPLE DEC. & VT I{.
date Feb 9 2013 dfrg 75.454 P
solvent cdel1z  dn 13 H
file Jhome,/TCUuser~ dpwr 43
svnmrsys /sdata/auto~ dof 0
_2013.02.09/5_2013~ dm nnn
0209 _04/data/cde13~ dmm C

01.fid dmf 13100
ACOUISITTON PROCESSING '::‘*:'l'l'l|:'1':“-""':| [EF:"'IT

sfrg 300.047 wtfile
tn H1 proc ft H MMF
at 1.898 fn not used
np 189184
SW 4800.8 werr xmreact
b 2600 wexp abortoff flus~
bs 16 h procplot aborton
tpwr 55 wbs
pw 7.9 wnt
di 1.000
tof 277.9
nt 18
ct 16
alock y
gain not used

FLAGS
il n
in n
dp

DISPLAY
sp ~-597.2
wp 4800.5%
v 257
5C 0
we 240
hzmm 20.00
is 554.72
rfi 587.5
rfp 0
th 2
ins 1.000
at  cdc  ph

i
Dl St
14 13 12 11 10 9 8 7 5 4 2 -0 =1 ppm
.51 1.82 2.80 1.00 0.99
87 0.85 .50 98 6.10 78


fgelat
Stamp


0B 949

expl Carbon L
SAMPLE SPECIAL
date Feb 9 2013 temp not used i
solvent cdcll gain 20 .Jﬁ
file shome/TCUuser~ spin 20 ﬁ'
synmrsys /sdata/auto~ hst 0.008 FF
_2018.02.09/s_2013~ pwi0 18.500
0209_05/datascdc13~ alfa 10.000
05 fid FLAGS
ACQUISITION il n
5w 18115.9 in n
at 1.301 dp Y -
np 47120 hs nn Com EI;I:I:_II'Id [EF] 7
b 10000 PROCESSING
bs 64 1b 0.50 Ay
dl 2.000 fn not used
nt 1600 DISPLAY
ct 1600 sp ~1135.5
TRANSHMITTER wp 18115.4
tn C13 rfi 1136.1
sfryg 75.454  rfp 0
tof 766.0 rp 61.2
tpwr 58 1p ~197.6
9.250 PLOT
DECOUPLER we 250
dn H1 sc 0
dof 0 vs 396
dm yyy th 6
dmm w al cdc  ph
dpwr 35
dmf 6700

B ————

220 200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


0B 948

pad=10 run with findz0 before acquisitio

n
expl Phosphorus

SAMPLE
date Feb 11 2013
solvent cdell
file shome,/TCUuser~
Jsvmmrsys /data/auton
_2013.02.08,/5_2018~
0211 _20/data/cdc1s~

01, Fid
ACQUISITION
sW 15797.8
at 1.600
np 50552
] 8800
bs 64
dl 1.600
nt 16
ct 16
TRANSMITTER
tn P31
sfrg 121.4865
tof 7421.1
tpwr 55
pw 9.150
DECOUPLER

dn H1
dof 0
dm Yyy
dinm W
dpwr 35
dmf 6700

SPECIAL
temp not used
gain 25
spin 20
hst 0.008
pweo 18.300
alfa 10.000
FLAGS
il n
in i
tp
hs i)
PROCESSING
b 1.
fn not used
DISPLAY
sp -3647.3
wp 15797.3
rfl 3647.8
rfp 0
p 113.6
1p -113.7
PLOT
WC 250
5C 0
23 14
th 11

ai  cdc  ph

ot

vy

Compound [Sy)-18
FPIH MMEF dac-:n_lpl ad

90

80 70

60

50

40

30 20

~10


fgelat
Stamp


0B 948
expl Phosphorus

SAMPLE
date Feb 11 2613
solvent cdci3
file shome/TCUuser~
/vnmrsys /data/auto~
_2013.02.09/s_2013~

0211_20/data/cdc13~
_02.fid
ACQUISITION
SW 15797.8
at 1.600
np 50552
fb 8800
bs 64
di 1.000
nt 16
ct 16
TRANSMITTER
tn P31
sfrg 121.165
tof 7421.1
tpwr 55
§5.150
DECOUPLER
n
dof 0
dm ynn
dmm w
dpwr 35
dmf 6700

SPECIAL

n
PROCESSING

1.00

not used

DISPLAY

-3647.

15797.

3647.

w W

-142.
~336.

Tghoo

PLOT
250
0
178

12
cde ph

50

BSOS

]

ﬂ.\

K

Compound [Spl18
ANPAIH MMF coupled



fgelat
Stamp


0B 948
pad=10 run with findz0 before acquisitio
n LT
expl Proton

SAMPLE DEC. & VT = i)
date Feb 11 2013 dfrg 75,454 ﬂ-‘
solvent cdeld  dn c13 P
file shome,/TCUuser~ dpwr 43 H
svnmrsys /datasauto~ dof 0
L2013.02.08,/5_2013~ dm nnn
0211 _19/data/cdc13~ dmm C

L01.fid dmf 13100
ACQUISITION PROCESSING

sfry 300.047 wtfile Compound [S,)-18
tn H1 proc fit 1
at 1.9498 fn not used H MR
np 15184
sW 4800.8 werr xmreact
fb 2600 wexp abortoff flus~
bs 16 h procplot aborton
tpwr 55  wbs
pw 7.9 wnt
d1 1.000
tof 277.9
nt 16
ct 16
atock Y
gain not used

FLAGS
il n
in n
d

DISPLAY
sp -586.6
wp 4800.5
Vs 317
$C 0
W 240
hzmm 20.00
is 567.88
rfl 586.89
rfp [
th 4
ins 1.000
ai cdc  ph

i
14 13 12 11 10 9 8 7 6 5 4 3 2 1 -0 -1 ppm
0.54 0.8971.02 2.40 2.09 12.35

6.03 0.48 1.00 2.14 2.13


fgelat
Stamp


08 948
expl Carbon

SAMPLE

date Feb 11 2013

soivent cdc13

file shome,/TCUuser~

/vnmrsys /data/auto~

_2013.02.09/5_2013~

0211_20/data/cdc)3~
d

_03.fi
ACQUISITTON

sW 18115.9
at 1.301
np 47120
fb 10000
bs 64
di 2.000
nt 650
ct 650
TRANSMITTER
tn c13
sfrq 75.454
tof 766.0
tpwr 58
W 9.250
DECOUPLER
dn H1
dof 0
dm Yyy
dmm w
dpwr 35
dmf 6700

temp
gain
spin
hst

pweo
alfa

SPECIAL
not used
0

PROCESSING
0.50

not used
DISPLAY

-1135.5

18115.4

1136.1

0

8

Compound [Spl18

BSOS

H

ﬁ”

W MMRE

AL IR L LN T L A L L Y A O A O L L B LALLM 0 L O B L S T

220 200

180

160

140

120

100

80

60

40

20

0

ppm


fgelat
Stamp


(-

NG

Compound [Sp)-13
ANpH HNMF decoupl ed

Current Data Parametbers
NAME OB 2095 after column
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20150630
Time 9.38
INSTRUM spect
PROBHD 5 mm PABRBO BB/
PULPROG 7(7}7(} 30
TD 5536
SOLVENT CDC13

S 16
Ds 4

SWH 54102.,563 Hz
FIDRES 0.978127 Hz
AD 0.5111808 sec
RG 203.57
DW 7.800 usec
Dy 6.50 usec
TE 294.,4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL £1 =

bi@l 161.9674942

NUC1L 31P

Pl 14.25 usec
PLW1 15.00000000 w

CHANNEL f: —
400.1316005 MHz
1H

CPDPRG[Z
PCPD2 90.00

waltzlhe

Y

e

100

AR R

90

Ty

80

70

AN RS

60

AR

50

T

T

T

U

40

<
™
o~

97.86

L RN

30

T

T

20

UAAE AR

10 0

PLWZ 10,.00000000 w
PLW12 0.31604999 W
PLWI13 0.25600001 w
F2 - Processing parameters
S1 768
SE 161.975¢
WDHW
’3;6 0
1,00 Hz

0

P( 1.40


fgelat
Stamp


if@

; ; Current Data Parameters

NAME OB 2095 afte
Compound [Sy)-13 EXPNO 2

NpAH MME -:::-uplad PROCNO 1

F2 ~ Acquisition Parameters

column

Date_ 20150630
Time 9.40
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG 230
D 65536
SOLVENT chCcL3
NS 37

s 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW T.800 usec
DE 6.50 usec
TE 294.0 K

D1 2.00000000 sec
DO 1

- CHANNEL 1 smsmwsos
161.9674942 MHz

F2 - Processing pawa

ST 2768

SF l(wl.v/‘)‘wiﬂﬁ MHz
WDW M

898 Q

LB 1.00 Hz
GB ¢]

PC 1.40

[

ARRRARAS ASRLLARS R xxx‘uu.“;(|'-”””»Irvm:”.xIm:-:-:mImru;-n'”.” AN BAARRAARRS R L EARARARALE REARRLARS R

100 90 80 70 60 50 40 30 20 10 0 -10  -20 ppm


fgelat
Stamp


BN
E.P

HI’

Current Data Parameters
Compound [Spl13 NAME OB 2095 after column
1 EXPNO 3

H MWME PROCNO 1

P2 - Acguisition Parameters

Date_ 20150630
Time 9.42
INSTRUM spect
PROBHD 5 mm PABBO BR/
PULPROG 7¢130
D 5 5
SOLVENT "DCL3
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG B.79
DW 62.400 usec
DE 6.50 usec
TE 293.9 K
D1 1.00000000 sec
TDO 1
e CHANNEL 1 ssmssmem
400.1324710 MHz
NUCT 1H
Pl 10.00 usec
PLW1L 25.00300026 W
F2 - Processing paraneters
3 65536
400.1300000 MHz
| j EM
‘ ( %’ 0
0.30 Hz
% % ] ,i % &; \ 0
| ! 1.00
1 NIl
i | i | i
. , I J !
Tt S A A A B R B j T N B

10 9 8

~J

6 5 4 3 2 1 0 ppm

T ) o o] [I~jolomlel o
<t o0 & o ol lologiol ©
o eled © olfel ol e eded] e

-


fgelat
Stamp


#)'"G

Hl’

Compound [Spl13

WC MME

BSOS

Current Data Parameters

NAME OB 2095 after column
EXPNO 4
PROCNO 1

F2 - Acgulsition Parameters
Date 20150630

Time 9.51
INSTRUM spect
PROBHD 5 omm PABRO BB/
PULPROG Z 730

D )
SOLVENT o

NS 101

D5 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AD 1.3631488 sec
RG 203.57

DW 20,800 usec
DE 5.50 usec
TE 2950 K

D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1

Cr
PCPD2
PLW2

PLWLZ2
PLWLI

! I ' ]

100 80

T Y

200

e
180 160 140 120

60 40 20 0 ppm

PRGTZ

45.00000000

- CHANNEL £2
400.1316005
1H

waltzl6
90.00
10.00000000
0.31604999
0.25600001

768

100.6127685
EM

0
1.00

¢
1.40

usec

=

MHz

usec

W
W
W

- Processing parameters

MHz

Hz


fgelat
Stamp


Compound [Spl-ad

AP AH MMF decoupl ed

Current Data Paramelter
NAME OB 1826 afte
BXPNO
PROCND

column

F2 - Acqulsition Parameters

Date 20141112

Time 9.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zagpg30

D 55536
SOLVENT

NS

DS

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203,57

bW 7.800 usec
DE 6.50 usec
TE 298.6 K

DL 2.00000000 sec
D11 0.03000000 sec
TDOo 1

CHANNEL f£1 ==

161.967494
31P

14.25% usec

15.00000000 W

= CHANNEL
D2 400, 131600
NUCZ 1H

CPDPRG (2 waltzl6
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW12 0.31604999 w
PLWIL3 0.2560000L w
B2 - Processing parameters
57 32768

SE 161 930
WDW

35B 0

LB L.00 Hz
GE 0

pC 1.40

UM R

100

n;xx].v:»;-u:lmxv..vmlumuxsui.”nv;u,m

90 80 70 60 50

):;..ui-«-”:\H!nu:”u!«n(--;”{xvu;-m

40 30 20 10

J

0

TP

L I

-10

T


fgelat
Stamp


JHIHF

O

L BRUKER

H”
Current Data Parameters
Compound [Sgl-20 NAME OB 1826 after column
FPNH MR coupl ed ;éé?%@ 2
oL AL
F2 -~ Acquisition Parameters
Date 20141112
Time 11.08
INSTRUM Bspect
PROBHD 5 mm PABBO BB/
PULPROG 730
D 65536
SOLVENT coCl3
NE 32
DS 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
TE 297.8 K
1 2.00000000 sec
Do 1

= CHANNEIL £1 =
161.96749
31p
14,25 usec
15.00000000 w

F2 ~ Processing parameters
ST 32768

58 161.9755930 MHz
WDW EM

558 0

LB 1.00 Hz
GB 0

PC 1.40

S d e S g

A BARRAARAAS ALY RARRAAAALS RERAARSARSE RUUUUUARLE REASAARAAE RAARARARAS RRARERASES RARSARRARE RUUMULMEE RARSEIULAN R AARRRREE R T T

100 90 80 70 60 50 40 30 20 10 0 10 -20 ppm


fgelat
Stamp


Compound [SF]-E‘EI
TH MM

(O

Current Data Parameters

----r--u[--vnv-:--Iv..,..;..'vr'v.r---‘vv-:v-v--'vvv---'-rlrnuvx-'.'x:--:-.--l--':---.-I--”x.--.l--«-.-v--'-u------:'vv-r-y-x.',.'....y.

11 10 9 8 7 6 5 4 3 2 1

[-;] [-;] [ NIMOIW [ =30 o
3 < e < |2[S|2(S|]|
o [~} - Nit{tiO(NINIM

0

NAME OB 1826 after column
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141112
Time 11.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 12.96
DW 62.400 usec
DE 6.50 usec
TE 297.8 K
D1 1.00000000 sec
TDO 1
m=mm===== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
P1 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM
35B 0
LB 0.30 Hz
GB 0
PC 1.00

-1 ppm


fgelat
Stamp


Compound [Syl-20 ‘
35 MMR PROCNO 1

F2 - Acquisition aters
Date_ 201

Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT

£

CHANNEL f1

100. 62

10.00 usec
45.00000000 W

CHANNEL
400.1

P
PLWLZ
PLWL3

Proce

s}
A%
| rahob ) 1.00 Hz
L
1.40

’ f ! f ' I ! | ! I '

1
120 100 80 60 40 20 0 ppm

T .

i 1
200 180 160 140


fgelat
Stamp


),CL

H" Fh
Bt Fh

Compound [Spl-
FPAH MMF decoupl ed

2.38
97.62



fgelat
Stamp


S
A

H” Fh
Fh
Fh

Compound [E-P]-Eﬂ
FPAH MM F coupl ed

5 mm PAB

CHANNET
161,

AR

70

LA e e

60

IR I

50

L


fgelat
Stamp


L
Ep

M SIS BAULSLI AL B HASLSLELELEMILSS UL AMILELE EURLLALSLAMILLAL ELELSLAUEMILILELLEY SN [Ty

10 9 8 7 6 5 4 3 2 1 0 ppm
5 Sl 2 = (225|188
= 0| | = o I P e i e

H Fh
Fh
Fh
Current Data Parameters
Compound [Sp - NAME OB 1843 after column
TH MMR EXPNO 3

PROCNO 1
F2 - Acquisition Parameters
Date_ 20141124
Time 17.42
INSTRUM spect
PROBHD 5 mm PARBO BB/
PULPROG 2g30
D 65536
SOLVENT cDC13
NS 9
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32.38
DW 62.400 usec
DE 6.50 usec
TE 295.8 K
D1 1.00000000 sec
TDO 1
sm====== CHANNEL {1l sss=ss==
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
¥2 - Processing parameters
51 65536

! SF 400.1300000 MHz

| Wow EM

| S5B 0

! LB 0.30 Hz
GB 0
PC 1.00


fgelat
Stamp


O

2.
Myt
PH Fh Current Data Parameters
NAME OB 1843 after column
EXPNO 4
| Gﬂmq%-lnd [SplE1 PROCNO 1
MR
2 -~ Acguisition Paramelers
Date 20141124
Tim 18.31
INSTRUM spect
PROBHD 5 mm PABRBO BB/
PULPROG zgpg30
™
SOLVENT
NS
D&
SWH 24038.461 Hz
FIDRES 0.366798 Haz
AQ 1.3631488 sec
R 203.57
DW 20.800 usec
DE .50 usec
TE 296.7 K
D1 2.00000000 sec
D11 0.03000000 ser
Do 1
s CHANNEL £1 0=
100.6228293
13C
10.00 usec
45.,00000000 W
swme CHANNEL 2 swmmmmms
400.1316005 MHz
1H
CPDPRG{2 waltzlé
PCPDZ B0L00 usec
PLW2 10.00000000 W
| | PLW1Z 0,31604599 W
§ PLW13 0.25600001 W
‘ l Lo F2 -
{ [ ST
| . SF
| ! | L WHW
! | 1 i tq 558
1 Jo I e I }! (13};
PC

¥

z 1 T x R s
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


3

o
£
H”
Current Data Parameters
NAME OB 1866 after column
EXPNO 1
Compound [Sy)e PROCNO ;

JPAH MMF decoupled

FZ -~ Acguisition Parameters

Date_ 20141210
Time 8.57
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT cpCcl3
NS 16
Ds 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AD 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
TE 299.0 K
D1 2.00000000 sec
D11 0.03000000 sec
Do 1
mm=m=mms CHANNEL fl ssssssms
S5FO1 161.9674942 MHz
NUC1 31p
Pl 14,25 usec
PLW1 15.00000000 W
mmmm=m=e CHANNEL {2 sssss=ss
SFOZ 400.1316005 MHz
NUCZ2 1H
CPDPRGI[2 waltzlé
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW1Z2 0.31604999 W
PLW13 0.25600001 W
| F2 - Processing parameters
,,,,, USRI DUUPURSTIIRNS DF S N S5 USSR 51 30768
SF 161.9755930 MHz
WDW EM
i SAASAAASAS RARAARAAAS AARAAAAAMS AARARAARAS RAAALAALAS LARASSARAS RAARAMARES LARAAARRAY ARSASARARE ARAAAMARAS RRAARRARAS RAAMARAAME AMRAREAAE RAAMMARAY MARRRAMASS MAARRARRRS AARMARARAS D71 - 0
90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 ppm_E , 1.00 Hz
PC 1.40
0y D
Qo
™ O
(=1}


fgelat
Stamp


.

Compound [Sy -2
APNH MMF coupl ed

spect

BB/

5 mm PABBO

sing

161.9

[T T UARIE SERRARREES RN YT ‘yu-uuiv-v-.vl.uc.‘m!.m.y”l.ynn I ARARERRE RN TETTT

90 80 70 60 50 40 30 20 10 o -10 -20

S RALSRARAES LARRRARE R PRy

-30 -40 -50 ppm

Hz


fgelat
Stamp


o
B
H
Current Data Parameters
NAME OB 1866 after column
Compound Syl <22 EXPNO 3
HLMF PROCNO 1
F2 - Acquisition Parameters
Date_ 20141210
Time 8.50
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG 2930
D 65536
SOLVENT CcDC13
NS 12
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 113.32
DW 62.400 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
0o 1
mmmmmm=e CHANNEL 1 sommmmae
SFO1 400.1324710 MHz
NUC1 iH
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
I “ BC 1.00
§ !
w ,,MWLW LA nmeﬂMMMWM
UAARAS LA RAAAAALAS RAAAAAARAN RAAAMUAMAS RERMUAARAE RAAARARRAS RAASRRAAS AR AN MR B R [
11 10 9 8 7 6 5 4 1 0 ppm

3 2
~ (o o v (=l v[o/ e
< I Q QO QN
o o (o] - Oitir=iNIr=v=r=|=[)


fgelat
Stamp


)y
0.

HI'

PROCNG 1

Compound Sy l€E
3 MR

- Acquilsition

20

5 mm

SWH
FIDRES
AQ
REG

T

i I ' | ' | ' | ' I |

1 a 1 !
200 180 160 140 120 100 80 60 40



fgelat
Stamp


OB 3886

expl Phosphorus

SAMPLE SPECIAL .
date Apr 2% 2012 temp not used i
solvent D20 gain 20 e
file shome,/TCUuser~ spin 20 #-‘
svnmrsys /data/auto~ hst 0.008 L
_2012.04.23,/5_2012~ pwis 18.300 [
0425_05/datasD20_0~ alfa 16.0060
2.fid FLAGS }

ACQUISITION il n
sW 15787.8 in n Fh
at 1.000 dp y
np 50552  hs ny Compound [Spl-E3
fh 8800 PROCESSING
be 64 b 1 ApPNH MMF decoupl ed
d1 1.000 fn not used
nt 16 DISPLAY
ct 16 sp ~3647 .3

TRANSMITTER wp 15787.3
tn P31 rf1 3647 .8
sfrqg 121.465 rfp 0
tof 7421.1 rp 56.4
tpwr 55 1p -113.7

§.150 PLOT
DECOUPLER We 250
in H1 sc 0
dof 0 vs 16
dm yyy th 10
dmm w at cdc  ph
dpwr 35
dmf 6700
90 80 70 690 50 40 30 28 10 =190 20 pom


fgelat
Stamp


0B 396

expl Phosphorus

SAMPLE SPECIAL )
date Apr 2% 2012 ‘temp not used 1 [
solvent D20 gain 20 ||:..*~
file showme,/TCUuser~ spin 20
Jvnmrsys /sdata/sauto~ hsi 0.008 L,:,
_2012.04.23/s_2012~ pwio 18.300
0425 _05/data/D20_0~ atfa 16.000
4.fid FLAGS

ACQUISITION il n Fh
swW 15797.8 in n
at 1.600 dp y Compound [S,1-23
np 50552 hs ny
b 8800 PROCESSING AP ITH MMP coupl ed
bs 64 b 1.00
dl 1.000 fn not used
nt 16 pISPLAY
ct 16 sp ~-36147.3

TRANSMITTER wp 15797.3
tn P31 rfl 3647 .8
sfryg 121.465 rfp 0
tof 7421.1 rp 111.5
Lpwr 55  ip -113.7

9.150 PLOT
DECOUPLER we 0
dn sC 0
dof [ 75
clm ynn  th 17
dmm w al cdc  ph
dpwr 35
dmt 6700
A
90 80 70 60 50 49 30 240 18 -10 =20 ppm


fgelat
Stamp


0B 396
pad=10 run with findz0 before acguisitio

~

n

expl Proton

2o

LI

SAMPLE DEC. & VT L'D
date Apr 25 2012 dfryg 75.454
solvent cdelld  dn €13
file shome/TCUuser~ dpwr 43
svnmrsys sdatasauto~ dof 0 Fh
_2012.D4.23/5_2012~ dm nnn
§425_02/data/cdcld~ dmm c Compound [S,1-23
_b1.fid  dmf 13100 1HN|'|.|1H
ACQUISITION PROCESSING
sfry 300.047 witfile
tn H1 proc ft
at 1.9498 fn not used
np 19184
sW 4800.8 werr wmyeact
b 2600 wexp abortoff flus~
bs 16 h procplot aborton
tpwr 55 wbs
pw 7.9 wnt
dl 1.000
tof 277.4
nt 32
ct 32
alock v
gain not used
FLAGS
il n
in n
dp
DISPLAY
sp ~-599.8
wp 4800.5
Vs 183
s$C 0
we 240
frzmm 20.00
is 458 .77
rfl 600.1
rfp g
th 3
ins 2.000
ai  cdc  ph
14 13 ., 12 5 4 3 - -1 ppm

1.02
1.80

2.00



fgelat
Stamp


0B 396 J

pad=10 run with findz0 before acquisitio
SO

A

ey

expl Carbon

SAMPLE SPECIAL
date Apr 25 2012 temp not used
soivent cdcll  gain 20
file shome/TCUuser~ spin 20 Fh
/vnmrsys/data/sauto~ hst 0.008
T2012.04.23/5_2012~ pwid 18.500 Compound [SF]-ZB
0425 _06 /data/cdcil3~ alfa 10.000
_01.fid FLAGS 13{2 HMF
ACQUISITION il n
sW 1811%.9 in n
at 1.301 dp N
np 47124 hs nn
fh 10000 PROCESSING
bs 64 1b 0.
d1 2.000 fn not used
nt 512 DISPLAY
ct 512  sp -1135.5
TRANSMITTER wp 18115.4
tn C13 rfi 1136.1
sfro 75.45%4 rfp 0
tof 766.0 rp 3.1
tpwr 58 1Ip ~-206.2
§4.250 PLOT
DECOUPLER we 250
an H1 sc 0
dof 0 vs 219
m yyy th 4
dmm w ai  cdc  ph
dpwr 35
dmf 6700
|
|
i
L ;‘ § i
220 200 180 160 140 120 100 80 60 40 20 i ppm


fgelat
Stamp


—

!
O
L
Fh Current Data Parameters
NAME OB 1816 after column
Compaund [SF]'23 EXPNO 1
FPH MMF decoupled PROCNO 1
F2 - Acquisition Parameters
Date 20141107
Time 17.36
INSTRUM spect
PROBHD % mm PABBO BB/
PULPROG zgpg30
™™D 65536
SOLVENT CcDCl3
NS i6
DS 4
SWH 64102.563 Hz
FIDRES 3.978127 Hz
AQ 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
TE 295.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= = CHANNEL £1 s
S5PO1 161.9674942 MHz
NUCT 31p
Pl 14.25 usec
PLW1 15.00000000 W
< CHANNEL £2 e
400.1316005 MHz
NUC2 1H
CPDPRGIZ walteld
PCPD2 90.00 usec
PLWZ 10.00000000 W
PLWI1Z 0.31604999 W
PLW13 0.25600001 W
F2 - Processing parameters
ST 32768
SE 161.9755930 MHz
WDW M
558 0
LB 2.00 Hz
GB 0
PC 1.40
ISARAARAARE AARRARRARY AARARAREAN RARAARERLS RARARARANS RARRAARARS ARARRREARS REASERARS RALARMARRE RAAARAARE RAARRARAN AARARRN RAAAAARARE RARARARARE RAAARAAMAN BRARARRRY LA i

110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 ppm


fgelat
Stamp


-

o BRUKER
QHJ\G
\L‘{}
> Current Data Parameters
Fh NAME OB 1816 after column
EXPNO 2
Crompound [S,1-23 BROCNO ]

AP H MR coupled

F2 - Acguisition Parameters

Date 20141107

Time 17.38
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zqg30

TD 65536
SOLVENT Cpei3

NS 22

DS 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.5 K

D1 2.00000000 sec
TDO 1

== CHANNEL £l ===

MHz

3 161.9674942
Nucl 31P

Pl 14.25 usec
PLWI 15,00000000 w
F2 - Processing parameters
51 32768

SF 161.9755930 MHz
WDW EM

S5B 8]

LB 1.00 Hz
GB 0

PC 1.40

Y !l!!!!'!vilcvl(xvl‘ltll‘tl4!l]x(‘|||ll|i‘;!!|(xtvl\;v;r|11"1vxlvviv!‘)vvlvnxl“vvvllttlllilvlivtvv'|h((1vlklillvvllv1|‘|1||11)!l( AARRLAAY RARARAAREY TTTTTTY AN

110 100 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 ppm


fgelat
Stamp


~/

=
-G
Fh

Compound [Sy)-23
THHMR

Current Data Parameters

NAME OB 1816 after column
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20141107

Time 17.41
INSTRUM spect
PROBHD 5 mr PABBO BB/
PULPROG 230

D 65536
SOLVENT Cnels

NS G

DS 2

SWH B8012.820 Hz
FIDRES 0.1222606 Hz
AY 4.0894465 sec
RG 11.05

oW 62,400 usec
DE 6.50 usec
TR 285.5 K

Dl 1.,00000000 sec
DO 1

sz CHANNEL £1 s
400.1324710 MHz
1H
10.00 usec
25,00300026 W

F2 - Processing parameters
ST 65536
SF 400.1300000 MHz
| gl WDW EM
| { | 555 0
: ~ LB 0.30 Hz
o GB 0
| PC 1.00
;A | | ; A i
R I ASARE S sy ASRARASEN RARSLLARES EARRARARES RARRARARES RARRERAARS RRARERRAAN ERAEARAEE EERRARE DA A RRARRRERES RRRRRREARE R
1 10 9 8 7 6 5 4 3 2 1 0 ppm

LD

DI O = O
000 MO
e e O CD OO IN

A W
) e [l T Fhopdhe  RR0 BB Roe Bhop
ST @oQIQIQ G?*tF;J;;
e ie=| [N e [N e [ ODIeN D18


fgelat
Stamp


—
T

O
Ph

Compound (5,123
BC MR

BRUKER

Current Data Parameters

NAME
EXPNO
PROCNO

OB 1816 after
4
1

column

F2 - Acguisition Parameters

Da f';@_V
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DB

SWH
FIDRES
AQ

RG

DW

DE

TE

DL

D11

DO

SFOL
NUCL
Pl

PLWL

SFO2

20141107
17.53
spect

5 mm PABBO BB/
zopag30
65536
cDCL3

174

4
24038.461
0.366798
1.3631488
203.57
20.800
6.50

296.2
2.00000000
0.03000000

A

CHANNEL f1 ===
100.6228293
13¢

10.00
45,00000000

Hz
Hz

se

usec
usec
K
580
sec

MHz

usac

CHANNBL f2 ==mm==ws

400.1316005 MHz
NUC2 18
CPDPRG {2 waltzl6
PCPD2 90.00 usec
PLWZ 10.00000000 W
PLW1Z2 0.31604899 W
PLWL3 0.25600001 W
F2 - Processing parameters
ST 32768
SE 100.6127685 MHz
WHW EM
558 0
LB 1.00 Hz
GB 0
pC 1.40

200

1
180

1
160

s
140

1
120

I ' i

100 80

ppm


fgelat
Stamp


SOt
Ao
Q_#LGT EChiS

Gompound [Sp)-24
AP AH MM F decoupl ed

BRUKER

(<O

Current Data Paramebers

NAME OB 1584 pure
EXPNO 1
PROCNO 1

F2 - Acqguisition Parameters
Date 20140716
Time 10.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT cpel3

NS 16

B 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
T 294.8 K
D1 2.00000000 sec
D1l 0.03000000 sec
Do i

- CHANNEL fl =====a==
161.9674942 MHz
31pP
14.25 usec
15.00000000 W

CHANNEL f2 =======e
400.1316005 MHz

NUCZ 1H
CPDPRGTZ waltzlo
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW1Z 0.31604999 W
PLWL3 0.25600001 W
F2 - Processing parameters
51 32768

SF 161.9755930 MHz
WDW EM

S5B 0

LB 1.00 H=
GB 0

pC 1.40

U UL I UL S

100 90 80 70

x‘vvux»-’.';-::x‘v‘r--::.,.-!::;.qxv-:l.x-xx:v..‘x-vvvvxx-‘u:||.|::x!;;.v;;qvul‘::;

50 40 30


fgelat
Stamp


SOt v ol
( ><)

1.0
LGT BCMS

Current Data Parameters

Gompaund (5,124 NAME OB 158% pure

Ap Y FMF DDLIp|El:| EXPND 2
PROCNO 1
P2 -~ Acguisition Parameters
Date 20140716
Time 10.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
™ 65536
SOLVENT CDCL3
NS 32
DS 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AD 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
TE 294.5 K
D1 2.00000000 sec
TDO 1
mmmmmmss CHANNEL 1 sosseeses
SFO1 161.9674942 MHz
NUC1 31p
Pl 14.25 usec
PLW1 15.00000000 W
F2 -~ Processing parameters
81 32768
SF 161.9755930 MHz
WDHW M
S8B 0
LB 1.00 Hz
GB 0
PC 1.40

LU IR LML SR L I IS S I UL LU TR B I I LRSI I A I

90 80 70 60 50 40 30 20 10 0 -10 ppm


fgelat
Stamp


)N ~
e
: BRUKER
1""'—-'T_ilT B WS
Com F":'und [5.,]-24 Current Data Parameters
TH MR NAME OB 158% pure
EXPNO 3
PROCNO 1
2 - Acqgulsition Parameters
Date 20140716
Time 10.25
INSTRUM spect
PROBHD mm PABBO BB/
PULPROG 25730
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4,088944865 sec
REG 81.67
DW 62,400 usec
DE 6.50 usec
TE 294 .4 K
D1 1.00000000 sec
Do 1
sssmemes=s CHANNEL £1 swsemmes
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
51 65536
SE 400.1300000 MHz
WDW EM
5588
| LB 0.30 Hz
‘ ; | GB
j | PC 1.00

I AR IS UL AS UL UL IMUULUMLRS IS IS USRS IR RS IR I T

1 10 9 8 7 6 5 4 3 2 1 0  ppm
Wi 0 [ 30K 5e] e (O[O D I
- e | led PPONN“"g


fgelat
Stamp


LDT EC M=

LI

SO

el
N
h

NAME
X PN
200

1
=

Compound [Sp1424
3G HMR

ppm

180 160 140 120 100 80 60 40 20

200


fgelat
Stamp


#ﬂiﬁ

e BRUKER
LGA-:

Current Data Parameters

Compound [S,)-23 ?ig’f;@ 0B 15:”{

ApNH FMA dE‘CDLIp|El:| PROCNO 1
F2 - Acguisition Parameters
Date 20140722
Time 9.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT Acetone
NS 16
B 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQD 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
TE 295.,6 K
DL 2.00000000 sec
D1l 0.03000000 sec
TH0 1

sommmm== CHANNEL £1 == =
SFOL 161.9674942 MHz

NUC1 31p
Pl 14.25 usec
PLWL L5.00000000 W
s CHANNEL £2 sssemeee
400.1316005 MHz
1H
CPDPRG[2 waltzl6
PCPD2 50.00 usec
PLW2 10.00000000 W
PLW12 0.31604999 W
PLW13 0.25600001 W
F2 - Processing parameters
ST 32768
5F 161.9755930 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
S RAASSAAAAS SASEARSRAN RASARARERS RAAARAAAAS RAARRAAAAN SERRARRARS AARARAAARS RAARARRASE AAAAARAARS RAAAAARERS RRREERRNE REEARRRAAE R TP 1.40

90 80 70 60 50 40 30 20 10 0 10  -20 -30 ppm


fgelat
Stamp


A,

oo

LGP::

Compound [543
AP H MMF coupled

BRUKER

(<O

Current Data Parameters

NAME oB 1591
EXPNO 2
PROCNO 1

F2 - Acguisition Parameters
Date 20140722

Time 9.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 230

TD 65536
SOLVENT Acetone

NS 22

D5 4

SWH ©4102.563 Hz
FPIDRES 0.978127 Hz
2D 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.2 K

Dl 2.00000000 sec
TDO 1
mmmmmmmes CHANNEL £1 swssmsess
SFOL 161.9674942 MHz
NUCl 31p

Pl 14.25 usec
PLW1 15.00000000 W

2 -~ Processing parameters
SI 32768

SF 161.9755930 MH=z
WDW M

558 0

LB 1.00 Hz
GB 0

PC 1.40

Ix!v!rvlln;Ivvll$l(l]\'4\ll¥llll!!XX‘lx'Iv(\l!ll‘("trlvlevlwllxxllvx'irllrlll!‘lxltlvvll!

50 40 30 20

AL IS LA T


fgelat
Stamp


A,

oo

LDP::

Compound (S 1423
AP NH MR coupled

BRUKER

Current Data Parameters

NAME OB 1591
EXPNO 2
PROCNO 1

F?2 - Acquisition Parameters
Date 20140722
Time 9.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 72430

TD 65536
SOLVENT Acetone

NS 22

DS 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.2 K
D1 2.00000000 sec
D0 1

== CHANNEL f1 s

161.9674942 MHz
31P

14.25 usec
15.00000000 W

F2 -~ Processing parameters
51 32768

SF 161.9755930 MHz
WDW EM

58B 0

LB 1.00 Hz
GB 0

PC 1.40

711‘1!1]!(()1!lv!][llly)x|ll|x|c\vx111|xtllv\xx‘vlltle|v‘|x|v|clvx‘!xtlwx!v!lllvvnltlx[lxxvlcxv!{1!|llvvll[|x'!

38 37 36 35 34 33 32 31 30 29


fgelat
Stamp


A,
o
O

Compound [Sp)-25
AP IH MM R decoupl ed

Current Data
NAME
BEXPNC

PROCNG

- Acguisi

PROBHD 5
PU :

TD
SOLVENT
NS

usec
W
W
W

P

90

TP

T

80

Y

Ty

UAE AR Ty



fgelat
Stamp


A,

'

1

LC‘TE

Compound 5,126
AP H MMF coupled

Current Data Parameters
NAME OB 648 2nd
EXPNO 2
PROCNO 1
F2 -~ Acguisition Parameters

20151119

9.48

INSTRUM
PROBHD 5 mm
PULFROG

D

usec
usec

o

[Sin
Py

WDW



fgelat
Stamp


V_AILI_

G0
LC‘TS
Compound [E.,]-EE
THHME Current Data Parqmeﬁgrs
NAME OB 648 Znd
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151119
Time 9.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2430
! D 65536
SOLVENT CDCL3
NS 16
D5 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 12.96
DW 62 .400 usec
DE 6.50 usec
| TE 295.2 K
1 D1 1.00000000 sec
DO 1
smsme=== CHANNEL {1l ssss====
SFOL 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
St 65536
SE 400.1300000 MHz
WDW EM
55B 0
LB 0.30 Hz
i GB 0
| ‘ i pPC 1.00
o
"7’”I"”"’”I"“""W‘"'”"'l“"'”"!' ”'I‘“"'”'l’”"‘”’!'”"’”'l‘”"'”‘l'”"'”‘\’”"‘“'l'”' IAAAS SRR
11 10 9 8 6 5 4 3 2 1 0 -1 ppm
ailed HEN o (32 1R Rl R ol oMl


fgelat
Stamp


A,
]
K

Compound [SF]-EE Curr

b Data Paramete

NAME OB 648
B3C RIMIF EXPNO
PROCNG

INSTRUM sne
PROBHD 5 mm PABBO BE
PULPROG Zgpg 3

SWH
PIDRES
AQ

RG

usec
W

W
w

! I ) I ' f ! I ' | f ' !

T s ;
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


BH,
s
2
“—fh
GDmpDUHd[E%LET
ANENH MMF decoupled

BRUKER

Current Data Parameters

NAME OB 1707 after column

EXPNO 1
PROCNO !

F2 - Acguisitilon Parameters
Date 20140911
Time 17.1
INSTRUM 2ot
PROBHD 5 3B/
PULPROG q30
D 5
SOLVENT
NS

DS

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AD

RG

DW

DE

TE

D1

D1l
Tho L

cmmmsees CHANNEL £1 =
SFOL 161.96749

P 14.25 usec

PLWI 15.00000000 W

NUC2

CPDPRG{2 1€
PCPD2 90.00 usec
PLW2

PLWLZ 31604999 W
PLWL3 5600001 W

F2 -~ Processing parameters
ST 37
SF 161.%
WDW

558 0
LB 1.00 Hz

GB 0
pC 1.40

l‘lvlv)ll;vu«v!v1!|v|X\1|vlr T T

130 120 110 100


fgelat
Stamp


y

S

EHy 7
e
LA
“Ph
Com F":".Il'ld [SF 127 Current Data Paramelters
ANpNH MME cou NAME OB 1707 after column
plad EXPNO 2
PROCNO 1
F2 - Acguisition Parameters
Date 20140911
Time 17.20
INSTRIM 5 ot
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT cpel3
4 NS 32
DS
SWH
FIDRES
jXe)
R
DwW
DE
TE 294.5 K
D1 2,00000000 sec
TDo i
14.25 usec
15.00000000 W
F2 Processing parameters
ST 32768
SE 161.9755930 MHz
WOW EM
S5B 0
LB 1.00 Hz
(€] 0
PpC 1.40
AR h , et

140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm


fgelat
Stamp


S

BH,
e
o
“mPh

Compound [S, 127

<)
BROKER
(><I

1 Current Data Parameters
H MMF NAME OB 1707 after column
EXPNO 3
PROCNO 1
F2 - Acguisition Parameters
Date__ 20140911
Time 17.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 11
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 10.22
DW 62.400 usec
DE 6.50 usec
TE 294.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
XU PC 1.00
o Ju L ~ ,J-,_m.- AT U “1_1,‘/ 33 li
AN AARASAARLAS MMM MMM ‘”I‘”"”"V"”"”|'”"”"V"”"“|'”"”"V"”"”|'”"”"V"”"”I""‘”'l”
11 10 9 8 7 6 5 4 3 2 1 0 ppm
[ -2 d i} (2| K=21k-2} QIQI® -
I i Al Qlrint |
||| aifl~le ~|<inN| |2


fgelat
Stamp


Compound [SFHET

BRUKER

ameters
107 pure
BEAPNO 4
PROCNO i

rent Data Pa

B2 - Acquisition I
Dat 20141

Time 18

L

INSTRUM spect
PROBHD 5 mm PABBO BB/

PROG

30

TD

usec
w

- Processing

\y
> & 100
WDW
v N
558 0

LB 1.0¢€
GB U

1
200

PC 1.40

ppm


fgelat
Stamp


SOt
5o
Q_IEIL'DTE [ 1) b=

Co mpo und [HF Miga Current Data Parame
AP NH HMF decoupled NAME OB 1588 pure?
EXPNO 1

PROCNO 1

PROBHD

PULPROG
TD
SOLVENT
N5

DS

SWH

FIDRES

usec
W
W
W

RS AR U M I I S AL I AR RS I B TP pC 1.4u

140 130 120 110 100 90 80 70 60 50 40 30 ppm


fgelat
Stamp


Current Data Paramet
5':'""1“'-'”‘:' [Fig) 53 NAME OB 1588 pure
F{'H MNMB coupled EXPNO

PROCNO

F2 - Acguisition
Date

5ommn PABBO

PULPROG
TD 651
SOLVEN

NE
DS
SWH
FIDRES
A0

RG

DW

DE

TE

Hz
Hz

s5eC

nsec
usec
K

sec

WDW

558 ¢
LB 1
GB 0

pC 1.40

N YT !tX|1Iiv!i!lt;I|1!)!1n;vll!v),s|!|1<|v‘xyxll1‘!1vr‘||!!!1491l1{ g T I ) T

130 120 110 100 90 80 70 60 50 40 30 ppm


fgelat
Stamp


MO

LGT EBDMS

Compound [Ryl=a

(<

Current Data Parameters

TH MR NAME OB 1588 purel
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151124
Time 11.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CbCl1l3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4,0894465 sec
RG 12.96
DW 62.400 usec
DE 6.50 usec
TE 291.7 K
D1 1.00000000 sec
TDO 1
mmm===== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
{ GB 0
pC 1.00
I< N’\ | . A ‘ ‘ A ,‘«FA\A/\ ’ L LJ..J.U\“
T T | AN IR T AR SRARRARAAS AR T o N DA TR |
1 8 7 6 5 4 3 2 1 0 ppm
0| T [=21-130=4 olfe(wviv; |©
o 1@ Qo e [=208=10 R ™
- o Ladif =11 o || [ONjON ﬁ


fgelat
Stamp


Compound [Ryl5a
3 MR

200

T
180

I
160

140

!
120

' | ) I

100 80

60

40

Current Data Pars
NAME OB 1588
EXPNO
PROCNO

F2 - Acquisition
z 201

INSTRU
PROBHD 5 mm
PULPROG

TD

SOLVENT
NS

Dg

SWH
FIDRES

M

= (CHANNEL
100. 62


fgelat
Stamp


Compound |

Rl <280

NENH MMF decoupled

NAME LDED pure
EXPNO 1
PROCNO 4

F2 - Acquisition

INSTRUM
PROBHD 5 mm
PULPROG

D

SOLVENT

«
poi}

CHANNEL
161,96

¥

T

140

N

130

T

¥

Ty

120

110

[T T

100

AR R

90

T

A



fgelat
Stamp


Compound (RplE2b
AP Y MMF couplad

Data Pa:
OB

EXPNO

PROCNO

F2 — Acquilsition Paramet
Date_ 20140
Time 19.4¢6

INSTRUM
PROBHD 5
PULPROG

T

SOLVENT

FIDRES
AQ
RG
Dw
DE
TH

s (CHANNEL
161.9674

ing parameters

A BRI EREAN LR T SRR I )vxu:‘!!)vvvl!lels'lvll‘tvxt T AL IR R T T Ty T T ¥

140 130 120 110 100 90 80 70 60 50 40 30 20 ppm


fgelat
Stamp


3
=
O~

Compound [Rpl8b

TH kMR Current Data Parameters
NAME OB 1595 pure
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140723
Time 19.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT CDCL13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 81.67
DW 62.400 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
DO 1
mommmmas CHANNEL 1 ssseososme
SFOL 400.1324710 MHz
NUCl 1H
Pl 10.00 usec
PLWL 25.00300026 W
F2 - Processing parameters
ST 65536
SF 400.1300000 MHz
WDW EM
58B 0
LB 0.30 Hz

J GB 0
PC 1.00
‘U L. . \ ! Aw\ .,,t W’AA}!"’ 4"\,,‘._., BN N
i MMM I MMM IS IR IS I N A I I I
11 10 9 8 7 6 5 4 3 2 1 0 ppm
3 | 8 3|98~ =2
v N o Lad IS 1K iR ad bl SS


fgelat
Stamp


Gnmﬂﬁ?aéﬁﬁéﬂb Current Data

NAM OB
EXPNO
PROCNO

F2 - Acquisition
Date_ 2
Time

INSTRUM
PROBHD 5 mm
PULPROG

D

SOLVENT "DCL3
NS 1024

DS
SWH
FIDRES
AQ
RG
Dw
DE
TE
D1
D11
TDO

smes CHANNEL

00.6228.

sing para
39

o 100 MHz
‘ )
0
1.00 Hz
0

i : : T v T v T 1 T T T 1 T T T pC 1.40

1 x I
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


).
@jﬁ’o\ BRUKER
[HF,]LGH (_X-)

Compound (Rl Current Data Parameters
)| NAME OB 1601
FH MMF decoupled N :
PROCNO 1
F2 - Acguisition Parameters
Date 20140724
Time 9.50
INSTRUM spect
PROBHD 5 mm PARBO BB/
PULPROG zgpg30
TD 65536
SOLVENT Acetone
8 16
DS 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57
DwW 7.800 usec
DE 6.50 usec
TE 295.5 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1

SFOL

CHANNEL f£1 = =
161.9674942 MHz

NUC1 31p
Pl 14.25 usec
PLWI 15.00000000 W
smmmmmeemz CHANNEL 2 ==
SFO2 400.1316005 MHz
NUCZ 1H
CPDPRG (2 waltzlé
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW1Z 0.31604999 W
PLWL13 0.25600001 W
4 ¥

F2 ~ Processing parameters
ST 32768

I“"""‘]"""”‘l"“""'l""""'t"""""""""'l""‘“"I'""""1'""“"l““"“'l“"""‘l' e ¥ ;]{‘;W 161.9755@?%?‘4”2

L. 14
130 110 100 90 80 70 60 50 40 30 ppmsss 0

LB 1.00 Hz
GB 0
pC 1.40

©
“
N

97.62


fgelat
Stamp


3.

@_Eﬁ BRUKER
[F‘p]L

GDITlFIIIILII‘ll:I [HF]-ZE &X@rent Data Pdrg?&eizé?
s )

AP Y MMF couplad EXPNO 2
PROCNO 1
F2 - Acguisition Parameters
Date 20140724
Time 9.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2730
™ 65536
SOLVENT Acetone
NS 32
DS 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AD 0.5111808 sec
RG 203.57
DW 7.800 usec
DE 6.50 usec
T 295.2 K
D1 2.00000000 sec
Do 1
mm=mmmms CHANNEL [l ssss=sss
SFO1 161.9674942 MHz
NUC1 31P
Pl 14.25 usec
PLW1 15.00000000 W
F2 -~ Processing parameters
ST 32768
SE 161.9755930 MHz
WDW EM
SS5B 0
LB 1.00 Hz
GB 0
PC 1.40

Vv"v|vv|||ll]v!1vvv|v|{lx1'll~l‘l|!llvtlv!'vlll'1111!|llll\vvl]lv!vlvl!vl\xsvlv'!l|l4||1trl|]|vllv!xlt1.!(1 N U

140 130 120 110 100 90 80 70 60 50 40 30 ppm


fgelat
Stamp


- Co)

C}F BRUKER

o ~ C><

Compound [Ryl£3 Current Data Parameters
TH MR NAME OB1601 pure?
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151124
Time 17.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 12.96
DW 62.400 usec
DE 6.50 usec
TE 292.2 K
D1 1.00000000 sec
D0 1
smemm=== CHANNEL {1 =s=mosmms
SFO1 400.1324710 MHz
NUCL 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW M
SSB 0
5 LB 0.30 Hz
| h l J GB 0
w j\ k \ BC 1.00
; l AL I \ VAR W
T T T T T I YT T [rrer RS DA [T I I
8 7 6 5 4 3 2 1 0 -1 ppm


fgelat
Stamp


3.
=
O

(Fip)

Compound [Rgl<£3

ent Data B¢
OR1e

136 MR NANE
EXPNO
PROCNO
SOTVENT
usec
W

T I a { T
200 180 160 140 120

T
100 80 60



fgelat
Stamp


-

it
K

Compound [Sp)-30
JPH MMF decoupled

U SN I AR SRR AR

90 80 70 60 50 40 30 20 10 0 -10 -20



fgelat
Stamp


Compound [Spl=0
AP NH MR coupled

& =g
BXPNO 2
PROCNO 1

SWH

AQ

CHANNEL
16l

Processing

par

1.00 Hz

1.40

T

T


fgelat
Stamp


A,

Yo
Hg
W

Compound [S,1-30
THHMR

Current Data Parameters

NAME OB 1662 after work—up
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140815
Time 17.57
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
™D 65536
SOLVENT cpeia
NE& 9
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 8.12
DW 62.400 usec
DE 6.50 usec
TE 295.1 K
D1 1.00000000 sec
TDO 1
mmmssm=e CHANNEL 1 sss=ss=s
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
P2 - Processing parameters
SI 65536
SF 400.1300000 MHz
WDW EM

| 558 0
t‘ LB 0.30 Hz
kt GB 0

e

1‘I'lul‘llev[lv:l!ivvllvv;v-tivv[vvcx|Ivll|l!l'!xi-x|ll:l"|lq|v|x|vvl|l!-|vll(|(l||tllvsuvle ||:vvll‘||1lxl|vl!!vtl UL U T

11 10 9 8 7 6 5 4 3

|~ (=] Q|0
Silo S %0
N ™M - [ ] o]

2 1 0 ppm


fgelat
Stamp


g,

"y

Compound [S, 180 \m o 1
T3 MMF EXPNO R 4

CHANNEL 1
100

CHANNEL

400.

I i ’

1 s
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


oB 927

pad=10 run with findz0 before acquisitio

1

expl Phosphorus

)*«-IQ\

Hg

SAMPLE SPECIAL ;F}
date Jan 31 2013 temp not used 3
solvent cdell3  gain 14 1}
file shome/TCUuser~ spin 20
Jsvnmrsys /dataysauto~ hst 0.0068 .
L2018.01.20/5_2013~ pwlo 18.300 S
0131 _14/datascde13~ alfa 10.000
_D3.fid FLAGS
ACQUISITION il n
swW 15797.8 in n
at 1.600 dp \
np 50552 hs ny
b 8800 PROCESSING
bs 64 1b 1.00 Compound [F!F.FI.,]-E1
1N} 1.000 fn not used A1 =1
nt 16 DISPLAY FI'H MW R decoupled
ct 16 sp ~3647.3
TRANSMITTER wp 15787.3
tn P31 rfil 3647 .8
sfry 121.46% rfp 0
tof 7421.1 rp -137.9
tpwr 55 ip -350.5
4.15¢0 PLOT
DECOUPLER W 250
dn H1i sc 0
dof 0 vs 21
dm yyy th 5
dmm w ail cdc  ph
dpwr 35
dmf 6700
M
90 80 70 60 50 40 30 20 10 ~-10 ~20 ppm
5.52

94.48


fgelat
Stamp


oB 927
expl Phosphorus

SAMPLE
date Jan 31 2013
solvent cde 13
file shome,/TCUuser~
svnmrsys /datasjavton

_2013.01.20/5_2013~
0131 _l4dy/data/cdcii3~
06 . fid
ACQUISITION
SW 15797 .8
at 1.600
np 50552
b 8800
bs 64
d1 1.000
nt 16
ct 16
TRANSMITTER
in P31
sfrog 121.465
tof 7421.1
tpwr 55
9.150
DECOUPLER
dn H1
dof 0
dm ynn
dimm W
dpwr 35
dmf 6700

SPECIAL
temp not used
gain 14
spin 20
hst 0.008
pwio0 18.300
ailfa 10.000

FLAGS

i1 n
in n
dp N
s

PROCESSING
b 1.00
fn not used

pIspLAY
sp ~3647.3
wp 157987.3
rfl 3647.8
rfp 1]
] 108.7
1 -113.7

PLOT

W 250
S$C 0
v 170
th 4

SO
2

e

-

9 /@L

Compound [Ry, Rgr-=1
AP AH MMF coupl ed

80 70

20

10 0

-10


fgelat
Stamp


oB 927

pad=10 run with findz0 before acquisitio

n

expl Proton

thﬁa
!

SAMPLE DEC. & VT | o
date Jan 31 2013 dfrg 75.454 b'
solvent cdeld  dn c13
file shome,/TCUuser~ dpwr 43
Jsvnmrsys sdataysauto~ dof 0 #ﬂ}
.2013.01.20/5_2013~ dm nnn =
0131_13/data/scdci3~ dmm [ .

“01.fid  dmf 13100 (]
ACQUISITION PROCESSING

sfrqg 300.047 wtfile "
tn H1 proc fi .
at 1.898 fn not used
np 19184
39 4800.8 werr xmreact
fh 2600 wexp abortoff flus~
bs 16 h procplot aborton
tpwr 55  whs
pw 7.9 wnt Compound [Ry, Ry
dl 1.000 1
tof 277.9 H HMF
nt 16
¢t 16
alock Y
gain not used

FLAGS
i n
in n
d

DISPLAY
sp -593.4
wp 4800.5
Vs 344
s¢ 0
W 240
hzmm 20.00
is 419.49%
rfil 592.6
rfp 0
th 2
ins 1.000
ai  cdc  ph

_ L I\
14 13 12 11 10 8 7 6 5 4 3 2 1 =0 -1 ppm

1.00 1.01 2.80
0.90 5.54  13.22


fgelat
Stamp


oB 927

expl Carbon

SAMPLE SPECIAL [
date Jan 31 20183  temp not used |$}
solvent cdel13  gain 20 b'
file /home/TCUuser~ spin 20
Jsynmrsys /datasauto~ hst 0.008
_2013.01.20/5_2013~ pw90 18.500 #ﬂ}
0131_14,/datascde13~ alfa 16.000 =
_07.fid FLAGS i
ACQUISITION i1 n o
sW 18115.9 in n
at 1.301 dp y "
np 47120 hs nn '
fh 10000 PROCESSING
bs 64 b 0.50
dl 2.000 fn not used
nt 800 DISPLAY
ct 800 sp ~-1185.5
TRANSHMITTER wp 18115.4
tin rfl 1136 .1 Compound [Fy, Ryl
s5fryg 725.454 rfp 0 13
tof 766.0 rp 23.6 ¢ MNMR
tpwr 58 1p ~181.3
9.250 PLOT
DECOUPLER WC 250
dn s g
dof 0 wvs 228
dm yyy th 6
dmm w ai cdc ph
dpwr 35
dmf 6700
{MW; e \
220 200 1890 160 140 1290 100 80 60 40 20 ppm


fgelat
Stamp


3.

r

O

~Fh

Current Data Parameters

Compound [SF]—EE NAME OB 1719f2 pure
3P IH MM decoupled xono !
P PROCNO 1
F2 -~ Acquisition Parameters
Date_ 20140919
Time 18.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpyg 30
D 65536
SOLVENT ChCcl3
NS 16
DS 4
SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57
DwW 7.800 usec
DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
wmmmm=m= CHANNEL {1 s=s=====
SFO1 161.9674942 MHz
NUC1 31p
Pl 14.25 usec
PLW1 15.00000000 W
mammmmms CHANNEL £2 sss==s==
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
. PLWZ2 10.00000000 W
I PLW1Z2 0.31604999 W
| i PLW13 0.25600001 W
F2 - Processing parameters
S1 32768
. W amee -
R A o B R B A B s s o M Ranan s o 'wgw 161u9i@59§& MHz
90 80 70 60 50 40 30 20 10 0 -10 ppmMsss 0
LB 1.00 Hz
GB 0
';: g PC 1.40
[{o] (3]
< [{e]


fgelat
Stamp


Compound [Syl32
AP AH MMF coupl ed

LI

(-

Lt
~Fh

Current Data Parameters

NAME OB 1719f2 pure
EXPNO 2
PROCNO 1

F2 -~ Acquisition Parameters
Date__ 20140919

Time 18.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 65536
SOLVENT CDhC13

NS 32

Ds 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.2 K

D1 2.00000000 sec
D0 1
summmsms CHANNEL 1 sssss==s
SFO1 161.9674942 MHz
NUCL 31p

Pl 14.25 usec
PLW1 15.00000000 W

F2 - Processing parameters
SI 32768

SF 161.9755930 MHz
WDW EM

55B 0

LB 1.00 Hz
GB 0

BC 1.40

70

R S

60

TTreT

S RARERN

50

A LALLM S

40 30

SARAE REEARERS

20

i I S

10


fgelat
Stamp


)‘h'r.
o
1,

0
_Fh
“Ph
Current Data Parameters
Compound [Sy)82 NAME OB 1719f2 pure
1 EXPNO 3
H MMF PROCNO 1
F2 -~ Acquisition Parameters
Date__ 20140919
Time 18.07
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
TD 65536
SOLVENT CDCL3
NS 12
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 16.39
DW 62.400 usec
DE 6.50 usec
TE 295.2 K
D1 1.00000000 sec
DO 1
smmeo==s CHANNEL {1 ssssssss
SFO1 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
§ 51 65536
SF 400.1300000 MHz
WDW EM
; H 85B 0
‘ é ‘ l LB 0.30 Hz
‘i il | 31 Jtﬁ ; GB o 0
(| IO I A pC 1.0
Jia,f N ,A»RA, ﬁ&mﬂlx,rk'k“,f L~ Y
"""" SRS RASALEREAS AARAAAALAE RAAAARALS ERARAAASEE RAMARARREN RARAAEAAE RAAASAAARE RARARERARS BAREREARRE RN
11 10 8 6 5 4 3 2 1 0 ppm
@ I~ Q o W< O] 0] |0
o @ =] o o) vl @
- | L L Ol NI |
- Ll


fgelat
Stamp


s,

_Fh
(Fel ' “Fh

Compound [Sy)32
3 MMRE

Ch ent Data Parameters
NAME OB 171812
EXPNO

PROCNO

INSTRIM
PROBHD
PULPROG
TD
SOLVENT
NS

[

SWH
FIDRES

i

CHANNEL
100 .¢

NUC1
Pl

PLWL

PLW2
PLWLZ
PLWL3

|

200

]
180

I
160

]

140

¥

1
120

1 1 |
100 80 60



fgelat
Stamp


Ry
Compound [Fgl-=3
ApAH MM F decoupl ed

Current Data

NAME OB 20¢ k oo lumn
EXPNO 1
PROCNO 1

FZ Acquisition Parameters
Date__ 2015062

Time 17,17

INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG zgpg30

TD 65536

SOLVENT CDCL3

NE 16

DS 4

SWH 64102.563 Hz

FIDRES 0.978127 Hz

AQ 0.5111808 sec

RG 203,57

D 7.800 usec

DE 6.50 usec

TE 294.5 K

D1 2.0000000 O ser

D11 0.03000000 sec

DO 1

moemmeem= CHANNEL £1 =

SFO1 161 U@N

NUC1

Pl 14.25 usec
PLWIL 15.00000000 W

waltz

904
0.0000000
0.316)€9
0.2%600001 W

@c:c»
=

T

AN BRSSO RN I SIS ARSI IR

110

100

90

80

70

60

1 AR LR SRS LA

50

40

30 20 10

T


fgelat
Stamp


f}”tj:i::xnn
'\-\.\_\__.-"
Current Data Parame

rers

NAME OB 2092 after column

Compound [Figl-33 }{i&Ngo 1

TP 1H MMF coupl ed o
F2 - Acquisition Parameters
Date_ 20150626
Time 17.19
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG Zq%@
D : 3
SOLVENT
NS
DS
SWH Hz
FIDRES Hz
AQ sec
RG 03¢
DW 7,800 usec
DE 6.50 usec
TE 294.1 K
D1 2.00000000 sec
Do 1

mams CHANNEL £1

o1 161.967494
NUCL 31p
Pl 14.25 usec
PLWL 15.00000000 W
FZ2 - Processing p meters
S &
5% 161,97559¢
WhHwW
558 0
LB 1.00 Hz
GB 0
PC 1.40

l:(lv4|x)|1|ll1(11lxll!ln1!||(;1'|u¢«(lll([)!~|¢11||l|1xl‘lxltlv‘l"1‘1|lv|lxrlx||]llnvl1l||l|lx|)|4¢llvl‘ll|!l‘blxxnlll UUARRARRAE LSRR T T HARRE!

130 120 110 100 90 80 70 60 50 40 30 20 10 0o -10 ppm


fgelat
Stamp


)’“'Q~
3

Compound [Ryl-33
THHMR

TPTTT

U L I

1.96—
3.00 — nJ-{

L B I I

5 4

0.67
0.99
1.99
1.94

Current Data Parameters

NAME OB 20982 after column
BEXPNO 3
PROCNO 1

F2 - Acguisition Parameters
Date 20150626

Time 17.20
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULPROG z q 30

™ 655 3?
SOLVENT

NS 3

DS 2

SWH BO12.820 Hz
FIDRES 0.122266 Hz
AL 4.0894465 sec
RG 3

DW usec
DE usec
TE 2 ) K

D1 OO)OOC seC
Do 1

s CHANNEL f1 s
400.1324710 MHz

NUCTE iH
Pl 10 (‘ 50
PLWI 00300026 W
F2 - Processing parameters
ST 65536
400.1300000 MHz
EM
0
0.30 Hz
0


fgelat
Stamp


)f@
N

Compound [Ryl-33
T3¢ MR

Current Data Parameters

NAME OB 2092 after column
EXPNO 4
PROCNO 1

F2 -~ Acguisition Parameters
Date 20150626

Time 17.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG /ﬂpq*ﬂ

TD ¢
SOLVENT

NS

D5

SWH Hz
FIDRES Hz
AQ 1. %6)14 8 sec
RG 203.57

DW 20.800 usec
DE 6.50 usec
TE 294.8 K

Dl 200000000 sec
D11 0.03000000 sec
TDO 1

mmmea CHANNEL £1 = =
00.6228293 MHz
13C
10.00 usec
45.00000000 W

« CHANNBEL f£2 = e
400.1316005 MHz

SE

NUCZ 1H
PPDPhbiu waltzlé
PCPD2 90.00 usec
PLWZ 10.00000000 W
PLW12 0.31604999 W
PLWL3 0.25600001 W

200

l
180

I
160

1

l
140

T
120

T

0
100

80 60 40


fgelat
Stamp


Compound (R34
FPIH MMF decoupled

Current Data
| OB

INSTRUM
PROBHD 5 omm
PULPROG

Hz
Hz
Se

ETDRES
AQ
RG

MH =z

usec

I IS I A S UL IUR LML BULML U B L’ IR ARRE! NI B g

90 80 70 60 50 40 30 20 10 0


fgelat
Stamp


Compound [FI.,]-E-#
AP AH MR cou pled e

PROCNO

Proce

(it rx!;civil<111‘!v!v11‘!v11nr!1};V|)!!1;1|vv AR R T I v I Y T T

70 60 50 40 30 20 10 0 =10 -20 ppm


fgelat
Stamp


2 Co<)

P BRUKER

| (><O

Current Data Parameters

Gompound (R34 NAME OB 2097 after column
THMNME EXPNO 3
PROCNO 1
F2 - Acguisition Parameters
Date 20151201
Time 11.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 11.05
DW 62.400 usec
DE 6.50 usec
TE 291.3 K
D1 1.00000000 sec
TDO 1
mmmsmmmes CHANNEL 1l emmmsmsess
SPOL 400.1324710 MHz
NUC1 1H
Pl 10.00 usec
PLWL 25.00300026 W
F2 - Processing parameters
ST 65536
SEF 400.1300000 MHz
WDW EM
' 558 0
LB 0.30 Hz
fl b ! GB 0
1 i pC 1.00
|
LT L1V X "[ L f’"\,d BRN {
IAASASALAN RAARAAARES AAAAARRRAN RARAAASRAY AAARRASARS RAARAAARRE RARSARALAY MARARAREARS BERARAAAAE EARRARARAS RERRAAMARE AR RREEE R
1 10 9 8 7 6 5 4 3 2 1 0 ppm
g3(g8 5 g [SERERIS
e ] - o O N


fgelat
Stamp


Compound [Fygl=S4
3C MHMR

Y v

! s ! I 1
200 180 160 140 120 100 80

EXPNO 4
PROCNO ;

SWH
FIDE

AQ
REG
DW
DE


fgelat
Stamp


Fh
Compound [SF]_EE Current

TEAH NMF decoupl ad o

FROC

ime
NSTRUM
ROBHD
CULPROG
D
SOLVENT
NS

Dg

SWH
FIDRES
AQ

RG

v
1

)2

)1;17!)((1!{111leix|7|!|s{x:;vlvl{v¢llv AN AL IR A

90 80 70 60 50 40 30 20 10 0

97.16
2.84


fgelat
Stamp


]

5o

Fh
cent

Compound [Sgl-33 NAME,
APAH MM F coupled EXPNO
PROCNO

F2 -~ Acquisition
Date 201

TRUM
PROBHD 5omm PAB
PULPROG

TD

T S gy ;!1:‘(1xi:tv1‘!7]l¥!11\|»111| ™y (I Illll‘!!!;lll T T T P I

100 90 80 70 60 50 40 30 20 10 0 10 ppm


fgelat
Stamp


O~ AN AN~ OOVWOILTO IO ANTETN A AT AN AN NOM>0MNO 0O WA
FFANN ADDNODOWDAIOONAAOM OO FOWDMSFNDFTAN 0O~ N
N~ ONNN A AAAAN N AAOOOWOONNNADHO O™ WO < <
~~~C~~~~EE NN NN A A A A AA A A AT DD OO OOOODOOOO
NN [ — A L L L L L
k~i=7§5§§535£§§X/¢éé;§i/) Current Data Parameters
NAME OB 1481 pure
EXPNO 3
PROCNO 1
,.4{ F2 - Acquisition Parameters
- Date__ 20140514
O Time 9.42
|F} INSTRUM spect
#' PROBHD 5 mm PARBO RBR/
= PULPROG zg30
e D 65536
SOLVENT CDC13
h NS 16
DS 2
SWH 8012.820 Hz
| GnmpFund (S -53 FIDRES 0.122266 Hz
% H MMF AQ 4.0894465 sec
. RG 18.988
i DW 62.400 usec
; DE 6.50 usec
! TE 296.0 K
i D1 1.00000000 sec
‘ TDO i
L ‘ ==m====== CHANNEL ]l ========
5 ! SFO1 400.1324710 MHz
i NUC1 1H
] Pl 10.00 usec
PLW1 25.00300026 W
F2 - Processing parameters
s1 65536
SF 400.1300000 MHz
WDW EM
SSB 0
‘ LB 0.30 Hz
1 GB 0
PC 1.00

LI viv.v-”vvvl...”””]u-ux..:Iunnunul--.-”:y-l.””vv--lu|”----"vvunu:.-ln----:-ull.nnx”‘vvrnuuuluurruu

11 10 9 8 7 6 5 4 3 2 1 0 ppm

] ~~lo|vio - NS

4 . » . . . .

[=201¢] 3 g © OOV INO|ID| O
0 B Sl N
{0 v o O i MmIoM


fgelat
Stamp


Fh

Compound [Sp)-23 NAME, OB 1481 pure
13C MR EXPNO f}

PROCNG

&

Time
INSTRUM
PROBHD 5

PULPROG

SOLVENT
NS

DS

SWH

FIDRES

. j sl W TSP WL W

T

’ I ! I ' | ’ I | |

200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


.
HO EPQ

e
H

Compound [Sp)-37
APAH MMF decoupled

60

55

50

45

3.87
96.13

40

35 30

ppm


fgelat
Stamp


S
HO EPQ

—
HO

Compound [SF 137
AP H MM F coupled

90

4.66
95.34

A

10 0

Ppm


fgelat
Stamp


.

fe
HGV

Ho

Compound [E-.,]-ST
1
H MuFA

Al ‘““13\ {M

Current Data Parameters

NAME OB 2105 lst crystallization
EXPNO 3
PROCNO 1

F2 - Acqguisition Paramehers
Date_ 20150716

Time 15.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 230

™ 65536
SOLVENT CDC13

NS 9

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32.38

DW 62.400 usec
DE £.50 usec
TE 295.2 K

Dl 1.00000000 sec
DO 1
mosmsews CHANNEL {1 =w=ee==eos
SFOL 400.1324710 MHz
NUCL I

Pl 10.00 usec
PLW1 25.00300026 W

F2 ~ Processing parameters
St 65536

1 400.1300000 MHz
WHW EM

558 0

LB G.30 Hez
GB ¢

PC 1.00

a:‘i.x.-:‘v‘-]...x'.:vylxn..-vxv:l.:..:v---‘-u\-rvx-y'.-n‘y:y-slvvv;.‘v\-lqnx---,s|l:»-c-,r;v‘sx;.-;n,;‘-.'.-.v

11 10 9 8 7 6 5 4 3

[« 10 =] o
o a
i o

2 1

it~
N OIQIOY v v ™
W v v O N[O O[O

—


fgelat
Stamp


)Q
Hn:::-..,_:; Q@

Compound [S 127
T3 MR

] I | ) I ’ I

1 1 ! I '
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


S @
Compound [Rgl-38
JPAH MR da:n:-uplaj

ers
ey column

PROCNO 1

F2 - Acqguisition ameters
Date 20150701
Time 10.05
INSTRUM spect
PROBHD 5 mm P ABbO BB/
PULPROG g
Bye]
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

D11

T™Hao

BeC

nsec
usec

= e (CHANNEL £1

SFO1 161.¢ 49
NUCT §
Pl 14,
PLWI 15.00000C

usec

v
00 W

F2 - Processing

161.97

0

RS URARAE IR I UARRS REERARERES R ARRAN R

90 80 70 60 50 40

R AREARANE BRI U R [T ¥ T

0 20 10 0 -10 -20

W

¢

96.23
3.77


fgelat
Stamp


)’rQ
1\‘:E::L:)
Current Data Paramete

NAME, OB 2096 afte
Compound [Ry BXPNO

JPNH HMR -:::-upled PROCNO 1

Lumy

F2 - Accguisition Para

Date, 20150701
Time 10.07
INSTRUM spect

PROBHD 5 mm PABBO BB,
PULPROG :
T

S50LV

ENT

usec
usec
K

5 C

(“/HZ\N‘\T?} "; f |

A A AR IR I A A ARARAAS LM AR RS AR AR HARE B R I ]

100 90 80 70 60 50 40 30 20 10 0 -10  -20 -30 ppm


fgelat
Stamp


3.
MQHJEEfI::LH
9

Crompouand [F!F]-EE
TH MR

Current Data Parameters

NAME OB 2096 after column
EXPNO 3
PROCNO 1

F2 Acguisition Parameters
Date_ 20150701

Time 10.08
INSTRUM spect

PROBHD 5 mm PABBO BB/
PULPROG Z
TD
SOLVENT
NS

DY

SWH
FIDRES
AL

REG

oW

DE

Hz
Hz
sec

usec

CHANNEL f1
400.132

Pl 10.00 usec
DLW 25.00300026 W

F2 - Processing parvameters
51 65536

S 400.1300000 MHzZ
WDW EM

558 0

LB 0.30 Hz
GB 0

PC 1.060

T

11

TP

10

N I

9

T T

7

0.94

T

6

T T T

(8} ]
=S
w
N
sk

3.00
9.28
6.02
1.15
1.09
1.28
11.63


fgelat
Stamp


ORI MPREE R e s N R SO SRR S e e

O

£

S iE::i)
Current Data Par

NAME OB 2096 after c
Gompound [Fyl33 EXPNO

L= ol 1T (=] PROCNO |

- Acguisition Parameters
Date_ 20150701
Time i
INSTRUM 5
PROBHD 5 mm PABBO
PULPROG
T
SOLVENT
NS

D5

SWH
FIDRES
AQ

RG

D

CHANNEL f1
100.6228 3
NUC1 10

MHz

Pl 104 usec
PLWL 45,00000000 W

10.

PLWLZ2 0.
PLWL3 0,27

Processing

100

[SAVENG

1.00 Hz

: T I i e S B ;
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


SO

Iy

Ho - D

ApH MMP decoupl ed

Ni B 2114 fte
EXPNO 5
PROCNO 1

2
Date_
Time
INSTRUM
PROBHD 5
PULPROG
™
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

TE

Dl

D11

TDO

SFOL
NUCT
Pl

Tt S
PLWLZ

PLWIL3

2 Proc
.

AN RS R i 1 UARARRANE R AREARAS RARRLLERRS VARSI L il IAARAAAN SRS RARASRS RARARARARE ARERARAAS MRS R Ty T

100 90 80 70 60 50 30 20 10 0 -10 -20 -30 ppm;;”


fgelat
Stamp


SO
J\O

APAH MM F coupl ed

Current Data Parameters

NAME OB 2114 after column
EXPNG 2
PROCHNO 1

F2 - Acquisition Parameters
Date__ 20150715

Time 16.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2¢G30

™D 65536
SOLVENT coel3

N3 32

D5 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.0 K

D1 2.00000000 sec
TDO 1
mmwmmm=m CHANNEL {1 seosss==
SFO1 161.9674942 MHz
NUC1 31p

Pl 14.25 usec
PLW1 15.00000000 W

F2 - Processing parameters
ST 32768

SF 161.9755930 MHz
WDW EM

S5B 0

LB 1.00 Hz
GB 0

pC 1.40

rmv:”-.vinu..”.‘n.”;,.,||v-|m”-‘-v--z--yv|nn«ux.|.”-,n'-l-'xn.x-;‘v-u”-”,-v»-v-v--lu-..x-”',unv-..

100 90 80 70 60 50 40 30 20 10 0

ppm


fgelat
Stamp


Current Data Parameters

NAME OB 2114 after column
EXPNO 3
PROCNO 1

F2 ~ Acgquisition Parvameters
Date__ 20150715

Time 16.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30

TD 65536
SOLVENT CDC13

NS 10

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 12.9¢6

DwW 62.400 usec
DE 6.50 usec
TE 295.0 K

D1 1.00000000 sec
DO 1
mmmmm=ms CHANNEL f1 s=ssss=s
SF01 400.1324710 MHz
NUC1 1H

Pl 10.00 usec
PLW1 25,00300026 W

F2 - Processing parameters
ST 65536

SF 400.1300000 MHz
WDW EM

558 0

LB 0.30 Hz
GB 0

PC 1.00

| l
Lol
| l
I | i |
JM !\\ | j\h\\\ ] || ! | f\)’g M “}3\“ k
11 10 9 8 7 6 5 4 3 2 1 0 ppm
3 3 3|2 |88 25|
- - -]t (D(DV‘NFS:


fgelat
Stamp


r'l.

o=
s

HO -

NAME
EXPNO
1

A MR PROCNO 1

F2 - Acquisition Parameters
Date 201507195

spect
PROB? 5 mm PABBO BE/
PULPROG 2gpg 30
T 65536

SOLVENT

1488 sec

o7
B

D 20.800
DE .50
TE 295.8
D1 2.00000000
D11 0.03000000
DO !

CHANNEL

90.00 usec

10.00000000 W
0.31¢ ¢
o

Processing

100,

' I ' I ’ | ’ I f ’ | '

1 I
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


)"rm
HG,_H_‘_, )
Current Data Paramet

Compound [ 129 NAME OB 2115 ¢
ANEH MR da:n:-uplaj e

PROCNO

Y
1
1

F2 -~ Acquisition Paramoters
Date_ 20150716
Time i/,;\
INSTRUM spoct
PROBHD
PULPROG
D
SOLVENT

o
el

LM
SWH
FIDRES
AQ
RG
DW
nE
TE
D1
D11
™0

;]

s CHANNEL £
5FO1 161.9674942 MHz

CHANNFL £2
400.13160

PLW1Z2
PLW13

F2 - Proces

IR R Y L (RS 1v|1vilovl‘v!lx|(||<lsll(r! Rl T TTETTTE (I T T

110 100 90 80 70 60 50 40 30 20 10 0

0
LB Hz
GB 0
PC 1.490

10.16
89.84


fgelat
Stamp


SO

ﬁﬁ’

Ho - O

Compound [Ryl-33
JPH MMF coupled

T

¥

T

100

Ty

90

T T

80

T

¥

H AR

70

I A

60

T

50

L R

40 30 20

I AL S

Current Data Pay
NAME 0B 2 §
EXPNO Z
PROCNO 1

F2 -~ Acquisition Parameters
Date_ 20150716

Tim 17.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 7030
D 36
SOLVENT
NS

DS

SWH
FIDRES

Hz
Hz

AQ sec
RG
DW usec

DE usec

TE 295.1 K
sec

D1 2.00000000
DO 1

CHANNEL f1 ==
161.9674%42
3ip

14.25

0000



fgelat
Stamp


fkji)‘
”D

Current Data Parameters

Compound (R, NAME OB 2115 dry
1 EXPNO 3
H NMH PROCNO 1
F2 - Acguisition Parameters
Date_ 20150716
Time 17.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
D 65536
SOLVENT CDC13
NS 9
Ds 2
S5WH BO12.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 16.39
DW 62.400 usec
DE 6.50 usec
TE 295.1 K
D1 1.00000000 sec
™o 1
mammm==es (HANNEL £l ssssse==
SFO1 400.1324710 MHz
NUCI 1H
Pl 10.00 usec
[ PLW1 25.00300026 w
ﬁ F2 - Processing parameters
| ST 65536
L % ‘ SF 400.1300000 MHz
)\ );! ' WDW EM
A ! | ) S5B 0
JWE‘ %1{ LB 0.30 Hz
i I' \J ; g{g“ GB 0
| A i LRRAY \ pC 1.00

1 10 9 8 7 6 5 4 3 2 1 0 ppm
§ |38 Sﬁ?ﬁm%
o =it N M ::
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Stamp


.

3.
HJ-@Q‘
O

Compound [FIF]-EEl
13C MR

W

LNM

SRORER

Current
NAME
EXPNO
PROCNO

Data Paramebte

OB 2115 dry
4

i

F2 -~ Acquisition Parameters

Date__
Time
INSTRUM
PROBHD
PULPROG
™D
SOLVENT
N5

DS

SWH

S5EO1
NUCL

Pl

PLWIL

SFOZ
NUC2
CPDPRG[2
PCPD2
PLWZ2
PLWLZ2
PLWIL3

WDW
L L
S5B

LB
GB

200

c
180

]
160

]

140

T T y

l
120 100

™
1 g

0 ppm

CHANNEL £1 =

Proc

20150716
17.55
spect

mm PABBO BB/

zapg30
65536

3631488

3.57

20.800

100.,6228293

1

waltz1l6
90.00

00000

14999

0001

Hz
Hz

SeC

o

usec

MHz

usec
W
W
W



fgelat
Stamp
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Crompound [ 123
APAH MR da:n:-uplaj

10

ppm
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Compound [Fgl-S3
ANPAH MR u:::-upled

ppm
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Stamp


)f...

: Current Data Parameters
NAME OB 1930 2nd crystallization in CH3CHN
3

Compound [ 128 EXPNO ;
H Nru1|=:

F2 - Acquisition Parameters

Date 20150210
Time 10,32
INSTRUM spect
PROBHD 8§ mm PABBO BB/
PULPROG 230
™ 65536
SOLVENT ool
HS 10
ns 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AG 4.0B94465 sec
RG
DwW
DE
TE
Dl 1. OOOOOOOO sec
THO
= UHANNEL £1 = <
400.1324710 MH2
18

10.00 usec
25.00300026 W

F2 - Processing parameters

51 65536

F 400, 1300000 MHz
wWHwW EM

BER 4]

LB 0.30 Haz
GB 0

PC 1.00

! 1
uf \,
I S AL U |
9 8 7 6 5 4 3 2 1 0 ppm
IO |t~ DD e OO
(=302 81;] —MNNIO Qe

3 . H . . . » . .
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Compound [FIF]-EEl
13C MR

1
200

s
180

I
160

I
140

I l
120 100

I

80

ppm
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e
Compound [HF]-EEI
ANENH MMWF decoupled

"=

Ho .

L RARARRREAS RARSARE 1|1(\(Jv‘ityvvlrtsi‘nx«la]xxtYl!!lI‘lr!lvlyv’xv T IARRRRS RRARARRARS v T [T e T T

110 100 90 80 70 60 50 40 30 20 10 0 -10  -20 ppm
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Compound [Ryl23
APH HMR -::Dupled

AARAS RAAARARARE RERRERALES MRS R SAAARARARE RS ARSI R ARARE ARARAS RAARRARARE RARRARERES REREARERARY e [T

120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20 ppm
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Current Data Parameters

Compound [F!F]-EEI NAME OB 2148 4th crystallization

EXAPNO 3

TH MR PROCNO 1
F2 ~ Acquisition Parameters
Date, 20150902
Time 17.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z2g30
o 65536
SOLVENT Cpel3
NS 14
DS 2
5WH BO12.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32.38
oW $2.400 usec
DE £.50 usec
TE 294.6 K
ol 1.00000000 sec
Do 1

e CHANNEL 1 ===
SFOL 400.1324710 MHz
NUCL if

Pl 10.00 usec
PLWL 25.00300026 W
F2 -~ Processing parameters
SI 65536

SF 400.1300000 MHz
WDW EM

s8R 0

LB 0.30 Hz
GB o

PC 1.00

y'---;-':-q’-x|‘yc»v.‘----.|v-vl-|w:,-v;-l;v-u.':;x‘-..-'-u..|.-u'-.-v;l'-;'v.-'-‘-unnsvxx:‘- AU LIRS L ] U

10 9 8 7 6 5 4 3 2 1 0 ppm

1.00
1.04
2.01
1.01
3.21
3.01
3.08
7.26
1.25
11.38
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Compound [HFJ-EEI
13¢ MMR

T

I I

A T f ' '
200 180 160 140 120 100 80 60 40 20 0 ppm


fgelat
Stamp


expl Phosphorus

SO

SAMPLE SPECIAL
date Apr % 2018 temp not used 1D
solvent cdc13  gain 8 #F
file shome,/TCUuser~ spin 20 {1 N OEt
Jvnmrsys/datasauto~ hst 0.008 1?q:_
_2013.04.06/5_2013~ pw90 18.300
0409_41,/data,/cde13~ alfa 10.000 Eti
_0a.fid FLAGS
ACQUISITION i1 n
sw 15797.8  in n Compound 40
at 1.800 dp % A
p 50552 hs " FH MR decoupl ed
b 8800 PROCESSING Ll
bs 64 1b 1.00
dl 1.000 fn not used
nt 32 DISPLAY
ct 32 sp -3647.3
TRANSMITTER wp 15797.3
tn P81 rfl 3647.8
sfrg 121.465 rfp 0
tof 7421.1 rp -96.9
tpwr 55 1p -495.4
9,150 PLOT
DECOUPLER we 250
dn H1i s¢ 0
dof 0 wvs 33
dm yyy th 11
dmm w ai cdc  ph
dpwr 35
dmf 6700
Lol
o
fod
i3
oy
S
90 88 70 60 50 a0 30 20 10 -10 -2 0 ppm
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Stamp


OB 1055

expl Phosphorus

SAMPLE
date Apr 9 2013
solvent cdcis
file /home/TCUuser~
svnmrsys/datasauto~
_2013.04.06/5_2013~
0109_22/data/cdc13~
_02.fid
ACQUISITION
sw 15797.8
at 1.600
np 50552
fb 8800
bs 64
d1 1.000
nt 64
ct 64
TRANSMITTER
tn P31
sfryg 121.48S
tof 7421.1
tpwr 55
9.150
DECOUPLER
dn H1
dof 0
dm ynn
dmm w
dpwr 35

dmf 6700

temp
gain
spin
hst

SPECIAL
not used

PROCESSING
1

not used
DISPLAY

-3647.

15797.

3647.

27.
-113.

NOoOO MWW

PLOT
250
0
344
7
cdc  ph

)

O
i

P ‘V-KC:E':
Et

Compound 40

APAH MMF coupl ed



fgelat
Stamp


SON
e
HOW - -LKI:Et
Et
Compound 41
TPAH MMF decoupled

Current Data Parameters

NAME OB 1592
EXPNO 1
PROCNO 1

P2 - Acgulsition Parameters
Date 20140722
Time 9.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

™D 65536
SOLVENT Acetone

NS 16

DS 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.5 K
D1 2.00000000 sec
D1l 0.03000000 sec
DO 1

= CHANNEL £l s=wmmmms
161.9674942 MHz
31p
14.25 usec
15.00000000 W

mmmmeme CHANNEL F2 e
SFO2

ULARES S AL N RS LA ALALES S AL RS BLALAL ALY IAALALRLN SR ALALALAS SLELALALSS BUNLELLEE BN LA S B AL R

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

53.48
46.52

A L T

15 10 5

l
0

4

400.1316005 MH=z
NUC2 1H
CPDPRGIZ waltzl6
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW12 0.31604999 W
PLWL3 0.25600001 W
F2 - Processing parameters
ST 32768
T S 161.9755930 MHz
WDW EM
ppPmMsss 0
LB 1.00 Hz
GB 0
pC 1.40


fgelat
Stamp


.
C'JP'O\ BWR

o~ e (>

Gnmp,:,und 31 ;:&;ent Data Paygget}'?gg
s I p 4
AP AH MM Fcoupl ed EXPNO 2
PROCNG 1
FZ - Acguisition Parameters
Date 20140722
Time 9.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zqg30
™D 65536
SOLVENT Acetone
NS 32
DS 4
SWH 64102.563 Hz
FPIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203,57
DW 7.800 usec
DE 6. 50 usec
TE 295.2
D1 2.00000000 sec
Do L
CHANNEL 1 s
161.9674942 MHz
31p

14.25 usec
15.00000000 W

F2 -~ Processing parameters

SI 32768
SF 161.9755930 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
\ l |
WWWWMMW%WMWWMMW -

x\h\1][(!(lll1IIxlvtx\!!x‘(l‘|vxlll‘!(v»!lIvl!vvxvlllllixtl!lvvl|Ib!vlvll1|1x1x1‘1||1‘llxllnl!v‘ll!»»xvl'!l(v I T T

100 90 80 70 60 50 40 30 20 10 0 10 ppm
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EtE-:;Q 'E';}Et
T

CGompound 42
JNpAH MMF decoupled

Current Data Parameters
NAME 0B 1725 after work-up
EXPNO 5
PROCNO 1

F2 -~ Acquisition Paramete
Date 20140917
Time 12.01
INSTRUM spect
PROBHD 5 mm PARBC BB/
PULPROG 4

D
SOLVENT
N3

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

D1

D11

Do

Hz

== CHANNEL £1
161.88

‘

) 1

NUCL .

Pl 14.25 usec
PLWI 15.00000000 w

= CHANNEL

58P0 400.131

NUC2 1H
CPDPRGI2 wal L6
PCPD2 90.00
PLW2 10.000060000
PLW12 0.31604999
PLWL3 0.25600001

mnvnn.lnnvu.]x-nnu'::xuuvm'uqmnn!uuu.xui».‘..”nvIu-nvvHinun.u‘.ynmu.lnnynv.!n.nu..'u-um | SARARRRRN RARRAASERY AR

110 100 90 80 70 60 50 40 30 20 10 o -0 -20 -30

84.25
3.08
12.67
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Stamp


Et@%»H:H BR

Compound 42
FPIH MMF coupled

Current Data Parameters

NAME OB 1725 after work-up
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140917

Time 12.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30

TD 65536
SOLVENT CDC13

NS 13

DS 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 295.7 K

D1 2.00000000 sec
TDO i
======== CHANNEL fl ====s====
SFO1 161.9674942 MHz
NUC1 31p

Pl 14.25 usec
PLW1 15.00000000 W

F2 - Processing parameters
SI 32768

SF 161.9755930 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

Inu.nulnvy.un|u-u'v.:Iunun"--u---u‘-u----v-lunvu--r,-u.n-nlu.--unI|nuv-ul-rv-.u-.l-n-u---‘nu-un'-u-un-'yu-.--ulunnnulu.nu.-

90 80 70 60 50 40 30 20 10 o0 -10 -20 -30 -40 -50 ppm
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Stamp


Compound 42 B R

TH MR

Current Data Parameters

NAME OB 1725 after work-up
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date 20140917
Time 12.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 113.32
DW 62.400 usec
DE 6.50 usec
TE 295.7 K
D1 1.00000000 sec
TDO i
m==mm==== CHANNEL fl =ss======
SFO1 400.1324710 MHz
NUC1 14
Pl 10.00 usec
PLW1 25,00300026 W
F2 - Processing paraneters
SI 65536
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T o e S : TN | PN (SRS P .l e . S YA“,_.,_L_J,A.,M“L P S

rv--..l-.-.v..,v‘..r..'-..'v.‘.-,..-I.v'.vv-'-‘-vunrvﬁrul.-.-..---l--v---«'-|v-.--v...|.|--..u-.lu-v---||v|vn|---:vvlvvv--.-.-ln..

6 5 4 3 2 1 0 ppm

- | Ol =2 [ [ niEed
-0 0|~ < |© |0
ol [ [ =] (o] < ™0

6.


fgelat
Stamp


Compound 43
NP AH MMF decoupl ed

Data Parameters
OB 1701

EXPNQ
PROCNO

FZ2 - Acquisition P neters
8 20140910
9.04

TRU

PROBHD 5 mm
PULPROG

™™D

SOLVENT

usec

usec
K
0

CHANNEL £1
161.9674942
3P

MHz

14 usec
15.00000000 W

CHANNEL

vt g pivg

[T T T T Ty |x-lx”y..u‘rvvvcvmvfr”s.‘:.-I.H.cxu{a.ux.v.;ylsv:.|-»l|;|u”\tx.x|vy...\ UMD B T

90 80 70 60 50 40 30 20 10 0 -10 -20

51.26
48.74
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Stamp


Bt Yo
Et':}?—-l!'
Compound 43
an Current Data Parame
F/TH MNP coupl ed NAME OB 170
EXPNO
PROCNO

HON Hy-ol
( ><)

FZz - Acquisition Parameters

Date 20140910
Time 9,06
INSTRUM ot

PROBHD 5 mm
PULPROG
D
SOLVENT
NS

D3

SWH
FIDRES
AQ

RG

DW

DE

D1 2.000000 (‘

AL.@Q,daé
31P

14.25 usec

15.00000000 W

U IR SR I 11!!lll‘\!‘s!((ll)lx()l!x!lxlllll|lv)\‘l(|\!l|'(45Vlllvrlxl|1|1\0()v,lllll I T (R t

90 80 70 60 50 40 30 20 10 0 10 -20 -30 ppm
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0B 1037

SO

e
expl Phosphorus Heﬁj
SAMPLE SPECIAL
date  Mar 26 2013 temp not used HI:I"'"H" Et
solvent cdeld  gain 25
file shome/TCUuser~ spin 20 Et
Jsynmrsys sdatas/auto~ hst 0.008
L2013.03.08/5_2013~ pwlo 18.300
6326_36/data,/cdc1i~ alfa 10.000 Compound 41
01.fid FLAGS

ACOUISITTON " 2 APH MMF decoupl ed
SW 15797.8 in n «
at 1.600 dp v ”
np 50552 hs ny A
b 8800 PROCESSING
bs 64 1b 1.00
dl 1.000 fn not used
nt 64 DISPLAY
ct 6 sp ~3647.3

TRANSMITTER wp 15797.3
tn P31 rf1 3647.8
sfryg 121.465 rfp 0
tof 7421.1 rp -168.2
tpwr 55 Ip -341.1

§.150 PLOT

DECOUPLER W 250
dn H1 sc 0
dof g vs 62
dm yyy th 7
dmm w al  cdc  ph
dpwr 35
dmf 6700

i dou,
g0 80 70 60 50 20 10 -10 -2 0 ppm


fgelat
Stamp


0B 1037 ).-.
expl Phosphorus
SAMPLE SPECIAL o o

date Mar 26 2013 temp not used 1.
soltvent cdc13  gain 25 Hio
file shome/TCUuser~ spin 20 - QEt
svnmrsys /datasauto~ hst 0.008
_2013.03.09/5_2013~ pw90 18.300
532636 /data,/cdciz~ alfa 10,060 Eto
02 .fid FLAGS
ACQUISITTON i1 n Compound 41
SW 15797.8 in n
at 1.600  dp v o AP AH MM Fcoupl ed
np 50552 hs ny >
fb 8800 PROCESSING N
bs 64 1b 1.00 2
dil 1.000 fn not used |
nt 64 DISPLAY e
ct 64  sp 3185.7
TRANSMITTER W 4518.5 <
tn P31 rfl 3647.8 g
sfry 121.465 rfp 0
tof 7421.1 rp 2.6 b
tpwr 55 1p -113.7
3.150 PLOT
DECOUPLER WC 250
dn Hi sc 0
dof 0 s 235
dm v th 15
dmm w ai cdc  ph
dpwr 35

dmf 6700

&WWWWMMMw*wmwwwmwMw\w#r?MW%MM}MMMW%WMWMWW%wW‘MwMMW d wwwwwmmmwwmwv"‘%»xwwxm,wmwmwwwwwwwwwmmwmw

60 55 50 45 4h 35 30 ppm
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Compound 44
FPAH MMF decoupled

43 42 41 40

ARAARRRLS RARAS MARE RARARARN

e

39

ARAY

38

T

Ty

Current Data Parameters

NAME OB 2110
EXPNO 1
PROCNO 1

F2 - Acqguisition Parameters
Date__ 20150709

Time 9.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT Acetone

NS 16

DS 4

SWH 64102.563 Hz
FIDRES 0.978127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE 6.50 usec
TE 294.3 K

D1 2.00000000 sec
D11 0.03000000 sec
D0 1
mmm=====z CHANNEL {1l =ss=s===
SFol 161.9674942 MHz
NUC1 31p

Pl 14.25 usec
PLWL 15.00000000 W
=zasss== (HANNEL {2 ==ss=s==
SFO2 400.,1316005 MHz
NUC2 1H
CPDPRG 2 waltzlé
PCPD2 90.00 usec
PLW2 10.00000000 W
PLW1Z2 0.31604999 W
PLWL13 0.25600001 W

F2 -~ Processing parameters
SI 32768

SF 161.9755930 MHz
WDW EM

S8R 0

LB 1.00 Hz
GB 0

pC 1.40


fgelat
Stamp


O

Hcm‘u"ﬁ,,CEn

Compound 44
ApH MMR coupled

Current Data Parameters

NAME oB 2110
EXPNO 2
PROCNO 1

P2 - Acqguisition Parameters
Date__ 20150708
Time 9.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 230

D 65536
SOLVENT Acetone

NS 32

DS 4

SWH 64102.563 Hz
FIDRES 0.478127 Hz
AQ 0.5111808 sec
RG 203.57

DW 7.800 usec
DE .50 usec
TE 293.9 K
D1 2.00000000 sec
DO 1

CHANNEL fl ses======
161.9674942 MHz

31P
14.25 usec
15.00000000 W
F2 - Processing parameters
sI 32768
SE 161.9755930 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
pC 1.40

47

46
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Compound 46
AP AH MMF coupled

AL B MR I ML S USRI IR ™ T T Ty ¥ T T RS A T e

90 80 70 60 50 40 30 20 10 0 -10 ppm
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) Current Data Parameters
NAME OB 1474 recryst toluene
Compound 46 EXPNO 3
1 PROCNO 1
H MR
¥2 - Acguisition Parameters
Date_ 20140708
Time 18.57
INSTRUM spect
PROBHD 5 mm BBI 1H/D-
PULPROG 2g30
™ 65536
SOLVENT cncl3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 32.38
DW 62.400 usec
DE 6.50 usec
TE 294.0 K
D1 1.00000000 sec
TDO 1
mmmwanss CHANNEL 1 s=s=sses
SFOL 400,1324710 MHz
NUCL 1H
Pl 5.75 usec
PLWI 20.00000000 W
P2 - Processing parameters
ST 65536
5F 400.1300000 MHz
WDW M
558 0
LB 0.30 Hz
GB 0
1 PC 1.00
I
i
~, i |
| IRl
| L7 \ - - N ]\‘ U‘é\} S
11 10 9 8 7 6 5 4 3 2 1 0 ppm

0.92
1.91
2.00
3.00
5.07
2.04
2.04
1.09
11.18
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Compound 45
WG MMR

: i 1
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