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1. Instrumentation and Chemicals

Materials were obtained from commercial suppliers and purified by standard procedures unless
otherwise noted. Solvents were also purchased from commercial suppliers, degassed via three
freeze-pump-thaw cycles, and further dried over molecular sieves (MS 4A). NMR spectra were
recorded on JEOL JNM-ECX400P and JNM-ECS400 spectrometers (‘H: 400 MHz and *C: 100
MHz). Tetramethylsilane (IH) and CDCl; (BC) were employed as the external standards,
respectively. CuCl (ReagentPlus® grade, 224332-25G, >99%) and K(O-t-Bu) / THF (1.0 M,
328650-50ML) were purchased from Sigma-Aldrich Co. and used as received. GLC analyses were
conducted with a Shimadzu GC-2014 or GC-2025 equipped with a ULBON HR-1 glass capillary
column (Shinwa Chemical Industries) and a FID detector. High-resolution mass spectra were

recorded at the Center for Instrumental Analysis, Hokkaido University.



2. General Experimental Procedure.

Procedure for the Copper(I)-Catalyzed Chemoselective Borylation of 1a (Table 1).

Copper chloride (2.5 mg, 0.025 mmol) and bis(pinacolato)diboron (2) (152.4 mg, 0.60 mmol), o-
diphenylphosphinophenol L1 (7.0 mg, 0.025 mmol) were placed in an oven-dried reaction vial.
After the vial was sealed with a screw cap containing a teflon-coated rubber septum, the vial was
connected to a vacuum/nitrogen manifold through a needle. It was evacuated and then backfilled
with nitrogen. This cycle was repeated three times. Dry THF (0.4 mL) and K(O-#-Bu)/THF (1.0 M,
0.6 mL, 0.6 mmol) were added in the vial through the rubber septum using a syringe. After stirring
for 30 min, 1a (74.5. mg, 0.50 mmol) was added to the mixture at 0 °C. After the reaction was
complete, the reaction mixture was passed through a silica gel column (radius: 10 mm, height of the
column: 30 mm) eluting with Et,0. The crude material was purified by flash column
chromatography (SiO,, Et,O/pentane, typically 0:100-2:98) to give the corresponding borylation

product 3a as colorless oil.

3. Substrate Preparation

1. (i-Pr)oNH, BulLi EtO.__O . Br o
2. Allylbromide “° Ph 1. LiAlH,, Et,0, 0 °C

Ph~ " Co,Et |
THF, —78 °C—rt = ' 2.CBry, PPhs, 0°C—rt =~

1h

Compounds 1a—1g and 1i were synthesized according to our previous publication.' In a oven-
dried 200 mL round bottomed flask, a hexane solution of n-BuLi (1.55 M, 11.6 mL, 18.0 mmol) was
added to a solution of (i-Pr),NH (3.05 mL, 21.8 mmol) in THF at 0 °C. The reaction mixture was
stirred for 15 min and then cooled to —78 °C. The ethyl ester (2.88 g, 15.0 mmol) was added
dropwise to the reaction mixture and the reaction mixture was further stirred for 30 min.
Allylbromide (1.95 mL, 22.5 mmol) was then added dropwise into the mixture. It was warmed to
room temperature and stirred for 4 h. The reaction mixture was quenched by addition of saturated
NH4CI aq. and extracted with Et,O three time. The combined organic layer was then dried over
MgSO,. After filtration, the solvents were removed by evaporation. The drude product was purified
by flash column chromatography to obtain the corresponding ethyl ester (2.26 g, 9.8 mmol, 65%) as
a colorless oil.

In a oven-dried round bottomed flask, a solution of the ethyl ester (2.09 g, 9.0 mmol) in Et,O (10
mL) was added to a slurry of LiAlH, (512.3 mg, 13.5 mmol) in Et,O (15 mL) at 0 °C. After stirred
for 9 h, the reaction mixture was quenched by addition of water and stirred until a white solid was
formed. The mixture was filtered and dried over MgSO,4. The crude material was purified by flush

column chromatography to obtain the corresponding alcohol (1.47 g, 7.7 mmol, 86%) as a colorless



oil.

In a 100 mL round bottomed flask, CBr4(2.98 g, 9.0 mmol) and the alcohol (1.43 g, 7.5 mmol)
were dissolved in dry THF (15 mL) and the mixture was cooled to 0 °C. PPh; (2.36 g, 9.0 mmol)
was then added portionwise and the reaction mixture was stirred for 12 h. The reaction mixture was
quenched by addition of water and extracted three times with Et,O. The combined organic layer was
dried over MgSO,. After filtration, the solvents were removed by evaporation. The crude product
was purified by flush column chromatography to obtain 1h (1.68 g, 6.6 mmol, 88%) as a colorless
oil.

'H NMR (392 MHz, CDCls, 8): 1.67-1.79 (m, 3H), 2.19-2.23 (m, 2H), 2.57-2.71 (m, 2H), 3.45—
3.52 (m, 2H), 5.06-5.15 (m, 2H), 5.67-5.78 (m, 1H), 7.18-7.21 (m, 3H), 7.26-7.31 (m, 2H). "°C
NMR (99 MHz, CDCls, 8): 32.8 (CH,), 34.0 (CH,), 36.6 (CH,), 38.4 (CH,), 38.6 (CH), 117.3 (CHy),
125.8 (CH), 128.26 (CH), 128.35 (CH), 135.4 (CH), 141.8 (C). HRMS-EI (m/z): [M]+ calcd for
Ci3Hy7Br, 252.05136; found, 252.05091.

4. Borylation Product Characterization
The 'H and °C NMR spectra of product 4g were identical to those we previously reported. '
4,4,5,5-Tetramethyl-2-(pent-4-en-1-yl)-1,3,2-dioxaborolane (3:1).2
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'H NMR (392 MHz, CDCls, 8): 0.79 (t, J = 7.9 Hz, 2H), 1.25 (s, 12H), 1.51 (quin, J = 7.6 Hz,
2H), 2.02-2.08 (m, 2H), 4.91-5.02 (m, 2H), 5.75-5.85 (m, 1H). *C NMR (99 MHz, CDCls, §): 10.7
(br, s, B-CH,), 23.3 (CH,), 24.8 (CH3), 36.3 (CH,), 82.8 (C), 114.4 (CH,), 138.9 (CH) HRMS-EI
(m/z): [M]+ caled for C;1HyBO,, 196.16346; found, 196.16381.

4,4,5,5-Tetramethyl-2-(2-phenylpent-4-en-1-yl)-1,3,2-dioxaborolane (3b).
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'H NMR (392 MHz, CDCl;, 9): 1.07-1.14 (m, 13H), 1.21-1.26 (m, 1H), 2.28-2.41 (m, 2H), 2.94
(dt, J=7.1, 142 Hz, 1H), 4.90-4.98 (m, 2H), 5.62-5.73 (m, 1H), 7.12-7.27 (m, 5H). °C NMR (99
MHz, CDCL, 8): 18.7 (br, s, B=CH,), 24.60 (CHs), 24.65 (CHs), 41.3 (CH), 43.7 (CHa), 82.9 (C),

116.0 (CH,), 125.8 (CH), 127.4 (CH), 128.0 (CH), 137.1 (CH), 146.7 (C). HRMS-EI (m/z): [M]+
caled for C,7H,sBO,, 272.19476; found, 272.19420.



2-(2,2-Dipropylpent-4-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3c).
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'H NMR (392 MHz, CDCls, 8): 0.75 (s, 2H), 0.83-0.88 (m, 6H), 1.23—1.25 (m, 20H), 2.06 (d, J =
7.6 Hz, 2H), 4.98-5.02 (m, 2H), 5.76-5.86 (m, 1H). >C NMR (99 MHz, CDCl;, 8): 14.9 (CH3), 16.7
(CH»), 24.8 (CH3), 37.7 (C), 41.6 (CH»), 43.5 (CH,), 82.5 (C), 116.4 (CH,), 136.1 (CH). The carbon
directly attached to the boron atom was not detected, likely due to quadropolar relaxation. HRMS-EI
(m/z): [M—Me]+ calcd for Ci4H30BO,, 265.23388; found, 265.23362.

tert-Butyl 4-allyl-4-[(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl]piperidine-1-
carboxylate (3d).

'"H NMR (392 MHz, CDCL, 8): 0.87 (s, 2H), 1.23 (s, 12 H), 1.39-14.9 (m, 13H), 2.16 (d, J= 7.5
Hz, 2H), 3.28-3.34 (m, 2H), 3.42-3.46 (m, 2H), 5.01-5.06 (m, 2H), 5.77-5.87 (m, 1H). °C NMR
(99 MHz, CDCls, 8): 19.7 (br, s, B-CH,), 24.8 (CHs), 28.4 (CHs), 33.5 (C), 36.5 (CH,), 39.7 (br, d,
CH,), 43.7 (CH,), 79.0 (C), 82.8 (C), 117.5 (CHy), 134.6 (CH), 155.0 (C). HRMS-EI (m/z): [M]+
caled for CyH3eBNO4, 365.27374; found, 365.27327.

2-(But-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3¢).**

3e
'H NMR (392 MHz, CDCls, 8): 0.89 (t, J = 7.7 Hz, 2H), 1.24 (s, 12H), 2.14-2.20 (m, 2H), 4.88—
5.03 (m, 2H), 5.84-5.94 (m, 1H). °C NMR (99 MHz, CDCl;, 8): 10.2 (br, s, B-CH,), 24.8 (CH3),
27.9 (CHy), 83.0 (C), 113.1 (CH,), 140.6 (CH). HRMS-EI (m/z): [M]+ caled for C;oH;9BO,,
182.14781; found, 182.14816.



4,4,5,5-Tetramethyl-2-(2-phenethylpent-4-en-1-yl)-1,3,2-dioxaborolane (3h).

3h
'"H NMR (392 MHz, CDCls, 8): 0.85 (d, J = 6.7 Hz, 2H), 1.25 (s, 12H), 1.50-1.69 (m, 2H), 1.79
(septet, J = 6.7 Hz, 1H), 2.03-2.19 (m, 2H), 2.55-2.67 (m, 2H), 4.98-5.05 (m, 2H), 5.74-5.85 (m,
1H), 7.14-7.18 (m, 3H), 7.24-7.28 (m, 2H). °C NMR (99 MHz, CDCls, §): 16.5 (br, s, B-CH,),
24.8 (CH3), 33.3 (CH,), 33.9 (CH), 38.3 (CH,), 40.8 (CH,), 82.9 (C), 116.0 (CH,), 125.5 (CH),
128.2 (CH), 128.3 (CH), 137.3 (CH), 143.1 (C). HRMS-EI (m/z): [M]+ caled for CisHyBO,,
300.22606; found, 300.22607.

4,4,5,5-Tetramethyl-2-[(3-phenethylcyclobutyl)methyl]-1,3,2-dioxaborolane (4h).
% 1O
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The product 4h was obtained as a diasterecomeric mixture (1:1). The stereoselectivity was
determined by 'H NMR analysis of the crude reaction mixture.

'H NMR (392 MHz, CDCls, 8): 0.90 (d, J = 6.7 Hz, 2H), 1.00 (d, J = 7.9 Hz, 2H), 1.18-1.26 (m,
26H), 1.63 (dt, J = 7.8 Hz, 2H), 1.69-1.77 (m, 4H), 1.80-1.87 (m, 2H), 1.98-2.07 (m, 1H), 2.18-
2.29 (m, 4H), 2.43-2.53 (m, 5H), 7.14-7.18 (m, 6H), 7.24-7.28 (m, 4H). *C NMR (99 MHz, CDCl,
d): 24.8 (CH3), 27.9 (CH), 28.2 (CH), 30.7 (CH), 31.6 (CH), 33.6 (CH,), 33.8 (CH,), 35.0 (CH,),
37.2 (CHy), 38.3 (CHy), 39.3 (CHy), 82.8 (C), 125.5 (CH), 128.2 (CH), 128.3 (CH) 142.9 (C). The
carbon directly attached to the boron atom was not detected, likely due to quadropolar relaxation.

HRMS-EI (m/z): [M]+ calcd for C1oHzsBO,, 300.22606; found, 300.22631.

4-Allyl-4-[(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl]-1-tosylpiperidine (3i).
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'H NMR (392 MHz, CDCL, 8): 0.72 (s, 2H), 1.21 (s, 12H), 1.57 (t, J = 5.6 Hz, 4H), 2.03 (d, J =
7.7 Hz, 2H), 2.44 (s, 3H), 2.85-2.91 (m, 2H), 3.10-3.15 (m, 2H), 4.94-5.04 (m, 2H), 5.65-5.79 (m,
1H), 7.32 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H). *C NMR (99 MHz, CDCl, §): 19.2 (br, s,
B-CH,), 21.5 (CH3), 24.8 (CHs), 32.8 (C), 36.0 (CH,), 42.0 (CH,), 43.7 (CH,), 82.9 (C), 117.8



(CHy), 127.6 (CH), 129.5 (CH), 133.4 (C), 134.1 (CH), 143.2 (C). HRMS-ESI (m/z): [M+Na]+
calcd for C»,H34BNO4SNa, 442.21979; found, 442.22008.

5. Borylation Product Functionalization Procedure

(pin)B (pin)B

9-BBN-H - \
o 9-BBN |
NTs  THF, 50 °C NTs
3i 5

3i (62.9 mg, 0.15 mmol) was placed in an oven-dried reaction vial. After the vial was sealed with
a screw cap containing a teflon-coated rubber septum, the vial was connected to a vacuum/nitrogen
manifold through a needle. The reaction vial was evacuated and then backfilled with nitrogen. This
cycle was repeated three times. 9-BBN-H/THF (0.5 M, 0.45 mL, 0.225 mmol) was added to the vial.
The reaction mixture was stirred for 12 h at 50 °C. Then, the NMR yield of 5 was measured with

crude material under a nitrogen atmosphere.

6. Details of DFT Calculations

All calculations were performed with Gaussian 09W (revision C.01) program package.5
Geometry optimizations were carried out with B3PW91l/cc-pVDZ in the gas-phase. Frequency
calculations were conducted on the gas-phase optimized geometries to check the all the stationary

points as either minima or transition states.

Table S1 Results of DFT calculations of the alkene addition step in copper(I)-catalyzed

borylationl’6
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Ty ~c=c< HZCCTH YA
;C:Ci H H H H H H
n TS P
I
AG (298 K, 1.0 atm, gas phase),? kcal mol~'
entry ligand (L) 1+ ]| TS P
1 Xantphos 0 7.1(-6.5) 17.6 (2.1) -11.4 (-24.9)
2 P(CgFs)3 0 1.5 (-12.2) 19.3 (3.6) -14.8 (-27.8)
3 PPh3 0 3.5(-10.4) 19.0 (3.6) -16.2 (-30.5)
4 PCy; 0 5.8 (-6.6) 21.1(6.2) -13.3 (-25.4)

@Electronic energies are shown in parenthese.

In the transition state, the activation free energy of borylcopper(I)/Xantphos was lower than those

of borylcopper(I)/monophosphine ligand: P(C¢Fs);s, PPh; and PCys; (entry 1). The



borylcopper(I)/monophosphine ligand exhibited high the activation free energies (entries 2—4). In

particular, the activation free energy of borylcopper(I)/PCy; was higher than those of P(C¢Fs); and

PPh; (entry 4). These results supported the selectivity and yield of the borylation of alkenyl halide.
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element
gingle_pulse.ex2
84432293
CELOROFORM-D
11-MAR-2015 11:41:12
11-MAR-2015 12:11:47
11-MAR~2015 12:11:50

single_pulse
1D COMPLEX
16384

1H

[ppm]

X

ECS 400
JNM~ECS400

9.20197068[T] (390 [MH
2.787901441s]

391.78655441 [MHz]
5 {ppm]

16384

1

0.35869274 [Hz]
5.87682181[kHz]
1"
391.78655441[MHz]
5 Eppm]

1H

391.78655441 [MEZz]
5[ppm]

FALSE

1

8

8

10.7[us]
2,78790144[s])
45 [degl
1.9[dB]
5.35[us]

Off

Off

FALSE

1Is)

46

4[s)
6.78790144 [s]
20.7[4ac]




4.0

3.0

2.0

abundance

B 0 e B B S L L A

2100 2000 1900 180.0 170.0 160.0 150.0 i40?0 130.0 120.0

X : parts per Million : 13C

138.8695

LA IS S S e e

110.0 100.0 90.0

114.4250

700 600 500 40.0

s W

82.8369
77.0000
76.6757
36,3418
24.7729
23.3423
10.6670

———« PROCESSING PARAMETERS -—-—-

dc_balance : 0 :
sexp : 2.0[HzZ]

trapezoid3 : 0[%]

zerofill : 1
£f¢ : 1 : TRUE :
machinephase

¢ Ppe

FALSE
0.0[s]
: 80[%] : 100[%]

TRUE

Derived from: IWA-540-carbon-l.jdf

Filename
Author
Experiment
Sample_id
Solvent
Creation_time
Revision_time
Current_time

Comment

; Data_format
i Dim_size

Dim_title
Dim_units
Dimensions
Site
Spectrometer

Field_gtrength
X_acq duration
X domain
X_freq

i X_offset

X _points
X_prescans
X_resolution
X _sweep
Irr_domain
Irr_freq
Irr_offset
clipped
Mod_return
Scans
Total_scans

; X_90_width

X_acqg _time
X_angle
X_atn
X_pulse
Irr_atn_dec
Irr_atn noe
Irr_noise

| Decoupling
i Initial_wait

Noe

Noe_time
Recvr_gain
Relaxation_delay
Repetition_time
Temp_get

ECN O O B T T 3

oo nuu

il

LT T (L O O (IO (1}

0o % g nnown s an

IWA-540-carbon-3.jdf
element
gingle_pulse_dec
s#436893
CHLOROFORM-D
11-MAR-2015 11:54:43
11-MAR-2015 12:16:58
11-NAR-2015 12:19:34

single pulse decouple
1D COMPLEX

26214

13C

[ppm}

X

ECS 400
JINM~ECS400

9.20197068[T] (390[MH
1.06430464([s]

13C

98.51479726 [MHZ]

100 [ppm]

32768

4

0.93958061[HzZ]
30.78817734 [kHz]
1H

391.78655441 [MHZ]
5[ppm]

FALSE

1

141

141

8.8[us]
1.064304641s]
30[degl
4.9[881
2.93333333[us]
22.52628[dB]
22.52628[dB]
WALTZ

TRUE

1[s]

2[s]
3.06430464([s]
20.9[dC]




14.0

13.0

12.0

11.0

whundanco
shundence

10.0

———— PROCESSING PARAMETERS —-——-—
de_balance ; 0 : FALSE

sexp ¢ 0.2[Hz] : 0.0[s]
trapezoid3 : 0I%] : S80[%] : 100([%]
zerofill : 1

£ft :+ 1 : TRUE : TRUE
machinephase

ppm

Derived from: IWA-525-pure~l.jdf

9.0

12842

8.0

R FEETETRETE ISR RP) PRI N TR PRI SR T TU RN TS FUPTRRSRWE R

6.0

5.0

arbaasaoacodsaacoa o o Lo o doaaaa e b

4.0

3.0

2.0

1.0

abundance

=

0

i

e
=
n

49823 ——o
-

<

—

i
/ B
0.0000 —=

7.2702
7.1183
4.8999
1.2643
1.2076
11371
1.0748

X : parts per Million : 1H

5~-FEB-2015 22:18:05
15-MAR-2015 21:20:05
15-MAR-2015 21:20:18

Creation_time
Revision_time
Current_time

Filename = IWA-525-~pure-3.jdf
Author = element
Experiment = gingle_pulse.ex2
Sanmple_id = S#820667

Solvent = CHLOROFORM-D

Comment = single_pulse
Data_format = 1D COMPLEX
Dim_size = 16384
Dim_title = 1H
Dim_units = [ppm]
Dimensions =X

Site = ECS 400
Spectrometer = JNM-ECS400

©9.20197068[T] (390[MH

: Field_strength
: 2.78790144([s]

! X_acqg _duration

i X _domain = 1H
i X_freq = 391.78655441 [MH=z]
! X _offset = 5[ppm]
X_points = 16384
X_prescans =1
X_resolution = 0.35869274[Hz]
X_sweep = 5_.87682181[kHz]
Irr_domain = 1H
Irr_freq = 381.78655441[MH=Z]
Irr_offset = 5[ppm]
Tri_domain = 1H
Tri_freq = 391.78655441[MHZ]
Tri_offset = 5[ppm]
Clipped = FALSE
Mod_return =1
Scans = 8
Total_scans =8
X_80_width = 10.7[us]
X_acq_time = 2.787901441s]
X_angle = 45[deg]
X_atn = 1.9[a8]
X_pulse = 5.35[usl
Irr_mode = Off
Tri_mode = Off
Dante_presat = FALSE
Initial_wait = 1[s]
Recvr_gain = 36
Relawation_delay = 4[s]
Repetition_time = 6.78790144[s]
Temp_get = 19.3[d4cC]




11 1.2

1.0

0.9

0.8

ww=~ PROCESSING PARAMETERS ——-—-
dc_balance : 0 FALSE

sexp : 2.0[Hz] 0.01s]
trapezoid3d : O0[%] : 80[%] : 100[%]
zerofill : 1

| ££2 = 1 : TRUE : TRUE

5] machinephase

ppm

Dexrived from: IWA-525-carbon-1.jdf

0.7

0.6

9.5
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0.4
.l

0.3
ol .

0.2

0.1

IR N

abundance

=

246489
245012

Creation_time
Revision_time
Current_time

14-MAR~2015 14:20:42
14-MAR-2015 14:44:25
14-MAR-2015 14:45:58

H H i Filename = IWA-525-carbon-3.3jdf
H ;'ij LW i Author = element
= Experiment = single_pulse_dec
i Sample_id = S#524989
=9 20 | | Solvent = CHLOROFORM-D

Comment = single pulse decouple
X: piarts per Million : 13€ Data_format = 1D COMPLEX
Dim_size = 26214
Dim_title = 13C
Dim_uvnits = [ppm]
Dimensions =X
{ 8ite = ECS 400
Spectrometer = JNM-ECS400
Field_strength = 9.20197068[T] (390[MH
X_acq duration = 1.06430464[s]
X_domain = 13C
X_freq = 98.51479726 [MHZ]
¥_offset = 100[ppm]
X_points = 32768
X_prescans =4
X_resolution = 0.93958061[Hz]
X_sweep = 30.,78817734[kHz]
Irr_domain = 1H
Irr _freq = 391.78655441[MH2]
Irr_offset = 5[ppnl
Clipped = FALSE
Mod_return =1
Scang = 133
Total_scans = 133
X_90_width = 8.8[us]
X_acqg time = 1.06430464([s]
X_angle = 30[deg]
. ) X_atn = 4.9[4B]
O A A g etse e
’ ’ ' il S ‘W i Irr_atn_dec = 22.52628[dB]
Irr atn_noce = 22.52628[adB]
B e B B o o g 7 T T T Ty nedise - WALTZ
210.0 200.0 190.0 180.0 170.0 160.0 150.0 14 110.0 100.0 90.0 70.0 60.0 50.0 2 0 -10.820.0| pecoupling = TRUE
| Initial_wait = 1[s]
IIl [ Noe = TRUE
! Noe_time = 2[s]
Recvr_gain = 60
2 E T8 & 8 2R %ﬁﬁ Relaxation_delay = 2[s]
2 3 88% § 58S 5 RS- Repetition_time = 3.06430464[s]
] 5oy 9 LEre L] Pt Temp_get = 20.6[dc]
™ - vy Rl

X : parts per Million : 13C
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X : parts per Million : 1H

Filename
Author
Experiment
Sample Id
Solvent
Creation Time
Revision Time
Current Time

Comment

Data Format
Dim Size

Dim Title
Dim Units
Dimensions
Site
Spectroneter

Field Strength
X Acq Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X Sweep
I;:_Damain
Irr_Freq

Irr Offset
Tri_Domain
Tri_Freq
Tri_Offset
Clipped

Scans

Total_ Scans

Relaxation Delay
Recvr Gain
‘.'Eempﬂ_Eet

X 90 _Width

X Acq Time

X Angle

X Atn

X Pulse

Irr Mode
Tri_Mode

Dante Presat
Initial Wait
Repetition Time

Wwwann

o

{11 T T [ T

LI T 1 I 1}

{1 | | O IO 1 [}

IWA-572-purel-4.3jdf
element
single pulse.ex2
S#350181
CHLORCFORM-D
3-MAR~2015 09:26:36
17-MAR-2015 04:41:06
17-MAR-2015 04:41:19

single pulse
1D CCMPLEX
16384

1H

[ppm]

X

ECS 400
JNM-ECS400

$.20197068[T] (390[MHEZ])
2.78790144[s]

1H
391.78655441[MH=z]
5 [ppm]

16384

1

0.35B869274[Ez]
5.87682181[kHz]
1H

391.78655441 [MHz]
5 [ppm]

1=

391.78655441 [MHZz]
5[ppm]

FALSE

20

20

4[s]

50

20.5[dC]
10.7[us]
2.78790144[s]
45 [deg]
1.9[dB]
5.35{us]

Off

Off

FALSE

1is]
6.78790144([s]
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—w= PROCESSING PARAMETERS —-——

Derived from:

dc_balance : 0 : FALSE

sexp : 2.0[Hz] : 0.0[s]
trapezoid3 : 0[%] : 80[%] : 100(%]
i zerofill : 1
| £€£ : 1 : TRUE : TRUE
machinephase

prm

IWA~572~carbon-1.jdf

L B B B e

X : parts per Million : 13C

T

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0. 130.0 1200 110.0 100.0 90.0

H
i

136.1132

T T T

LA WL e

80.

A

700 60.0 50.0

-

116.3897
82,5317
77.3243

400 30.0

43.5045
41,6065 —
37.6961

20.0

24.8301

16.7137

10.0

14.9302

0

T T

~10.820.0

Filename
Author
Experiment
Sample_id
Solvent
Creation_time
Revision_time
Current_time

Comment
Data_format
Din_size
Dim_title
Dim_units
Dbimensions
site
Spectrometex

¥Field strength
X acq _duration
X _domain
X_freq
X_offset
X_points

X _prescans
X_resolution
X_sweep
Irr_&omain
Irr_freq

{ Irr offset
; Clipped

Mod_return
Scans
Total_scans

X _90_width
X_acqg_time
X _angle

X atn

X _pulse
Irr_atn_dec
Irr_atn_noe
Izz_noise
Decoupling
Initial_wait
Noe
Noe_time
Recvr_gain

Relaxation_delay

Repetition_time
Temp_get

nonwwnowamn

{1 (O (T 14

[ O I {2 1 I 14

LI ¢ (1O (I 1 G G A )

IWA-572-carbon-3.jdf

element

single pulse_dec

S#354959

CHLOROFORM-D
3~MAR-2015 09:38:51
3-MAR-2015 10:02:05
3-MAR-2015 10:02:15

single pulse decouple
1D COMPLEX

26214

13¢c

[ppm]

X

ECS 400
JNM-ECS400

9.20197068[T] (3950[MH
1.06430464[s]

13¢C

98.51479726 [MHZ]

100 fppm]

32768

4

0.93958061[Hz}
30.78817734 [kHz]

1B

391.78655441 [MHz]
5 [ppm]

FALSE

1

133

133

8.8[us]
1.064304641s]
30[deg]
4.9[asl
2.93333333[us]
22.52628[dB]
22.52628[dB]
WALTZ

TRUE

1is]

TRUE

2[s]

60

2[s]
3.064304641[s]
20.8ldc]
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X : parts per Million : 1H

Filename
Author
Experiment
Sample Id
Solvent
Creation Time
Revision Time
Current Time

Comment

Data Format
Dim Size

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field Strength
X Acq Duration
X_Domain

X Freq

X Offset

X Points

X Prescans

| X Resolution

X_Sweep
Irr_Domain
Irr Freq
Irr Offset
Tri_Domain
Tri_ Freq
Tri_Offset
Clipped
Scans

Total Scans

Relaxation Delay
Recvr_Gain :
Temp_Get

X _90_width

X Acqg_Time

X Angle

X Atn

X _Pulse
Irr_Mode
Tri_Mode

Dante Presat
Initial Wait
Repetition Time

o

LTI 3

L T O T

L 1 | O T 1O '

LI T T 120 I 14

L3 1 VI Y O

IWA-574~purel-4.jdf
element
single pulse.ex2
S#555195
CHLOROFORM-D
3-MAR-2015 15:08:15
17-MAR-2015 03:42:47
17-MAR-2015 03:43:06

single pulse
1D COMPLEX
16384

1H

[ppm]
X

ECS 400
JNM-ECS400

9.20197068[T]1 (390[MH=z])
2.787%0144[s]

1B
391.78655441 [MHz]
5ippml]

16384

1

0.35869274[Hz]
5.87682181 [kEz]
iH
391.78655441 [MHzZ]
5[ppm]

iH

391.78655441 [MHz]
5[ppm]

FALSE

16

16

4[s]

40

20.9[4aC]
10.7[us}
2.78790144[s]
45[deg]
1.9[dB]
5.35[us]

Off

Off

FALSE

1(s]
6.78790144s]




3.0

2.0

1.0

. i ’

JEOL
RESONANCE

abundance

" o) W f

X : parts per Million : 13C

I|.v||x\||l\\||\|1l||\ LI L B L IO LA L L B B ML B B

155.007—

134,644_

117.525—
43.733
40.166
19.747

L B L L L L SRS BN

222.00.0200.0190.0180. 01700160 0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

-10.0

Filename
2uthor
Experiment
Sample Td
Solvent
Creation Time
Revision Time
Current_Time

Comment

Data Format
Dim_Size

Dim FTitle
Dim Units
Dimensions
Site
Spectrometer

Field Stremngth
X Acg Duxation
X Domain
XwFreq

X Offset

X Points

X Prescans

X Resolution

X Sweep
Irr_Domain
Ir:r::Freq

Irr Offset
Clipped

Scans
Total_Scans

Relaxation Delay
Recvr_Gain
Tenp_( Get

X _90_Width
X__Acq_’.t:z.me

X Angle

X Atn

X Pulse

Ir:r: Atn Dec
Irr Atn ) . Noe
Ir:x_No:.se
Decoupling
Initial Wait
Noe

Noe Time
Repetition Time

LI R T O T |

{2 I

{1 A 2 1 O 1 1 | 1

[ T | O (200 [ 20O O 1 (I 1}

IWA-574~carbon-4. jdf
element

single pulse dec
S#559960
CHLOROFORM~D
3-MAR-2015 15:18:15
17-MAR-2015 03:21:10
17-MAR-2015 03:22:47

single pulse decoupled gat
1D COMPLEX

26214

13c

[ppm]
X

ECs 400
JNM-ECS400

9.20197068[T] (390 [MHz])
1.06430464([s]

13c

98.51479726 [MHz]
100 [ppm]

32768

4

0.93958061 [Hz]
30. 78817734 [kHz]
1H

391.78655441 [MHz]
5[ppm]

FALSE

89 -

89

2is]

60

21.1[dC]
8.Bfus]
1.06430464([s]
30 [ded]
4.9[dB]
2.93333333[us]
22.52628[dB]
22.52628[dB]
WALTZ

TRUE’

1[s]

TRUE

2[s]
3.06430464([s]




10
1.0

JEOL
RESONRANCE

Filename
Author
Experiment
Sample Id

IWA-554-purel-4. jdf
element

single pulse.ex2
S#3370

CHLOROFORM-D

40.0

12-MAR-2015 23:46:08

LI TV

4 Solvent
B Creation Time
g e Revision_Time

X:Re solution

g . 22-MAR-2015 17:11:51
k| =1 g Current Time = 22-MAR-2015 17:11:56
B £
) 50 ) H b | Comment. - = single pulse
22 2.9 Data Format = 1D COMPLEX
I Dim Size = 16384
! Dim Title = 1H
-8 g L Dim Units = [ppm]
X:gaﬂ? per Million : ll‘f § i - D:}mens;i'ons =X
X part pec Million 1 Site = ECS 400
Spectroneter = JNM-ECS400
Field Strength = 9.20197068[T] (390 [MHZz])
X Acg Duration 2.78790144([s]
X Domain iH
X Freq 391.78655441 [MHAz]
X Offset 5 [ppm]
X Points 16384
X Prescans 1

0.35869274 [Hz]

20.0

DU IV V| T T (O IO 1 |

abundance

i X Sweep 5.8768218B1 [kEz]
§ . I;r_Domain 1B
] Irr Freq 391.78655441 [MH=2]
] Irr Offset 5 [ppm]
i Tri Domain 18
| Tri_Freq 391.78655441 [MHZ]
. Tri Offset 5 [ppm]
i Clipped FALSE
N Scans 8
4 Total Scans B
4 Relaxationwpelay = 4[s]
4 - Recvr_Gain = 46
| Temp Get = 20.3[dc]
i X _90_Width = 10.7{us]
X Acq Time = 2.78790144(s]
] X Angle = 45[degl
| ©o X Atn = 1.9[dB]
i . X Pulse = 5.35([us]
J Irxr Mode = Off
§ Tri Mode = Off
| Dante Presat = FALSE
] Initial Wait = 1[s]
N Repetition Time = 6.78750144(s]
P W
L L B e L L o D R L0 A e e e s e s
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
o @ vi N (= T NSO =1
< o ol 0 (= < © o0 I~ (=
o %0 S < = N S % o =
v Lol o N — oo o <

<t
0
N
~
H

X : parts per Million : 1
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abundance

4.0

3.0

1.0
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———— PROCESSING PARAMETERS -——-
FALSE
0.01s]

de_balance : 0 =
sexp : 2.0[Hz] :
trapezoid3 :
zerofill : 1
£ft = 1 : TRUE
machinephase
pOm

Derived from:

01[%]

s
80[%] : 100([%]

¢ TRUE

IWA-554-carbon-1.jdaf

Aol
"

¥ RO ot/

L B B S L B B

210.0 2000 190.0 180.0 170.0 160.0 150.0 14

—= ¢————————

140.6053
113.1183

X : parts per Million : 13C

T

.0 1300 120.0 110.0 100.0 90.0 ;0.0
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AN

Qe w© >
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%Egiﬂ N§ =

638 a8 =

P o< s

SERR LS =

700 600 500 400 300 200 100

Filename

! Author

! Experiment
: Sample_id
! Solvent

Creation_time
Revision_time
Curreant_time

Comment
Data_format
Dim_size
Dim_title
Dim_units
Dimensions
Site
Spectrometer

Field_strength
X_acqg _duration
X_domain
¥_freq
X_offset
X_points
X_prescans
X_resolution
X_sweep

Irr domain
Irr_freq
Irr_offset
Clipped
Mod_return
Scans
Total_scans

X_90_width

X _acqg_time
X_angle

X_atn

X_pulse
Irr_atn_dec
Irr_atn_noe
Irr_noise
Decoupling
Initial_wait
Noe

Noe_time
Recvr_gain
Relaxation_delay
Repetition_ time
Temp_get

W

o nuwnn

L O {1 1 [ [ T

L O I U (V20 I (O [}

IWA-554~carbon-3.jdf
element
single_pulse_dec
S#7365

CHLOROFORM~D
12-MAR-2015 23:56:45
13-MAR-2015 00:19:14
13-MAR-2015 00:22:19

single pulse decouple
1D COMPLEX

26214

13¢

[ppm]

X

ECS 400
JTNM-ECS400

9.20197068[T] (390 [MH
1.06430464[s]

13c

98.51479726 [MHz]
100 {ppm]

32768

4

0.93958061 [Hz]
30.78817734 [kHz}
1K
391.78655441 [MHz]
5 [ppm}

FALSE

1

104

104

8.8[us]
1.06430464[s]
30[deg}
4.9[dB}
2.93333333[us]
22,.526281dB]
22.52628[dB]
WALTZ

TRUE

1[s]

TRUE

2[s]

60

2[sl
3.06430464[s]
20.5[4c]
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X: parts per Million:

JEOL
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X : parts per Million : 1
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