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General: Unless otherwise noted, the manipulations which are sensitive to moisture or air were
performed in an argon-filled glove box MBRAUN labstar or using standard Schlenk techniques.
NMR spectra were recorded on a Bruker AV 400 spectrometer at 400 MHz (*H NMR), 101 MHz
(*3C NMR) and 162 MHz (®'P NMR). Chemical shifts were reported in ppm down field from
internal Me4Si and external 85% HsPOa, respectively. Data were presented in the following space:
chemical shift, multiplicity, coupling constant in hertz (Hz), and signal area integration in natural
numbers. IR spectra were recorded on Nicolet Magna 560 FTIR Spectrometer. High-resolution
mass spectra were recorded on an lonSpec FT-ICR mass spectrometer with ESI or MALDI
resource.

Hydrogen gas (99.999%) and Carbon oxide gas (99.99%) was purchased from Boc Gas Inc.,
Tianjin. All the solvents used for reactions were distilled under argon after drying over an
appropriate drying agent. [Ir(COE).Cl]. was purchased from Strem Chemicals, Inc. All other
commercially available reagents were purchased from Acros, Aldrich and Alfa Aesar Chemical
Company. Pd(PPhs)s was prepared according to the literature procedure and kept in a refrigerator
under argon.[*) HPPh, were synthesized according to the literature procedure.l?l PNO (16a, 16b)&!
and PNN (14b)™! were synthesized according to the literatures.
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(A) Preparation and Analytical Data of Ligands

1. Preparation of bis(2-(diphenylphosphino)benzyl)amine 2a

I
1) @/ (1.0 eq.) H Pd(PPh3), (10.0 mol%) H
o NH; N Ph,PH (2.2 eq.) N
@ EtOH, rt,2 h | NEt; (2.2 eq.) PPh,
2) NaBH, (1.6 eq.) I CH4CN, reflux, 3 h PPh,

BtOH, i, 2h 9 (75%) 2a (83%)

Preparation of bis(2-iodobenzyl)amine 9

To a stirring solution of 2-iodobenzaldehyde 8 (0.6 g, 4.9 mmol) in 15 mL ethanol was added
(2-iodophenyl)methanamine (1.2 g, 4.9 mmol). The mixture was stirred at room temperature for 2
h and NaBH. (0.3 g, 7.9 mmol) was added. The resulting solution was sitrred at this temperature
for 2 h to complete the reaction and then was quenched with 10 mL of saturated aqueous NaHCOs,
extracted with dichloromethane (3 x 15 mL). The CHxCl, solution was washed with saturated
NaCl solution (30 mL), dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was
purified by a column chromatography (200-300 mesh silica gel, petroleum ether/ethyl
acetate/triethylamine 20:2:1) to provide the desired product bis(2-iodobenzyl)amine 5 as a
colorless oil (1.6 g, 75%).

'H NMR (400 MHz, CDCls) 6 7.83 (dd, J = 7.9, 0.9 Hz, 2H), 7.44 (dd, J = 7.6, 1.5 Hz, 2H),
7.34 (td, J= 7.5, 1.0 Hz, 2H), 6.97 (td, J = 7.7, 1.6 Hz, 2H), 3.85 (s, 4H), 1.92 (brs, 1H).*C NMR
(101 MHz, CDCls) 6 142.0, 139.4, 129.8, 128.8, 128.3, 99.8, 57.5. HRMS (ESI) calcd for C14H14
bN* ([M + H] *): 449.9210; Found: 449.9205.

Preparation of bis(2-(diphenylphosphino)benzyl)amine 2a

To a stirring solution of bis(2-iodobenzyl)amine 9 (1.8 g, 4.0 mmol) and triethylamine (1.3
mL, 8.8 mmol) in 20 mL degassed acetonitrile was added diphenylphosphine (1.6 g, 8.8 mmol).
The reaction mixture was treated with Pd(PPhs)4 (0.46 g, 0.4 mmol) and stirred under reflux for 3
h. The solution was concentrated to a volume of about 5 mL and diluted with 10 mL diethyl ether.
Filtration and washing of the filtercake with diethyl ether /ethyl acetate afforded the desired
product bis(2-(diphenylphosphino)benzyl)amine 2a as a white solid (1.4 g, 88%).

Mp. 149 — 151 <T. *H NMR (400 MHz, CDCl3) 6 7.34 — 7.28 (m, 12H), 7.26 — 7.20 (m, 12H),
7.12 (t,J=7.2 Hz, 2H), 6.84 (dd, J = 7.4, 4.6 Hz, 2H), 3.88 (s, 4H), 1.56 (brs, 1H). *C NMR (101
MHz, CDClz) 6 144.4 (d, J = 24.2 Hz), 136.8 (d, J = 10.7 Hz), 135.6 (d, J = 14.0 Hz), 133.9 (d, J
=20.0 Hz), 133.4, 129.1 — 128.4 (m), 128.4 — 128.3 (m), 127.0, 51.8 (d, J = 21.4 Hz). 3P NMR
(162 MHz, CDCls) 6 -15.84 (s). HRMS (ESI) calcd for CzsHss NP2* ([M + H] *): 566.2161; Found:
566.2165.

2. Preparation of bis(2-(di-tert-butylphosphino)benzyl)amine 2b

PBu,
cHO 1) ©1/NH2 (1.0eq.) H\N/-Q
@ EtOH, rt, 2 h pru2
PBu, P
2) NaBH,4 (1.6 eq.) U2

10 EtOH, rt, 2 h
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Bis(2-(di-tert-butylphosphino)benzyl)amine 2b was prepared according to the procedure for
the preparation of bis(2-iodobenzyl)amine 9.

Colorless oil, 78% yield. *H NMR (400 MHz, CDCls) § 7.72 (d, J = 7.7 Hz, 2H), 7.55 (dd, J
=7.2,3.9Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H), 7.20 (td, J = 7.5, 1.0 Hz, 2H), 4.20 (d, J = 1.7 Hz, 4H),
2.30 (brs, 1H), 1.18 (d, J = 11.9 Hz, 36H).*C NMR (101 MHz, CDCls) & 148.1, 147.8, 135.4,
135.1, 135.0 (d, J = 2.8 Hz), 128.9 (d, J = 6.4 Hz), 125.3, 52.9, 52.6, 32.5, 32.3, 30.6 (d, J = 15.1
Hz). 3P NMR (162 MHz, CDCls) § 13.10 (s). HRMS (ESI) calcd for CsoHsoNP2* ([M + H] *):
486.3413; Found: 486.3425.

3. Preparation of N-methyl-bis(2-(diphenylphosphino)benzyl)amine 12

1) (CHO)" (4.0 eq.) Pd(PPh. 10.0 1%
i ZnCl, (4.0 eq.) Me, (PPhs), (10.0 mol%) o,
N CH-Clo. 1t. 2 h N Ph,PH (2.2 eq.) N
! N | NEt; (2.2 eq.) oo,
I 2) NaBHa (4.0 eq.) ! CH4CN, reflux, 3 h PPh,
CH,Cly, t, 3h

9 11 (86%) 12 (82%)

Preparation of N-methyl-bis(2-iodobenzyl)amine 11

A mixture of bis(2-iodobenzyl)amine 9 (0.45 g, 1.0 mmol), zinc chloride (0.55 g, 4.0 mmol)
and paraformaldehyde (0.12 mg, 4.0 mmol) in dichloromethane (15 mL) was stirred for 2 h at
room temperature under dry atmosphere. Sodium borohydride (0.15g. 4.0 mmol) was then added
to the reaction mixture and stirring was continued for a further period of 3 h. The reaction was
guenched with 10 mL of saturated aqueous NaHCO3 and the whole mixture was stirred for 10 min.
The organic layer was separated and the aqueous part was extracted dichloromethane (3 x 15 mL).
The CHCl, solution was washed with saturated NaCl solution (30 mL), dried over anhydrous
Na;SO4 and concentrated in vacuo. The residue was purified by a column chromatography
(200-300 mesh silica gel, petroleum ether/ethyl acetate 25:1) to provide the desired product
N-methyl-bis(2-iodobenzyl)amine 11 as a colorless oil (0.4 g, 86%).

'H NMR (400 MHz, CDCl3) 6 7.83 (dd, J = 7.9, 0.9 Hz, 2H), 7.53 (dd, J = 7.7, 1.3 Hz, 2H),
7.32 (td, J = 7.5, 0.9 Hz, 2H), 6.94 (td, J = 7.7, 1.6 Hz, 2H), 3.65 (s, 4H), 2.25 (s, 3H). *C NMR
(101 MHz, CDCls) 6 141.2, 139.4, 130.4, 128.7, 128.1, 100.4, 65.9, 41.9. HRMS (ESI) calcd for
CiaH1a 12N* ([M + H] *): 463.9367; Found: 463.9364.

Preparation of N-methyl-bis(2-(diphenylphosphino)benzyl)amine 12

N-methyl-bis(2-(diphenylphosphino)benzyl)amine 12 was prepared according to the
procedure for the preparation of bis(2-(diphenylphosphino)benzyl)amine 2a.

Colorless oil, 82% yield. *H NMR (400 MHz, CDCl3) 6 7.33 — 7.28 (m, 11H), 7.26 — 7.19 (m,
11H), 7.15 (t, J = 7.4 Hz, 2H), 7.07 (t, J = 7.4 Hz, 2H), 6.81 (dd, J = 7.3, 4.5 Hz, 2H), 3.74 (s, 4H),
1.90 (s, 3H). 3C NMR (101 MHz, CDCls) & 144.0 (d, J = 22.1 Hz), 137.3 (d, J = 10.8 Hz), 135.9
(d, J=14.2 Hz), 133.8 (d, J = 19.7 Hz), 133.5, 129.2 (d, J = 5.3 Hz), 128.6, 128.4 (d, J = 7.0 Hz),
126.8, 60.2 (d, J = 21.2 Hz), 40.9. %P NMR (162 MHz, CDCls) & -15.99 (s). HRMS (ESI) calcd
for CzgH3zsNPo* ([M + H] +)Z 580.2317; Found; 580.2316.

4. Preparation of 2-(diphenylphosphino)-N-(pyridin-2-ylmethyl)aniline 14a
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|
Pd(PPhs), (5.0 mol%)
N_ _cHo 1) ©iNH (1.0eq.) H /Q Ph,PH (1.2 eq.) H /Q

~ 2
\ NEts (1.2 N
@/ EtOH, rt, 2 h 3(1.2eq,) = PPh,
2) NaBHj (1.6 eq.) LN CH3CN, reflux, 3 h LN
EtOH, rt, 2 h 13 (92%) 14a (88%)

Preparation of 2-iodo-N-(pyridin-2-ylmethyl)aniline 13

2-lodo-N-(pyridin-2-ylmethyl)aniline 13 was prepared according to the procedure for the
preparation of bis(2-iodobenzyl)amine 9.

Colorless oil, 92% yield. *H NMR (400 MHz, CDCls) 6 8.61 (d, J = 4.7 Hz, 1H), 7.69 (dd, J
=7.8,1.3Hz,1H), 7.64 (td, J = 7.7, 1.7 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.17 (ddd, J = 13.7, 8.5,
3.1 Hz, 2H), 6.51 (d, J = 8.2 Hz, 1H), 6.49 — 6.40 (m, 1H), 5.29 (brs, 1H), 4.53 (d, J = 5.4 Hz, 2H).
13C NMR (101 MHz, CDCls) & 157.9, 149.2, 146.9, 139.0, 136.7, 129.4, 122.1, 121.2, 118.9,
111.0, 85.3, 49.5. HRMS (ESI) calcd for C12H12IN2* ([M + H] *): 311.0040; Found: 311.0045.

Preparation of 2-(diphenylphosphino)-N-(pyridin-2-ylmethyl)aniline 14a
2-(Diphenylphosphino)-N-(pyridin-2-ylmethyl)aniline 14a was prepared according to the
procedure for the preparation of bis(2-(diphenylphosphino)benzyl)amine 2a.

White solid, 88% yield, Mp. 79 — 81 €. NMR (400 MHz, CDCls) 6§ 8.53 (d, J = 4.3 Hz),
7.53 (td, J = 7.7, 1.7 Hz), 7.37 (d, J = 3.5 Hz), 7.22 — 7.16 (m), 7.15 — 7.05 (m), 6.85 — 6.79 (M),
6.64 (t, J = 7.4 Hz), 6.57 (dd, J = 8.1, 5.2 Hz), 5.63 (dd, J = 12.9, 5.9 Hz), 4.50 (d, J = 5.7 Hz).
NMR (101 MHz, CDCls) 6 158.9, 150.3 (d, J = 18.3 Hz), 149.1, 136.5, 135.4 (d, J = 7.3 H2z),
134.4 (d, J = 2.0 Hz), 133.8 (d, J = 19.1 Hz), 130.6, 128.8, 128.5 (d, J = 7.0 Hz), 121.8, 120.8,
119.3 (d, J = 7.7 Hz), 1175 (d, J = 2.1 Hz), 110.6 (d, J = 2.5 Hz), 49.4. 3P NMR (162 MHz,
CDCls) 6 -21.66 (s). HRMS (ESI) calcd for CasH2oNoP* ([M + H] *): 369.1515; Found: 369.1508.

5. Preparation of N-(2-(di-tert-butylphosphino)benzyl)-1-(pyridin-2-yl)metha-

namine 14c

NH,

1 ‘ N\ H
©ip Bu; 1) P (1.0 eq.) N
CHO

EtOH, rt, 2 h — PBu,
2) NaBH, (1.6 eq.) NN
EtOH, rt, 2 h 14c (60%)

N-(2-(di-tert-butylphosphino)benzyl)-1-(pyridin-2-yl)metha-namine ~ 14c was prepared
according to the procedure for the preparation of bis(2-iodobenzyl)amine 9.

Colorless oil, 60% yield. *H NMR (400 MHz, CDCls3) & 8.53 (s, 1H), 7.74 (d, J = 7.1 Hz, 1H),
7.64 (t,J=7.4Hz, 1H), 7.42 (d, J=7.3 Hz, 2H), 7.32 (t, J = 7.3 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H),
7.17 — 7.10 (m, 1H), 4.18 (s, 2H), 3.92 (s, 2H), 1.99 (brs, 1H), 1.19 (d, J = 12.0 Hz, 18H).3C
NMR (101 MHz, CDCls) 6 160.3, 149.1, 147.3 (d, J = 27.0 Hz), 136.3, 135.3 (d, J = 3.0 Hz),
129.6 (d, J =3.0 Hz), 129.0, 125.7, 122.1, 121.7,54.4,52.9 (d, J = 24.2 Hz), 32.5 (d, J = 21.9 Hz),
30.6 (d, J = 14.7 Hz). 3P NMR (162 MHz, CDCl3) & 13.43 (s). HRMS (ESI) calcd for C21HzoNoP*
(IM + H] *): 343.2298; Found: 343.2299.

6. Preparation of 2-((2-(diphenylphosphino)benzylamino)methyl) phenol 16¢
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Pd(PPh,), (5.0 mol%) H
Ph,PH (1.2 eq.) \

N ;
NEt3 (1.2 eq.) PPh,
OH

CH3CN, reflux, 4 h
16¢ (88%)

|
_o _ EtOH,t,2h !
OH

2) NaBH4 (1.6 eq.)
15 (90%)

EtOH, rt, 2 h

Preparation of 2-((2-iodobenzylamino)methyl)phenol 15

2-((2-1odobenzylamino)methyl)phenol 15 was prepared according to the procedure for the
preparation of bis(2-iodobenzyl)amine 9.

Colorless oil, 90% yield. *H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 7.9 Hz, 1H), 7.33 (t, J =
7.4 Hz, 1H), 7.26 (d, J = 5.6 Hz, 1H), 7.19 (t, J = 7.7 Hz, 1H), 7.00 (dd, J = 13.5, 7.3 Hz, 2H),
6.86 (d, J = 8.1 Hz, 1H), 6.79 (t, J = 7.4 Hz, 1H), 3.97 (s, 2H), 3.87 (s, 2H). 3C NMR (101 MHz,
CDCls) 6 158.1, 140.2, 139.7, 130.5, 129.5, 128.9, 128.5, 128.6, 122.0, 119.1, 116.4, 99.7, 56.5,
51.4. HRMS (ESI) calcd for C14H15INO* ([M + H] *): 340.1393; Found: 340.1395.

Preparation of 2-((2-(diphenylphosphino)benzylamino)methyl) phenol 16¢
2-((2-(Diphenylphosphino)benzylamino)methyl) phenol 16¢ was prepared according to the
procedure for the preparation of bis(2-(diphenylphosphino)benzyl)amine 2a.

Colorless oil, 88% yield. *H NMR (400 MHz, CDCls) & 7.35 (s, 8H), 7.26 (d, J = 4.9 Hz, 5H),
7.21 (t, 3 = 7.1 Hz, 1H), 7.16 (t, J = 7.7 Hz, 1H), 6.91 (dd, J = 12.9, 6.7 Hz, 2H), 6.83 (d, J = 8.0
Hz, 1H), 6.76 (t, J = 7.3 Hz, 1H), 3.98 (s, 2H), 3.81 (s, 2H), 1.26 (s, 2H).3C NMR (101 MHz,
CDCls) 6 158.2, 142.4, 136.0, 133.9 (d, J = 19.8 Hz), 130.3 (d, J = 5.2 Hz), 129.1 (d, J = 19.2 Hz),
128.7 (dd, J = 16.4, 11.3 Hz), 128.0, 122.2, 119.0, 116.3, 51.5, 50.9 (d, J = 19.7 Hz). 3P NMR
(162 MHz, CDCls) & -16.18 (s). HRMS (ESI) calcd for C26H2sNOP* ([M + H] *): 398.1668; Found:
398.1667.

(B) Preparation and Analytical Data of Complexes

1. Preparation and Analytical Data of Complex 3, 4 and 5

R\

N : cl
PR, PR,
PR,

2aR=Ph,R =H

2bR='Bu, R =H

12R = Ph, R' = Me
or

H ?(E :)
\
N

— PR,
N

N\ /
14b R = Ph
14c R =Bu

3aR=Ph, R =H (85%)
3b R ='Bu, R'=H (90%)
H2 (25 atm) 4R =Ph,R'=Me (80%)
[Ir(COE),Cl], (0.5 eq.) or

THF, 100 °C, 12 h

5a R = Ph (86%)
5b R = ‘Bu (80%)
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General procedure: To a 50 mL stainless autoclave, [Ir(COE).Cl]2 (90 mg, 0.1 mmol), PNP
ligand 2a (113 mg; 0.2 mmol), and THF (6 mL) were charged under argon atmosphere. The
mixture was pressurized by hydrogen (25 atm) and stirred at 100 <C for 12 hours. The solvent was
removed in vacuo and the resulting residue was washed with hexane. Reprecipitation of the
residue from THF/hexane gave complex 3a as a white solid (135 mg, 85%).

Analytical Data of Complex 3a
85% yield. *H NMR (400 MHz, CDCls) § 7.93 — 7.80 (m, 3H), 7.53 — 7.28 (m,
ppn,  23H), 6.93 —6.85 (m, 2H), 4.54 (t, J = 10.5 Hz, 2H), 4.19 (d, J = 11.3 Hz, 2H), 3.32

H—NH-’HKCHI (t, J = 8.9 Hz, 1H), -21.14 (td, J = 15.9, 7.4 Hz, 1H), -23.95 (td, J = 17.3, 8.4 Hz,
Prh, . 1H).13C NMR (101 MHz, CDCl3) § 139.7 (t, J = 8.2 Hz), 137.5 (t, J = 29.4 Hz),

135.7 (t, J = 6.1 Hz), 133.9 (t, J = 6.1 Hz), 133.3 (d, J = 31.4 Hz), 131.8 (t, J = 3.9

Hz), 131.6 (t, J = 21.1 Hz), 130.3, 130.0, 129.7, 129.2 (t, J = 3.0 Hz), 128.0 (dt, J = 10.6, 5.2 Hz),
63.3. 3P NMR (162 MHz, CDCl3) & 524 (t, J = 14.1 Hz). HRMS (MALDI) calcd for
C38H33|rNP2+ ([M — H2C|] +)Z 758.1712; Found: 758.1757. IR (KBF, cm'l) VN-H 3250; Vir-H 2242,

2121.

Analytical Data of Complex 3b
90% yield. *H NMR (400 MHz, CDCls) 6 8.00 — 7.92 (m, 2H), 7.43 (t, J = 7.4 Hz,
pes, 2H), 7.34 (t, J =7.4 Hz, 2H), 7.24 (d, J = 7.2 Hz, 2H), 4.49 — 4.25 (m, 4H), 3.81
H*Nil{icr: (brs, 1H), 1.62 (t, J = 6.6 Hz, 18H), 1.36 (t, J = 6.4 Hz, 18H), -21.87 (td, J = 15.8,
PBi, 7.4 Hz, 1H), -26.04 (td, J = 16.9, 7.8 Hz, 1H). 13C NMR (101 MHz, CDCls) 5 142.7
(t, J=7.1Hz), 135.0, 132.6, 130.9 (t, J = 11.0 Hz), 129.5, 127.1, 63.0, 39.1 (t, J =
9.3 Hz), 38.0 (t, J = 14.5 Hz), 33.2, 29.9, 26.7. 3P NMR (162 MHz, CDCl3) & 40.74 (t, J = 10.4
Hz). HRMS (MALDI) calcd for CsoHazIrNP2* ([M — H.CI] *): 676.2807; Found: 676.2813. IR

(KBr, cm™) vn.n 3241; virn 2323, 2184.

Analytical Data of Complex 4

80% yield. 'H NMR (400 MHz, CDCls) & 7.98 — 7.79 (m, 2H), 7.56 — 7.44 (m,
ppn, OH), 7.42 — 7.32 (m, 10H), 7.32 — 7.24 (s, 8H), 7.06 — 6.98 (m, 2H), 6.18 (d, J =
—“IriH 12.4 Hz, 1H), 4.83 (d, J = 11.7 Hz, 1H), 3.82 (d, J = 11.7 Hz, 1H), 3.57 (d, J =
PPh. - 12.5 Hz, 1H), 2.38 (s, 1.5H), 2.07 (s, 1.5H), -22.46 — -22.69 (m, 1H), -22.79 (td, J
= 17.6, 7.8 Hz, 0.5H), -23.78 (td, J = 18.7, 7.8 Hz, 0.5H). *C NMR (101 MHz,
CDCl3) 6 142.0 (t, J = 9.1 Hz), 139.9 (t, J = 8.6 Hz), 138.2 (t, J = 30.7 Hz), 135.5 (t, J = 6.2 Hz),
134.5 (t,J = 6.0 Hz), 134.3, 134.0 (t, J = 6.3 Hz), 133.7 (t, J = 6.2 Hz), 133.5 (t, J = 3.9 Hz), 133.3
—133.2 (m), 130.4, 130.2, 129.9, 129.6 (d, J = 2.0 Hz), 129.0 (d, J = 2.7 Hz), 127.9 — 127.2 (m),
74.0 (t, J = 5.3 Hz), 69.2 (t, J = 3.8 Hz), 52.5, 46.0. 3P NMR (162 MHz, CDCls3) 6 14.70 (t, J =
11.5 Hz), 2.09 (t, J = 13.8 Hz). HRMS (MALDI) calcd for CsgHssIrNP2* ([M — HsClI] *): 770.1712;

Found: 770.1756. IR (KBr, cm™) vi.1 2200, 2124.

Analytical Data of Complex 5a
Q 86% yield. 'H NMR (400 MHz, CDCl3) & 9.28 (s, 1H), 7.94 — 7.82 (m, 2H), 7.70
H,

v, (4376 Hz 1H), 746 728 (m, 12H), 7.22 - 7.15 (m, 2H), 688 (1, I = 8.8 Hz,

H—N—"Ir——H
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1H), 4.77 (d, J = 14.1 Hz, 1H), 451 — 4.36 (m, 2H), 4.20 (t, J = 11.2 Hz, 1H), 3.88 (t, J = 11.2 Hz,
1H), -20.03 (dd, J = 21.8, 7.6 Hz, 1H), -23.34 (dd, J = 21.3, 8.1 Hz, 1H). 3C NMR (101 MHz,
CDCl3) & 159.4, 156.2, 139.5 (d, J = 14.3 Hz), 138.8 (d, J = 63.6 Hz) 136.7 (), 135.3 (d, J = 10.7
Hz), 133.9 (d, J = 56.4 Hz), 133.3 (d, J = 10.7 Hz), 132.5 (d, J = 3.3 H2), 132.0 (d, J = 8.5 H2),
131.6, 130.1 (d, J = 9.5 Hz), 129.7, 129.3 (d, J = 7.2 Hz), 128.0 (dd, J = 14.7, 10.6 Hz), 125.2 (d, J
= 3.4 Hz), 120.8 (d, J = 1.8 Hz), 61.5, 60.3 (d, J = 4.8 Hz). 3P NMR (162 MHz, CDCls) 5 4.60 (d,
J = 17.6 Hz). HRMS (MALDI) calcd for CosHa1IrNoP* ([M — HaCl] *): 573.1211; Found: 573.1266.
IR (KBI’, cm'l) VN-H 3162; Vir-H 2162, 2098.

Analytical Data of Complex 5b
80% vyield. *H NMR (400 MHz, CDCls) & 9.27 (s, 1H), 7.94 (t, J = 7.1 Hz, 1H),
o 7.69 (t, J = 7.6 Hz, 1H), 7.39 (t, J = 7.3 Hz, 1H), 7.31 (t, J = 7.1 Hz, 2H), 7.22 (d,
HN }"YH J=5.2Hz, 1H), 7.19 — 7.12 (m, 1H), 4.85 (q, J = 10.3 Hz, 1H), 4.55 (t, J = 11.4
V¢ Hz, 1H), 4.40 (d, J = 11.9 Hz, 1H), 4.11 (d, J = 10.0 Hz, 1H), 1.65 (d, J = 13.3 Hz,
/,\ 9H), 1.30 (d, J = 13.2 Hz, 9H), -20.70 (dd, J = 19.0, 8.1 Hz, 1H), -24.86 (dd, J =
19.8, 8.2 Hz, 1H). 3C NMR (101 MHz, CDCl3) & 159.3, 156.5, 142.2, 136.3,
134.3, 132.6, 129.6, 127.0 (d, J = 5.2 Hz), 124.9, 120.2, 62.6 (d, J = 16.7 Hz), 37.5 (dd, J = 26.3,
11.2 Hz), 34.6 — 33.7 (m), 28.4. 3P NMR (162 MHz, CDCls) & 45.37 (d, J = 15.4 Hz). HRMS
(MALDI) calcd for Ca1HaolrN2P* ([M — HaClI] *): 533.1692; Found: 533.1675. IR (KBr, cm™) vn.n

3192; virn 2241, 2146.

2. Preparation and Analytical Data of Complex 1

g PR, ? ~PR,
M. | y KO'Bu (1.2 eq.) Rl

H—N—lr— N—If—H
g THF, rt, 30 min 2N
PR, PR,

3aR=Ph 1aR=Ph

3bR='Bu 1bR='Bu

General procedure: Tetrahydrofuran (2 mL) was added to a mixture of
IrH,CI[(Ph2-PCsH4CH),NH] 3a (80 mg, 0.1 mmol) and KO'Bu (13 mg, 0.12 mmol) and the
mixture was stirred for 30 min at room temperature with a color change from green to yellow.
Then the mixture was filtered to remove KCI and excess base and the filtrate was evaporated to
dryness to afford complex 1a as solid (57 mg, 75%).

Analytical Data of Complex 1a
75% yield, *H NMR (400 MHz, CeDs) & 8.25 — 8.14 (m, 7H), 7.73 (s, 1H), 7.40 —
ppn,  7.35 (M, 1H), 7.13 — 7.05 (m, 10H), 7.04 — 6.95 (m, 7H), 6.89 — 6.79 (m, 2H), 6.71
N ///""\/iH” (dd, J = 7.5, 3.7 Hz, 1H), 5.21 (s, 2H), -9.23 (td, J = 18.0, 4.9 Hz, 2H), -18.52 (t, J =
PPh,  18.1 Hz, 1H). 3P NMR (162 MHz, CsD¢) & = 22.39 (d, J= 367.7 Hz ), 12.23 (d, J=
367.7 Hz ). HRMS (MALDI) calcd for CagHa1IrNPy* ([M — Ha] *): 756.1555; Found:

756.1570. IR (KBr, cm™) vir.4 2190, 1874, 1720.
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Analytical Data of Complex 1b
80% yield, H NMR (400 MHz, CsDs) & 8.03 (t, J = 5.6 Hz, 1H), 7.94 (t, J = 7.2 Hz,
pas, 1H), 7.78 (s, 1H), 7.11 (dd, J = 7.2, 14.8 Hz, 2H), 6.94 (t, J = 5.6 Hz, 2H), 6.90 (t, J =
;\lilr/iH 7.2 Hz, 1H), 6.65 (d, J = 6.4 Hz, 1H), 5.50 (s, 2H), 1.62 (t, J = 13.0 Hz, 36H), -10.77
Peu, (t, J = 17.4 Hz, 2H), -19.39 (t, J = 15.2 Hz, 1H). 3P NMR (162 MHz, THF-ds)
§52.98 (dd, J=13.0, 346.8 Hz ), 59.83 (dd, J= 7.3, 346.8 Hz ). 3C NMR (101 MHz,
THF-dg) 8 160.9 (d, J = 2.4 Hz), 144.7 (d, J = 14.0 Hz), 143.0 (d, J = 12.6 Hz), 135.8, 135.3 (t, J =
7.1 Hz), 134.5, 133.5, 132.6, 131.5 (d, J = 7.5 Hz), 130.2, 129.9 (d, J = 3.5 Hz), 129.8, 129.5,
127.7-127.5 (m), 81.1 (d, J = 7.5 Hz), 36.7 (t, J = 18.9 Hz), 34.9 — 31.1 (m), 30.2 (d, J = 3.2 Hz).
HRMS (MALDI) calcd for C3oHa7IrNP2* ([M — Hs] *): 676.2807; Found: 676.2842. IR (KBr, cm™)

vir.n 2207, 1934, 1731.

3. Low-Temperature NMR Spectra of the Reaction of Complex 3b with KO'Bu

P'Bu, P'Bu, PBu,
i R, | KO'Bu i / B-H shift 2 .

HfN;Ir

under -45 °C

—H N—Ir—H N—Ir—H
™\ THF-dg, -45°C N, | THRds-45°C o TN,
P'Bu, P'Bu, PBu,
3b A 1b
31P: 40.74 ppm (t, J = 10.4 Hz) 31p: 54.84 ppm (s) 31p: 59.83ppm (dd, J = 7.3, 346.8 Hz)
Unstable 52.98ppm (dd, J = 13.0, 346.8 Hz)

ﬁ/ﬁmwm )
. b e P

e

3b
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Figure S1. 3P NMR spectra (162 MHz, THF-ds) of the reaction of complex 3b with KO'Bu under
-45 °C,

le-11-15
PROTON

10. 74
10. 78
10. 82
16. 83

N N N - Luseor
20 min

A 3b r 1. 0E+07

SN
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£1 (ppm)

Figure S2. 'H NMR spectra (400 MHz, THF-ds) of the reaction of complex 3b with KO'Bu under
-45 °C (hydride region).

4. Preparation and Analytical Data of Complex C

\; >\ ¢ \; >\ ¢ H, (1 atm \; >\ ¢
H, /PBu2 H, P'Bu, 2 ( : ) H, P'Bu,
g Ha(tatm) 2 / KO'BU o, |

N < H— - H—N—Ir—
/TN, THF,50°C 1\ 'PrOH, rt g,
P'Bu, F’fBu2 PBu,
Method A Method B

1b c 3b

Method A. Exposure of a solution of complex 1b (68 mg, 0.1 mmol) in THF (3 mL) to 1 atm
hydrogen gas for 30 min at 50 °C resulted in a light-yellow solution. The solvent was removed in
vacuo and the resulting residue was washed with hexane. Reprecipitation of the residue from
THF/hexane gave complex C as a white solid (51 mg, 75%).

Method B. 2-Propanol (3 mL) was added to a mixture of complex 3b (71 mg, 0.1 mmol) and
KO'Bu (13 mg, 0.12 mmol) and the mixture was exposed to 1 atm hydrogen gas for 30 min at
room temperature. The mixture was concentrated to 1 mL under reduced pressure. Hexane (2 mL)
was then added and the suspension stirred for 20 min. The white solid product was filtered,
washed with hexane, and dried under vacuum (54 mg, 80%).

1H NMR (400 MHz, THF-dg) 6 7.96 (d, J = 6.0 Hz, 2H), 7.29 (t, J = 7.2 Hz, 2H), 7.14 (m,
4H), 4.78 (t, J = 11.5 Hz, 2H), 4.18 (d, J = 11.3 Hz, 2H), 3.83 (t, J = 10.8 Hz, 1H), 1.47 (s, 18H),
1.32 (s, 18H), -11.28 (t, J = 14.3 Hz, 1H), -11.53 (t, J = 18.7 Hz, 1H), -23.80 (t, J = 17.7 Hz, 1H).
31P NMR (162 MHz, THF-dg) 6 57.70 (d, J = 13.2 Hz). HRMS (MALDI) calcd for CzoHa7IrNP2*
([M — Hs] *): 676.2807; Found: 676.2807. IR (KBr, cm™) vn.r 3297; vir-n 2195, 1736.

5. X-ray Structure of Complex B
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H,

H*N44;H<<:C
(¢] slow \ (@]
PPh, PPh,

Cl,CHCHCI,

3a B

In a 20 mL Schlenk tube, 25 mg complex 3a was resolved again with 2.5 mL hot
1,1,2,2-tetrachloroethane. After slowly evaporation of solvent at ambient temperature in an
argon-filled glove box, colorless crystal suitable for X-ray diffraction analysis was obtained. The
crystal was determined as [IrH(2a)Cl;] by X-ray diffraction analysis at 293 K on a Rigaku 007
Saturn 70 CCD diffractometer. The density of the disordered solvent molecule was flattened by
using the SQUEEZE option of PLATON. [
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Figure S3. Single-crystal X-ray structure of complex B, showing 50% probability displacement
ellipsoids and the atom numbering scheme.

Table S1. Crystal data and structure of refinement for complex B.

Identification code R141009e1-sr
Empirical formula CagH34CloIrNP>
Formula weight 829.70
Temperature 293(2) K
Wavelength 0.71073 A
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Crystal system, space group

Orthorhombic, Ibam

Unit cell dimensions

a=30.868(6) A o =90 deg.
b=17517(4) A B =90 deg.
c=24.1555) A y=190deg.

Volume

13061(5) A3

Z, Calculated density

8, 0.844 Mg/m?

Absorption coefficient 2.190 mm-!
F(000) 3280
Crystal size 0.20 <0.18 x0.16 mm

Theta range for data collection

1.95 to 27.89 deg.

Limiting indices

-40<h=<40, -22<k<22, -31<1<31

Reflections collected / unique

79545/7979 [R(int) = 0.0814]

Completeness to theta = 27.89

99.8 %

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.7208 and 0.6685

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

7979/1/208

Goodness-of-fit on F?

1.115

Final R indices [1>2o(1)]

R1=0.0719, wR2 = 0.2005

R indices (all data)

R1=0.0988, wR2 = 0.2174

Extinction coefficient

0.00033(6)

Largest diff. peak and hole

2.484 and -1.703 e. A3

6. Preparation and Analytical Data of Complex 6

—‘ ® cl ©
H < Tth
Ir(COD)CI], (0. .
W n (I(COD)CIl, (0.5 eq.) S
= PPh, CH,Cl,, rt, 30 min /

NN N
7 N\

14an=0 6an =0 (93%)

14bn =1 6b n = 1(90%)

General procedure: [Ir(COD)CI]2 (34 mg, 0.05 mmol), PNN ligand 14a (37 mg, 0.1 mmol)
and degassed dicholomethane (5 mL) were added to a dry 10 mL Schlenk tube under argon
atmosphere and the mixture was stirred at room temperature for 1 h. The reaction mixture was

concentrated in vacuo to give complex 6a as a light yellow solid (65 mg, 93 %).

S11




Analytical Data of Complex 6a
—eae 93% yield. 'H NMR (400 MHz, CDCl3) § 10.04 (s, 1H), 8.38 (d, J = 4.8 Hz,
QT"Z 1H), 7.83 — 7.75 (m, 2H), 7.51 (d, J = 7.6 Hz, 1H), 7.47 — 7.39 (m, 5H),
H/N7lr@ 7.29 (t, J = 6.5 Hz, 1H), 7.24 — 7.11 (m, 4H), 7.06 (t, J = 7.6 Hz, 1H), 6.70
)N (s, 1H), 6.63 (t, J = 8.3 Hz, 2H), 5.16 (d, J = 15.8 Hz, 1H), 4.69 (d, J = 16.2
— Hz, 1H), 4.08 (s, 2H), 3.93 (s, 2H), 2.38 — 2.30 (m, 2H), 2.15 — 2.00 (m,
4H), 1.63 — 1.51 (m, 2H).3C NMR (101 MHz, CDCls) § 158.3, 157.1 (d, J = 25.1 Hz), 147.9,
136.7, 134.1 (d, J = 9.7 Hz), 133.5 — 132.5 (m), 131.6 — 130.9 (m), 130.3 — 129.8 (m), 129.8—
128.8 (m), 128.5 (d, J = 11.0 Hz), 127.8 (d, J = 11.1 Hz), 127.0 (d, J = 10.7 Hz), 123.8 (s), 121.6,
68.0, 62.2, 58.8 (d, J = 15.8 Hz), 35.9 (d, J = 4.7 Hz), 29.6, 27.9.3P NMR (162 MHz, CDCls) &
31.24 (s). HRMS (MALDI) calcd for Ca2HaslrNoP* ([M - CI]*): 669.2005; Found: 669.2006. IR

(KBr, cmt) vn.n 3340.

Analytical Data of Complex 6b

e 90% yield. *H NMR (400 MHz, CDCls) & 8.56 (d, J = 5.3 Hz, 1H), 7.92 —
7.82 (m, 3H), 7.56 (t, J = 7.6 Hz, 1H), 7.50 (d, J = 6.9 Hz, 1H), 7.47 — 7.43
S TF’“ (m, 2H), 7.43 — 7.35 (m, 3H), 7.29 — 7.26 (m, 1H), 7.19 (dd, J = 13.2, 6.8 Hz,
/ @ 3H), 7.02 — 6.89 (m, 4H), 4.74 (dd, J = 17.2, 7.0 Hz, 1H), 4.41 — 4.34 (m,
7N\ 1H), 4.12 (dd, J = 31.2, 15.3 Hz, 2H), 3.72 (t, J = 7.0 Hz, 2H), 3.52 — 3.4
= (m, 2H), 2.53 — 2.41 (m, 2H), 2.18 — 2.04 (m, 4H), 1.60 — 1.50 (m, 2H). 3°C
NMR (101 MHz, CDCls) & 161.9, 148.2, 138.1 (d, J = 16.5 Hz), 137.2, 134.7 (d, J = 13.7 Hz),
132.6 (d, J = 9.9 Hz), 132.3 (d, J = 7.9 Hz), 131.3 — 131.0 (m), 130.6, 130.2 (d, J = 2.3 Hz), 129.9,
129.4 (d, J = 5.7 Hz), 128.9 (d, J = 10.4 Hz), 128.5 — 128.1 (m), 123.0, 120.6, 62.8, 61.9, 58.7 (dd,
J =156, 8.1 Hz), 36.2, 29.4.3P NMR (162 MHz, CDCls) 5 4.75 (s). HRMS (MALDI) calcd for

CasHasIrN2P* ([M - CI]*): 683.2162; Found: 683.2163. IR (KBr, cmt) w11 3327.

7. Preparation and Analytical Data of Complex 7

"o, S PPh,

N a NEt; (1.0 eq.) [ICOD)CIl, (0.5 eq.) H—N !@

2 - /

R OH CHCly, rt, 10 min CH,Cly, rt, 30 min o

R
R
R
16an=0,R=H 7an=0,R=H(85%)
16bn=0,R="Bu 7bn =0, R ='Bu (88%)

16cn=1,R=H 7cn=1,R=H (80%)

General procedure: To a stirring solution of PNO ligand 16a (38 mg, 0.1 mmol) in 5 mL
degassed dichloromethane was added triethylamine (14.6 pL, 0.1 mmol) under argon atmosphere.
The mixture was stirred at room temperature for 10 min and [Ir(COD)CI]. (34 mg, 0.05 mmol) in
2 mL degassed dichloromethane was added. The resulting solution was sitrred at this temperature
for 30 min to complete the reaction. The reaction mixture was filtered and the filtrate was
concentrated in vacuo to give complex 7a as a brownish red solid (58 mg, 85 %).

Analytical Data of Complex 7a
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85% vyield. *H NMR (400 MHz, CDCls) 6 9.00 (brs, 1H), 7.74 — 7.51 (m, 4H),

’TP“Z 7.41 (m, 6H), 7.16 (d, J = 7.4 Hz, 1H), 7.05 (dd, J = 17.5, 9.6 Hz, 2H), 6.98 (t, J =

H’N/'{@ 7.2 Hz, 1H), 6.81 (t, J = 7.3 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.65 — 6.56 (m, 1H),

6.42 — 6.32 (m, 1H), 5.31 — 4.71 (m, 4H), 3.00 — 2.65 (m, 2H), 2.34 — 2.11 (m,

4H), 1.99 — 1.76 (m, 4H). 3C NMR (101 MHz, CDCl3) § 156.7, 133.1, 130.6,

128.7, 128.6, 128.4, 127.2, 125.3, 120.1 (d, J = 55.4 Hz), 119.5, 116.5, 116.3, 113.8, 94.0, 60.4,

55.9, 54.8, 32.7, 31.9, 30.1, 28.0. 3P NMR (162 MHz, CDCls3) § 27.72 (s). HRMS (MALDI) calcd
for Ca3HaalrNOP* ([M + H] *): 684.2002; Found: 684.2001. IR (KBr, cm™) vn.1 3198.

Analytical Data of Complex 7b

88% yield.*H NMR (400 MHz, CDCls) & 8.88 (brs, 1H), 7.74 — 7.56 (m, 4H), 7.45
F.’F’hz —7.37 (m, 7H), 7.12 - 6.93 (m, 5H), 6.67 (dd, J =8.2,5.7 Hz, 1H), 6.33 (t, J = 7.1
H/N/'{@ Hz, 1H), 5.43 — 4.63 (m, 4H), 2.35 — 2.26 (m, 2H), 2.24 — 2.13 (m, 2H), 1.99 —
1.83 (m, 4H), 1.34 — 1.30 (m, 18H). *C NMR (101 MHz, CDCl3) §169.6 (d, J =
24.0 Hz), 153.9, 140.4, 135.4, 133.1, 132.7, 130.49 (s), 128.62 (d, J = 10.3 Hz),
B 124.2, 123.6, 121.5, 120.5 (d, J = 55.6 Hz ), 1159 (d, J = 7.6 Hz ), 113.9 (d, J
=12.3 Hz ), 56.60 (s), 54.7 — 53.9 (m), 34.9, 34.2, 32.8, 31.7, 31.6, 30.0, 29.6, 28.0, 26.9. %P NMR
(162 MHz, CDCls) 6 28.51 (s). HRMS (MALDI) calcd for CsiHsolrNOP* ([M + H] *): 796.3254;

Found: 796.3252. IR (KBr, cm™) vn.4 3178.

Analytical Data of Complex 7¢
80% yield. *H NMR (400 MHz, CDCls) 6 7.72 — 7.65 (m, 2H), 7.53 — 7.43 (m,
PPh, 6H), 7.43 —7.32 (m, 3H), 7.20 (d, J = 7.8 Hz, 1H), 7.13 (t, J = 7.2 Hz, 1H), 7.08
/L@ —7.01 (m, 1H), 6.82 (d, J = 6.9 Hz, 1H), 6.69 (t, J = 7.2 Hz, 1H), 4.12 (s, 2H),
© 4.07 — 3.70 (m, 4H), 2.33 — 2.08 (m, 4H), 1.88 — 1.59 (m, 4H). 3C NMR (101
MHz, CDCls) 8 138.7 (d, J = 15.5 Hz), 134.2 (d, J = 9.3 Hz), 133.3 (d, J = 9.0
Hz), 132.4, 131.8 (d, J = 9.8 Hz), 131.2, 130.9, 130.7, 130.0, 129.8 (d, J = 6.5
Hz), 128.9 (d, J = 10.5 Hz), 128.6, 121.2, 120.2 - 118.3 (m), 53.0, 31.4 — 30.8 (m), 27.9.3'P NMR
(162 MHz, CDCls) 6 8.97 (s). HRMS (MALDI) calcd for CasHsslrNOP* ([M + H] *): 698.2158;
Found: 698.2160. IR (KBr, cm) vn-1 3290.

(C) General Procedure for Hydrogenation of Carbon Dioxide

Hydrogenation of CO, at S/C = 100,000. A stock solution of complex 1b (5.0 < 10
mmol/mL) was made by dissolving complex 1b (1.8 mg, 0.0025 mmol) in degassed dry THF (5
mL). To the 30 mL stainless autoclave the solution of catalyst (100 puL) and degassed aqueous
KOH (1.00 M, 5.00 mL) were charged. Then the autoclave was tightened and purged three times
with argon and three times with CO. before it was pressurized by CO, and then by H; so that the
CO2/H; ratio to be 1/1 with 60 atm total initial pressure. The reaction mixture was stirred at 140
°C for 20 h. Sodium 3-(trimethylsilyl)-1-propanesulfonate (14.0 mg, 64.0 umol) was added to the
reaction mixture as an internal standard and an aliquot (0.5mL) of the reaction mixture was
removed and the solvent evaporated in vacuo. The obtained white solid was dissolved in DO for
an estimation of the yield by using *H NMR spectrum. The same reaction was repeated at least
twice to confirm the reproducibility.

Hydrogenation of CO, at S/C = 1,000,000. A stock solution of complex 1b (2.5 %< 10
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mmol/mL) was made by dissolving complex 1b (1.8 mg, 0.0025 mmol) in degassed dry THF (10
mL). To the 30 mL stainless autoclave the solution of catalyst (100 puL) and degassed aqueous
KOH (5.00 M, 5.00 mL) were charged. Then the autoclave was tightened and pressurized by CO;
to 20 atm and then by H> so that the total pressure to 60 atm. The reaction mixture was stirred at
140 °C for 20 h. Sodium 3-(trimethylsilyl)-1-propanesulfonate (35.0 mg, 0.16 mmol) was added to
the reaction mixture as an internal standard and an aliquot (0.5 mL) of the reaction mixture was
removed and the solvent evaporated in vacuo. The obtained white solid was dissolved in DO for
an estimation of the yield by using *H NMR spectrum. A representative spectrum of the reaction
mixture is shown in (E). The same reaction was repeated at least twice to confirm the
reproducibility.
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S T f Size
5388 g 2
=R NN I 4 F-5.0E+07
T T T : T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 25 20 15 1.0 0.5 0.0
OWMOAOOOMNWNOOSS 00 WIS O
o~ F9.5E+08 .
JItemmemm IR oo Parameter Value
I R L IR R R R R R R R ] in tn | Data File  Z:/ Data
N NG [ 9.0E+08 Name MR/ 201
lc-8-43-5-C/
r8.5E+08 1/ pdata/ 1/
Ir
2 Title le-8-43-5-C
[~ o. +
8OE+08 | Coment C13PD
4 Origin Bruker
r7.5E+08 BioSpin GmbH
5 Owner common
H r7.0E+08 6 Site
N 7 Spectrometer spect
PPh. [6.5E+08 |5 juthor
2 9 Sol cels
PPh L Solvent :
2 BOE+08 |\ fenperature 295.5
11 Pulse 2gpg30
2a r5.5E+08 Sequence
12 Experiment 1D
r5.0E+08 13 Number of 452
Scans
L45E+08 | l4Receiver 203
Gain
15 Relaxat 1.0000
F4.0E+08 Delay
16 Pulse Width 120000
[ 3.5E+08 17 Acquisition 0. 4588
Time
[ 3.0E+08 | 18Acquisition 2013-04-15T1
ate 9:03:00
L 19 Modi fication 2013-04-15T1
2.5E+08 Date 9:14:00
20 Spectrometer 100. 61
r2.0E+08 Frequency
21 Spectral  35714.3
F1.5E+08 Width
22 Lovest ~7796. 3
Frequency
[ 1.0E+08 23 Nucleus 130
24 hequired 16384
r5.0E+07 Size
25 Spectral 32768
r 0.0E+00 Size
r-5.0E+07
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O
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s
3 L 7.0E+08 Parameter  Value
u I Data File Z:/ Data/
: Name /
2013-4/
r6.5E+08 le-8-43-c/
1/ pdata/
1/ 1r
- 6.0E+08 2 Title le-8-43-c
3 Comment  PROTON
4 Origin Bruker
L BioSpin
5.5E+08 Cabhl
e 5 Owner e
2 I 5.0E+08 o Site
7 Spectromete spect
7
L 456408 8 Author
9 Solvent  CDCI3
10 Temperature 296. 3
[ 4.0E+08 11 Pulse 2gpg30
Sequence
12 Experiment 1D
r3.5E+08 13 Number of 16
Scans
14 Receiver 199
r3.0E+08 ain
15 Relaxation  1.0000
Delay
L 256408 16 Pulse Width 14.5000
17 Acquisition 0.2556
Time
18 Acquisition 2013-04-097
[2.0E+08 ate 14:14:33
19 Modificatio 2013-04-091
n Date 14:14:00
r 1L.5E+08 20 Spectromete 161. 98
T Frequency
21 Spectral 641026
F1.0E+08 Width
22 Lovest 40150. 1
Frequency
L 5.0E407 23 Nucleus  31P
24 Acquired 16384
Size
L 0.0E+00 25 Spectral 32768
ize
T T T T T T T T T T
20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70
R 3 R 2 &5
oo & g i N L 556408 Parameter  Value
———— N2 N2 | Data File 7:/ Data/
Name NMR/ 2013-6//
1c-9-18/ 2/
L 50E408 pdata/ 1/ Ir,
2 Title le-9-18
3 Comment PROTON
4 Origin Bruker
r4.5E+08 BioSpin GmbH
5 Owner e
6 Site
H F40E+08 |7 Spectroneter spect
N 8 Author
¢
P'Buy 9 Solvent  CDCI3
F3.5E+08 10 Temperature 296. 4
11 Pulse 2830
Sequence
12 Experiment 1D
3.0E+08 13 Number of 8
Scans
14 Receiver 32
F2.5E+08 Gain
15 Relaxation 1.0000
Delay
16 Pulse Width 15.0000
F2.0E+08 17 Acquisition 2.0447
ime
18 Acquisition 2013-06-10T1
Date 9:04:41
[ 1.5E+08 19 Modi fication 2013-06-10T1
Date 9:04:
20 Spectrometer 400. 13
Frequency
1.0E+08 21 Spectral  8012.8
Width
22 Lovest -1581.3
L 50£407 Frequency
23 Nucleus 1
P 24 Acquired 16384
ﬁ | Size
|
. 4 = I 0.0E+00 25 Spectral
Siz
AR ‘ﬂ i e
o O O o o
SS3a S S
NN A < — ~-5.0E+07
T T
75 25 20 15 10 05
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HXYHooqam o © e [4.0E+08
N R ] 9 wonn Paraneter  Value
R R R R e ) 1 0 Mmoo | Data Fil 22/ Dats
R v e 38E+08 Neme  NUR/ 20136
le-9-18/ 3/
[ 3.6E+08 pdata/ 1/ 1r
2 Title le-9-18
[ 3.4E+08 3 Comment C13CPD
4 Origin Bruker
3.2E+08 BioSpin GmbH
5 Owner nmr
r3.0E+08 6 Site
H 7 Spectrometer spect
N [ 2.8E+08 8 Author
9 Solvent cels
f L
\ P'Bu, 26E+08 | ) fouperature 297.0
P'Bu, 11 Pulse 28pg30
[ 2.4E+08 Sequence
2b 12 Experiment 1D
[2.2E+08 13 Number of 247
Scans
F2.0E+08 | ldReceiver 77
Gain
| 18E408 | 15 Relaxation 1.0000
. Delay
16 Pulse Width 9.8000
L6E+08 | 17 ) quisition 0. 4588
ine
[ L4E+08 18 Acquisition 2013-06-10T1
ate 9:07:37
r1.2E+08 19 Modi fication 2013-06-10T1
Date 9:12:00
| -1.0E+08 20 srm(‘,lrnmm er 100. 61
| Frequency
21 Spectral  35714.3
 8.0E+07 Width
22 Lovest ~7796. 8
r6.0E+07 Frequency
23 Nucleus 13C
r4.0E+07 24 Acquired 16384
Size
- 2.0E+07 25 Spectral 32768
Size
A r0.0E+00
~-2.0E+07
T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
—
S L 856408 Parameter  Value
] I Data File 7:/ Data/
Name IR/
r 8.0E+08 2013-6/
1c-9-18/ 1/
pdata/ 1/
r7.5E+08 Ir
2 Title le-9-18
| 70E+08 |3 Comment  P31CPD
14 Origin Bruker
BioSpin
r6.5E+08 GmbH
5 Owner e
H F6.0E+08 | O Site
N 7 Spectromete spect
4 ;
P'Bu, FSSE+08 | o
P'Bu, utho
9 Solvent  CDCI3
2b 5.0E+08 10 Temperature 296. 4
11 Pulse 28pg30
745E+08 Sequence
12 Experiment 1D
L 13 Number of 11
4.0E+08 Numbe
14 Receiver 199
L 356408 Gain
15 Relaxation 1.0000
elay
[3.0E+08 | 16 pulse Width 14.5000
17 Acquisition 0. 2556
F2.5E+08 Time
18 Acquisition 2013-06-10T
Date 19:03:37
F20E+08 | 19 Modificatio 2013-06-10T
n Date 19:03:00
L 20 Spectromete 161. 98
15E+08 r Frequency
21 Spectral  64102.6
+1.0E+08 Width
22 Lowest -40150. 1
Frequency
[S0E+07 |93 Nucleus  31p
24 Acquired 16384
r 0.0E+00 Size
32768
~-5.0E+07
T T T T T T T T T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -15 -25 -35 -45
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IIYNLY 89 8 g [ 38E+08
QR R 22 pd N Parameter Value
e — 3.6E+08 I Data File  Z:/ Data/
Nare R/
2013-12/
[ 3.4E+08 1e-10-27/ 1/
pdata/ 1/ 1r
r3.2E+08 2 Title le-10-27
3 Comment PROTON
r3.0E+08 4 Origin Bruker
BioSpin Gbll
F2.8E+08 5 Owner common
6 Site
r2.6E+08 7 Spectrometer spect
8 Author
Me [ 24E+08 9 Solvent  CDCI3
\N 10 Temperature 291.3
[ 2:2E+08 11 Pulse 2630
Sequence
| r2.0E+08 12 Experiment 1D
13 Number of 12
1 F1.8E+08 Scans
14 Receiver 203
t 1.6E+08 Gain
15 Relaxation  1.0000
Delay
14E+08 16 Pulse Width 13.5000
17 Acquisition 2.9999
r1.2E+08 Time
18 Acquisition 2013-12-30T1
- 1.0E+08 Date 4:51:00
19 Modi fication 2013-12-30T1
L 8.0E+07 ate 4:51:00
20 Spectrometer 400. 13
Frequency
6.0E+07 21 Spectral 82237
Width
4.0E+07 22 Lowest -1654. 4
Frequency
r2.0E+07 23 Nucleus 1
24 Acquired 24670
r0.0E+00 1ze
. ' ' 25 Spectral 32768
Size
E 8 8 -2.0E+07
— < oM
T T T T T
85 80 40 35 25 1.0 -0.5
NS SeQ < o >
IR RIY S W il Parameter Value
N h ° b 1 Data Fil 7:/ Dat
ata File  Z:/ Data/
NN ‘ Name iR/
r4.0E+08 2013-12/
le-10-27/ 2/
pdata/ 1/ 1r
2 Title 1e-10-27
3 Comment C13CPD
r3.5E+08 4 Origin Bruker
BioSpin GmbH
5 Owner common
6 Site
Me, L 3.0E+08 7 Spectrometer spect
N 8 Author
9 Solvent D13
| 10 Temperature 291.4
11 Pulse 2gpg30
r2.5E+08 Sequence
" 12 Experiment 1D
13 Number of 81
Scans
14 Receiver 203
r2.0E+08 Gain
15 Relaxation  1.0000
Delay
16 Pulse Width 12.5000
17 Acquisition 0.5506
r1.5E+08 Time
18 Acquisition 2013-12-30T1
ate 4:53:00
19 Modi fication 2013-12-30T1
Date 4:54:00
r L.OE+08 20 Spectrometer 100. 61
Frequency
21 Spectral 29761.9
Width
22 Lowest -1820.2
r5.0E+07 Frequency
23 Nucleus 13C
24 Acquired 16384
Size
25 Spectral 32768
r0.0E+00 Size
T T T
170 160 90 40

S19




MRQNNNRAARN3E8R3IR X &
NRNNNNNRNNRRN GG OO o - Parameter  Value
e B | r6.5E+08 I Data File  Z:/ Data/
Name NIR/
2014-01/
L le-10-28/ 2/
6.08+08 pdata/ 1/ Ir
2 Title le-10-28
L 556408 3 Comment  PROTON
4 Origin Bruker
BioSpin GmbH;
L 5.0E408 5 Owner e
: 6 Site
7 Spectrometer spect
r4.5E+08 8 Author
9 Solvent  CDCI3
L 4.0E+08 10 Temperature 298.3
11 Pulse 2830
Sequence
| 356408 12 Experiment 1D
13 Number of 11
Scans
14 Receiver 157
r3.0E+08 Gain
15 Relaxation 10000
Delay
[2.5E+08 16 Pulse Width 15.0000
17 Acquisition 2.4999
Time
[2.0E+08 18 Acquisition 2014-01-0312
Date 1:27:35
19 Modi fication 2014-01-03T2
r 1.5E+08 ate 1:28:00
20 Spectroneter 400. 13
Frequency
F1.0E+08 21 Spectral  8012.8
Width
22 Lowest ~1575. 4
- 5.0E+07 Frequency
23 Nucleus 1M
24 Acquired 20031
" - F0.0E+00 ize
25 Spectral 65536
T T Size
o o
< < r-5.0E+07
< oM
T T T
3.0 25 20
it 2 Parameter  Value
L N 1 Data Fil 7:/ Dat
ata File  7:/ Data/
= N L 4.06+08 Name MR/
N 2014-01/
le-10-28-3/
1/ pdata/ 1/
1r
2 Title 1e-10-28-3
[3-5E+08 |3 Coment C13CPD
1 Origin Bruker
BioSpin GmbH
5 Owner common
F3.0E+08 |0 Site
7 Spectrometer spect
8 Author
9 Solvent
| o5ps0g | 10 Temperature
11 Pulse 280830
Sequence
12 Experiment 1D
13 Number of 303
F2.0E+08 Scans
14 Receiver 203
Gain
15 Relaxation  1.0000
Delay
F1.5E+08 16 Pulse Width 12.5000
17 Acquisition 0.5506
Time
18 Acquisition 2014-01-03T2
: 1:38:00
L 1.0E+08 19 Modification 2014-01-0312
Date 1:46:00
20 Spectrometer 100. 61
Frequency
21 Spectral 297619
F5.0E+07 Vidih
22 Lovest 4820.2
Frequency
! 23 Nucleus 13¢
24 Acquired 16384
F0.0E+00 Size
25 Spectral 32768
ize
T T T T
60 50 40 -10
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> "
a Parameter  Value
3 F8.0E+08 |1 Data File 7:/ Data/
' Nae NMR/
2014-01/
F7.5E+08 1c-10-28-P/
1/ pdata/
1/ 1Ir
[7.0E+08 |2 Title 1c-10-28-P
3 Comment
r6.5E+08 4 Origin Bruker
Me BioSpin
N GmbH
PPh. [6-0E+08 |5 gyner nnr
PPh 2 6 Site
2 [ 5.5E+08 7 Spectromete spect
r
12
L50E+08 | & Author
9 Solvent  CDCI3
L 45E408 | 10 Temperature 294. 4
11 Pulse 28pg30
Sequence
r4.0E+08 12 Experiment 1D
13 Number of 12
Scans
3. +
35B+08 | peceiver 205
Gain
F3.0E+08 | 15 Relaxation 2.0000
Delay
L 16 Pulse Width 7.8000
2.5E+08 | 17\ quisition 0.5112
Time
L 2.0E+08 | 18 Acquisition 2014-01-04T
Date 13:52:32
19 Modificatio 2014-01-03T
r1.5E+08 n Date 21:52:00
20 Spectromete 161.98
r Frequency
L. +
LOE+08 |, Spectral  64102.6
Width
r 5.0E+07 22 Lowest ~40150. 1
Frequency
23 Nucleus  31P
00E+00 | ) pequired 32768
Size
F-5.0E+07 32768
T T T T T T T T T T T T T T
50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80
o O N O W N O 0 O O m o
WY ROUOWmmH W1 ¥ N n 1
©0 0 NSNS~ © v Vv wun < < Doty Vs
) L S e ) b 4.5E+08 Parameter Value
1 Data File Z:/ Data/
Name NMR/ 20124F/
2012-7/
le-6-37/ 1/
r4.0E+08 pdata/ 1/ 1r
2 Title lc-6
3 Comment  PROTON
4 Origin Bruker
I 3.5E+08 BioSpin GmbH
5 Owner common
6 Site
7 Spectromete spect
r3.0E+08 r
8 Author
9 Solvent  CDCL3
10 Temperature 293. 7
[2.5E+08 | 11 pulse 2830
Sequence
12 Experiment 1D
13 Number of 8
F2.0E+08 | Seans
14 Receiver 161
Gain
15 Relaxation 1.0000
| Delay

| [L5E+08 | 16 pulse Width 13. 5000
17 Acquisition 2. 9999
Time
18 Acquisition 2012-07-31T2
t1.0E+08 Date 0:18:00
19 Modificatio 2012-07-31T2

n Date 0:18:00
20 Spectromete 400. 13
r Frequency
5.0E+07 | o) speciral  §223.7
Width
22 Lovest 1683.7
Frequency
A F0.0E+00 | 23 Nucleus 1H
24 Acquired 24670
L gads A% 3 L Sive
o o O oo [=N=} (=] o
o SCHHAN e — ~ 25 Spectral 32768
ize

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
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a m o oY AN o
~ QY DO BN O — ” n L Parameter Value
w33 9mo88NF o 3 L 9.0E+08
1 Data File Z:/ Data/
I N2 NS I I Name NMR/ 201245/
r8.5E+08 2012-7/
1c-6-37/ 2/
pdata/ 1/ 1r
[ o. +
8OE+08 |, 1iue le-6-37
3 Comment  CL3CPD
F75E+08 | origin Bruker
BioSpin Grbii
H L 706408 |5 Omer connon
N 6 Site
: F6.5E+08 | 7 Spectrometer spect
8 Author
13 F6.0E+08 |9 solvent  cDC13
10 Temperature 294.2
F55E+08 | 11 Pulse 2gpg30
Sequence
12 Experiment 1D
S0B+08 | o \imher of 207
Scans
r4.5E+08 | 14 Receiver 203
Gain
Laogs0g |17 gzll,:;mon 1.0000
16 Pulse Width 12.5000
[ 3.5E+08 | 17 Acquisition 0.5506
Time
L 3.0E+08 | 18Acquisition 2012-07-31720)
:20:00
19 Modi fication2012-07-317T20
[ 2.5E+08 Date :25:00
20 Spectrometer 100. 61
L 2.0E+08 Frequency
21 Spectral  29761.9
Width
[L.5E+08 | 551 ovest 4820.2
Frequency
F1.0E+08 | 23 Nucleus 13
24 Acquired 16384
Size
SOB+07 | 5 spectral 32768
Size
TSNPV G OF -0
~-5.0E+07
T T T T T T T T T
160 150 140 90 80 70 60 50 40 30 20 0
< m NS O - O
2 RGN 22 Parameter  Value
VSN e N2 | 35E408| | Data File  Z:\
: Name Data\
NMR\
2012-7\
Tc-6-39\
1\
pdata\
I 3.0E+08 I\ Ie
2 Title PROTON
3 Comment
4 Origin
5 Owner
2.5E+08| 6 site
PPh, 7 Spectrometer
8 Author
9 Solvent
F2.0E+08| 10 Temperature
11 Pulse Unknown
Sequence
12 Experiment 1D
13 Number of  nan
Scans
[ L.5E+08| 14 Receiver
Gain
15 Relaxation
Delay
16 Pulse Width
L 1.0E+08] 17 Acauisition
. Time
18 Acquisition
Date
19 Modification
Date
\ L 5.0E+07/ 20 Spectrometer 400. 23
Frequency
21 Spectral  8223.7
Width
! | 22 Lowest 1653. 2
A L ,u( l Frequency
L 0.0E+00] 23 Nucleus
| —5 | | 24 Acquired
o o3 unwo o o Lcauire
) Scoad S S Size
S Sl el — al : : : : : : : : : : 25 Spectral 32768
Size
8 80 75 45 40 35 30 25 20 15 10 05 00 -1.0
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O TNT MNTIITONORON0OT MDD N
n B NmmnmmmmnmmMmANNNNNA A A A A o D e v
o A A A A A A A A A A A A A A A A A A A A < Parameter Value
| N | [6:5E+08 || putarile  7:\ Data\
Name NMR\
2012-7\
L 1c-6-39\
6.0E+08 3\ pdata\
Ir
2 Title C13CPD
[5-5E+08 |3 Comment
4 Origin
[5.0E+08 |5 Omer
6 Site
7 Spectrometer
H r4.5E+08
\ : 8 Author
B i §
PPhy | 9 Solvent
\ F4.0E+08 | 10 Temperature
14a 11 Pulse Unknown
Sequence
[3.5E+08 | 12 Experiment 1D
13 Number of nan
Scans
r3.0E+08 14 Receiver Gain
15 Relaxation
Delay
r2.5E+08 16 Pulse Width
17 Acquisition
I Time
r2.0E+08 18 Acquisition
Date
19 Modi fication
I 1.5E+08 Date
20 Spectrometer  100. 64
| Frequency
L 21 Spectral 29761.9
1.0E+08 Width
22 Lowest 14825.4
Frequency
r 5.0e+07 23 Nucleus
24 Acquired Size
WWJ L0OE+00 |25 Spectral Size 32768
T T T T T T T T T T T T T T T T T T T
0z0o 160 150 140 130 120 110 100 a0 20 70 60 50 40 30 20 10 Q -10
on
o
© Parameter  Value
—
N rL.OOE+09 1 Data File  Z:\
Name Data\
NMR\
2012-7\
r9.00E+08
2 Title P31CPD
L 8.00E+0g 3 Comment
1 Origin
5 Ouner
H 6 Site
\ 7.00E+08|
7 Spectrometer
S
\ PPhy 8 Author
N
14 9 Solvent
a I 6.00E+08|
10 Temperature
1 Pulse Unknown
Sequence
L 5.00E+0g| 12 Experiment 1D
13 Number of  nan
Scans
14 Receiver
Gain
[4.00E+08 15 petaxation
elay
16 Pulse Width
17 Acquisition
~3.00E+08|  Tipe
18 Acquisition
Date
19 Modification
L 200E+08 Date
20 Spectrometer 162. 02
Frequency
21 Spectral  64102.6
Width
LOOE+08) 5, | oyest 10152.4
Frequency
23 Nucleus
L 24 Acquired
0.00E+00 ** 550t
25Spectral 32768
T T T T T T T T T T T T T T T T Size
20 15 10 5 0 -5 -10 -15 -20 =25 -30 -35 -40 -45 -50 =55
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RERBIUTIYINRNLNLIT 99 g8 8%
CNNNNNNNNNNRNNNRNNKN < m i R [ 5.0E+08 Parameter  Value
| e rr——————— [ N | Data File Z:/ Data/
Name NMR/ 2013-6//
1c-9-13/ 2/
L 45E+08 pdata/ 1/ Ir
2 Title le-9-13
3 Comment PROTON
4 Origin Bruker
L 40408 BioSpin GmbH
5 Owner common
6 Site
7 Spectrometer spect
H [3.5E+08 8 Author
P'Bu,
9 Solvent
10 Temperature
I3.0£+08 11 Pulse
Sequence
12 Experiment 1D
13 Number of 8
L 25E408 Scans
14 Receiver 203
Gain
15 Relaxation  1.0000
Delay
2.0E+08 16 Pulse Width 13.7000
17 Acquisition 1.9999
[ime
L 18 Acquisition 2013-06-0370
15E+08 Date 9:19:00
19 Modification 2013-06-0310
ate 9:19:00
20 Spectrometer 400. 13
r 1.0E+08 Frequency
21 Spectral  8223.7
Width
22 Lovest -1649. 1
! r 5.0E+07 Frequency
‘ 1! 23 Nucleus 1
¥ ! 24 Acquired 16446
Size
r 0.0E+00
iy R SR i T
o [oNoNoNoNeN=] o o~
8 &S8888 S =
— N H A o~ -
T T T T T
85 80 75 70 35 30 20
M AT NM MmO N O N cm®  ©<mn
8 $55RMmAIILRR Yo aNNOSo Parameter  Value
— A A A A A A A A A A w1 N Mmoo omnm 734E+08 1 Data File 7./[)?"3
IS S e S e Name IR/ 20136/
1e-9-13-C/
[3.2E+08 1/ pdata/ 1/
Ir
L 3.0E+08 2 Title 1e-9-13-C
3 Comment C13CPD
L 4 Origin Bruker
2.8E+08 BioSpin GmbH
5 Owner common
r2.6E+08 6 Site
7 Spectrometer spect
r2.4E+08 8 Author
: 9 Solvent el
P'Bu, F2.2E+08 |10 Temperature 291.4
11 Pulse 2gpg30
L5 0E+08 Sequence
B 12 Experiment 1D
13 Number of 2442
r1.8E+08 Scans
14Receiver 203
L 16£+08 Gain
15 Relaxation  1.0000
Delay
r L4E+08 16 Pulse Width 12.5000
17 Acquisition 0.5506
F1.2E+08 Tine
18 Acquisition 2013-06-03T1
ate 0:37:00
r 1.OE+08 19 Modi fication 2013-06-03T1
Date 1:43:00
L 8.0E+07 20 Spectrometer 100. 61
: Frequency
21 Spectral 297619
r6.0E+07 Width
22 Lowest -4821.0
‘ L 406407 Frequency
| ) 23 Nucleus 130
| 24 hequired 16384
r2.0E+07 Size
25 Spectral 32768
® [ 0.0E+00 Size
. . . . . ~-2.0e+07
150 140 130 70 60 40
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m
® Parameter  Value
o FLOOE+09 |\ s pite 7/ Data
Name
L 9.00E+08 pdata/ 1/
- Ir
2 Title 1e-9-13
3 Comment  P31CPD
H L 4 Origin Bruker
8.00E+08 BroSein
N GmbH
1§ 5 Owner common
— P'Bu,
N 6 Site
\ / [ 7-00E+08 7 Spectromete spect
14c r
8 Author
F 6.00E+08 9 Solvent CDC13
: 10 Temperature 294. 7
11 Pulse 2gpg30
Sequence
12 Experiment 1D
2. +
S00E+08 | o mber of 16
cans
14 Receiver 203
Gain
[4.00E+08 | 15 Relaxation 1.0000
Delay
16 Pulse Width 14.0000
17 Acquisition 0.5112
I 3.00E+08 Time
18 Acquisition 2013-06-03T
Date 09:18:00
19 Modificatio 2013-06-03T
Date 09:18:00
I 2.00E+08 N
20 Spectromete 161. 98
r Frequency
21 Spectral  64102.6
Width
[ LOOE+08 | 22 Lowest ~40150. 1
Frequency
23 Nucleus  31P
24 Acquired 32768
. F0.00E+00 Size
25 Spectral 32768
Size
T T T T T T T T T T T T T T T T T
55 50 45 40 35 30 25 20 15 10 5 0 -5 -15 -25 -35 -45
NN EANDEAONR NN OO0 IS
BVONMMANNNATOONNRORNN O X Parameter  Value
L A T S N N N N N N Ve ST SV Ve JUe BV Vo] Mmoo
N St N/ [ 5.0E+08 1 Data File Z:/ Data/
Name NMR/ 2013-1/
le-8-13/ 1/
pdata/ 1/ Ir
L45E+08 2 Title le-8-13
3 Comment PROTON
4 Origin Bruker
H BioSpin GmbH
N L 4.0E+08 5 Owner common
| 6 Site
OH 7 Spectrometer spect
8 Author
r3.5E+08
15 9 Solvent €DC13
10 Temperature 288.9
11 Pulse 2830
L 3.0E408 Sequence
12 Experiment 1D
13 Number of 8
Scans
b 25408 14 Receiver 101
Gain
15 Relaxation  1.0000
Delay
- 2.0E+08 16 Pulse Width 13.5000
; 17 Acquisition 1.9923
Time
18 Acquisition 2013-01-14T0
: 8:50:00
[ 1.oE+
1.56+08 19 Modification 2013-01-14T0
Date 8:50:00
I 20 Spectrometer 400. 23
[ Frequency
r 1L.OE+08 21 Spectral 82237
Width
22 Lovest -1655. 8
Frequency
[ 5.0E+07 23 Nucleus 1
24 Acquired 16384
Size
N N | 25 Spectral 32768
r 0.0E+00 Size
I e2ni%s 2%
o 5585098 S S
O HrH-HNOH o N
T T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
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o] NN OYInO oY -
@ gagegeas a0 Parameter  Value
h INAABAEABARARAEE oo [ 3.4E+08 1 Data File  Z:/ Data
N NeE—=— | Ll Name  NWR/ 2013-1
L le-8-13/ 2/
3.2E+08 pdata/ 1/ 1r
2 Title Te-8-13
F3.0E+08 3 Comment C13CPD
4 Origin Bruker
L 2.8E408 BioSpin GmbH
5 Owner common
6 Site
r2.6E+08
7 Spectrometer spect
8 Author
r2.4E+08
9 Solvent el
10 Temperature  289.5
[22E+08 | pyrse 280230
Sequence
F2.0E+08 12 Experiment 1D
13 Number of 226
Scans
[L8E+08 | jpeceiver 203
Gain
+1.6E+08 15 Relaxation  1.0000
Delay
16 Pulse Width 12.0000
[ 14E+08 17 Acquisition 0.5506
ime
b 1.2E+08 18 Acquisition 2013-01-14T0
ate 8:53:00
19 Modification 2013-01-14T0
r L.OE+08 Date 8:57:00
20 Spectrometer 100. 64
L 8.0E+07 Frequency
21 Spectral 297619
Width
F6.0E+07 22 Lowest ~4817.6
Frequency
k4.0E+07 23 Nucleus 13C
24 Acquired 16384
Size
r2.0E+07 25 Spectral 32768
Size
r 0.0E+00
< 0 o
™~ o N
pShih 0 ’T T — t7.0E+08 Parameter Value
e —————— K
I Data File Z:/ Data/
Name NMR/ 20131/
[ 6.5E+08 le-8-14-H/
1/ pdata/ 1/
Ir
F6.0E+08 |2 Title le-8-14-H
3 Comment PROTON
4 Origin Bruker
r 5.5E+08 BioSpin GubH
5 Owner nnr
F5.0E+08 |6 Site
7 Spectrometer spect
8 Author
r4.5E+08
9 Solvent oncl3
10 Temperature 296.5
r4.0E+08 | 11 Pulse 2830
Sequence
12 Experiment 1D
[3.5E+08 | |3 \uber of 22
Scans
14 Receiver 157
F3.0E+08 Gain
15 Relaxation  1.0000
Delay
[ 4. + -
25B+08 | 4 pite width 15,0000
17 Acquisition 2.0447
r 2.0E+08 me
18 Acquisition 2013-01-1710
Date 9:07:06
r1.5E+08 | 19 Modification 2013-01-17T0
ate 9:08:00
20 Spectrometer 400. 13
r 1.0E+08 Frequency
21 Spectral  8012.8
Width
[5.0E+07 | 22 Lovest -1547.2
Frequency
23 Nucleus 1
[OOE+00 | o) \cquired 16381
Size
65536

25 Spectral
Size
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NTOQXMMNNOON©ONONOM
VNGNS SO GOS0 8 8 N OO n o ® r 6.0E+08 Par: Val
NLNOMOANNNNNNNN A - o arameter alue
A A A A A A A A A A A A A A L 0 1A | Data File Z:/ Data
| T ~ Name MR/ 2013-1/
F5.5E+08 le-8-14/ 3/
pdata/ 1/ 1r
2 Title le-8-14
3 Comment C13CPD
[SOE+08 |4 origin Bruker
BioSpin GmbH
5 Owner common
H r4.5E+08 6 Site
N 7 Spectrometer spect
8 Author
PPh
OH : r4.0E+08 9 Solvent D13
10 Temperature 290.8
16¢ 11 Pulse 28pg30
Sequence
3.5E+08 12 Experiment 1D
13 Number of 807
Scans
r3.0E+08 14 Receiver 203
Gain
15 Relaxation  1.0000
Delay
r2.5E+08 16 Pulse Width 12.0000
17 Acquisition 0.5506
ime
L 18 Acquisition 2013-01-16T0
2.0E+08 ate 8:56:00
19 Modification 2013-01-16T0
Date 9:14:00
F1.56+08 20 Spectrometer 100. 64
Frequency
21 Spectral 29761.9
Width
r 1.0E+08 22 Lowest ~4817.6
Frequency
23 Nucleus 13C
L 24 Acquired 16384
5.0E+07 Size
25 Spectral 32768
Size
r 0.0E+00
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
] r 1.20E+09 Parameter Value
—
o 1 Data File Z:/ Data/
b Nane NMR/ 2013-1/]
L le-8-14/ 2/
L10E+09 pdata/ 1/ 1r]
2 Title le-8-14
3 Comment P31CPD
[LOOE+09 |, pigipn Bruker
BioSpin Gmbil
5 Owner common
r9.00E+08 |6 Site
7 Spectrometer spect
8 Author
H [8.O0E+08 g solvent  cpC13
\ 10 Temperature 290.2
N 11 Pulse 2gpg30
PPh, t7.00E+08 Sequence
12 Experiment 1D
13 Number of 34
16¢c L . Scans
6.00E+08 ||, peceiver 203
Gain
15 Relaxation  1.0000
r 5.00E+08 Delay
16 Pulse Width 10.2000
17 Acquisition 0.2556
F4ooE+08 | ™
18 Acquisition
ate N
19 Modi fication201:
r 3.00E+08 Date 8:
20 Spectrometer 162. 02
L 21 Spectral  64102.6
2.00E+08 Eees
22 Lowest 40152. 4
Frequency
F1.00E+08 | 23 Nucleus 31P
24 Acquired 16384
Size
L 0.00E+00 | 29 Spectral
T T T T T T T T T T T T T T T T T
45 40 35 30 25 20 15 10 5 0 -5 -10 -20 -30 -40 -50 -60
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83R23328358388  |7.5E+08
- Paramet. Val
BIRAIBLANNNNMAR NNRNAROROCN
RNNNNOSS ST Immon 1 Data File Y:/ Data/
e e e e F7.0E+08 ame
L 6.5E+08 2/ pdata/ 1/
: ir
2 Title le-13-17-2
6.0E+08 3 Comment PROTON
4 Origin Bruker’
BioSpin GubH
[5.5E+08 5 Owner e
PPh, 6 Site
Ha,_ / r5.0E+08 7 Spectrometer spect
H-N Ir\iH 8 Author
PPhCI L 45E+08 9 Solvent
2 10 Temperature
11 Pulse
r4.0E+08 Sequence
3 12 Experiment 1D
a L 13 Number of 100
3.5E+08 Scans
14 Receiver 203
156407 F3.0E+08 — Gain oo
5 Relaxation .
1.5E+07 Delay
1.0E+07 F2.5E+08 16 Pulse Width 13. 7000
1.0E+07 17 Acquisition 0. 4562
5.0E+06 Time
50E4+06 20E+08 18 Acquisition2014-08-20T1
0.0E+00 ! Date 9:33:00!
: 19 Modi fication 2014-08-20T1
0.0E+00[ 1.5E+08 Date :34:00
B L e 20 Spectrometer 100. 13
2239 -240  -241 F1.0E+08 freauency
21 Spectral 36057. 7
Width
F5.0E+07 22 Lowest 15570. 0
Frequency
L L Nucleus 1H
r0.0E+00 Acquired 16446
Size
e S i ' : :
25 Spectral 32768
.—c%ovvm © o F-5.0E+07 Pt
O mQ N a S
™M AN AN NN o —
T T T T T T T T
20 16 12 6 4 -12 -16 -20 -24 -28
NNNONOONRLTHTNVROMONMNNNLO OO
AN NTONN AN A O S AN DD G G 0N N r3.4E+08 Par: Val
MMM MMMMNMNMMHMMMMmMMMMMMANNNNNNNN AN arameter alue
4Tt 44 A4 A A A A A A A A A A A A A A A A A A A O
L S 1 Data File  Z:/ Data
r3.2E+08 Name NMR/
2013-12,
le-10-25/ 3/
r3.0E+08 pdata/ 1/ 1r
2 Title 1e-10-25
L 2.8E+08 3 Comment C13CPD
. 4 Origin Bruker
BioSpin Gubll
r2.6E+08 5 Owner nnr
6 Site
PPh,
/ r2.4E+08 7 Spectrometer spect
4 <H 8 Author
Cl F2.2E+08 9 Solvent [§E]
PPh; 10 Temperature  299. 0
L 11 Pulse 2gpg30
2.0E+08 Sequence
12 Experiment 1D
3a r1.8E+08 13 Number of 22360
Scans
14Receiver 111
F1.6E+08 Cain
15 Relaxation  1.0000
F14E+08 Delay
16 Pulse Width 9.8000
17 Acquisition 0. 4588
r1.2E+08 Time
18 Acquisition 2013-12-19T2
L 1.0E+08 ate 2:31:31
. 19 Modification 2013-12-20T0
Date 7:58:00
r8.0E+07 20 Spectrometer 100. 61
Frequency
21 Spectral 35714.3
t6.0E+07 Wi
22 Lovest ~7796. 8
L 4.0E+07 Frequency
23 Nucleus 13¢
24 Acquired 16384
r2.0E+07 Size
| 25 Spectral 32768
Ll . L 0.0E+00 Size
T T T T T T T T T T ~-2.0E+07
160 150 140 130 50 40 30 20 10 0 -10
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< mno
] Parameter  Value
w 85E+08 || piaFile 7:/ Datas
Name R/
L 2013-6
A +
8.0E+08 Te-9-25-2/
1/ pdata/
F7.5E+08 1/ 1r
2 Title 1e-9-25-2
3 Comment P31CPD
r7.0E+
0E+08 | Origin Bruker
BioSpin
- 6.5E+08 GmbH
H PPhy 5 Omer i
AN, F6.0E+08 | O Site
H-N "\\H 7 Spectromete spect
(ol [ :
PPh; 5.5E+08 | g author
9 Solvent CDC13,
[5-0E+08 | 1g remperature 296. 3
11 Pulse 2gpg30
3a l4.5E+08 Sequence
12 Experiment 1D
b 4.0E+08 13 Nun‘ll.;zr of 16
14 Receiver 199
F3.56+08 Gain
15 Relaxation 1.0000
Delay
[3:0E+08 | 16 pyise Width 14.5000
17 Acquisition 0.2556
| 2.5E+08 ine
18 Acquisition 2013-06-28T
ate 9:17:19
[20E+08 | g yodiricatio 2013-06-281
n Date 09:17:00
F1.5E+08 | 20 Spectromete 161.98
r Frequency
1.0E+08 21 Spectral 64102. 6
rL.OE+ Width
22 Lovest 10150. 1
L 5.0E407 Frequency
23 Nucleus  31P
24 Acquired 16384
F0.0E+00 Size
25 Spectral 32768
F-5.0E+07 Size
T T T T T T T T T T T T T T T T T T T
50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -45  -50
) Paramet Val
NN2EINe848885888858488885R8n SA0INE EEE SO
O OEWOWOONMNMNNNNNNNMNOOOOOOWOWYWOWOOW L R R B v v L5 EEL08 1 Data File I:/ lc—8-49-
I oS Ry N S N — [ Name A-30min/ 2/
pdata/ 1/ Ir|
2 Title  le-8-49
F5.0E+08 A-30min;
3 Comment PROTON
1 Origin Bruker
BioSpin Gbil
[45E+08 5 Owner nmr
6 Site
H PPhZ 7 Spectrometer spect
.. r4.0E+08 8 Auth
N Ir—H Author
\\H 9 Solvent C6D6
PPh, L 10 Temperature 296. 1
3.5E+08 11 Pulse 2830
Sequence
12 Experiment 1D
1a r3.0E+08 13 Number of 444
Scans
14 Receiver 199
Gain
00 OY M < IS 00 00 N I~ (.
I RN NENES < in s 3.0E+07-2.5E+08 15 Relaxation 10000
PP QP 8y Delay
N ‘\ " /‘ 2.0E+07] 16 Pulse Width 15. 0000
5E+07 L 2.0E+08 17 Acquisition 0. 4544
| Time
I 1
" |1 | 1.0E+07 18 Acquisition2013-04-15T1
| ate 5:39:29
o OE+00 0.0E+00 1.5E+08 19 Modificasl‘c'unZOlS ga é.agé
o N ate H :
Rl " B 20 Spectrometer 400. 13
92 93 185 | 1 oe+08 Frequency
: 21 Spectral 36057. 7
Width
22 Lovest  -15510.0)
I b 5.0E+07 Frequency
23 Nucleus il
24 Acquired 16384
) | Size
0.0E+00 25  Spectral 36
o
— P i T e
22455288 2 g
NAddaNaS o — — -5.0E+07
T T T T : T T T T T T T T T T T T
16 14 12 10 8 6 4 2 0 -2 -4 -6 -8 -10 -12 -14 -18
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Q2 2 & b Vol
arameter Value
N m o r1.30E+09
INEN jusfpai Data File 1./
b 1 Name  lc-8-49—
A-30min/ 1/
r1.20E+09 pdata/ 1/,
Ir
2 Title  le-8-49-
L 110E+09 A-30min
H PPhy 3 Comment PROTON
N /'Ir/ 4 Origin Bruker,
< BioSpin
y \\H F1.00E+09 N
PPh, 5 Owner nmr
6 Site
r9.00E+08
7 Spectromete spect
r
8 Auth
1a | 8.00E+08 uthor
9 Solvent 606,
10 Temperature 295.9
L7.00E+08 |11 Pulse 2gpg30)
: Sequence
12 Experiment 1D/
L 13 Number of 34
6.00E+08 oot
14 Receiver 199
Gain
[5.00E+08 | |5 Relaxation 1..0000
Delay
16 Pulse Width  14.5000
F4.00E+08 |17 Acquisition 0.2556
Time
18 Acquisition 2013-04-15T)
I 3.00E+08 Date  15:37:59
: 19 Modificatio 2013-04-15T)
nDate  15:38:00
20 Spectromete 161.98
[ 2.00E+08 r Frequency
21 Spectral 641026
Width
r1.00E+08 | 22 Lowest  -40002.6
Frequency
[ 23 Nucleus 31p
mMu\ullmﬂm.wmm‘luhlulumn‘hmmehM\MumlJ_qummmm uuldut L\nmm.‘u.m‘.‘nmmm“‘1ummmmILL_\‘.u‘ul.‘uﬂmm\ MAMNBARIMRUUANL - 0.00E+00 | 24 eajred 16384
25 Spectral 32768
o
F-1.00E+08 e
T T T T T T T T T T T T T
70 60 50 40 30 20 10 0 -10 20 30 -40 -50
FIIZIRBES 88387
LRAILNN IR JISIHLY e in© w6 o 6.0E408 Parameter Value
NNNNKN S Hddd - NANQGQg QqQqQQg I Data File  Z:/ Data/
| N —_— e 2 Name NMR/ 2013-7//
L Te-9-33-H/
5.5E+08 1/ pdata/ 1/
ir
2 Title 1e-9-33-H
r 5.0E+08 3 Comment, PROTON
4 Origin
L 456408 5 Owner
6 Site
" 7 Spectrometer spect
H, FBUZ - 4.0E+08 8 Author
H-N—Ir—H 9 Solvent cDel3
\\CI 10 Temperature 294. 1
PBu; F3.5E+08 11 Pulse 2830
Sequence
12 Experiment 1D
L 3.0E408 13 Number of 38
3b : Scans
14 Receiver 97
Gain
r2.5E+08 15 Relaxation  1.0000
Delay
16 Pulse Width 9.1200
g g g g 8 g g 8 8 g g g L 2.0E+08 17(\(:quisit,mn 0. 5555
SRRARR 8888y o
8 Acquisition 2013-07-26T1
CUUT T |Faoes07 T | F2.0E+07 18 Acg
S\ O | Lseros Date 5:38:00
-SE+ 19 Modification 2013-07-26T1
| Date 5:38:00
i 1.0E+07 ‘ 1.0E+07 20 Spectrometer 400. 13
1 | . Frequency
A . LOE+08 | Frea .
| Aj 21 Spectral  36057.7
i AN Width
= 0.0E+00 = 0.0E+00 22 Lowest ~15594. 2
—_—e r 5.0E+07 Frequency
-21.8 -259 -260 -26.1 23 Nucleus 1H
1 i 24 Acquired 20031
r 0.0E+00 Size
25 Spectral 65536
—A— A4 ‘ﬂ ‘ﬂ ize
8888 88 38 g 2
NN md o8 =] =} r-5.0E+07
T T T T T T T T T T T T T T T T T T T T
0 8 6 4 2 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24 -26 -28
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r3.6E+08

NN © O 9O 00N
doaaduaNdooan < NHFoNo NN O Paramet Val
STTmMmmOmmAN o0 DB BN MG arameter alue
NN ABARARN © BRI r3.4E+08 1 Data File  Z:/ Data
= N\—" T Name NMR/ 20136,
1e-9-19-2/
r3.2E+08 3/ pdata/ 1/
ir
L 3.0E+08 2 Title 1e-9-19-2
3 Comment C13CPD
4 Origin Bruker
[ 2.8E+08 BioSpin GmbH
5 Owner common
P'Bu, F26E+08 |6 Site
H/,,, / 7 Spectrometer spect
PNISSH F2.4E+08 |8 Author
L > :
PB 9 Solvent D13
2 F2.2E+08 10 Temperature 292.0
11 Pulse 2gpg30
Sequence
2.0E+08 12 Experiment 1D
3b 13 Number of 5777
r1.8E+08 Scans
14 Receiver 203
Gain
[L6E+08 |\ pelaxation 1.0000
Delay
F1.4E+08 16 Pulse Width 12.0000
17 Acquisition 0.5506
Time
L2E+08 | g\ cquisition 2013-06-1171
: 6:16:00
r L.OE+08 19 Modification 2013-06-11T1
Date 7:52:00
L 20 Spectrometer 100. 64
8.0E+07 Frequency
21 Spectral 29761.9
| +6.0E+07 ¥idth
22 Lowest -1922. 1
| Frequency
[ 4.0E+07 23 Nucleus 13C
‘ X 24 Acquired 16384
! | ‘ F2.0E+07 Size
| 25 Spectral 32768
| J A “. N " ize
r 0.0E+00
T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0
oo
o‘_of f\" % Parameter Value
=33 1 Data File Z:/ Data/
w r1.20E+09 Name NMR/
2013-6/
1c-9-19/ 1/
pdata/ 1/
r1.10E+09 Ir
2 Title le-9-19
3 Comment P31CPD
L 1.00E+09 |4 Origin Bruker
BioSpin
GubH
ptBu2 L 5 Owner nmr
H, / 9.00E+08 | ¢ it
HN—ISH 7 Spectromete spect
| > i
PBuy [800E+08 | g author
9 Solvent cne13
10 Temperature 296
r7.00E+08 11 Pul
ulse
3b Sequence
12 Experiment 1D
[6.00E+08 | 13 Number of 16
Scans
14 Receiver 199
Gain
. +
S008+08 | oy taxation 10000
Delay
16 Pulse Width 14.5000
r4.00E+08 | 17 pcquisition 0.2556
Time
18 Acquisition 2013-06-11T
L 3.00E+08 Date 14:29:45
19 Modificatio 2013-06-11T
n Date 14:29:00
20 Spectromete 161.98
r2.00E+08 r Frequency
21 Spectral  64102.6
Width
L 1.00E+08 | 22 Lowest -40150. 1
Frequency
23 Nucleus 31P
T "~ " Dy " - 24 Acquired 16384
ol it h ot i Ay PR - 0.00E +00 Sive
25 Spectral 32768
Size

62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14

S31




RRE CEE:
o 0 = O 0 © 1 o 5 3 o Parameter Value
ogr\\—h—gogww © © S99 a9
WNNNNNOOO o v [T l3.0E+08 1 Data File 1:/
e ~ ~ : Name MyDocuments/
BT/
le-11-15-
c-4/ 3/
pdata/ 1/ 1r
2 Title le-11-15-C-4
256408 3 Comment test
" - 4 Origin Bruker
H P'Bu, BioSpin GmbH
.,
Owner nmr

Site

Sz
[
7
=

pru2 7 Spectromete spect
N
[ 2.0E+08 8 Author
9 Solvent C6D6
1b 10 Temperature 292. 6
11 Pulse 2830
Sequence
12 Experiment 1D
L5E+08 13 Number of 10
M~ o m o m 1.0E+07 Scans
=82 i 14 Receiver 87
o oo o O .
LR 2.0E+07 pnlin i 8.0E+06 Gain
PN VY 15 Relaxation  1.0000
6.0E+06 Delay
L 1.0E+08 16 Pulse Width 9.8000
1.0E+07 4.0E+06 17 Acquisition 0.4444
Time
2.0E+06 18 Acquisition 2014-03-15T2
Date 2:39:13
S 0.0E+00 0.0E+00 19 Modificatio 2014-03-15T2
S 5 n Date 2:39:00
J T T © T  5.0E+07 20 Spectromete 400. 13
-10.7 -10.8 -19.3 -19.5 r Frequency
21 Spectral — 36057.7
Width
‘ 22 Lovest -15639. 9
i | Frequency
b 23 Nucleus i

0. +!
0.08+00 24 Acquired 16025

097 = =

— Y $ T Size
3835858 a 8 2 Spectral 65536
A AN O ) o~ Size
T T T T T T T
10 5 0 -5 -10 -15 -20
Qe VRTMANNOONND QNN QN
oo fFHHLENMANdIS S aRANKNNIO R R R il Bs Paraneter Value
O O TTOHMmMMHMNMMNHMHmMNMMNMOMOOMHANNNNN N A VLOVWOUMNAN-HOOOO 738E+08 “
— - L B B B B B B B e B B B e B B B B e e - o) MmmMmmMmmmonomnomnomnm i 1 Data File ”V/
YT T N v TSNl Name  MyDocunents/
I 3.6E+08 gt
1c-20140402
L 3.4E+08 4/ 2/ pdata/
- 1/ 1r
2 Title 16-20140402-
I 3.2E+08 h
3 Comment C13cPD
r3.0E+08 4 Origin Bruker
BioSpin Gubll
t2.8E+08 5 Owner common
PBu, 6 Site
H/,, / r2.6E+08 7 Spectrometer spect
/N Ir\—H 8 Author
\P,BH [24E+08 |9 solvent THE
Uz 10 Temperature  290. 5
[2.2E+08 11 Pulse 28pg30
Sequence
r2.0E+08 12 Experiment 1D
1b 13 Number of 23767
I 1.8E+08 Scans
14 Receiver 203
Gain
16E+08 15 Relaxation  1.0000
Delay
r14E+08 16 Pulse Width 12.0000
17 Acquisition 0.5506
F1.2E408 Tine
18 Acquisition 2014-04-02T2
Date 2:18:00
F1.0E+08 ae N
19 Modi fication 2014-04-03T0
ate 8:57:00
[80E+07 | 90 spectrometer 100. 64
Frequency
F6.0E+07 | 21Spectral  29761.9
Width
La0E+07 | 22Lovest ~1817.6
Frequency
| 23 Nucleus 130
I
| L
W \“ | l I 208407 1) pequired 16384
Size
I " ™
r0.0E+00 25 Spectral 32768
ize

~-2.0E+07

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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5K 2% 28 9% [170E+09 ,
S ~R 8BS &8 Parameter Value
33 &3 IS AR I 1.60E+09 1 Data File  H:/
O o : Name MyDocunent s/
BUTE-pLEE/
L 1c-20140314-2/,
1.50E+09 1/ pdata/ 1/
Ir
L 1.40E+09 2 Title 1c-20140314-2
3 Comment P31CPD
L1 30e+09 4 Origin s:‘uker BioSpin
5 Owner nmr
r1.20E+09 6 Site
7 Spectrometer spect
r1.10E+09 8 Author
9 Solvent THF
F1.00E+09 10 Temperature  294.9
11 Pulse 28930
Sequence
[ 9-00E+08 12 Experiment 1D
13 Number of 21
8.00E+08 Scans
14 Receiver Gain 199
15 Relaxation  1.0000
1b I 7.00E+08 Delay
16 Pulse Width  14.5000
r6.00E+08 17 Acquisition 0.
Time
18 Acquisition
F5.00E+08 oy
19 Modification 2014-03-13T20:
L 4.00E+08 Date 42:00
20 Spectrometer 161,98
Frequency
[ 3.00E+08 21 Spectral 64102. 6
Width
L 2.00E+08 22 I@wm ) ~40150. 1
requency
23 Nucleus 31p
r1.00E+08 24 Acquired Size 16384
25 Spectral Size 32768
r0.00E+00
-1.00E+08
T T T T T T T
75 70 65 60 55 50 45
REREE 283
NN ™M SN 3 3 » v,
gﬁﬁi%ﬁﬁﬁh%%;?ﬁ%ﬁ :::::: oo o Parameter alue
NNNNSSSFSSFmmmmeo = C T T DR r3.2E+08 1 Data File 1:/
N N e ~ Name MyDocuments/|
HLE/ BT
[ 3.0E+08 HE-pLEE/
le-11-23/ 2/,
L pdata/ 1/ Ir,
2.8E+08 2 Title le-11-23
3 Comment PROTON:
r2.6E+08 4 Origin Bruker!
BioSpin Gubll
" L 24E408 5 Owner nmr
H, PBup 6 Site
H-N—If—H L22E408 7 Spectromete spect
N l 1.5+07 - v
PBu 8 Author
2 r2.0E+08 y J—
r 1.0E+07 9 Solvent THF
10 Temperature 293.5
L 5.0E+06 [ 1.8E+08 1 Pulse 7830
B Sequence
L L 1.6E+08 12 Experiment i
b} 0.0E+00 13 Number of 100
—_— T =TT 2.0E+07 Scans
-112 -113 -114 [ L4E+08 14 Receiver 203
Gain
~1.2E+08 15 Relaxation 1..0000
Q, 1.0E+07 Delay
= | 2.0E+07 16 Pulse Width 13. 7000
" [ LOE+08 17 Acquisition 0. 4562
> 0.0E+0Q Time
F1.0E407 Lo I 8.0E+07 18 Acquisition 2014-03-21T1
2538 Date 4:34:00
-23. 19 Modificatio 2014-03-21T1
‘  6.0E+07 n Date 4:36:00
- [ 0.0E+00 20 Spectromete 400. 13
= )
- [ 408+07 . [:mufm;’ 36057.7
L Spectra 36057.
-114  -116 Width
\ [ 2.0E+07 22 Lowest 156176
| Frequency
A u A F0.0E+00 23 Nucleus 1
24 Acquired 16446
A I A A ‘ﬂ Size
HdaNN YO~ NN = e r-2.0E+07 25 Spectral 32768
Soo 9932 Ko 83 & 5 Spectra :
NN AN Ao o =1 Size
T T T T T T T T T T T T T T T T T T T T
14 12 10 8 6 4 2 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24 -26
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oo
Ny Paraneter Value
NN [7.5E+08 I Data File 1:/
Name MyDocuments/
e AT AL/
r7.0E+08 le-11-23/ 1
pdata/ 1/ Ir
2 Title le-11-23
6.56+08 3 Comment  P31CPD
4 Origin Bruker
- 6.0E+08 BioSpin GmbH
5 Owner nor
6 Site
PBu, I 5.5E+08
H,, 7 Spectromete spect
H-N—Ir—H r
S F5.0E+08 8 Author
P'Bu, 9 Solvent  THF
L 456408 10 Temperature 293. 2
11 Pulse 28pg30
Sequence
~4.0E+08 12 Experiment 1D
B
13 Number of 55
Scans
[ 3.5E+08 14 Receiver 203
Gain
L 3.0E+08 15 Relaxation 1.0000
B Delay
16 Pulse Width 11.0000
r2.5E+08 17 Acquisition 0. 3108
Time
18 Acquisition 2014-03-21T1
r2.0E+08 Date 4:31:00
19 Modificatio
n Date
15E+08 20 Spectromete 161. 98
r Frequency
F 1.0E+08 21 Spectral  96153.8
. Width
22 Lovest 56175. 7
F5.0E+07 Frequency
23Nucleus  31P
24 Acquired 32768
F 0.0E+00 Sine
25 Spectral 32768
F-5.0E+07 Stee
T T T T T T T T T T T T T T T T T T T T
105 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
N OOMMLUOAANTMLLOWOON I
VONANONIINMO QNN RIS ERIA IR R B IR ] Parameter Value
RIMANQNL QR XXM NANNNNNNNNNNNNNNN N F60E+08 - .
NNNNNOOSETMNmmn NN oo e e s e e e e e 1 Data File  Y:/ Data/
e N B e Name NMR/
" 2014-08/
L Le-13-20-Me/
5.5E+08 2/ pdata/ 1/
ir
2 Title Le-13-20-Me!
[ 5.0E+08 3 Comment PROTON
4 Origin Bruker
BioSpin Gubll
t4.5E+08 5 Owner nmr
H PPhy 3.0E+07 6 Site
,
- ‘o 7 Spectrometer spect
Me~N—IrH 208+07 40E+08 |8 Author
Pphgl 1.0E407 9 Solvent D13
’ 356408 10 Temperature 1863. 0
L35Es ;
- 11 Pulse 2630
0.0E+00 Sequence
4 12 Experiment 1D
225 226 r3.0E+08 13 Number of 68
: . Scans
FREFEES 14 Receiver 203
TN Gt
2.0E+07 BB EY RN 2.0E+07 5 5E408
AR NN 15 Relaxation 1..0000
NN Delay
16 Pulse Width 13. 7000
1.0E+07 1.0£+07 2.0E+08 17 Acquisition 0. 4562
Time
18 Acquisition2014-08-28T2
L Date 00
0.0E+00 15E+08
| J < \] 0.0E+0| 19 Modi fication 2014-08-28T2
‘ & <2 : == - 1:04:00
S S 20 Spectrometer 100. 13
2270 -22.80 -23.70 -23.80 [ 1.0E+08 Frequency
21 Spectral 36057. 7
Width
 5.0E+07 22 Lowest 15572.3
Frequency
] 23 Nucleus 1
" L A F0.0E+00 24 !\cquéked 16446
Size
”"y&\“\l\“&“ﬁ s 25 Spectral 32768
OO MO0 OO OO —wn < S
SoagHooooomm QXS | _50E407
NN —HONH A A~ o oo N
T T T T T T T T T T T T T T T T T T T T T
16 14 12 10 8 6 4 2 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24
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QoMM EHoQONNRNINIMMOHONNTNNYLNOON QNN
NHO DO INSETITILITLILTLTNNAAANNNNMNOOSADNRNDRANNNNNL2NAMN NN Parameter Value
TLONMN AN MN O NN NN NNOMNMNMNMNOMNMNNMNMNMNMMOMNANNNNNNNNNNTTONODD AN W F50E+08 aram a
e rr————— 1 Data File  Z:/ Data/
™ Name NMR/
2014-02/
1c¢-10-30-C/
[4.5E+08 2/ pdata/ 1/
ir
2 Title 1¢-10-30-C
3 Comment C13CPD
[ 4.0E+08 4 Origin Bruker
BioSpin GmbH
5 Owner common
6 Site
r3.5E+08 N
7 Spectrometer spect
8 Author
H, rth 9 Solvent cDCl13
MeVN—/'Ir H F3.0E+08 10 Temperature 293.9
Y 11 Pulse 280830
Sequence
PPhy 12 Experiment 1D
r2.5E+08 13 Number of 25369
Scans
14 Receiver 203
4 Gain
L 2.0E+08 15 Relaxation  1.0000
Delay
16 Pulse Width 12.0000
17 Acquisition 0.5506
F15E+08 tine
18 Acquisition 2014-02-27T0
Date :00
19 Modi fication 2014-02-2710
ate 8:27:00
FLOE+08 | hectrometer 100. 64
Frequency
21 Spectral 29761.9
Width
" [ 5.0E+07 22 Lowest -4819.2
[T Frequency
X 23 Nucleus 13C
i 24 Acquired 16384
r0.0E+00 Size
25 Spectral 32768
ize
: : - -5.0E+07
140 130 110 100 90 80
D 0 I~
© oo IS Parameter  Value
SQ9 588 I 8.0E+08
I3y ISP Data File 7:/ Data/
Name NMR/
~ F7.5E+08 2014-01
1c-10-30,
1/ pdata,
I 7.0E+08 vir
2 Title 1c-10-30
65E+08 3 Comment
- o. +!
4 Origin Bruker
BioSpin
- 6.0E+08 (nbH
5 Owner nnr
6 Site
r +!
PPh, SSE08 |7 psetromete spect
H/, T+
MeVN—Ir\—— L50E+08 |8 Author
9 Solvent  CDCI3
PPh L 456408 10 Temperature 293. 5
11 Pulse 2gpg30
Sequence
~4.0E+08 12 Experiment 1D
4 13 Number of 25
[35E+08 |\ Receiver 205
Gain
L 3.0E+08 | 15 Relaxation 2.0000
Delay
16 Pulse Width 7. 8000
[2.5E+08 | 17 Acquisition0.5112
Time
18 Acquisition 2014-01-08T
[ 2.0E+08 ate 07:00:40
19 Modificatio 20
L n Date 15:
1.5E+08
20 Spectromete 161. 98
r Frequency
r1.0E+08 |21 Spectral  64102.6
Width
22 Lowest 40150. 1
r 5.0E+07 Frequency
23 Nucleus  31P
N AT 1 S BT EY v il | " 24 ir 271
A i YA A e O - 0.0E +00 | 24 Acauired 32768
25 Spectral 32768
r-5.0e+07 ize
T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15
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D H T O M 0 [———————————
] a2g2mme Parameter Value
o SaQaagqq r1.30E+09 I Data File Y:/ Data/
e L P e — N =\ Name NMR/
2014-09/
L lc-13-25/ 2/,
1.20E+09 pdata/ 1/ 1r]
2 Title  le-13-25
L 1.10E+09 3 Comment PROTON
) 1 Origin Bruker
BioSpin Gmbll
L 1.00E+09 5 Owner o
: 6 Site
7 Spectrometer spect |
r9.00E+08 8 Author
9 Solvent D13
| 8.00E+08 10 Temperature -2234.4
: 11 Pulse 2830
Sequence
L 7.00E+08 12 Experiment 1D
. 13 Number of 100!
Scans
L 14 Receiver 203
6.00E+08 Gain
15 Relaxation 1..0000
2338 1.0E+08 FEEE] | < 00E+08 Delay
¢S oo PRI 6E+07 | > 16 Pulse Width 13. 7000
— NN AN NN NN 3 i
\~ './. IYSNENY 17 Acquisition 0.4562
Time
5.0E+07 4E+07 [ 4.00E+08 18 Acquisition 2014-09-02T2.
: Date 1:00
19 Modification 2014-09-02T2
+
28+07 13 00E+08 ate 3:00
20 Spectrometer 100. 13
0.0E+00 or 0E+00 Frequency
— T [ 2.00E+08 21 Spectral 36057. 7
233 -234 Vidth
22 Lowest ~ ~15567.9)
I 1.00E+08 Frequency
23 Nucleus 1
1 l 24 Acquired 16446
F0.00E+00 Size
25 Spectral 32768
f ¥
Size
N N —_—eeeeed
~ ~ r-1.00E+08
o o
T T T T T
-14 -16 -20 -22 -24 -26
TN RN EHONANMN OO RN o ®N
DTG BN ANNNNSSHANE®IENWWSITM Parameter Value
N OO MAaNNNNNNNNNNRHS O 6.0E+08 a
— - /T4t A4 A AT A A A A A A A A A A~ OO - 1 Data File 7:/ Data
e ata File  Z:/ Data/
VI TS ' Name IR/
2013-12/
r5.5E+08 1c-20131216/
4/ pdata/ 1/
Ir
2 Title 1e-20131216
[ 5.0E+08 3 Comment C13CPD
1 Origin Bruker
BioSpin GubH
L 4.5£+08 5 Owner nor
6 Site
7 Spectrometer spect
L 4.0E+08 8 Author
9 Solvent (6K}
10 Temperature 297.8
L 356408 11 Pulse 2gpg30
: Sequence
12 Experiment 1D
13 Number of 21433
r3.0E+08 Scans
14 Receiver 203
ain
15 Relaxation  1.0000
r2.5E+08 Delay
16 Pulse Width 12.0000
17 Acquisition 0. 4588
F2.0E+08 Tine
18 Acquisition 2013-12-1612
: 2:12:00
19 Modification 2013-12-17T0
r 1.5E+08 Date 7:16:00
20 Spectrometer 100. 61
Frequency
L 21 Spectral 35714.3
1OE+08 pheet
22 Lovest ~7796.3
Frequency
r5.0E+07 23 Nucleus 13C
24 Acquired 16384
Size
25 Spectral 32768
Al 0.0E+00 pectra
T T T T
40 20 10 0 -10
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o~
R L 1.60E409 Paraneter Value
< | Data File %:/ Data/
N Name NHR/
r 1.50E+09 2013-12/
1c-20131216
/ 1/ pdata/
F 1.40E+09 Vi
2 Title 1c-20131216
3 Comment  P31CPD
1.30E+09 |4 origin Bruker
BioSpin
Gublt
r1.20E+09 | .
5 Owner nor
6 Site
FLI0E+09 |7 spectromete spect
r
L 1006409 |® Author
) 9 Solvent  CDCI3
10 Temperature 297. 7
[9.00E+08 | |} pyise 2gpg30
Sequence
| 8.00E+08 | 12 Experinent 1D
) 13 Number of 52
Scans
F7.00E+08 | 14 Receiver 203
Gain
15 Relaxation 1.0000
r6.00E+08 Delay
16 Pulse Width 11.0000
L 17 Acquisition 0.5112
5.00E+08 fo
18 Acquisition 2013-12-16T
F400E+08 | DC 00
19 Modificatio 2013-12-16T
n 22:06:00
F3.00E+08 | 20 Spectromete 161.98
r Frequency
21 Spectral  64102.6
r2.00E+08 Width
22 Lowest -40150. 1
Frequency
FLOOE+08 | 53 vucleus 31p
24 Acquired 32768
4-0.00E+00 | Siz
25 Spectral 32768
Size
T T T T T
5 -5 -15  -20 -30 -35
GERNINIRS
R, g % % m ;‘-4” m ﬂ m % g m ﬁ 8 2 g g E E E § - 8.0E+08 Parameter Value
ONININNNNN < - oH A DR 1 Data File Z:/ Data/
L ~=" N =\ Name NMR/ 2013-6/
r7.5E+08 1c-9-17-2/
3/ pdata/ 1,
17.0E+08 r
: 2 Title le-9-17-2
3 Comment PROTON
r6.5E+08 4 Origin Bruker
BioSpin Gmbll
L 6.0E+08 5 Owner common
: 6 Site
L 556408 7 Spectrometer spect
) 8 Author
9 Solvent cDC13
= +
5.0E+08 10 Temperature 290. 6
11 Pulse 2g30
r4.5E+08 Sequence
12 Experiment 1D
L 4.0E+08 13 Number of 37
i Scans
14Receiver 144
F3.5E+08 Gain
15 Relaxation  1.0000
NSO Dela
GBRE e e e [ 3.0E+08 16 PZ]S‘Z Width 13.5000
SS88 6E+07 INENENEN 6E+07 L p
RN \\ / 17 Acquisition 0.4544
~\ 4E r2.5E+08 Time
+07
4E+07 | 18 Acquisition 2013-06-07T1
i SE+07 Date 8:53:00
F‘“% 2E+07 * [ 20E+08 19 Modification 2013-06-07T1
ate :54:
” OE+00 oY OE+00 | 4 5¢,08 20 Spectrometer 400. 23
= — Frequency
-20.8 -24.8 21 Spectral 36057. 7
r 1.0OE+08 Width
22 Lowest ~15568. 3
b 5.0E407 Frequency
. 23 Nucleus 1H
L 24 Acquired 16384
r 0.0E+00 Size
i 25 Spectral 32768
ize
& I -5.0E+07 ¢
o
T T T T T T T T
-2 -4 -6 -8 -10 -18 -22 -30
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M
Kty ~N;n oo Mmun MmN OO O 0
gV A IO i R e o e I F4.5E+08 Parameter Value
— cOomMmmmmMmmmmmnmmn N N ;
V) () e Sl 1 Data File  Z:/ Data/
Name NMR/ 2013-6/
1c-9-17/ 3/
pdata/ 1/ 1r
[4.0E+08 2 Title 1e-9-17
3 Comment C13CPD
4 Origin Bruker
BioSpin GmbH
-3.5E+08 5 Owner common
i 6 Site
7 Spectrometer spect
8 Author
L 3.0E+08 9 Solvent el
10 Temperature  295.6
11 Pulse 2gpg30
Sequence
12 Experiment 1D
[ 2.5E+08 13 Nunber of 2570
Scans
14Receiver 203
Gain
15 Relaxation  1.0000
r2.0E+08 Delay
16 Pulse Width 12.0000
17 Acquisition 0.4588
ime
L 18 Acquisition 2013-06-07T1
15E+08 ate 1:25:00
19 Modification 2013-06-07T1
Date 5:29:00
20 Spectrometer 100. 61
L 1.0E+08 Frequency
) 21 Spectral 35714.3
Width
22 Lowest ~7796.3
Frequency
b 5.0E+07 23 Nucleus 13¢
24 Acquired 16384
Size
25 Spectral 32768
Size
r 0.0E+00
T
80
n o
=] Parameter  Value
Pt L 1.00E+09 |1 Data File 7:/ Data/
\/ Name NMR/
2013-6/
1e-9-17/ 1/
pdata/ 1/
r9.00E+08 Ir
2 Title 1e-9-17
3 Comment P31CPD
4 Origin Bruker
8.00E+08 BioSpin
GbH
5 Owner common
6 Site
[7.00E+08 |7 spectromete spect
R
8 Author
9 Solvent CDC13
6.00E+08 10 Temperature 295.8
11 Pulse 2gpg30
Sequence
12 Experiment 1D
2. +
500408 | 1y \umber of 39
Scans
14 Receiver 203
Gain
[4.00E+08 | |5 kolaxation 1.0000
Delay
16 Pulse Width 14.0000
17 Acquisition 0.5112
r3.00E+08 Time
18 Acquisition 2013-06-07T
Date 14:20:00
19 Modificatio 2013-06-07T
L 2.00E+08 n Date 14:21:00
20 Spectromete 161.98
r Frequency
21 Spectral 64102. 6
F1.00E+08 | Mdth
22 Lowest 40150. 1
Frequency
23 Nucleus 31P
L 0.00E+00 | 24 Acauired 32768
ze
25 Spectral 32768
Size
T
-20
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<
3 2% RNIVIJINSEE®ILE 8] FEELTL 100€+09
— ©0 00 NSNS~ N S S < o NANANNNNA | Data File 7:/ Data/
N AN N N =\ Name /
2013-11/
L 9.00E+08 le-10-18/ 2/
pdata/ 1/ 1r
2 Title le-10-18
3 Comment PROTON
I 8.00E+08 1 Origin Bruker
BioSpin Gmbll
5 Owner i
6 Site
r7.00E+08 7 Spectrometer spect
@ 1@ 8 Author
RPh, 9 Solvent €Del3
\ L 6.00E+08 10 Temperature 297. 4
_N— 11 Pulse 2g30
H-N |f© Sequence
/ 12 Experiment 1D
L 5.00E+08 13 Number of 24
7\ - Scans
— 14Receiver 87
6 Gain
a 15 Relaxation  1.0000
r4.00E+08 Delay
16 Pulse Width 15.0000
17 Acquisition 2.0447
Time
[ 3.00E+08 18 Acquisition 2013-11-28T1
Date 1:08:29
19 Mod]flcat]onZOlB 11 28T1
ate
[ 2.00E+08 20 Spectrometer 400. 13
Frequency
21 Spectral  8012.8
Width
[l r 1.00E+08 22 Lowest ~1607. 5
| ] Frequency
23 Nucleus H
A 24 Acquired 16384
> 0.00E+00 ize
25 Spectral 65536
3 LagRYENTe 33 5% &
) S 5585889590 S § 99 =SS
o AN HWD AT A A — — o N N N
T T T T T T T T T T T T T T T T T T
10.5 9.5 8.5 75 6.5 5.5 45 35 25 15 0.5
MeEN 00 dHOoOMEINULNONONTO T I oS N O
SoOom ™m DT ONODOVOWMMNMONOEHONDNO N0 MO n o N 0
MHO ) CMINNRNHORTRRN T SBN GO o Iomm ; "
VNG N OmmmaNNOOS SR RE0EPPNOCmPdA™ o1 @ & 0 L 5.5E+08 Parameter Value
nuwnumn < MMNMNMNMMmMMOMMANNNNNNNNNNS N0 0 nwmo ~ "
A 4 A A A A A A A A A A A A~~~ 0 O 0N RERESE 1 Data File  Z:/ Data/
SN S e —————— NNY NN Name MR/
2013-11/
L le-10-18/ 3/
5.0E+08 pdata/ 1/ 1r
2 Title 1c-10-18
3 Comment C13CPD
F45E+08 |4 Origin Bruker
BioSpin Gmbll
5 Owner nr
6 Site
[40E+08 |7 o irometer spect
8 Author
b @ 9 Solvent cnel3
3.5E+08 | 10 Te ture 297.3
RPh, emperature
Pulse 2gpg30
Sequence
H-N—IF’ \) 12 Experiment 1D
/ [3-0E+08 | 13 Number of 4485
Scans
/ ’\i 14 Receiver 199
Gain
— [2.5E+08 | 15 elaxation 1.0000
Delay
6a 16 Pulse Width 9.8000
17 Acquisition 0.4588
| 20408 Apauisition 0.45
18 Acquisition 2013-11-28T1
Date 1:10:38
19 Modification 2013 11 28T1
F1.56+08 Date
20 Spectrometer 100. 61
Frequency
21 Spectral  35714.3
r 1.0E+08 Width
22 Lowest 7796.8
\ Frequency
v 23 Nucleus 13C
SOE+07 | o cquived 16381
! Size
I 25 Spectral 32768
z L Size
- I 0.0E+00
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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o
o Parameter  Value
b=l L 1 Data File Z:/ Data
M + /
1.608+09 Name MR/ 2012
4/ 2012-8/
L 1620120823
1.50E+09 / 1/ pdata/
1
L 140E+09 |2 Title 1¢-20120823
3 Comment  P3ICPD
4 Origin  Bruker
r1.30E+09 BioSpin
GmbH
5 Owner common
r1.20E+09 6 Site
7 Spectromet spect
r1.10E+09 er
5o 8 Author
Fae oo
9 Solvent  CDC13
r1.00E+09
RPh 10 Temperatur 294.4
e
H-N—Ir ] 9.00E+08 | 11Pulse  zgpgio
/ Sequence
12 Experiment 1D
/ N [8.00E+08 | 13 Number of 32
\ Scans
— L 14 Receiver 203
7.00E+08 Gain
6a 15 Relaxation 1.0000
} 6.00E+08 Delay
16 Pulse 10. 2000
Width
F5.00E+08 | 17 Acquisitio 0.2556
n Time
18 Acquisitio 2012-08
r4.00E+08 n Date 16 0
19 Modificati 2012-08-23T
on Date  16:15:00
[3:00E+08 | 50 Spectromet 162,02
er
L 2.00E+08 Frequency
O0E+ 21 Spectral  64102.6
Width
| 100E+08 | 22Lovest — -32051.3
Frequency
23 Nucleus  31P
r0.00E+00 | 24 Acquired 16384
Size
32768
T T T T T T T T T T
110 100 90 80 70 60 50 40 30 -30
NINWWONININIIILITITNANNNAAONANON O = — H =4O QO QWi mn Parameter Value
WONNNENNNNANNRNNNNENRNNNNSNNRNNNOOOOOSS ANANANANNAS -
AN AR AR, i T 60E+09 | Data File 2:/ Data/
Name NMR/ 2013-1//
le-8-16-2/
r 1.50E+09 2/ pdata/ 1/
ir
2 Title 1c-20120124-
F1.40E+09 3
@~ 3 Comment PROTON
o r1.30E+09 4 Origin Bruker
BioSpin GmbH
5 Owner common
I 1.20E+09 ’
Tphz 6 Site
H—N——-Ir ] b 1.10E+09 7 Spectrometer spect
/ . 8 Author
9 Solvent one13
N r 1.00E+09
7N 10 Temperature 290. 4
_ 11 Pulse 230
6b r9.00E+08 Sequence
12 Experiment 1D
L 8.00E+08 13 Number of 23
cans
14 Receiver 114
[ 7.00E+08 Gain
15 Relaxation  1.0000
+6.00E+08 Delay
16 Pulse Width 13.5000
17 Acquisition 1.9923
r5.00E+08 Time
18 Acquisition 201:
-4.00E+08 Pate o
19 Modi fication 201
Date 6:
r3.00E+08 20 Spectrometer 400. 23
Frequency
. L 2.00E+08 21 Spectral  8223.7
Width
22 Lovest 1647.9
r 1.00E+08 Frequency
23 Nucleus 1H
L 0.00E+00 24 Acquired 16384
Size
& 50 s 3 25 Spectral 32768
= coQo < -1 + Siz
e NSNS Q 1.00E+08 ize
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o N NQOUOINHANNATONT N NOY
i © NETSTANNC OO 6600 mR NN QM © N Paramet. Val
© < MO NMNMNMOONNNNNNNN QN 0000 0 0 © o arameter alue
— — A4 A A A AT A A A A A A A~ O O WL oM ~N 1 Data File 7:/ Data
DA e 7:/ Data/
[ N\ r— = (. I 5.0E+08 Name MR/ 20131
1c-8-16-2/
3/ pdata/ 1/
Ir
L45E408 2 Title 1e-20120124
: 3
. 3 Comment C13CPD
@@ 4 Origin Bruker
BioSpin GubH
4.0+
4.0E+08 5 Owner common
Fl>ph2 6 Site
H-N I 7 Spectrometer spect
r3.5E+08 8 Author
9 Solvent cncl3
J N\ 10 Temperature  290. 6
L 11 Pulse 2gpg30
— 3.0E+08 Sequence
6b 12 Experiment 1D
13 Number of 581
Scans
[25E+08 ||\ pecoiver 203
Gain
15 Relaxation  1.0000
Delay
[ 2.0E+08 16 Pulse Width 120000
17 Acquisition 0.5506
Time
18 Acquisition 2013-01-24T1
r1.5E+08 Date 6:18:00
19 Modification 2013-01-24T1
ate 6:33:00
20 Spectrometer 100. 64
r 1.0E+08 Frequency
21 Spectral 29761. 9
Width
22 Lowest -4817.6
L 5.0E407 Frequency
23 Nucleus 13¢
24 Acquired 16384
Size
+0.0E+00 25 Spectral 32768
ize
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
m
P F8.5E+08 Parameter Value
~ 1 Data File  Z:/ Data/
| L 8.0E+08 Name NWR/ 2013-1/
lc-8-16-2/
1/ pdata/ 1/
r7.5E+08 1r
2 Title 1¢-20120124
3
[70E+08 |3 Coment P31CPD
4 Origin Bruker
@ e [ 6.5E+08 BioSpin GmbH
5 Owner comnon
LgoE+08 |6 Site
ITPhZ 7 Spectrometer spect
L 8 Author
H-N I 5.5E+08 ' -
9 Solvent cne13
/ L 5.0E+08 | 10 Temperature 290.4
N . 11 Pulse 2gpg30
72N Sequence
_ r4.5E+08 | 12 Experiment 1D
6b 13 Number of 16
F4.0E+08 c
14Receiver 203
Gain
[3.5E+08 | 15Relaxation 1.0000
Delay
L 3.0E+08 | 16Pulse Width 10.2000
: 17 Acquisition 0.2556
Time
r2.5E+08 | 18 Acquisition 2013-01-24T1
Date 6:14:00
L 19 Modification 2013-01-24T1
2.0E+08 Date 6:11:00
20 Spectrometer 162. 02
r1.5E+08 Frequency
21 Spectral  64102.6
Width
[LOE+08 |, ovest 101524
Frequency
F5.0E+07 | 23 Nucleus 31P
24 Acquired 16384
Size
00B+00 | o5 poctral 52768
Size
T T T T T T T T T T T T T T T T T T 7-5‘0E+07
60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -15 -25 35 -45
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(=3 NONOVWAOTNOMNMHOONMNO NO ~ o o  ———————————
S ST A0 0Q0Q0 0N ®QY WO ®Q 0 Mo Parameter Value
o NNNNNNNNGOG OO G @nmn < NN NN r3.5E+08
I T\ |/ NN I Data File K:/
Name MyDocuments/’
1c-20140221-
B/ 1/ pdatay
1/ 1r
; 20140221
L 3.0E+08 2 Title ;L 20140221
3 Comment PROTON
4 Origin Bruker
PPh, i BioSpin Gubll
| 5 Owner common
H/N/"@ b 2.5E+08 6 Site
\ 7 Spectrometer spect
O 8 Author
9 Solvent D13
10 Temperature 291.5
NEt; F2.0E+08 11 Pulse 2830
7a Sequence
12 Experiment 1D
13 Number of 17
Scans
14 Receiver 114
r 1.5E+08 Gain
15 Relaxation  1.0000
Delay
16 Pulse Width 13.5000
17 Acquisition 2.9999
Time
LOE+08 18 Acquisition 2014-02-21T2
0:45:00
cation2014-02-21T2
0:45:00
20 Spectrometer 400. 13
Frequency
A +
5.0E+07 21 Spectral ~ 8223.7
Width
22 Lowest 1646. 9
o Frequency
J | l 23 Nucleus 1H
A 1 L 0.0E+00 24 Acquired 24670
Size
& & I 25 Spectral 32768
o o m N Size
IS N L
T T T T T T T T T T T
95 9.0 85 35 30 25 20 15 10 05 00
o HdoONOTNmMMm®INn Mo
© MO BIBIBNNSHAOOm 2 T o x ~oadHe
wn MNMAONNNNNNAAAAA < o< N = O Parameter Value
— A A AAAAAA A A A O O in Mmoo r6.5E+08
e e A NN/ ~\ ~ 1 Data File K:/
Name MyDocuments/
1c-20140221-
r6.0E+08 B/ 2/ pdata/|
1/ 1r
2 Title 1e-20140221-
F5.5E+08 B
3 Comment c13cPD
1 Origin Bruker
BioSpin Gubil
>.0E+
SOB+08 | o er common
PPh, 6 Site
\ L 456408 |7 Spectrometer spect
H—N—I~ ] 8 Author
9 Solvent coe13
~4.0E+08 10 Temperature 292.4
11 Pulse 2gpg30
Sequence
356408 | 12 Experiment 1D
7a 13 Number of 28470
Scans
L 14 Receiver 203
NEis 3.0E+08 ain
15 Relaxation  1.0000
Delay
[2.5E+08 | 16 pylse Width 12.5000
17 Acquisition 0.5506
Time
F2.0E+08 | 18 Acquisition 2014-02-21T2]
Date 0:48:00
19 Modification 2014-02-2210
L15E+08 Date 9:32:00
20 Spectrometer 100. 61
Frequency
21 Spectral ~ 29761.9
‘ FLOE+08 Widih
| 22 Lowest -4826. 7
o Frequency
" F5.0E+07 | 23 Nucleus 13¢
[ ‘ i “ 24 Acquired 16384
! J AA Size
— ‘J I\ A | L - 0.0E+00 25 Spectral 32768
Size
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
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wn
Q ~1.20E+09 Parameter Value
N 1 Data File 7:/ Data/
Name NMR/ 201245/
2012-12/
r 1.10E+09 le-7-47-1/
1/ pdata/ 1/
Ir
2 Title le-7-47-1
LO0E+09 |4 Comment  p31CPD
4 Origin Bruker
BioSpin GmbH
r9.00E+08 |5 Owner common
6 Site
PPh, 7 Spectromete spect
| [F8.00E+08 | T
H—N—Ir j 8 Author
(\) 9 Solvent  CDCI3
L 7.00E+08 | 10 Temperature
11 Pulse
Sequence
12 Experiment 1D
7a [6.00E+08 | 13 \umber of 44
Scans
14 Receiver 203
I 5.00E+08 o
15 Relaxation 1.0000
elay
16 Pulse Width 10.2000
[4.00E+08 | 17 Acquisition 0.2556
Time
18 Acquisition 2012-12-11T1
Date 5:18:00
[ 3.00E+08 19 Modificatio 2012-12-11T1
n Date 5:19:00
20 Spectromete 162. 02
L 2.00E+08 r Frequency
21 Spectral  64102.6
Width
22 Lovest ~40152. 4
r1.00E+08 Frequency
23Nucleus  31P
24 Acquired 16381
" Size
F0.00E+00 o1re .
25 Spectral 32768
Size
T
80 30
g 3 9 FAREEIIRISSR
N < NNNNNNN NN L 556408 Parameter  Value
| ISR > e | Data File K:/
Name MyDocuments/|
1c-20140213-
L A/ 2/ pdata/
5.0E+08 Ui
2 Title 1c-20140213-
A
F4.5E+08 3 Comment PROTON
4 Origin Bruker
BioSpin GmbH
PPh2 ; 1oopin Gmi
\ 5 Owner nmr
N J t4.0E+08 6 Site
(\) 7 Spectrometer spect
8 Author
B [ 3.5E+08 9 Solvent  CDCI3
10 Temperature 298. 1
11 Pulse 230
Bu L 3.0E+08 Sequence
7b 12 Experiment 1D
13 Number of 44
cans
[2.5E+08 14 Receiver 111
Gain
15 Relaxation  1.0000
Delay
2.0E+
20E+08 16 Pulse Width 15.0000
17 Acquisition 2.4999
Time
L 1.5E+08 18 Acquisition 2014
Date 9:42:52
19 Modi ficat ion 2014-02-13T1
Date 9:45:00
F1.0E+08 20 Spectrometer 400. 13
Frequency
21 Spectral  8012.8
Width
[ 5.0E+07 22 Lovest 1614.8
Frequency
23 Nucleus 1H
A L 0.0E+00 24 Acquired 20031
B Size
T 25 Spectral 65536
jl Size
. ‘O' ~-5.0E+07
9.5 9.0
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~ o NgoOo-TmMmNOSIN~NANNTTOANO
—~ HOOATHAOONNHOLO MO OdAaANLOONTANN-HOOD "
NS OMMHNST QW LN G KO QUVUNWWNDNINT NOOOX Parameter Value
o o Mo MANSHBELTMeHS S| OILTMMOANNOVOYO®X r5.5E+08
© © MmN mANNNNNNNAAAA OLLTITIILILTNA O N 0O I Data File K:/
- [t QAL ki i (Rl A g R M D R D USRS B Ahhhbhomommman NN Nomo MyDocuments/
N | =\ =\ TEaSNe— 1c-20140213~
A/ 3/ pdata/
r5.0E+08 1/ 1r
2 Title 1¢-20140213-
A
3 Comment C13CPD
45E+08 4 Origin Bruker
BioSpin GmbH
5 Owner i
PPh, L40E+08 |6 Site
\ 7 Spectrometer spect
H/N/"r j 8 Author
o l3.56+08 9 Solvent cne13
10 Temperature 298.2
Bu 11 Pulse 28pg30
Sequence
4 r3.0E+08 12 Experiment 1D
Bu 13 Number of 29450
7b Scans
14 Receiver 119
r2.5E+08 Gain
15 Relaxation  1.0000
Delay
NEt; 16 Pulse Width 9.8000
[ 2.0E+08 17 Acquisition 0.4588
Time
18 Acquisition 2014-02-13T1
Date 9:46:57
15E+08 19 Modi fication 2014-02-14T0
ate 8:13:00
20 Spectrometer 100. 61
Frequency
LOE+08 |5} spectral  35714.3
Width
22 Lowest ~7796.8
! Frequency
| L ¥
i 5.0E+07 23 Nucleus 13C
‘ O JL ‘ 24 Acquired 16384
i " “ Size
1 I | A o V] L F0.0E+00 25 Spectral 32768
ize
T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
=2}
2 b 6.0E+08 Parameter Value
k4 1 Data File K:/
Narie MyDocuments/
1¢-20140213-
r5.5E+08 A/ 1/ pdata/,
1/ 1r
2 Title 1c-20140213-
A
[5-0E+08 | 3 Comment P31CPD
4 Origin Bruker
BioSpin GmbH
PPh, L45E+08 |5 Ower it
| 6 Site
H/N/I J 7 Spectrometer spect
o L 4.0E+08 8 Author
9 Solvent D13
By 10 Temperature 298.0
L 11 Pulse 2gpg30
3.5E+08 Sequence
By 12 Experiment 1D
7b 13 Number of 10
F3.0E+08 | Scans
14 Receiver 199
Gain
15 Relaxation  1.0000
r2.5E+08 Delay
16 Pulse Width 14.5000
17 Acquisition 0.2556
F20E+08 | '
: 18 Acquisition 2014-02-13T1
Date 9:42:04
19 Modi fication 2014-02-13T1
F1.5E+08 ate 9:42:00
20 Spectrometer 161. 98
Frequency
21 Spectral  64102.6
r1.0E+08 Width
22 Lowest -40150. 1
Frequency
b5.0E+07 | 23 Mucleus 3P
24 Acquired 16384
Size
| 25 Spectral 32768
o pvmpriveyhie b Y i [ 0.0E+00 |  Size
T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40
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BIITIRAMARNIINE ST IIRT{IBDBR SN RR
NRNNNNNRNNNNNNNRKRNNGGG G mmnmm INEN IR [4.5E+08 Parameter  Value
l\l\;:kﬂ'&w’/)J#JJ######gg‘\\\/% \/ \/ 1 Data File K:/
Name MyDocuments/|
1c-20140214/
2/ pdata/ 1/
r4.0E+08 r
2 Title 1c-20140214
3 Comment PROTON
4 Origin Bruker
L 356408 BioSpin bl
5 Owner nnr
6 Site
7 Spectrometer spect
I 3.0E+08 8 Author
F|)Ph2 90 Solvent ggmz
10 Temperature 297.
H-N Ir. NEt; 11 Pulse 2g30
/ | 256408 Sequence
0o 12 Experiment 1D
13 Number of 25
Scans
14 Receiver 71
r2.0E+08 Gain
Tc -
15 Relaxation  1.0000
Delay
16 Pulse Width 15.0000
L 156408 17 Acquisition 2.4999
Time
18 Acquisition 2014-02-14T1
Date 7:20:5¢
19 ModiFication 2014-02-14T1
r 1.OE+08 ate 7:22:00
20 Spectrometer 400. 13
Frequency
21 Spectral  8012.8
Width
5.0E+07 22 Lowest -1635. 1
M I " Frequency
T _J).Lk M 23 Nucleus H
1 24 Acquired 20031
A o, L1 ooer00 ize
25 Spectral 65536
AR P oo
MmMNMS == a0 o N ©
NOMHAAOO — (3] m
T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 4 35 30 25 20 15 10 05 00
NT NSO ®ONG QN O ° oo
R R R R N R R - HH o N Parameter Value
HeA A A A A A A n Mmm M F5.0E+08 | Data File K:/
ata File  K:
TSN ~N Name WDocunents/
1c-20140214/
3/ pdata/ 1/
F4.5E+08 Ir
2 Title 1c-20140214
3 Comment C13CPD
4 Origin Bruker
BioSpin GmbH
4. +!
4.0E+08 5 Owner nmr
6 Site
7 Spectrometer spect
t3.5E+08 8 Author
9 Solvent el
10 Temperature 297.6
TPhZ 306408 11 Pulse 2gpg30
3.0E+ Sequence
H-N Ir. 12 Bxperi
/ ixperiment 1D
o) 13 Number of 12108
Scans
r2.5E+08 14 Receiver 199
Gain
15 Relaxation  1.0000
7c Delay
NEt3 L 2.0E+08 16 Pulse Width 9.8000
17 Acquisition 0.4588
Time
18 Acquisition 2014-02-14T1
ate 7:23:50
[ L.5E+08 19 Modification 2014-02-14T2
Date 2:30:00
20 Spectrometer 100. 61
Frequency
FL1OE+08 | 21Spectral  35714.3
Width
22 Lowest ~7796.8
Frequency
F5.0E+07 23 Nucleus 13C
24 hequired 16384
| Size
| 25 Spectral 32768
| ﬂ ) N Size
r 0.0E+00
T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0  -10
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o~
5 Parameter Value
© I Data File  Z:/ Data/
Name MR/ ,
L 2013-11
9.08+08 le-10-23/ 1/
pdata/ 1/ 1r
2 Title 1c-10-23
3 Comment P31CPD
F80E+08 |4 origin Bruker
BioSpin GbH
5 Owner nmr
6 Site
[7.0E+08 |7 Spectrometer spect
PPh, 8 Author
| 9 Solvent el
H-N /Ir@ 10 Temperature 295.0
o) [6.0E+08 | pyjse 2gpg30
Sequence
12 Experiment 1D
13 Number of 16
t5.0E+08 Scans
7c 14 Receiver 199
Gain
15 Relaxation  1.0000
Delay
[40E+08 | 16 pylse Width 14.5000
17 Acquisition 0.2556
Time
18 Acquisition 2013-12-01T1
L 3.0E+08 Date 6:39:31
19 Modification 2013-12-01T1
ate 6:39:00
20 Spectrometer 161. 98
Frequency
[2.0E+08 |y spectral  64102.6
Width
22 Lowest ~40150. 1
Frequency
L10E+08 | 23Nucleus 31P
: 24 Acquired 16384
Size
25 Spectral 32768
Size
- F0.0E+00
T T T T T T T T T T T T T T T T T T T
70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -15 -25 -35
. 1 . .
(E) Representative *H NMR Spectra of Reaction Mixture
3 8 ——
< S Paramete  Value
©0 T r
I
b 4.5E4+08 1 Data z/
File Data/
Name NMR/
2013-10/
L lc-10-3-
4.0E+08 B/ 1/
pdata/
1/1r
| 356408 2 Title Ic-10-3-
B-1
3 Comment PROTON
4 Origin Bruker
r3.0E+08 BioSpin
GmbH
H,0 5 Owner  common
2se+0s |6 Sie
7 Spectrom spect
eter
8 Author
[ 20E+08 9 Solvent D20
10 Temperat 290.5
HCOOK we
F1.5E+08 11 Pulse 2g30
Standard e
[ 1.OE+08 13 Number 53
of Scans
14 Receiver 101
Gain
r 5.0E+07
* 15Relaxati  1.0000
on Delay
L l‘ 16 Pulse 13.5000
F 0.0E+00 Width
s i 17 Acquisit  1.9923
A o ion Time
g > 18 Acquisit  2013-10-
) J J T T T T T J T T T ion Date 04T15:43
10 9 8 7 6 5 4 3 2 1 0 -1 :00
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