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General

The design and operation of the vortex fluidic device (VFD) used herein is detailed
elsewhere.! All starting materials were obtained commercially and used without
further purification unless otherwise stated. Thin layer chromatography (TLC) was
conducted on Merck Kieselgel 60 F254 plates and products were visualised under
shortwave UV light (254 nm). 'H- and C nuclear magnetic resonance spectra were
obtained using a Bruker AV-500 spectrometer (500 MHz for 'H and 125 MHz for
'*C) or Bruker Avance 600 spectrometer (600 MHz for 'H and 150 MHz for “C).
Each sample was dissolved in d-chloroform and each spectrum was calibrated using
the residual solvent peak (8 7.26 for 'H and & 77.0 for °C). Mass spectra were
recorded with a Waters LCT Premier XE spectrometer, run in positive ionisation W-

mode, using the electrospray ionisation technique.

Optimisation  of  reaction conditions for the coupling of N-
phenyltetrahydroisoquinoline and nitromethane with Rose Bengal

A 10 mm NMR tube was charged with N-phenyltetrahydroisoquinoline (0.075 mmol),
Rose Bengal (3.80 mg, 5 mol%) and nitromethane (1 mL). The tube was capped
tightly then rotated in the VFD at 2000, 4000 or 7000 rpm with a tilt angle of 15, 45
or 75° for 90 minutes in the presence of green LEDs at a distance of 3 cm. The
mixture was then diluted with EtOAc (2-3 mL) transferred to a round bottom flask
and evaporated to dryness. The residue was then redissolved in EtOAc and adsorbed
onto silica gel and subsequent flash chromatography (EtOAc:hexanes, 1:9) gave the

desired compound.

General procedure for photoredox aza-Henry reactions with Rose Bengal

A 10 mm NMR tube was charged with the appropriate tetrahydroisoquinoline (0.075
mmol), Rose Bengal (0.76 mg, 1 mol%), the appropriate nitro compound (0.4 mL)
and water/MeCN (0.05 mL/0.55 mL). The tube was capped tightly then rotated in the
VFD at 4000 rpm with a tilt angle of 45° for 75 minutes in the presence of green
LEDs at a distance of 3 cm. The mixture was then diluted with EtOAc (2-3 mL) and
transferred to a round bottom flask and evaporated to dryness. The residue was then
redissolved in EtOAc and adsorbed onto silica gel and subsequent flash

chromatography (EtOAc:hexanes, 1:9) gave the desired compounds.



1-Nitromethyl-2-phenyl-1,2,3,4-tetrahydroisoquinoline

Using N-phenyltetrahydroisoquinoline® the title compound was obtained (80%). 'H
and >C NMR spectra were consistent with literature values.” "H NMR (500 MHz,
CDCls) 6 7.33-7.16 (m, 6H), 7.03-7.00 (m, 2H), 6.91-6.87 (m, 1H), 5.56 (t, J = 7.5
Hz, 1H), 4.90 (dd, J = 7.5, 11.5 Hz, 1H), 4.57 (dd, J = 7.5, 11.5 Hz, 1H), 3.73-3.63
(m, 2H), 3.15-3.09 (m, 1H), 2.82 (dt, J = 5.0, 16 Hz, 1H); °C NMR (125 MHz,
CDCls) & 148.40, 135.25, 132.91, 129.48, 129.16, 128.09, 126.98, 126.68, 119.41,
115.09, 78.76, 58.17, 42.06, 26.44.

2-(4-Methylphenyl)-1-nitromethyl-1,2,3,4-tetrahydroisoquinoline (Table 2, Entry
1)

Using N-(4-methylphenyl)tetrahydroisoquinoline’ the title compound was obtained
(79%). 'H and >C NMR spectra were consistent with literature values.” "H NMR (500
MHz, CDCl3) & 7.26-7.16 (m, 4H), 7.09-7.07 (m, 2H), 6.91-6.88 (m, 2H), 5.50 (t, J =
7.0 Hz, 1H), 4.85 (dd, J = 7.0, 12.0 Hz, 1H), 4.56 (dd, J = 7.0, 12.0 Hz, 1H), 3.67-
3.56 (m, 2H), 3.10-3.03 (m, 1H), 2.79-2.73 (m, 1H), 2.27 (s, 3H); >C NMR (125
MHz, CDCl;) & 146.35, 135.32, 132.93, 129.95, 129.25, 129.10. 127.97, 126.94,
126.59, 115.89, 78.81, 58.36, 42.30, 26.22, 20.32.

2-(4-Methoxyphenyl)-1-nitromethyl-1,2,3,4-tetrahydroisoquinoline  (Table 2,
Entry 2)

Using N-(4-methoxyphenyl)tetrahydroisoquinoline® the title compound was obtained
(81%). 'H and ">C NMR spectra were consistent with literature values.” "H NMR (500
MHz, CDCl3) & 7.25-7.13 (m, 4H), 6.93-6.91 (m, 2H), 6.83-6.81 (m, 2H), 5.39 (dd, J
= 4.0, 8.5 Hz, 1H), 4.83 (dd, J = 8.5, 12.0 Hz, 1H), 4.56 (dd, J = 8.5, 12.0 Hz, 1H),
3.75 (s, 3H), 3.61-3.52 (m, 2H), 3.05-2.98 (m, 1H), 2.73-2.68 (m, 1H); >C NMR (125
MHz, CDCl;) & 153.98, 143.04, 135.41, 132.88, 129.43, 127.87. 126.89, 126.60,
118.84, 114.69, 78.94, 58.89, 55.56, 43.13, 25.80.

2-(4-Bromophenyl)-1-nitromethyl-1,2,3,4-tetrahydroisoquinoline (Table 2, Entry
3)

Using N-(4-bromophenyl)tetrahydroisoquinoline” the title compound was obtained
(83%). 'H and °C NMR spectra were consistent with literature values. "H NMR (500
MHz, CDCls) § 7.36-7.33 (m, 2H), 7.28-7.12 (m, 4H), 6.87-6.83 (m, 2H), 5.49 (t, J =



7.0 Hz, 1H), 4.85 (dd, J = 8.0, 12.0 Hz, 1H), 4.57 (dd, J = 8.0, 12.0 Hz, 1H), 3.68-
3.59 (m, 2H), 3.10-3.04 (m, 1H), 2.82-2.77 (m, 1H); >C NMR (125 MHz, CDCl3) &
147.48, 135.01, 132.45, 132.21, 129.27, 128.26. 126.95, 126.82, 116.78, 111.58,
78.61, 58.09, 42.10, 26.19.

1-(1-Nitroethyl)-2-phenyl-1,2,3,4-tetrahydroisoquinoline (Table 2, Entry 4)

Using N-phenyltetrahydroisoquinoline® the title compound was obtained (78%). 'H
and >C NMR spectra were consistent with literature values.” d.r. = 1:1.6; '"H NMR
(500 MHz, CDCl3) 6 7.31-7.12 (m, 6H), 7.05-7.00 (m, 2H), 6.87-6.83 (m, 1H), 5.30-
5.25 (m, 1H), 5.11-5.05 (m, 0.6H, major isomer), 4.95-4.89 (m, 0.3H, minor isomer),
3.89-3.84 (m, 0.6H), 3.65-3.59 (m, 1.4H), 3.11-3.05 (m, 1H), 2.99-2.89 (m, 1H), 1.73
(d, J = 7.0 Hz, 1.2H, minor isomer), 1.54 (d, J = 7.0 Hz, 2.6H, major isomer); B
NMR (125 MHz, CDCl;, minor isomer marked*) & 149.15%, 148.87, 135.61, 134.75%*,
133.81*, 132.02, 129.42*, 129.30 (major and minor isomers), 129.09*, 128.70%*,
128.33, 128.19, 127.25%, 126.59%*, 126.12, 119.33, 118.78%*, 115.43, 114.50%*, 88.94%*,
85.42,62.73, 61.15%,43.55%, 42.69, 26.74*, 26.40, 17.42*, 16.37.

2-(4-Methylphenyl)-1-(1-nitroethyl)-1,2,3,4-tetrahydroisoquinoline  (Table 2,
Entry 5)

Using N-(4-methylphenyl)tetrahydroisoquinoline’ the title compound was obtained
(72%). 'H and *C NMR spectra were consistent with literature values.* d.r. = 1:1.5;
'H NMR (500 MHz, CDCl3) & 7.25-7.00 (m, 6H), 6.91-6.88 (m, 1H), 5.18 (m, 1H),
5.06-5.00 (m, 0.6H, major isomer), 4.91-4.85 (m, 0.3H, minor isomer), 3.84-3.79 (m,
0.6H), 3.59-3.51 (m, 1.4H), 3.06-3.00 (m, 1H), 2.90-2.81 (m, 1H), 2.27 (s, 1.2H), 2.24
(s, 1.8H), 1.70 (d, J = 7.0 Hz, 1.2H, minor isomer), 1.54 (d, J = 7.0 Hz, 1.8H, major
isomer); BC NMR (125 MHz, CDCl;, minor isomer marked*) & 149.13%*, 148.78,
135.71, 134.86*, 133.78*, 132.04, 129.90*, 129.80 (major and minor isomers),
129.12%*, 128.91%*, 128.77, 128.40, 128.35*, 128.07*, 127.23, 126.51, 126.04, 116.07,
115.20%*, 88.94*, 85.50, 62.89, 61.43*, 43.88%, 43.02, 26.53*, 26.27, 20.30*, 20.25,
17.35*, 16.40.



2-(4-Methoxyphenyl)-1-(1-nitroethyl)-1,2,3,4-tetrahydroisoquinoline (Table 2,
Entry 6)

Using N-(4-methoxyphenyl)tetrahydroisoquinoline® the title compound was obtained
(74%). 'H and C NMR spectra were consistent with literature values.*d.r. = 1:1.6;
'H NMR (500 MHz, CDCl3) & 7.25-7.10 (m, 4H), 6.93-6.91 (m, 2H), 6.83-6.78 (m,
2H), 5.06-4.98 (m, 1.6H), 4.89-4.84 (m, 0.4H, minor isomer), 3.80-3.74 (m, 4H),
3.53-3.47 (m, 1.4H), 3.01-2.94 (m, 1H), 2.85-2.75 (m, 1H), 1.68 (d, J=7.0 Hz, 1.2H,
minor isomer), 1.54 (d, J = 7.0 Hz, 1.8H, major isomer); BC NMR (125 MHz, CDCl;,
minor isomer marked*) & 153.82, 153.57*, 143.90*, 143.51, 135.82, 135.02%,
133.67*, 132.07, 129.25, 128.95*, 128.36*, 128.01, 127.97*, 127.19*, 126.51%,
126.03, 118.91, 118.25, 114.70*, 114.58, 88.81*, 85.75, 63.46, 62.17*, 55.60%*, 55.55,
45.03*, 44.03, 26.26*, 17.09*, 16.56.

2-(4-Bromophenyl)-1-(1-nitroethyl)-1,2,3,4-tetrahydroisoquinoline ~ (Table 2,
Entry 7)

Using N-(4-bromophenyl)tetrahydroisoquinoline’ the title compound was obtained
(76%). 'H and *C NMR spectra were consistent with literature values.* d.r. = 1:2.2;
'H NMR (500 MHz, CDCl3) & 7.35-7.00 (m, 6H), 6.86-6.81 (m, 2H), 5.20 (d, J = 9.0
Hz, 0.4H, minor isomer), 5.15 (d, J = 9.0 Hz, 0.6H, major isomer) 5.03-4.98 (m,
0.6H), 4.89-4.84 (m, 0.4H), 3.84-3.78 (m, 0.6H), 3.59-3.48 (m, 1.4H), 3.06-3.00 (m,
1H), 2.95-2.88 (m, 1H), 1.67 (d, J = 6.5 Hz, 1.2H, minor isomer), 1.54 (d, J = 6.5 Hz,
1.8H, major isomer); BC NMR (125 MHz, CDCl;, minor isomer marked*) o 148.15%,
147.88, 135.30, 134.49%*, 133.46*, 132.13, 132.01 (minor and major isomers), 131.74,
129.14, 128.71%*, 128.40, 128.32, 127.22*, 126.76*, 126.26, 116.98, 116.02*, 111.43,
110.81%, 88.76*, 85.40, 62.72, 61.05%*, 43.74*, 42.75, 26.69*, 26.20, 17.33*, 16.57.

1-(1-Nitropropyl)-2-phenyl-1,2,3,4-tetrahydroisoquinoline (Table 2, Entry 8)

Using N-phenyltetrahydroisoquinoline® the title compound was obtained (71%). 'H
and >C NMR spectra were consistent with literature values.” d.r. = 1:1.6; '"H NMR
(500 MHz, CDCls) 6 7.32-7.13 (m, 6H), 7.00-6.92 (m, 2H), 6.83-6.77 (m, 1H), 5.23
(d, J = 9.5 Hz, 0.4H, minor isomer), 5.12 (d, J = 9.5 Hz, 0.6H, major isomer), 4.87
(m, 0.6H, major isomer), 4.68 (m, 0.4H, minor isomer), 3.85 (m, 0.6H, major isomer),
3.69-3.50 (m, 2H), 3.10-3.02 (m, 1H), 2.92-2.84 (m, 1H), 2.20-2.09 (m, 1.7H), 1.86-
1.79 (m, 0.7H), 0.96-0.91 (m, 3H); BC NMR (125 MHz, CDCl;, minor isomer



marked*) o 149.07, 148.99*, 135.56, 134.68*, 133.91*, 132.57, 129.42, 129.32,
129.18 (major and minor isomers), 128.68, 128.59* 128.22%* 128.17, 127.23%,
126.64*, 125.90 (major and minor isomers), 119.40, 118.58*, 115.83, 114.13*,
96.16*, 93.05, 62.18, 60.70*, 43.54*, 42.33, 26.83*, 25.74, 25.00*, 24.62, 10.69

(major and minor isomers).

2-(4-Methylphenyl)-1-(1-nitropropyl)-1,2,3,4-tetrahydroisoquinoline (Table 2,
Entry 9)

Using N-(4-methylphenyl)tetrahydroisoquinoline® the title compound was obtained
(76%). 'H and ">C NMR spectra were consistent with literature values.* d.r. = 1:1.6;
'H NMR (500 MHz, CDCl3) & 7.25-7.00 (m, 4H), 7.00-6.98 (m, 2H), 6.89-6.86 (m,
0.8H), 6.84-6.82 (m, 1.2H), 5.15 (d, J = 9.5 Hz, 0.4H, minor isomer), 5.04 (d, J=9.5
Hz, 0.6H, major isomer), 4.84 (m, 0.6H, major isomer), 4.68 (m, 0.4H, minor isomer),
3.82 (m, 0.6H, major isomer), 3.64-3.50 (m, 2H), 3.05-3.00 (m, 1H), 2.84-2.80 (m,
1H), 2.25 (s, 1.2H) 2.21 (s, 1.8H), 2.20-2.08 (m, 1.7H), 1.86-1.80 (m, 0.6H), 0.95-
0.91 (m, 3H); BC NMR (125 MHz, CDCl;, minor isomer marked*) & 146.98,
146.94%*, 135.64, 134.76*, 133.89%*, 132.56, 129.89, 129.68, 129.35 (major and minor
isomers), 128.95, 128.71*, 128.65*, 128.11, 128.06*, 127.22*, 126.55 (major and
minor isomers), 125.82, 116.41, 114.69*, 96.15*, 93.11, 62.36, 60.91%*, 43.78*, 42.61,
26.63*,25.55,24.98%, 24.61, 20.30, 20.23*, 10.69.

2-(4-Methoxyphenyl)-1-(1-nitropropyl)-1,2,3,4-tetrahydroisoquinoline (Table 2,
Entry 10)

Using N-(4-methoxyphenyl)tetrahydroisoquinoline® the title compound was obtained
(77%). 'H and *C NMR spectra were consistent with literature values.* d.r. = 1:1.6;
'H NMR (500 MHz, CDCl3) § 7.25-7.12 (m, 4H), 6.91-6.74 (m, 4H), 5.02 (d, J = 9.0
Hz, 0.4H, minor isomer), 4.92 (d, J = 9.0 Hz, 0.6H, major isomer), 4.84 (m, 0.6H,
major isomer), 4.67 (m, 0.4H, minor isomer), 3.82 (m, 1H), 3.75 (s, 1.2H), 3.72 (s,
1.8H), 3.60-3.42 (m, 1.4H), 3.05-2.96 (m, 1H), 2.82-2.75 (m, 1H), 2.19-2.08 (m,
1.4H), 1.86-1.80 (m, 0.6H), 0.96-0.92 (m, 3H); *C NMR (125 MHz, CDCls, minor
isomer marked*) & 153.77, 153.27*, 143.68 (major and minor isomers), 135.73,
134.85*, 133.77*, 132.52, 129.43, 128.83*, 128.73, 128.01, 128.20%*, 126.53%,
125.84, 119.10, 117.47*, 114.72*, 114.46, 96.01*, 93.28, 62.95, 61.55%, 55.62%,
55.52,44.66*, 43.53, 26.25%*, 25.31, 24.93*, 24.63, 10.70, 10.63*.



2-(4-Bromophenyl)-1-(1-nitropropyl)-1,2,3,4-tetrahydroisoquinoline  (Table 2,
Entry 11)

Using N-(4-bromophenyl)tetrahydroisoquinoline” the title compound was obtained
(74%). 'H and >C NMR spectra were consistent with literature values.* d.r. = 1:1.6;
'H NMR (500 MHz, CDCl3) § 7.35-7.00 (m, 6H), 6.85-6.82 (m, 0.8H), 6.80-6.78 (m,
1.2H), 5.19 (d, J = 9.0 Hz, 0.4H, minor isomer), 5.05 (d, J = 9.0 Hz, 0.6H, major
isomer), 4.81 (m, 0.6H, major isomer), 4.67 (m, 0.4H, minor isomer), 3.82 (m, 0.6H),
3.62-3.55 (m, 1H), 3.49-3.45 (m, 0.4H), 3.10-3.02 (m, 1H), 2.95-2.86 (m, 1H), 2.20-
2.00 (m, 1.4H), 1.86-1.78 (m, 0.6H), 0.95-0.91 (m, 3H); *C NMR (125 MHz, CDCl;,
minor isomer marked*) 6 148.05, 147.99%*, 135.26, 134.40*, 133.57*, 132.23, 132.10,
131.91, (major and minor isomers), 129.34, 128.61, 128.41, 128.39, 127.19%,
126.79%, 126.08, 117.33, 115.65*, 111.46, 110.57*, 95.95%, 92.95, 62.13, 60.65%,
43.70%*, 42.45, 26.77*, 25.66, 24.94*, 24.68, 10.63.

General procedure for photoredox cyanation with Rose Bengal

A 10 mm NMR tube was charged with the appropriate tetrahydroisoquinoline (0.075
mmol), Rose Bengal (0.76 mg, 1 mol%), TMSCN (0.05 mL, 0.375 mmol) and
water/MeCN (0.08 mL/0.87 mL). The tube was capped tightly then rotated in the
VFD at 4000 rpm with a tilt angle of 45° for 75 minutes in the presence of green
LEDs at a distance of 3 cm. The mixture was then diluted with EtOAc (2-3 mL)
transferred to a round bottom flask and evaporated to dryness. The residue was then
redissolved in EtOAc and adsorbed onto silica gel and subsequent flash

chromatography (EtOAc:hexanes, 1:9) gave the desired compounds.

2-Phenyl-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile (Table 2, Entry 12)

Using N-phenyltetrahydroisoquinoline® the title compound was obtained (83%). 'H-
and °C NMR spectra were consistent with literature values.” '"H NMR (500 MHz,
CDCls) 6 7.35-7.20 (m, 6H), 7.05-7.03 (m, 2H), 6.99-6.97 (m, 1H), 5.48 (s, 1H), 3.73
(dddd, J=1.0, 3.0, 6.0, 12.0 Hz, 1H), 3.48-3.42 (m, 1H), 3.16-3.11 (m, 1H), 2.93 (dt,
J=3.5,16.0 Hz, 1H); >C NMR (125 MHz, CDCls) & 148.36, 134.59, 129.57, 129.55,
129.33, 128.74, 127.03, 126.83, 121.88, 117.71, 117.58, 53.20, 44.16, 28.51.



2-(4-Methylphenyl)-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile (Table 2, Entry
13)

Using N-(4-methylphenyl)tetrahydroisoquinoline’ the title compound was obtained
(81%). 'H- and "*C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCls) 6 7.28-7.21 (m, 4H), 7.08-7.04 (m, 2H), 6.99-6.97 (m, 2H), 5.44
(s, 1H), 3.68 (dddd, J = 1.5, 2.5, 6.0, 12.5 Hz, 1H), 3.45-3.40 (m, 1H), 3.17-3.10 (m,
1H), 2.92 (dt, J = 3.0, 16.0 Hz, 1H), 2.30 (s, 3H); *C NMR (125 MHz, CDCl3) &
146.25, 134.51, 131.80, 130.07, 129.65, 129.37, 128.66, 127.05, 126.74, 118.29,
117.68, 54.07, 44.35, 28.56, 20.56.

2-(4-Methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile  (Table 2,
Entry 14)

Using N-(4-methoxyphenyl)tetrahydroisoquinoline® the title compound was obtained
(69%). 'H- and >C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCl3) 6 7.30-7.21 (m, 4H), 7.09-7.07 (m, 2H), 6.92-6.90 (m, 2H), 5.36
(s, 1H), 3.80 (s, 3H), 3.68 (m, 1H), 3.46-3.41 (m, 1H), 3.19-3.13 (m, 1H), 2.95-2.90
(m, 1H); °C NMR (125 MHz, CDCl3) & 155.69, 142.57, 134.33, 129.68, 129.44,
128.64, 127.06, 126.68, 120.99, 117.57, 114.78, 55.57, 55.52, 44.89, 28.68.

2-(4-Bromophenyl)-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile (Table 2, Entry
15)

Using N-(4-bromophenyl)tetrahydroisoquinoline® the title compound was obtained
(87%). 'H- and >C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCl3) 6 7.47-7.45 (m, 2H), 7.34-7.24 (m, 4H), 6.97-6.95 (m, 2H), 5.46
(s, 1H), 3.73 (m, 1H), 3.50-3.45 (m, 1H), 3.18-3.12 (m, 1H), 2.98 (dt, J = 3.5, 16.0
Hz, 1H); >C NMR (125 MHz, CDCl3) & 147.38, 134.39, 132.43, 129.33, 129.17,
128.91, 127.02, 126.98, 119.08, 117.42, 114.34, 52.85, 44.21, 28.39.

General procedure for Mannich reactions under photoredox conditions with
Rose Bengal

A 10 mm NMR tube was charged with the appropriate tetrahydroisoquinoline (0.075
mmol), Rose Bengal (0.76 mg, 1 mol%), diethylmalonate (0.4 mL) and water/MeCN
(0.05 mL/0.55 mL). The tube was capped tightly then rotated in the VFD at 4000 rpm

with a tilt angle of 45° for 75 minutes in the presence of green LEDs at a distance of 3



cm. The mixture was then diluted with EtOAc (2-3 mL) transferred to a round bottom
flask and evaporated to dryness. The residue was then redissolved in EtOAc and
adsorbed onto silica gel and subsequent flash chromatography (EtOAc:hexanes, 1:9)

gave the desired compounds.

2-(2-Phenyl-1,2,3,4-tetrahydroisoquinolin-1-yl)malonic acid diethyl ester (Table
2, Entry 16)

Using N-phenyltetrahydroisoquinoline® the title compound was obtained (81%). 'H-
and °C NMR spectra were consistent with literature values.” '"H NMR (500 MHz,
CDCls) 6 7.28-7.08 (m, 6H), 6.99-6.97 (m, 2H), 6.75-6.73 (m, 1H), 5.71 (d, J = 9.0
Hz, 1H), 4.19-3.97 (m, 4H), 3.90 (d, J = 9.0 Hz, 1H), 3.71-3.50 (m, 2H), 3.11-3.03
(m, 1H), 2.91-2.85 (m, 1H), 1.17 (t, J = 7.0 Hz, 3H), 1.08 (t, J = 7.0 Hz, 3H); °C
NMR (125 MHz, CDCl3) 6 167.95, 167.13, 148.85, 135.95, 134.80, 129.04, 128.86,
127.48, 127.17, 125.99, 118.43, 115.08, 61.56, 61.55, 59.54, 57.86, 42.27, 26.12,
13.91, 13.86.

2-[2-(4-Methylphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yllmalonic acid diethyl
ester (Table 2, Entry 17)

Using N-(4-methylphenyl)tetrahydroisoquinoline® the title compound was obtained
(74%). 'H- and >C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCls) 6 7.26-7.00 (m, 6H), 6.89-6.87 (m, 2H), 5.63 (d, J = 9.5 Hz, 1H),
4.19-4.00 (m, 4H), 3.90 (d, J = 9.5 Hz, 1H), 3.71-3.59 (m, 2H), 3.11-3.02 (m, 1H),
2.84-2.78 (m, 1H), 2.23 (s, 3H), 1.16 (t, J = 7.0 Hz, 3H), 1.11 (t, J = 7.0 Hz, 3H); °C
NMR (125 MHz, CDCl3) 8 167.99, 167.19, 146.81, 135.79, 134.80, 129.55, 128.95,
127.97, 127.38, 127.22, 125.88, 115.74, 61.50, 59.53, 58.28, 42.32, 25.81, 20.28,
13.92, 13.90.

2-[2-(4-Methoxyphenyl)-1,2,3,4-tetrahydroisoquinolin-1-ylJmalonic acid diethyl
ester (Table 2, Entry 18)

Using N-(4-methoxyphenyl)tetrahydroisoquinoline® the title compound was obtained
(77%). 'H- and >C NMR spectra were consistent with literature values.” 'H NMR
(500 MHz, CDCls) 6 7.23-7.07 (m, 4H), 6.89-6.87 (m, 2H), 6.76-6.74 (m, 2H), 5.49
(d, J =9.0 Hz, 1H), 4.12-4.00 (m, 4H), 3.88 (d, J = 9.5 Hz, 1H), 3.70 (s, 3H), 3.68-
3.62 (m, 1H), 3.56-3.50 (m, 1H), 3.00-2.95 (m, 1H), 2.76-2.72 (m, 1H), 1.14-1.08 (m,



6H); °C NMR (125 MHz, CDCl;) & 167.98, 167.23, 153.10, 143.51, 135.61, 134.79,
129.04, 127.34, 127.22, 125.88, 118.05, 114.39, 61.47, 61.44, 59.52, 58.86, 55.55,
43.01,25.57, 13.96, 13.88.

2-[2-(4-Bromophenyl)-1,2,3,4-tetrahydroisoquinolin-1-ylJmalonic acid diethyl
ester (Table 2, Entry 19)

Using N-(4-bromophenyl)tetrahydroisoquinoline” the title compound was obtained
(78%). 'H- and "*C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCl3) 6 7.30-7.10 (m, 6H), 6.85-6.83 (m, 2H), 5.65 (d, J = 9.5 Hz, 1H),
4.16-3.94 (m, 4H), 3.85 (d, J = 9.5 Hz, 1H), 3.71-3.64 (m, 1H), 3.59-3.53 (m, 1H),
3.09-3.01 (m, 1H), 2.94-2.89 (m, 1H), 1.17 (t, J = 7.0 Hz, 3H), 1.09 (t, J = 7.0 Hz,
3H); *C NMR (125 MHz, CDCls) & 167.78, 166.96, 147.80, 135.69, 134.54, 131.74,
128.82, 127.69, 127.10, 126.16, 116.38, 110.29, 61.65, 59.43, 57.79, 42.48, 26.11,
13.90.

General procedure for phosphonylation reactions under photoredox conditions
with Rose Bengal

A 10 mm NMR tube was charged with the appropriate tetrahydroisoquinoline (0.075
mmol), Rose Bengal (0.76 mg, 1 mol%), diethylphosphite (0.05 mL, 0.38 mmol) and
water/MeCN (0.08 mL/0.87 mL). The tube was capped tightly then rotated in the
VFD at 4000 rpm with a tilt angle of 45° for 75 minutes in the presence of green
LEDs at a distance of 3 cm. The mixture was then diluted with EtOAc (2-3 mL)
transferred to a round bottom flask and evaporated to dryness. The residue was then
redissolved in EtOAc and adsorbed onto silica gel and subsequent flash

chromatography (EtOAc:hexanes, 1:9) gave the desired compounds.

Diethyl 2-phenyl-1,2,3,4-tetrahydroisoquinoline-1-yl-phosphonate (Table 2,
Entry 20)

Using N-phenyltetrahydroisoquinoline” the title compound was obtained (81%). 'H-
and °C NMR spectra were consistent with literature values.” '"H NMR (500 MHz,
CDCl) & 7.39-7.38 (m, 1H), 7.27-7.15 (m, 5H), 6.99-6.98 (m, 2H), 6.82-6.79 (m,
1H), 5.18 (d, J = 20.0 Hz, 1H), 4.20-3.89 (m, 5H), 3.68-3.61 (m, 1H), 3.11-2.98 (m,
2H), 1.27 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.0 Hz, 3H); >C NMR (125 MHz, CDCl3) &



149.37 (d, J = 5.8 Hz), 136.42 (d, J = 5.5 Hz), 130.65, 129.10, 128.71 (d, J = 2.6 Hz),
128.09 (d, J = 4.6 Hz), 127.39 (d, J = 3.4 Hz), 125.83 (d, J = 2.8 Hz), 118.43, 114.75,
63.26 (d, J = 7.2 Hz), 62.28 (d, J = 7.6 Hz), 58.80 (d, J = 159.3 Hz), 43.45, 26.73,
16.42 (d, J = 5.4 Hz), 16.34 (d, J = 5.4 Hz).

Diethyl 2-(4-methylphenyl)-1,2,3,4-tetrahydroisoquinoline-1-yl-phosphonate
(Table 2, Entry 21)

Using N-(4-methylphenyl)tetrahydroisoquinoline® the title compound was obtained
(82%). 'H- and ">C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCl3) 8 7.39-7.37 (m, 1H), 7.20-7.12 (m, 4H), 7.08-7.05 (m, 2H), 6.90-
6.87 (m, 2H), 5.12 (d, J = 20.5 Hz, 1H), 4.13-3.90 (m, 5H), 3.63-3.58 (m, 1H), 3.00-
2.98 (m, 2H), 2.25 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.0 Hz, 3H); °C NMR
(125 MHz, CDCls) 6 147.38 (d, J = 7.0 Hz), 136.42 (d, J = 5.6 Hz), 130.59, 129.61,
128.77 (d, J =2.5 Hz), 128.10 (d, J = 4.4 Hz), 127.93, 127.26 (d, J = 3.4 Hz), 125.75
(d, J=2.9 Hz), 115.29 (d, J = 1.0 Hz), 63.29 (d, J = 7.2 Hz), 62.22 (d, J = 7.6 Hz),
59.00 (d, J = 158.5 Hz), 43.78, 26.39, 20.25, 16.45 (d, J = 5.4 Hz), 16.33 (d,J =54
Hz).

Diethyl  2-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline-1-yl-phosphonate
(Table 2, Entry 22)

Using N-(4-methoxyphenyl)tetrahydroisoquinoline” the title compound was obtained
(84%). 'H- and ">C NMR spectra were consistent with literature values.” "H NMR
(500 MHz, CDCl3) 6 7.39-7.37 (m, 1H), 7.20-7.12 (m, 3H), 6.92-6.90 (m, 2H), 6.83-
6.80 (m, 2H), 5.03 (d, J = 20.5 Hz, 1H), 4.13-3.93 (m, 5H), 3.75 (s, 3H), 3.55-3.53
(m, 1H), 2.94-2.91 (m, 2H), 1.25 (t, J = 7.0 Hz, 3H), 1.16 (t, J = 7.0 Hz, 3H); °C
NMR (125 MHz, CDCls) 6 153.08, 144.15 (d, J = 8.2 Hz), 136.38 (d, J = 5.7 Hz),
130.50, 128.87 (d, J = 2.5 Hz), 128.14 (d, J = 4.4 Hz), 127.23, (d, J = 3.5 Hz), 125.77
(d, J=29Hz), 117.55, 114.48, 63.29 (d, J = 7.1 Hz), 62.19 (d, J = 7.6 Hz), 59.45 (d,
J=157.4 Hz), 55.61, 44.62, 26.10, 16.44 (d, J = 5.4 Hz), 16.33 (d, J = 5.4 Hz).



Diethyl 2-(4-bromophenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl-phosphonate
(Table 2, Entry 23)

Using N-(4-bromophenyl)tetrahydroisoquinoline’ the title compound was obtained
(71%). 'H- and >C NMR spectra were consistent with literature values.” 'H NMR
(500 MHz, CDCls) 6 7.36-7.31 (m, 3H), 7.22-7.15 (m, 3H), 6.86-6.84 (m, 2H), 5.10
(d, J=19.0 Hz, 1H), 4.10-3.85 (m, 5H), 3.58-3.61 (m, 1H), 3.20-3.12 (m, 1H), 3.02-
2.94 (m, 1H), 1.24 (t, J = 7.0 Hz, 3H), 1.14 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz,
CDCls) 6 148.27 (d, J = 4.8 Hz), 136.25 (d, J = 4.8 Hz), 131.75, 130.37, 128.62 (d, J
= 2.6 Hz), 128.08 (d, J = 4.7 Hz), 127.61 (d, J = 3.5 Hz), 125.98 (d, J = 2.8 Hz),
116.08, 110.25, 63.22 (d, J = 7.2 Hz), 62.41 (d, J = 7.6 Hz), 58.72 (d, J = 158.6 Hz),
43.59,26.89, 16.42 (d, J = 5.4 Hz), 16.33 (d, J= 5.4 Hz).

General procedure for photoredox aza-Henry reactions with Rose Bengal under
flow conditions

A 10 mm NMR tube was fed at a specific flow rate with a mixed working solution (25
ml) of N-phenyltetrahydroisoquinoline” (1.88 mmol), Rose Bengal (19 mg, 1 mol%),
the appropriate coupling partner (for nitromethane/diethylmalonate, 10 mL and for
TMSCN/diethylphosphite, 1.25 mL) and water/MeCN (for
nitromethane/diethylmalonate, 1.25 mL/13.75 mL and for TMSCN/diethylphosphite,
2mL/21.75mL). The tube was then rotated in the VFD at 4000 rpm with a tilt angle of
45° in the presence of green LEDs at a distance of 3 cm. The solution that was
liberated from the tube was collected in 2 ml aliquots and these were diluted with
EtOAc (5 mL) transferred to a round bottom flask and evaporated to dryness and the

. 1 .
residue assayed by 'H nmr for conversion.

General procedure for Ugi-type multicomponent photoredox reactions with Rose
Bengal

A 10 mm NMR tube was charged with the appropriate amine (0.15 mmol), isocyanide
(0.075 mmol), Rose Bengal (0.76 mg, 1 mol%), and water/MeCN (0.08 mL/0.87 mL).
The tube was capped tightly then rotated in the VFD at 4000 rpm with a tilt angle of
45° for 12 hours in the presence of green LEDs at a distance of 3 cm. The mixture
was then diluted with EtOAc (2-3 mL) transferred to a round bottom flask and

evaporated to dryness. The residue was then redissolved in EtOAc and adsorbed onto



silica gel and subsequent flash chromatography (EtOAc:hexanes, 2:3) gave the

desired compounds.

2-(Methyl(phenyl)amino)-N-(tosylmethyl)acetamide (Table 3, Entry 1)

Using N,N-dimethylaniline and 4-toluenesulfonylmethyl isocyanide the title
compound was obtained (83%). 'H- and C NMR spectra were consistent with
literature values.” "H NMR (500 MHz, CDCls) § 7.71 (d, J = 8.5 Hz, 2H), 7.33-7.25
(m, 4H), 6.88 (t, J = 7.5 Hz, 1H), 6.66 (d, J = 8.0 Hz, 2H), 4.67 (d, J = 7.0 Hz, 2H),
3.74 (s, 2H), 2.98 (s, 3H), 2.45 (s, 3H); °C NMR (125 MHz, CDCl;) & 170.28,
148.95, 145.53, 133.73, 129.91, 129.43, 128.80, 119.22, 113.40, 59.81, 58.49, 40.01,
21.75.

2-(Methyl(4-methylphenyl)amino)-N-(tosylmethyl)acetamide (Table 3, Entry 2)
Using 4,N,N-Trimethylaniline and 4-toluenesulfonylmethyl isocyanide the title
compound was obtained (72%). 'H- and 'C NMR spectra were consistent with
literature values.” 'H NMR (500 MHz, CDCls) 6 7.71 (d, J = 8.5 Hz, 2H), 7.42-7.40
(m, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 6.60 (d, J = 8.5 Hz, 2H),
4.67 (d, J = 7.0 Hz, 2H), 3.69 (s, 2H), 2.94 (s, 3H), 2.45 (s, 3H), 2.29 (s, 3H); °C
NMR (125 MHz, CDCl3) & 170.48, 146.93, 145.47, 133.75, 129.89, 129.88, 128.80,
128.64, 113.72, 59.82, 58.79, 40.28, 21.73, 20.26.

2-((4-Bromophenyl)(methyl)amino)-N-(tosylmethyl)acetamide (Table 3, Entry 3)
Using 4-bromo-N,N-dimethylaniline and 4-toluenesulfonylmethyl isocyanide the title
compound was obtained (79%). 'H- and 'C NMR spectra were consistent with
literature values.” 'H NMR (600 MHz, CDCls) & 7.69 (d, J = 7.0 Hz, 2H), 7.34-7.32
(m, 4H), 7.26-7.24 (m, 1H), 6.51 (d, J = 7.5 Hz, 2H), 4.67 (d, J = 6.0 Hz, 2H), 3.71 (s,
2H), 2.96 (s, 3H), 2.46 (s, 3H); °C NMR (150 MHz, CDCl3) & 169.78, 147.92,
145.62, 133.69, 132.12, 129.94, 128.71, 114.95, 113.34, 59.81, 58.24, 40.14, 21.76.

N-Butyl-2-(methyl(phenyl)amino)acetamide (Table 3, Entry 4)

Using N,N-dimethylaniline and butyl isocyanide the title compound was obtained
(44%). "H- and °C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCl3) 6 7.28-7.25 (m, 2H), 6.84-6.82 (t, J = 7.0 Hz, 1H), 6.72 (d, J = 8.5
Hz, 2H), 6.57 (br s, 1H), 3.84 (s, 2H), 3.26 (q, J = 7.0 Hz, 2H), 2.99 (s, 3H), 1.46-1.42



(m, 2H), 1.29-1.25 (m, 2H), 0.88 (t, J = 7.0 Hz, 3H); >’C NMR (125 MHz, CDCl;) &
170.17, 149.29, 129.33, 118.60, 113.11, 58.94, 39.69, 38.88, 31.60, 19.93, 13.65.

N-Butyl-2-(methyl(4-methylphenyl)amino)acetamide (Table 3, Entry 5)

Using 4,N,N-Trimethylaniline and butyl isocyanide the title compound was obtained
(53%). 'H NMR (500 MHz, CDCl3) § 7.08-7.06 (m, 2H), 6.65-6.64 (m, 3H), 3.79 (s,
2H), 3.26 (q, J = 6.5 Hz, 2H), 2.96 (s, 3H), 2.26 (s, 3H), 1.46-1.41 (m, 2H), 1.29-1.25
(m, 2H), 0.88 (t, J = 6.5 Hz, 3H); >*C NMR (125 MHz, CDCl3) & 170.38, 147.28,
129.80, 127.99, 113.37, 59.26, 39.91, 38.83, 31.60, 20.18, 19.93, 13.64. HRMS
calculated for C,4H,,N>,ONa [M+Na] 257.1630 found 257.1639.

N-Butyl-2-(methyl(4-bromophenyl)amino)acetamide (Table 3, Entry 6)

Using 4-bromo-N,N-dimethylaniline and butyl isocyanide the title compound was
obtained (48%). 'H NMR (500 MHz, CDCl;) & 7.33-7.31 (m, 2H), 6.59-6.56 (m, 2H),
6.44 (br s, 1H), 3.80 (s, 2H), 3.26 (q, J = 7.0 Hz, 2H), 2.98 (s, 3H), 1.46-1.40 (m, 2H),
1.29-1.23 (m, 2H), 0.88 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) & 169.60,
148.18, 132.00, 114.64, 110.74, 58.70, 39.86, 38.91, 31.56, 19.91, 13.63. HRMS
calculated for C,3H;9BrN,ONa [M+Na] 321.0578 found 321.0573.

Methyl 2-(2-(methyl(phenyl)amino)acetamido)acetate (Table 3, Entry 7)

Using N,N-dimethylaniline and methyl isocyanoacetate the title compound was
obtained (80%). 'H- and >C NMR spectra were consistent with literature values.” 'H
NMR (500 MHz, CDCls) & 7.29-7.25 (m, 2H), 7.06 (br s, 1H), 6.85-6.75 (m, 3H),
4.06 (d, J = 5.5 Hz, 2H), 3.89 (s, 2H), 3.72 (s, 3H), 3.03 (s, 3H); °*C NMR (125 MHz,
CDCls) 6 171.03, 169.98, 149.26, 129.33, 118.76, 113.30, 58.72, 52.31, 40.74, 39.69.

Methyl 2-(2-(methyl(4-methylphenyl)amino)acetamido)acetate (Table 3, Entry 8)
Using 4,N,N-Trimethylaniline and methyl isocyanoacetate the title compound was
obtained (73%). 'H- and *C NMR spectra were consistent with literature values.’ 'H
NMR (500 MHz, CDCls) & 7.13 (br s, 1H), 7.09-7.07 (m, 2H), 6.70-6.68 (m, 2H),
4.06 (d, J = 6.0 Hz, 2H), 3.85 (s, 2H), 3.73 (s, 3H), 2.99 (s, 3H), 2,26 (s, 3H); °C
NMR (125 MHz, CDCls) ¢ 171.23, 170.00, 147.25, 129.80, 128.17, 113.60, 59.07,
52.28,40.71, 39.93, 20.21.



Methyl 2-(2-(methyl(4-bromophenyl)amino)acetamido)acetate (Table 3, Entry 9)
Using 4-bromo-N,N-dimethylaniline and methyl isocyanoacetate the title compound
was obtained (70%). 'H NMR (500 MHz, CDCls) & 7.35-7.33 (m, 2H), 6.94 (br s,
1H), 6.64-6.61 (m, 2H), 4.06 (d, J = 5.5 Hz, 2H), 3.87 (s, 2H), 3.73 (s, 3H), 3.02 (s,
3H); °C NMR (125 MHz, CDCl3) § 170.48, 169.95, 148.19, 132.02, 114.88, 110.96,
58.51, 52.38, 40.75, 39.85. HRMS calculated for C1,H;sBrN,O3;Na [M+Na] 337.0164
found 337.0173.

N-Benzyl-2-(methyl(phenyl)amino)acetamide (Table 3, Entry 10)

Using N,N-dimethylaniline and benzyl isocyanide the title compound was obtained
(41%). '"H- and *C NMR spectra were consistent with literature values.” '"H NMR
(500 MHz, CDCls) 6 7.31-7.24 (m, 5H), 7.21-7.19 (m, 2H), 6.95 (br s, 1H), 6.86-6.83
(m, 1H), 6.75-6.73 (m, 2H), 4.48 (d, J = 6.0 Hz, 2H), 3.92 (s, 2H), 3.00 (s, 3H); °C
NMR (125 MHz, CDCl3) & 170.40, 149.20, 137.93, 129.33, 128.61, 127.44, 127.40,
118.69, 113.19, 58.92, 43.04, 39.84.

N-Benzyl-2-((4-methylphenyl)(methyl)amino)acetamide (Table 3, Entry 11)
Using 4,N,N-Trimethylaniline and benzyl isocyanide the title compound was obtained
(52%). 'H NMR (500 MHz, CDCl3) & 7.32-7.20 (m, 5H), 7.09-7.06 (m, 2H), 7.02 (br
s, 1H), 6.68-6.66 (m, 2H), 4.48 (d, J = 6.0 Hz, 2H), 3.87 (s, 2H), 2.96 (s, 3H), 2.28 (s,
3H); '*C NMR (125 MHz, CDCls) & 170.57, 147.22, 138.02, 129.80, 128.58, 128.12,
127.43, 127.35, 113.52, 59.23, 43.02, 40.08, 20.19. HRMS (ESI) calculated for
C17H20N,ONa [M+Na] 291.1473 found 291.1471.

N-Benzyl-2-((4-bromophenyl)(methyl)amino)acetamide (Table 3, Entry 12)
Using 4-bromo-N,N-dimethyl aniline and benzyl isocyanide the title compound was
obtained (50%). 'H- and >C NMR spectra were consistent with literature values.” 'H
NMR (500 MHz, CDCls) & 7.33-7.24 (m, 5H), 7.19-7.17 (m, 2H), 6.87 (br s, 1H),
6.59-6.57 (m, 2H), 4.46 (d, J = 6.0 Hz, 2H), 3.87 (s, 2H), 2.98 (s, 3H); °C NMR (125
MHz, CDCl;) 6 169.80, 148.16, 137.85, 132.03, 128.67, 127.51, 127.45, 114.80,
110.91, 58.73, 43.14, 40.03.
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= g opppoz 9 o3 o — v - NAME  Br-1044-2-MeNO:
5 2 SR3588 2 ¥ JEsE £ 8 2 £ EXPNO 3
1 4 sosned % F EREN] x5 = £ PROCNO 1
E4 = egagag ° = BEEE @8 2 & Date 20140624
Time 334
‘ ‘ \ \ \\V l ‘ \\V ‘ ‘ ‘ INSTRUM st
PROBHD_$ mm Dual 13C/
PULPROG __zgpg30
D 5536,
SOLVENT ~ CDCI3
NS 192
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz
AQ 10420883 sec
N RG 20642.5
DW 15.900 usee
DE 20,00 usee
TE 2980 K
DI 200000000 see
NO, OMe DIl 0.03000000 sec
DO 1
CHANNEL fI
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
1257577941 Mz
EM

B

0
Ll 1.00 Hz
GB 0

Al [

SR A A L LS S RN AARAS A RAASS AARSY LA A A N R AAaas R AASN RARSS RS RASSS AaSaS SasaS)
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 3

NAME  4Br_MeNO2
1

ROCNO 1
Date. 20140805
1217

N IR R R RIS N - ST K= g v - Il e -\~ Je (8 - m B el

N IR O PN AN NS AR TAONILTASAL I TARC DA =SSOSR XD o TN

RO ANNNNNANNNNRRA =" —=RREREBILTRRRRIGINBEINEL ST =SS R =
~ d K «a

N D o SR
T TT—— — = T

AQ 18230063 see

N
NO\©\ Br

PLi
2 PLIW  17.708755:
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300123 MHz
WDW EM

SSB

LB 0.00 Hz

GB

PC 100

i h v \ Wb J

C

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

ol (o ) 2| (& 2 w| (=
Szl & g IR s |2
] - - =i PN =l =
2 vz @ ® - - NAME  4Br MeNO2
¢ FinddEz ¢ - g g g £ ooy
= 2zz2oode o o= ® 14 9 & Date 20140805
Time 12.20
‘ \\\ \// ‘ ‘ INSTRUM " spect
PROBHD_$ mm Dual 13C/
PULPROG __zgpg30
D 5536,
SOLVENT —_ CDCI3
NS 7
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz
AQ 10420883 sec
N RG 18390.4
DW 15.900 usee
DE 20,00 usee
TE 2980 K
DI 200000000 see
NO, Br DIl 0.03000000 sec
DO 2
CHANNEL fI
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
125.7577938 Mz
EM

B

0
Ll 1.00 Hz
GB 0

R

SR A A L LS S RN AARAS A RAASS AARSY T T T
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 4

NAME  Br-1046-4-EtNO2_Ph
EXPNO 2

PROCNO 1

Date_ 20140627

Time 159

INSTRUM  spect
PROBHD § mm Dual 13C

TOLED T =X T =BT =SSO NN T NRD N = % T~ TOIROG 7
AEMSAXEVLLTITN N A =SSR DG 6 QY 65536
ANARSSSSSAAAARA AR RR®R KKK R O 5w sdven T cnons
VGGG e e eh e e e e 3 8

Ll S \%6/9;/////4 RN
—
N
NO,

PLi
PLIW  17.708755:
SFOI  500.1327500 MHz

sI
SE_ 5001300000 MHz
WDW EM

SSB

LB 0.00 Hz

GB

PC 100

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0
FEES 2| =z[e 2| & ®|@0 =(m
al|9l2 =R gl Sle L
=il 2 =lsl2 Sll= i pRip=]
SLLZEREsSSEaLaNENED . N Br-1046,
EESPELIREEHERAURRAE gg 23 78 25 ) 3
EEEEEEEEEE R R Gz RS M g ;
Itennaaanadaagzoos 3 @3 g9 88 20140627
203
NS\ N \/ VooV
PROBHD 5 mm Dual 13C/
PULPROG 2gpg;
i 5536
SOLVENT CDCI3
NS 4608
DS 4
SWH  314d6S41 iz
FIDRES 0479836 Hz
AQ 1.0420883 sec
N RG 18390.4
DW 15.900 usec
DE 20.00 usec
TE 298,
DI 2.00000000 sec
DIl 0.03000000 sec
NO, DO 4

CHANNEL 1
13C
14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
125.7577926 Mz
EM

B

0
Ll 1.00 Hz
GB 0

R (N N L 1 [l

T
200

T T T T T T T T
190 180 170 160 150 140 130 120 10 100 920 80 70 60 50 40 30 20 10



Table 2, Entry 5

NAME  Br-1046-1-E{NO2_PhMe
EXPNO 2

TR LSS
AL LA~ D
el - -
WG GGG GGG GGG
N
PL!
NO, PLIW  17.708755:
SFO1 500.1327500 MHz
SI
SF 500.1300132 MHz
WDW no
SSB
LB 0.00 Hz
GB
[ 100
|
]
| / I
[ ity
T T T T T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
w2 e Q& L] =3 - =1
a1 e 2| Sl= x| |l
¢l i p P b = b R b b
aoresC R T Mmoo W NAME _ Br-1046-
BRELEIZROSEICACRES 52 i3 g3 FRERGE
LR R R R g Sz ¥ E3IRER )0
P fachuchuquhs o o paRapa R R b RU R R 2% ez 22 & SIRS S 20140625
Time) 35
NS\ K v Vs
PROBHLDY 5 mm Dual 13C/
PULPROG 28pg30
i 65536
SOLVENT CDCI3
X 5760
DS 4
SWH i i
FIDRI 0479836 Hz
AQ 1.0420883 sec
N RG 206425
DW 15.900 usec
DE 20.00 usec
TE 298.0 K
DI 2.00000000 sec
NO, DIl 0.03000000 sec
TDO 5
CHANNEL f1
13C
14.00 usec
PL
PLIW 51.50902939 W
SFOT 1257710385 Mz
- = CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 120.0(
PL12 16.0(
PL13
PL2W
500,13
65530
1257577936 MHz.
EM
B 0
LI 1.00 Hz,
GB 0
| L “‘ | |‘ H } ”
ARt et e e e e g s et g et e g sy e et ey At Aenag e At naned attesAntes nod atang nnns e beoce
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 9 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 2, Entry 6

NAME  Br-1046-2-E{NO2_PhOM
EXPNO 2

ROCNO 1
Date. 20140626
m 1911

INSTRUM
PROBHD_5 Dual 13C/
NS NN SN T I DN OANNR =N = ONTAN AN D =106 A =00 I S 000 T T MPRE & md
I R R N e R o - R N A AR D R R R R S N N N P - R AR o
SE2SS3 3R xR AR ERECENERRAErEIIIRSSSEELALIRR X E B R LT 0
DR A i I e R R A R A R R R A R R R R RIS PN RN RS IPS PN PP PRI 0 R e
FIDRES
AQ 43648143
3 >
N
PL!
PLIW  17.708755
NO, OMe SFOI 5001327500 MHz

sI 65536
SE_ 5001300134 MHz
WDW no

SSB

LB 0.00 Hz

GB

PC 100

T
[
|

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

=[ina] o] = els REY ES el
bR 3 2|3 SE g4
ReiR={P={Px{Px] PP @l 1= =l =les
ar op . we . = oMM Broi0ie2-No2
24 & $E 2@ £ & TrocRr?, 1
Ed g% 2e & %3 & ﬁ]])mc = Ezl\ll;l;)gzrv
ime 9
\/ ‘ ‘ \ / \/ \/ v NSl et
PROBH 5 mm Dual 130/
PULPROG ~ 7gpe:
) 5536
SOLVENT  CDCI3
NS 2304
DS 4
SWH 31446541 1z
FIDRES ~ 0.479836 1z
N AQ 1.0420883 sec
RG 183904
DW 15.900 usce
DE 20,00 usec
& 208
NO, Ome DI 200000000 see
DIl 0.03000000 sec
DO 2
CHANNEL fI
13
1400 usec
PLI 2
PLIW 5150902939 W
SFOI 1257710385 MHz
— CHANNEL 2 —
2 waltzlo
I
100,00 usec
12000 dB
1600 dB
0 dB

0.00000000 W

1.00 Hz
0

[ - h”H’ J

SR A A L LS S RN AARAS A RAASS AARSY LA A A N R AAaas R AASN RARSS RS RASSS AaSaS SasaS)
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 7

NAME  KS4Br_EINO2

:XPNO T

PROCNO 1

Date 20140806
1240

INSTRUM spect
PROBHD 5 mm Dual 13C
PULPROG 7230

D 32761

SOLVENT ~  CDCI3
NS 1

N DS 0
SWH 8992.806 Hz
FIDRES 0274439 Hz
AQ 18230063 sec

NO, Br

L
PLIW 1770875549
SFOl  500.1327500 MHz

SI
SF 500.1300152 MHz
WDW
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
I T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm
(A Zfetl)= ol Vol (el o
&l =2 S| a3 qal|q ek &
3’ - - S o - i en ”nS
w o £ -GS S NAME KS4Br EINO2
HERSTRZAICSHRRRLEES 2z f2 s gaobg o
grugndasadggigngges=¢2 53 bri=] B 2 JPROCRDIT 1
scQQoagaagoooooooo=as R (i 29 & SDate_ 220140806
Time 3.44
NS\ | |/ \/ \/ it
PROBHD 5 mm Dual 13C/
PULPROG 28pg30
™ 65536
SOLVENT CDCI3
NS 1292
DS 4
FIDRES 0479836 Hz
0420883 sec
RG 206425
N DW 15.900 usec
DE 20.00 usec
TE 2980K
DI 2.00000000 sec
DIl 0.03000000 sec
NO, Br TDO 2
CHANNEL f1
13C
14.00 usec
51.50902939 W
—= CHANNEL f2 ==
CPDPRG2 waltzl 6
NuUC2 1H
PCPD2

6
125.7577926 MHz
EM

0
1.00 Hz
0

Col I ! I | !

L B B S S LA LS LA RS AARSS RS RANSS AARSS anas T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 2, Entry 8

NAME

4H_couling_ProNO2

zolwm

5
PR()BHD 5 mm Dual 13C/

o&«ﬂ

o xeSDT® T RE® | B0
> ® RRXE T A P T AN =
== aaass REmag==

~ NR-R-RCR) S\ S vt

MWWZ%%/’/’/

~

7.292
7.277
7.274
7.257
7.253
7.241
7.238
7.233
7.227
7.224
7.221
7.219
7.215
7.200
7.197
7.183
7.177
7.159
7.155
7.151
7.144
6.926
6.817
4.858
3.852
3.841

z

NO,

by M

V‘N?*

5
2

1770875549
500.1327500 MHz

6
500.1300130 MHz
no

0
0.00 Hz

[
100

95 9.0 85 8.0

1.00
1.65
1.68
1.02

= NAI
s

52

149.073
148.994
134677
133911

s
i
o
)

129417
129325
129.182

g3
a8

128.594
128225
127.226

126.638

lw -mz
ll4.128

%
&

24.

==

——96.159
—93.054
——— 62.182
T 60.704
43544

42328

™
DS
SWi
AQ

RG
W

NO,

1
PL1

Ll

1.0

Time
//J's\ R
PRC
PULF

SOLVENT
NS 1527

FIDRES

NUCI
3l

SFOI

CH.
CPDPRG2
NUC2
PCPD2

T 1
0.5 ppm

8.36

ME 4H cxgﬂmg ProN¢
3

UM
OBHD 5 mm
LPROG

cet

Dual 13¢/
3

CDCl3

2

bt
31446541 Hz
0479836 Hz

10420883 sec

H
183904
15.900 usec
2000 uses
20000000 sec
0.03000000 sec
14
CHANNEL I
13C
14.00 usec
2
W 5150902939 W
ANNEL £2
waltzl6
1H

100,00 usec

1.00 Hz
0

T
5

T
45

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T
195 190 185 180 170 165 160 155 150 145 140 135 130 125 120 115 110 105 40 35 30 25

T
20

1257710385 MHz




Table 2, Entry 9

NAME
EXPNO

PROBHD.
LENC

STRUM

SELENTY
Moo

KS4Me_ProNO2
T

0 1
20140725
1515

spect
5 Dl 30
)
3@2@ I~
25 13E)
S

)
-
=]
s

_bS 0
WE 2
ES 0.274439 Hz

SWH
FIDR
AQ

18220063 sec

NO, 17.70875549 W
SFO1 500.1327500 MHz
SI 16384
SF 500.1300152 MHz
Wi EM
SSB 0
B 0001z
GB 0
PC 100
|
|
|
I
b N b
T T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
/]| m olmlmlle alf=/e]  [o]la () m) | = o
dlaFad SRS gigsl  [§|5 SRS =
S| ei|~F eif g = | = = - - i i ewif e |- o5
I - o« s To S e - NAME KS4Me ProNO2
CEIRZFRE35232828838 z2 gz g2 25zt L%
R EEEEEEEEREEER T ey a2 Gd S IRBL L ES
SIHRANAAANNNNNNSL=ES gg g8 g4 SEARSS 02@s
Ns=\e=2" ] T N
PROBHD 5 mn¥ Dual 13C/
PULPROG 2gpg30
™ 65536
SOLVENT CDCI3
NS 1234
DS 4
SWH 31416 541 1z
FIDRES 0.479836 Hz.
Al 1.0420883 sec
RG 206425
N DW 15.900 usec
DE 20.00 usec
TE 298.0K
DI 2.00000000 sec
NOZ _‘I?I 1 0. 0)0020000 sec
CHANNEL f1
NUC1 13C
Pl 14.00 usec
PL1 2
PLIW 51.50902939 W
SFOI 1257710385 Mz
======== CHANNEL f2 ==
CPDPRG2 waltzl6
NuC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 16.00 dB
PL13 2000 dB
000000000 W
1.00 Hz
0
s s s L s e s A s e A e e ]
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10  ppm




Table 2, Entry 10

NAME
EXPNO

PROCNO
Date_
Time
INSTRUM
PROBHD S mm Dual 13¢

KS40Me_ProNO2
1

1
20140722
1712

LA T =oAL =T FTASAO NN WSO NG T 13( O@}NI\
T NN TON = DWW =100 T TN T A== O XY N SN0 X s €0 =
ﬂqu_qq—:-;—:—_1—;qaqeqaa_weoaeehrb.l\eaawwwwwqquwhhhrwgmmaahb ‘g;a
Ll e il B ) A een e L]
=
; £N©
NO, OMe w0y
SFO S0 327300 N
SI
SF 500 1300I24 MHz
WD EM
SSB. 0
LB 0.00 Hz
GB 0
[ 100
|
| |
[
I I
Ly Al A " oa
T T T T T T T T T T T T \ T T T T T T
95 90 85 80 75 70 65 60 55 50 45 35 30 25 20 15 1.0 05 ppm
o ala s\e ’/r S ldlld el e .
o @0 S| ol 2[|S al |5 =
) o - - - - | - - Sl bl
. rgapaLnaa == NAME  KS40Me ProNO2
£§ ERIEIRERZREIZSEY e %7 82 &% gzado “2E
227 3¥IIHAREERSEIEED = R ;o P ES
Ly IBeonadogfoaoozssn &2 ez we 32 NN‘:{‘) ’nE@ﬂ
VoSN TR, N s
SOLVENT ”chn
NS 1786
DS 4
SWH i i
FIDRES 0479836 Hz
AQ lMN)SXvscc
RG
N DW \\‘)Oﬂusu
DE 7000u5:c
TE
DI 2. 00000000 sec
DI 003000000 e
NO, OMe DO 16
CHANNEL f1
13C
P1 14.00 usec
PL1
PLIW 51.50902939 W
SFOT 1257710385 Mz
- = CHANNEL f2 ==
CPDPRG2 waltzl 6
NUC2 1H
PCPD2 100.00 usec
PL2 120.0(
PL12 16.0(
PL13
PL2W
a5
125 €77‘I'HMH/
|<)0II/
o
h ‘ JH‘ H -
ARt et e e e e g s et g et e g sy e et ey At Aenag e At naned attesAntes nod atang nnns e beoce
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 9 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 2, Entry 11

L,

—
~
e
~

] 1
20140807
1136

spect

130

1@)@ o ,gum

ﬁl.WN?y’&)x 2
Mo

B

AQ 18230063

0.917

o 17.708755:
SFO1 500.1327500 MHz
SI 16384
SF 500.1300129 MHz
WD EM
SSB 0
LB 0.00 Hz
GB
PC 100
I
|
|
0! i i
o oy i LI
I T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
e s Wl el vl )| - W ) 2
S|5|8/7 5w I cll=z Q8 g 8 2
—enlen o o= Slelle Sl - - — S L
TEEREASSE 3313 a2 = Yo SN
LESRIACEALIAIRLALIY 23 57 f3zgn, &
ESHIRRHANENASSEEES dg g4 SEJw i@
N“SsSs\ll=r 7’ | \/ ANV
PROBHD 5 mmi Dual 13C/
PULPROG ~ zgpg30
™ 5536
SOLVENT CDCI3
NS 971
DS 4
SWH 1o st i
FIDRES 0.479836 Hz.
N AQ 1.0420883 sec
RG 18390.4
DW 15.900 usec
DE 20.00 usec
TE 298.0K
NO, Br DI 200000000 see
DIl 0.03000000 sec
T 2
CHANNEL f1
13C
14.00 usec
PL
PLIW 51.50902939 W
SFOL 1257710385 MHe
= = CHANNEL 2 ==
CPDPRG2 waltzl6
NuC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 16.00 dB
PL13 0.00 dB
PL2W 0.00(
035333615 W
011066501 W
5001
55936
125.7577931 MHz
EM
)
1.00 Hz
0
e ! ! I Il |
A e e A S et}
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10  ppm




Table 2, Entry 12

NAME  4H_coupling TMSCN
EXPNO 1
PROCNO 1
Date 20140717
1622
5
PROBHD_5 mm Dual 13¢/
AR TRNEERR e o Ry
XL LOAN =D ST
CEIITTIITTT === et SRS S
L] MmN AN

=
e e e e e e e e e e

FIDRES 0.274439 Hz

AQ 18220063 sec

7.347
7.343
7.332
7.330
7.315

PLi
PLIW 1770875549 W
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300358 MHz
WDW EM

SSB

LB 0.00 Hz

GB [

PC 100

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

=[als N ol (o] [olfe0
I 8 18 &%
sl=l= S sl sl lsls
w wRamLRUE Y NAME  4H_coupling TMSC
8 §828R3ESE I = o ENo y
2 Fadakneace & = % PROCNO |
= cooooogogacnco 2 3 & Dae 20140717
Time 1625
‘ \N/// V ‘ ‘ INSTRUM  spect
PROBHD 5 mm Dual 13/
PULPROG  2gped
) 5536
SOLVENT _ CDCI3
NS 794
DS 4
SWH 31446541 1z
FIDRES ~ 0.479836 1z
AQ 10420883 sec
N RG 18390.4
DW 15.900 usee
DE 20,00 usec
N & 2080 K
DI 200000000 sec
DIl 0.03000000 sec
DO 16
CHANNEL I
13
Pl 1400 usec
PLI
PLIW 5150902939 W
SFOI 1257710385 Mz
HANNEL £2 =

—
CPDPRG2 waltzl6
NUC2 1H
PCPD2  100.00 usec
PL2
PL12

6
577961 Miiz
DW EM

0
1.00 Hz
0

SR A A L LS S RN AARAS A RAASS AARSY T T
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

T
195 190 185 180




Table 2, Entry 13

NAME  4Me_TMSCN
1
ROCNO 1
Date 20140723
m 1706

spect
PROBHD 5 mm Dual 13C

E R A R R B - -\~ E N o N R SR e oI AR I (R o -
RRXEEPULTA =S TALNOSOAXREDESLY TN OANSSE N T A TE = =
RRRRRERRRRREMAEMEDEBEIREERERLLRLLIDRBBBBDBDDIebebrirhels <  Bel="t el
EENERRN RN NN G S U e o 6 06 06 06 06 06 66 06 06 66 64 60 64 64 ¢4 05 ¢ ¢ ¢ 05 ¢ o5 0 6 ofsen N 6 SN

18220063 sec

e\ e 2 : Q T,
¢

PLi
PLIW  17.708755:
SFOl  500.1327500 MHz

sI 16384
SF_ 5001300281 MHz
WDW EM

SSB

LB 0.00 Hz

GB

PC 100

Aoh

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

o(=le A o) (o] [alz -
LSS S 2l el =)= =
N g = I a
o - w oo 4Me_TMSCN
§ REESIRELERS £z 3 S
$ ZnERAABRAIL i 3 #
17.09
S\ T B
PROBHD 5 mm Dual 13C/
PULPROG 28pg30
™ 5536
SOLVENT CDCI3
NS 290
DS 4
FIDRES 0.479836 Hz.
AQ 1.0420883 sec
RG 206425
N DW 15.900 usec
DE 20.00 usec
TE 298.0K
N DI 2.00000000 sec
DIl 0.03000000 sec
TDO 16
CHANNEL f1
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
125.7577957 Mz
EM

B

0
Ll 1.00 Hz
GB 0

| l“ |

SR A A L LS S RN AARAS A RAASS AARSY T T T
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 14

NAME  40Me_coupling TMSCN
1

EXPNO
PROC 1
Date_ 20140718
Time 16

A A RN~ o N - BB S b - Bl KA RN R =R B R < B RN o Lt e o
S X P TR~ X E NN SNSRI RIRXRECO RIS NI —SROE T M ) -
MR RERERRERERREANEERMMMN N NN DRI Brbr B e Bek - X Lt Be s D le)
L N e e e T e e e e R R R R R R R R R R R I I R I I R R R R R R R R R R S IS I IS S S

R o M‘ e 5 (
e =2 — Sve— e o,

AQ 18230063 see

PL!
OMe PLIW  17.70875549
SFO1 500.1327500 MHz

sI 16384
SE_ 5001300179 MHz
WDW EM

SSB

LB 0.00 Hz

GB

PC 100

il J N

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

o[=2(w s =|[alw| [2|[a
a2l 3 =22 |22
“lealea = el ==l ==
w & ag PrR NAME  40Me_coupling TN
£ £ Bg3gEEagd H § b TS
“ Y 3ZREEESSEZ 2 PROCNO 1
Eq = aaafags oz 3 & Dae 20140718
Time 16.57
[ AN ‘ | o g
PROBHD_$ mm Dual 13C/
PULPROG __zgpg30
D 5536
SOLVENT  CDCI3
NS 1196
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz
AQ 10420883 sec
N RG 18390.4
DW 15900 usee
DE 20,00 usee
N TE 298
DI 200000000 see
OMe DIl 0.03000000 sec
DO 2
CHANNEL fI
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
1257577941 Mz
EM

B

0
Ll 1.00 Hz
GB 0

Ll

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 2, Entry 15

NAME  4Br TMSCN

EXPNO 1

PROCNO 1

Date_ 20140801

Time 1633

INST spect

PROBHD_ S mm Dual 13C
SRR TSRS T S
SQEEL S I XE om T S B
TIXTLTT T == == =GR Sl D
€00 06 06 00 00 00 e e ed e e NN N

b
B e
FIDRES 0.274439 Hz

AQ 18220063 sec
RG 5.1

D! 55,600 us
DE 7.50 usee
TE 298.0 K

DI 050000000 see
1

1770875549
500.1327500 MHz

16384
500.1300129 MHz
EM

0.00 Hz
[
PC 100

—— 147.381
134.386

429

129.334

Br

—— 52857

44209

28.391

1.0

NAME
EXPNO

PROCNO

Date
Time

INSTRUM

T 1
0.5 ppm

4Br TMSCN
3
1
20140801
1635
pect

PROBHD 5 mm Dual 13¢/
PULPROG p3

"~ cnen
1272

PL1
PLIW
SFOI

CPDPRG2

NUC2
PCPD2
PL2
PL12

4
31446541 Hz
0479836 Hz
10420883 sec
183904
15.900 usec
20,00 usec
2980 K
2.00000000 sec
0.03000000 sec
15

CHANNEL 1
13C
14.00 usec

5130902939 W
1257710385 MHz

CHANNEL f2 ==
waltzl6
H

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100

T
92

T
80

75



Table 2, Entry 16

NAME  4H_coupling DEM
EXPNO 2
PROCNO 1
Date 20140715

1607

NN T TSN =N ORI THONRNE ANNOETOOANI =AW =T AT OWWE S by
T NS AN NN -~ S RO TN NS FN AN —~SEIRR LRI NSRS AR F
RRRRREMM <D b b hebe B e R A R A A B R R N R R BV A AL B B B -0
I N e e A N S A A e e e N V- RCRCRV RV RV b A R R I IR R R R e A S IS A R
N e — = \\Y = ==
— FIDR
Q
RG
DW
DE
TE 2080 K
DI 500000000 sec
N DO i
HANNEL f
NuCt IH
Pl 12.70 usec
PLI i
E0,C €O PLIW  17.70875549
SFOL  500.1327500 Mz
sl 6
SE 5001300131 MHz
WD no
SSB
LB 000 Hz
B [
PC 100

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
o=l o afaao| o |l = oo
qlm(S| S S =[S =[S =2 =
- o - — 05 | | | | || - nlen
) wnm e - NAME  4H coupling DEM
za z 3283882 5 € g & pomo 2"
o % Ih;’ﬁl\l\m *® v a = PROCNO S ® 1
] £ S38888d 2 2 S & D 2hi071s
Time 6.12
\/ ‘ N T | | W e
PROBHD &mm Dual 13C/
PULPROG 2apg;
™ 55
SOLVENT CDCI3
NS 2502
DS 4
FIDRES 0.479836 Hz.
N AQ 1.0420883 sec
DW 15.900 usec
DE 20.00 usec
TE 298.0K
EtO,C CO,l DI 200000000 sec
DIl 0.03000000 sec
T 16
CHANNEL f1
NuUC1 13C
Pl 14.00 usec
PL1
PLIW 51.50902939 W
= = CHANNEL 2 ==
CPDPRG2 waltzl6
NuC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 16.0(
125.7577919 MHz
EM
:
1.00 Hz
x
195 190 185 180 5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 5 50 45 40 35 30 25 20 15 10 ppm




Table 2, Entry 17

EXPNO
PROCN 1
Date_ 20140724
Tim 1647
INS spect
PROBHD_ $ mm Dual 13C
RN e L Y e e e RTINS TN SN e8I I LSRR R RSN T opoE T RCQ
PN e T T OIS A TN TN AA SNSRI N =S OREDVLTA=DFOAN A =N T = S
A NSRRI NI IS aROReYe eSS SRR T Gy Sour S
EE RN NN NN NS S S FfFFF ST F TSI ST ST efedenefeneneqeneneqenen ofen AN N R = o = =

Q*“““-ﬁ%% Nﬂm\\%% % — DIDREE 0374439 11z

FIDR¥S
£ N
EtO,C c;©\

18220063 sec
RG
DW

L 0 dB
PLIW 1770875549
SFOl  500.1327500 MHz

SI 16384
SF 500.1300124 MHz
Wi EM
SSB 0
i 0004
GB 0
PC 1.00
|
I
[
[
|
I
by
Iy I
I T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
alm iﬁ < o lel (el (e "
g==8 % 2 =3 |2 SIRES = a
b e e P i s3I i N @
- e ags NAME KS4Me DEM
38 $ E3TZE8§% 3 XY ] 2o NE
o g YIAXLENG v Tvie 2 % PRENO S & 1
133 $ HB33RRERE % SR8 d b e v
Time 6.54
\/ NN \I/ | i) e
PROBHD  &mm Dual 13C/
PULPROG 20pg
™ 55
SOLVENT CDCI3
NS 599
S 4
SWH 1o st i
FIDRES 0.479836 Hz
Q 1.0420883 sec
RG 206425
DW 15.900 usec
N DE 20,00 usec
TE 298.0K
DI 2.00000000 sec
DIl 0.03000000 sec
Et0,C~ >CO,l o 1o
CHANNEL f1
NUC1 13C
Pl 14.00 usec
L1 2
PLIW 51.50902939 W
SFOL 1257710385 MHe
— — CHANNEL f2 =——
CPDPRG2 waltzl16
NuC2 1H
100.00 usec
1200008
6.00 dB
20.00 dB
0.00000000 W
035333613 W
014066564 W

0
1.00 Hz
0

| Ll A

SR A A L LS S RN AARAS A RAASS AARSY T T T T
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 18

4.064
4.060

I

———— = B

NAME 40Me_DEM

EXPNO 1

PROCNO 1

Date 20140721
1639

e e R

AQ

spect
PROBHD 5 mim Dual 13C
L

@1 §NT1 ’

o
et
=

QT T S

S )

WH\MK

IDRIE™ 0274439 11z
18230

W

(5]

c\
®
=
-

220063 sec

1770875549
500.1327500 MHz

16384
500.1300240 MHz
EM

0
0.00 Hz
[
100

o
<

_—167.976
TT—167.226
——153.104
— 143512
_— 135611
129.040
127.342
127.223
125.881
61.471
61.447
59.519
s

134792

—— 114393

-
NS
™~
Z

Et0,C” CO,l OoMe

2.5

——43.010

™

SOLVENT
NS

DS
SWH
FIDRE:

CPDPRG2
NUC2

PCPD2
PL2
PL12

INSTRU!
PROBHD
PULPROG

s

6.45
M\/ spect
Nmm Dual 13¢/
2gpe30
ety
916

4
31446541 Hz
0479836 Hz
10420883 sec
20642.5
15.900 usec
20,00 usec
2980 K
2.00000000 sec
0.03000000 sec
16

CHANNEL 1
13C
14.00 usec

5130902939 W
1257710385 MHz

CHANNEL f2 ==
waltzl6
H

100.00 usec

| AARSSARAS s
195 190 185 180

T
40 35 30 2

T
5



Table 2, Entry 19

NAME 4Br_DEM
EXPNO
PROCT 1
Date_ 20140804
Time 163
INS t
PROBHD _S mm Dyal 13C/
AN =R AR T TSSO TSR =TORXTLOAANRD O S T e ]3( Wa»cf’l
ARV LOTANSARXCE AN~ T OLONMAN =SS WG T O W 3585t L)
RRRRRRERRR R il b R R R b R b b b e b b R e R B B B B B B B R B e Lo
Lol ol o L o el oSO OWW ST T T T T T T T T ST ST ST ST 60 00 60 60, 60 60, 00, 00, 60 60 6 00 O -
B e N e T
FIDRES 0.274439 Hz
AQ 1.8220063 sec
N
\Q\ o
Et0,C” >CO, Br PLIW 17708755
SFO1 500.1327500 MHz
SI 16384
SF 500.1300143 MHz
WD EM
SSI
LB 0.00 Hz
GB 0
o 100
|
I
Il
I T T T T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
-0l =3 Q= 1= 4 e ®
Q=S < a =<2 b i a=
A=K 2 B ot e I plpe
s 2 SU3IHZ = NAME e DEM
g g ggIggee s g g58 5 £ Hmo 3
¥ o m;—wShl\'@ 3 S <8 ] = PROCNO % 1
=2 b4 agegmang = = Taln g & Date 140804
Time 1642
\/ L NN |1 | e
PROBHD Slmm Dual 13C/
PULPROG 20pg
i 5536
SOLVENT CDCI3
NS 480
DS 4
S st
FIDRES 0.479836 Hz.
N AQ 1.0420883 sec
RG 18390.4
DW 15.900 usec
DE 20.00 usec
TE 298.0K
EtO,C COyl Br DI 200000000 sec
DIl 0.03000000 sec
T 16

CHANNEL 1
13C

14.00 usec
PL
PLIW  51:50902939 W
SFOI 1257710385 MHz
== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH
PCPD2 100.00 usec
PL2 12000 dB
PL12 1600 dBB
PLI13 0.00 dB
PL2W  0.00000000 W

T
195 190 185 180

SR A A L LS S RN AARAS A RAASS AARSY
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95

AL ANaaS Aaas RAASS Ranas aaas RARRs AASRS
9 85 80 75 70 65 60 55 50 45

T T
40 35 30 25 20



Table 2, Entry 20

NAME  4H_coupling_hPOE
EXPNO 1

ROCN 1
Date 20140716
m 1715

INSTRUM " spect

PROBID S mip Dual 13C
TN RSN SO TN N XXX~ =S =R TV WRAD TA=TRIND NN ,@()g'"#ﬁncl\
P NN R R o N N N R E R NN N A D R N - R NN ] NG 16 e
N RRRRRERR AN i e ir e i i B I B Ba B B B0 vl ooty By
LN S N N e N N e N N N RV R R TR I I R i i e i i A i A A A A A A R U R R R R R . R R

— -

D i N P
RIS 0274439 1z
18220063 sec

|
Y
|
|

N
EtO” “OEt

PLi
PLIW  17.708755:
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300078 MHz
WD EM

SSB

LB 0.00 Hz

GB

PC 100

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

=N b4 v o ®S bdi-
Sl=|| =2 °. sl 2 alS (&
2lalz2 2 a 12 2 AR
cesnEssonnn
3% 3R¥sfpugsEgany £R285E 5 7 poke £
$S $5saRFEEERGGES qdads= = PRC a0
2 Sooogooanagacs QRECER 2 & DaeS X 20840716
Time 7.19
V SIS\ N |
PROBHIY”S mm Dual 13C/
PULPROG 2apg;
™ 5536
SOLVENT CDCI3
NS 730
DS 4
FIDRES 0.479836 Hz.
N AQ 1.0420883 sec
RG 206425
DW 15.900 usec
_0 DE 20,00 usec
_FZ TE 298.0K
EtO OEt DI 200000000 sec
DIl 0.03000000 sec
TDO 14
CHANNEL f1
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
125.7577945 Mz
EM

B

0
Ll 1.00 Hz
GB 0

| \H| I

SR A A L LS S RN AARAS A RAASS AARSY LA A A N R AAaas R AASN RARSS RS RASSS AaSaS SasaS)
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 21

NAME - KSAMe EIO2PH
T

EXP)

PR 1

Date 20140724

Time 16

INS

PROBHD_ 5 mm Dual 13C
PR SNSRI B SR T - B~ B A - I\l -y J il s B (b~ i o Jl T g R o (8 - e
PPN RRXEN TNV TN TSN =SR O RLLOLIL I TON=DN DL 60— =D X TS W+
"2"?"3"!":":":":".‘".'":".'":".'°.°.°°.°°.":".'":":".'QQQQQQQQQQQQQQ’IQ’:’}’E‘Q’I’:’}-WN?!' .d'kﬂ'!".‘
L e e LT e e e e e e N RNV R I B A R N R R R R S I ] -

é
A

Vo= ///;’M”W

Lo

Et0” Ol 875
STOI S001327500 N

sI
S s0ta00124 itz
WD EM

SSB 0

LB 0.00 Hz

GB [

PC 100

= =

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

olfen| =] IN S w a a e
g9 28 2 a8 e g S
w=llen] eq] =i = g > o Ll e
oo [ ® 2 oo ® o NAME KS4Me EtO2PH
R PR EE LR EREL BEE33E 2 5 IBERSS
K 2 FEERPPER) (234 ) : =
SERSRANENALRNANLEE g2ddag g & DReS = 080724
Tipel 1623
NS\ 7T TRV
PROBF 5 mm Dual 13C/
PULPROG 2apg30
™ 65536
SOLVENT CDCI3
X 36
DS 4
W 3o sil e
FIDRES 0.479836 Hz.
N Q(L‘) 1 0470&% sec
DW \* ‘)00 usec
_0 b 2000 use
EtO0” “SOEt DI 2 nnnnnnnn sec
DIl 003000000 %c
TDO 3
CHANNEL f1
13C
Pl 14.00 usec
PL1
PLIW 51.50902939 W
SFO1 1257710383 Mitz
= = CHANNEL 2 ==
CPDPRG2 waltzl6
NuC2 1H
PCPD2 100.00 usec
PL2 120.0(
PL12 16.0(
PL13
PL2W

536
1257579963 Mitz
oM

10011z
0

[ J“H ]

SR A A L LS S RN AARAS A RAASS AARSY T T
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




Table 2, Entry 22

NAME  40Me_coupling_HPOOEL2
1

EXPNO
PROCN( 1
Date_ 20140718
Time 1803
INSTRUM spect
PROBHD _$ mm Dual 13C/
TITSSQU AR ="TOAOCASROTION DN = AR e SDT T 8 GURPROES T
ARXRDAAXXEDN N AN~ = AN =SSN FUH AT O A~ S >
QOO T TT 1ARANRRRRRS N Snin &0 %R N A GLVE "tocs
L e e T e e e e e e R N - - R - R R el NN A e
B e VSN Y
FIDRES 0.274439 Hz
AQ

18220063 sec
5

N
Et OMe

Et0” O

L
PLIW 1770875549
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300124 MHz
W EM

SSB 0

LB 0.00 Hz

GB [

PC 100

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

o allva =3 wi Qv =y e
S el S 9 (9| S aq
=l lenllelex - i el o len
£8 g 2 Z2E33% 2 N s w ieono g 8"
S = w & ES = @ EXPNO @28
2g a 4 Eianng 3 53 B e pRocNo S &
23 " ¥ o288Sd 2 ] 3 Gue 6071
Time 6.45
\/ ‘ ‘ \/ \\// ‘ \\ ‘ ‘ INSTRUMY / spect
PROBHD Smm Dual 13C/
PULPROG 28pg30
i
SOLVENT
S
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz
AQ 1.0420883 sec
RG 206425
N DW 15.900 usec
DE 20.00 usec
TE 298.0 K
DI 2.00000000 sec
DIl 0.03000000 sec
Et0,C” CO, OMe Dl 0
CHANNEL f1
NuC1 13C
P1 14.00 usec
PL1
PLIW 51.50902939 W
SFOI 1257710385 MHz
- = CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2
PL2
PL12

T SR A A L LS S RN AARAS A RAASS AARSY T T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 2, Entry 23

NAME  4Br_EtO2PH
:XPNO 1

ROCNO 1
Date 20u0731

INST

PR()BHD 5y mm 130
AN X T TSSO NP TSI IO =N NXNTADTU A =IO =N MO T OO PSS
NI AN == A =SSR LONLAC O ITAAN SRRV T SRR T R
AN I A RS SRS SARARRARANRRNRRR Y WN?‘ d'fm""'
L S N N e N N e LS NI S SN Yo R R I A A A AR A A A R R R R R R R R R R R R RN 1

DI 0 sooouauu see

e N \**\MWMW

-0 PL 00 d:
N PLIW 17.70875549 W
Et0” OEt Br SFO1 500.1327500 MHz
SI 16384
SF 500.1300124 MHz.
WDW EM
SSB.
LB 0.00 Hz
GB 0
PC 1.00

alsl g ® of gl (22 clo
= < b= = < 2 2
Mlen o < i - Al alen
e o= N/\M[, JISAIKOZI’H
8% §RE3EE 7% XS
i TReE 25 S G2 3 N
9% SEESARARRNNGSE ER PREE
=3 28234ad adaz 228ee ])m-.._ﬁlﬂltml

128.103

128.066

127.626

598

993

971

080

— 110252
59.342
58.073
——43.597
——26.894

A
~
AN

Tim 7.08
INST spect
PROBHIY”S mm Dual 13¢/
PULPROG ~__zepe30

™ 5536
SOLVENT  CDCI3
NS

1019
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz
AQ 10420883 scc
RG
N DW #1950 usee
DE 200 usce
o TE
<4 DI 2 nnrmnnnn sec
- DIl 0.03000000 sec
EtO OEt Br TDo 5
CHANNEL fI
13C

Pl 14.00 usec
PL1

PLIW  51:50902939 W
SFOI 1257710385 MHz
== = CHANNEL f2 =
CPDPRG2 »ahzlﬁ
NUC2

PCPD2 10000 usec
PL2 0 dB

PL12

PLI13

PL2W.

ool | |

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 1

NAME  KS_HNMe2_TsNC
EXPNO 1
PROCNO 1
Date. 20140825
1612

INSTRUM  spect
PROBHD _§ mm Dual 13C
N W = 0 N D = 0 - 3 2 3 PULPROG 230
NS = NRE O R XS ® - IN o D 3276
R R R RERRER NN e = ] ] SOLVENT ~  CDCI3
e e o A - RV R ~ < g N ~ N: 1
LS PSS DS 0
— SWH 8992.806 Hz
FIDRES 0274439 Hz
AQ 18230063 sec
el
s
H 0, o
PLIW  17.708755:
SFOl  500.1327500 MHz
si 16384
SF_ 500.1300152 MHz
WDW EM
SSB
LB 0.00 Hz
GB
PC 1.00
I
I
I J
I T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
s - o[ ) ® o 3
< ! =i ] & < a9
PN - =l e = - i “
a - NAME  KS_HNMe2 TsNC
5 2 Rziz 7 3 2 g, o
s % HS88% ] 23 s PROCNO 1
= = hspags] = = a% g D 20140825
Time 16,15
| | N/ |/ \NJHI(HM et
PROBHD 5 mm Dual 13C/
PULPROG __zgpg30
D 5536,
SOLVENT ~ CDCI3
NS 940
DS 4
| © S sidesi e
N FIDRES 0479836 Hz
Ns AQ 10420883 sec
RG 231705
H 0, DW 15.900 usec
DE 20,00 usee
TE 298
DI 200000000 sec
DIl 0.03000000 sec
DO 16
CHANNEL fI
13C
14.00 usec
PL
PLIW 5150902039 W
SFOI 1257710385 MHz
=== CHANNEL f2 =
CPDPRG2  waltzI6
NUC2 1H
PCPD2 100,00 usec
PL2 1200
PLI2 16,01
PLI3
PLIW
500,13
65536
1257577945 MHz
EM
B 0
L 1,00 Hz
GB 0
S S S s s A A S A LA AN S RS A AN SRS AASS RANS Sans ARaSs RAASS RAASS AAaS Aanas NSRS RaRas Ranas Rasas RSAS ASAS RARAS AaRas nass BNSs MRS aanas amnas ReRRS]
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 9 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 2

NAME  KS_4Me_TsNC
EXPNO 1

ROCNO 1
Date. 20140829
1620

INSTRUM ~spect
PROBHD_§ mm Dual 13C.
N - B o ® @0 e« =+ 0 PULPROG e
A=A SN ® ® 2o a @ v X D o
ERsqqaselniny ] e <] ! SOLVENT ~ CDCI3
L N N N N A R A - < e ~ R N 1
= DS 0
SWH 8992.806 Hz

Wi
FIDRES 0274439 Hz
AQ 18220063 sec

PL| 0 dB
PLIW 1770875549
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300129 MHz
WDW no

SSB

LB 0.00 Hz

GB

PC 100

T T T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

ol [w]e] [ w = - w 2!
SRS ! < ) N 4
il [Sleil e - o - o il e

- I = *® KS_4Me TsNC
g 8% EELEE g 52 g 5
s S ] - *F a9 1
[ 23 28aggq = % F 20140829
1625
| I WY \/
BHD 5 mm Dual 13C/
PROG 2apg;
U epen
142
DS 4
SWH 1o st i

S 1 |
FIDRES  0.479836 Hz

AQ 10420883 sec
RG 20642.5

DW 15.900 usec
DE 20,00 usec
TE 2980 K

DI 2.00000000 sec

DIl 0.03000000 sec
DO 1

CHANNEL 1
NUCI 13C
3l 14.00 usec
PL1
PLIW  51:50902939 W
SFOI 1257710385 MHz
== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH
PCPD2 100.00 usec

0 dB

(I

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 3

'L\)J\N/\S

Br

NAME  KS4Br TsNC
1

EXPNO

PROCNO 1
fe_ 20140827

Time 833

INSTRUM B

pect
PROBHD 5 mm TBO BB~1H
PULPROG _ z¢

T 3276!
SOLVENT cpci3
N 1

DS o

SWH 8992.806 Hz
FIDRES 274439 Hz
AQ 1,8220063 sec
RG 512

DW 55.600 usec
DE 7.00 usec

TE
DI 050000000 scc
0 1

77777 CHANNEL f1 ===
NUCH H

Pl 5.00 usec

PLL —3.00 dB

d
SFOl 6001334442 Mz
S 536

SE_ 600.1300172 MHz
WDW EM

0
0.20 Hz.
0
050
/
J k Y | /
. L I
T [ B B B A
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.0 2.5 2.0 1.5 1o 0.5 ppm
| |
‘ac fefa) =‘ ls ww 2
= [g[3] g 8 b ped
s 33 2 = 2 =l
& &l & i - -l
NAME  KS4Br_TsNC
EXPNO 3
PROCNO 1
Date_ 20140827
ime 18.35
INSTRUM  spect
PROBHD 5 mm TBO BB-IH
PULPROG P
D 65536
IS o g3 g Y - SOLYENT  CDCI3
5 g Eean s A = NS #0430
= R e 32 3 P 3
= = jackucia ) == g ]
SWIF 37593984 Hz
| / \ \/ FIDRES  0.573639 Hz
| 1 AQ 0.8716921 sec
G 16384
D! 13.300 usee
DE 7.00 usce
TE 298.0
DI 2.00000000 sce
DIl 0.03000000 sec
100

Br

N I |

CHANNEL f1 ==
13C

Pl 3.00 usec
PLL ~3.00 dB
SFOl 1509178076 MHz
=====—==CHANNEL f2 ==
CPDPRG2  waltz16
uCc2 H
PCPD2 100.00 usec
PL2 120.00 dB
PLI2 830 dB
PL13 22.00dB

SFO2  600.1324500 MHz
65536

SI 6553

SF 150.9028153 MHz
WD EM

SSB 0

LB 1.00 Hz,

GB 0

PC 1.00

T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 K]0 70 60 50 40 30

20 10 nnm



Table 3, Entry 4

7.283
7.268
7.266
7.255
7.251
6.849
6.835
6.820
6.738
6.721
6.566
1.454
1.440
1.425

/
\

—3.837

INST!

KS_4H_BuNC
1

] 1
20140930
1702

spect
PROBHD 5 mm Dual 13

o
)
Q

=i

r
FIBRES 10274430 1z

DS
IRES
AQ

RUM
"B,
BB S
o —— 0 oD

62

18220063 sec
5

00 us
7.50 usee
298.0 K
050000000 see
1

HANNEL f}
NuCl IH

) 12.70 usec

PLI i

PLIW 1770875549
SFOl  500.1327500 MHz
sI 384

SE_ 5001300152 MHz
WD no

SSB 0

LB 0.00 Hz

GB [

PC 100

95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

o [glels - o [+ ale] (e
5 88% 2 k] a5 &
~ [2l&ls & &l e aleil e
= g 'I_l; g S x “ -~ IN/\M[, §S 4H_BuNC
E a z = e A
= g 2 £ 3 2 gL g PRENO & )
5 2 g = = & 88 & Dad& 140930
Time 17.05
‘ ‘ ‘ | \/ ‘ INSTRUM spect
PROBHD Slmm Dual 13C/
PULPROG  zgpg:
™ 5536
SOLVENT CDCI3
‘ o NS 388
S 4
\)-L VH 31446541 Hz
NN FIDRES ~ 0.479836 Hz
H AQ 1.0420883 sec
RG 206425
DW 15.900 usec
DE 20.00 usec
TE 298.0K
DI 2.00000000 sec
DIl 0.03000000 sec
TDO 12
CHANNEL f1
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
125.7577950 Mz
EM

B

0
Ll 1.00 Hz
GB 0

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 5

NAME  KS_4Me_BuNC
EXPNO 1
ROCNO 1
Date 20141006
1605

5
PROBHD § mm Dual 13C,

Q% L EP2SE TERS LS oUmg s Tt 20
S e P R-DFW OO T N & ]
e e caaaacs AT SRR AR R R
NN RV) e N N g S S S
VoV N AN N e —
B) 9 1z
FIBRES 0.274439 Hz
AQ 18230063 see
RG 181
DW
‘ DE
TE
N/\/\ DO

NuCl
)

PLI

PLIW 875

SFOl  500.1327500 MHz
sI 384

SE_ 5001300152 MHz
WDW EM

SSB 0

LB 0.00 Hz

GB [

PC 100

° = 2| al (g - =[w 2
g |® g g (S = A2
] ] PN e “ eilei “
e 2 v o - [ NAME  KS 4Me BUNC
2z b 8 5 E
2 I e 2 ] 2% 2 PROGO = 1
£ b1 g = a 5% & D& S Mi41006
Time 16.07
‘ \ / ‘ \/ ‘ INSTRUM | speet
PROBHD. 5lmm Dual 13/
PULPROG ~_zgpe
™ 5536,
SOLVENT —_ CDCI3
NS 127
e} DS 4
| SWH 31446541 Hz
N FIDRES 0479836 Hz
N7 AQ 10420883 sec
H RG 23170,
DW 15.900 usee
DE 20,00 usce
TE 208
DI 200000000 see
DIl .03000000 sec
™0 12
CHANNEL 1
13¢

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB

PL12

1600 dBB
PLI13 0.00 dB
PL2W  0.00000000 W

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 6

—3.803

)
PLIW
SFOL
sI

Br

SF
WDW

-
&
®
S

N s

7
0274439 Hz
18220063 sec

HANNEL f}
IH
12.70 usec
~1.00dB

1770875549
500.1327500 MHz
384
500.1300128 MHz
EM

0
0.00 Hz

100

6.5 6.0

=3
I

1.99

S

NA

PRC
Dat

148.181
58.701

INS

— 169.603
——132.003
——114.642
—— 110737
_—39.859

38907

]

™
SOL
NS

RG
DW

Br

NUCI
3l

1

PL
PL1

SFOI

CPDPRG2
NUC2

PCPD2

EXFR
ol

Tim

PRC
PULI

SWH
FIDRES
Q

T 1
0.5 ppm

ME  KS 4Br BuNC

0 &
N0 2
&£

1
141003
1140

lmm Dual 13C/
PROG ~ zapy;

‘ql(HM pect
OBHD 5|
6

LVENT ~_ CDCI3
120
4
31446541 Hz
0.479836 Hz
10420883 sec
>

20642.5
15.900 usec
20,00 usec
2980 K

2.00000000 sec

0.03000000 sec

3

CHANNEL 1
13C
14.00 usec

W 5150902939 W

1257710385 MHz

CHANNEL f2 ==
waltzl6
H

100.00 usec
0 dB

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 1

00




Table 3, Entry 7

NAME ~ KS_HNMe2 NCCO2Me
EXPNO 1

ROCN 1
Date 20140915
1607

INSTRUM spect
PROBHD 5 mm Dual 13C/
R T NSO T = OO 0 N b PULPROG 230
DRRXXC OO T A oS ©“ D 32768
RERRERRRERREN NN Sexn ] SOLVENT ~CDCI3
Il e N A2 A - Tt e e L N 1
DS 0
| =" N/ \ S e
FIDRES 0.274439 Hz

AQ 18230063 see

PLi
PLIW  17.708755:
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300156 MHz
WDW EM

SSB

LB 0.00 Hz

GB

PC 100

r T T T T T T T T T T T T T T T T T T T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

LIS EIEY -

=
RIS 3|3 = =
aills|=l= ==l B
2z 2 5 i § . = . NAME  KS_HNMe2 NCCO
S & £ = & EXPNC 3
=E g 2 % m 5 a3 2% PROCNO 1
== = 2 = = [ S5 Date 20140915
Time 16.10
\/ ‘ ‘ ‘ ‘ ‘ \ / INSTRUM  spect
PROBHD 5 mm Dual 13C/
PULPROG __zgpg30

™ 5536
SOLVENT —_ CDCI3
NS 381

DS 4
SWH 31446541 Hz
FIDRES  0.479836 Hz

o

Ome AQ 10420883 sec
N RG 20642.5
N DW 15.900 usee
DE 20,00 usee
TE 2943 K
DI 200000000 see
DIl 0.03000000 sec
DO 16
CHANNEL fI
13C

14.00 usec

PL
PLIW  51:50902939 W
SFOI 1257710385 MHz

== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2 100.00 usec
PL2 12000 dB
PL12

PLI13

PL2W.

536
125.7577974 Mz
EM

B

0
Ll 1.00 Hz
GB 0

| AARSSARAS s SR A A L LS S RN AARAS A RAASS AARSY T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 8

NAME ~ KS_4Me NCCO2Me
PNO T
ROCNO 1
Date 20140916
1601

INSTRUM spect
PROBHD 5 mm Dual 13C

S A X = - v N PULPROG 7g30
[N LN Q Y ) D 3276
See SeRE ] « SOLVENT ~  CDCI3
=R o+ F e o] « o NS 1
DS 0
VARY, I ]
FIDRES 0274439 Hz
AQ 18220063 sec
RG 256
DW 55.600 usee
DE 750 usec
‘ o TE 294.5 K
DI 050000000 s
H = CHANNEL fl =
1H
12,70 usec
PLI <100 dB
PLIW  17.7087
SFOl  500.1327500 MHz
si 6384
SF_ 500.1300133 MHz
WDW EM
SSB
LB 0.00 Hz
GB 0
PC 1.00
|
I Il '
L |
T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
INEIE RIER s =
|2 2 22| = b=
Sleil e ~llale “ i

147.252

—171.233
T 170.000

— 129.79%
128174

—— 113.600

(e}

.

Iz

/\@/OMe

—— 59.066

——52278

NAME  KS_4Me NCCO2M
3

3 EXI®O

R PRAENO 1

EEy Datd 20140916
Tim 16.05

\/ INSTRUM  spect
PROBHD_$ mm Dual 13C/
PULPROG ~_zgpe:
D 65536
SOLVENT ~ CDCI3
NS 106
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz

0420883 sec

RG 20642.5
DW 15.900 usec
DE 20,00 usee
TE 2947 K
DI 200000000 sec

DIl 0.03000000 sec
DO 1

CHANNEL f1
NUCI 13C
3l 14.00 usec
PL1
PLIW  51:50902939 W
SFOI 1257710385 MHz
= CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 H
PCPD2 100.00 usec
12000 dB
1600 dBB
20,00 dB
000000000 W

035333613 W

65536
5.7577984 MHz
EM

0
1.00 Hz
0

L B B S S LA LS LA RS AARSS RS RANSS AARSS anas T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70




Table 3, Entry 9

NAME  KS_4_Br NCCO2Me
PNO i
ROCNO 1
Date 20140918
16,15

INSTRUM spect
PROBHD 5 mm Dual 13C

o =S ;e > PULPROG 230
32 gL Q D 32761
2 2 2SR J SOLVENT ~ CDCI3
8 8 + F eq e e NS 1
DS 0
y, NV
FIDRES 0274439 Hz
Al 18230063 sec
RG 456.1
DW 55,600 usee
DE 750 usee
TE 2042K
DI 050000000 see
D0 1
— CHANNEL f1 =
cl 1H
Br Pl 12,70 usee
PLI 1,00 dB
PLIW  17.7087:
SFOI  500.1327500 MHz
si 16384
SF_ - 500.1300129 MHz
WDw EM
SSB 0
LB 000 Hz
GB
PC 1.00

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

o o |2 B w
2 g |2 g 2 <
Y] Y] il =l “
s 5 5 w o NAME  KS 4 Br NCCO2V
2% = g & X N 3 EXPNO 3
3 % o i 2 ] £ PROCNO 1
== = 2 == & @ s3 Date 20140918
Time 16.18
\/ ‘ ‘ ‘ ‘ ‘ \/ INSTRUM  spect
PROBHD_$ mm Dual 13C/
PULPROG ~_zgpe:
D 5536,
SOLVENT ~ CDCI3
NS 393
DS 4
| o SWH 31446541 Hz
FIDRES 0479836 Hz
N \)J\ OMe 0420883 sec
N RG 20642.5
N DW 15.900 usec
DE 20,00 usee
Br TE 2943 K
DI 200000000 sec
DIl 0.03000000 sec
b 1
CHANNEL f1
NUCH 13C
Pl 14.00 usec
PLI
PLIW 5150902039 W
SFOI 1257710385 MHz
~ CHANNEL f2 =
CPDPRG2  waltzI6
NUC2 1H
PCPD2 100,00 usec
120,00 dB
16.00 4B
20,00 B
0.00000000 W
035333613 W
L S S S s S A A s A AR AN RS RS AN Aans e BRSNS T T T
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 60 30 25 15 10




Table 3, Entry 10

4490

4478
——3.918

2.998

PULPROG

D

KS_4H_BaNC
1

0 1
20140921
1959

s

ect
PROBHD 5 mm Dual 13C
d 7

SOLVENT ~  CDCI3
NS 1

DS
SWH
FIDRES
AQ

—~ CHANNEL fl =
IH

0

8992.806 Hz
0274439 Hz

8220063 sec
256

55.600 usec
7.50 usee

2032 K

0.50000000 see
|

7.70;
500.1327500 MHz

16384
F o 500.1300150 MHz
v no

0
0.00 Hz

100

—— 170.400

—— 149.19
—137.932
129.330
128.609

Z
~X

| Jl“

127.436
127.402
—— 118.690
—— 113187

58.922

1.5

——43.044
——39.836

1.0

NAME
EXPNO

INSTRUM 5
OBHD 5 mm Dual 13C/
LPROG

PRC
PUL
™

SOLVENT
NS

DS

SWH

T 1
0.5 ppm

KS_4H_BaNC
3
) ]
20140921
2002
pect
P
cpei
101
4
31446541 Hz

SW 1
FIDRES  0.479836 Hz

RG
DW

NUCI
3l
PL1

CPDPRG2
NUC2
PCPD2

W
SFOI

0420883 sec
20642.5

20642
15.900 usec
20,00 usec
293.4 K

2.00000000 sec

0.03000000 sec

1
CHANNEL f1
13C
14.00 usec
5130902939 W

1257710385 MHz

CHANNEL f2 ==
waltzl6
H

100.00 usec
12000 dB
1600 dBB
20,00 dB
000000000 W
035333613 W

L B B S S LA LS LA RS AARSS RS RANSS AARSS anas
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 1




Table 3, Entry 11

NAME  KS_4Me_BnNC
PNO 1
0 1
20140928
1525
INSTRUM " spect
PROBHD 5 mm Dual 13C;

T =T RN =0 o= “ -+ ® PULPROG  2¢30
—SoXLVow ~S XL =K n X ® o ° N ) 32761
ERRERREREREEREN AN it ] ] 2] SOLVENT ~ CDCI3
L N A A A N N N N NV <+ < el ~ ~ NS |
NN A Vo] ] .
= FIDRES 0274439 Hz
AQ 18220063 see
RG 181
DW 55,600 usec
| o DE 7.50 usec
TE 2080 K
N\)k DI 050000000 sce
N D0 i
H
~ CHANNEL f1 =
1H
1270 usec
PLI i.00dB
PLIW  17.7087
SFOI  500.1327500 Mz
sl 6384
SE_ - 500.1300124 MHz
wow EM
SSB
LB 000 Hz
GB 0
PC 1.00
|
("R 1 1
! I
I T T T T T T T T T T T T T T T T T T T 1
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 ppm
=fnlo] |a e © - -
a2 2 ] = hor!
vilals| & & - “ o
= * zZzsq NAME  KS_4Me BiNC
g § & §z8%% @& 8 5g EXE0 5
g o Z Sxmno - { £s PROENO 1
£ H % 88&&N 2 2 3s D 20140928
“Tim 1528
‘ l ‘ \\\/ ‘ ‘ ‘ l \Nsik M spect
PROBHD 5 mm Dual 13/
PULPROG ~ 7gpe:
) 65536
SOLVENT  CDCI3
NS 103
DS )
| o SWH 31446541 1z
FIDRES ~ 0.479836 1z
N AQ 1.0420883 sec
N RG 18390.4
N DW 15900 usee
DE 20,00 usec
& 2080 K
DI 200000000 sec
DIl 0.03000000 sec
DO 1
CHANNEL f1
NUCI 13C
Pl 1400 usec
PLI
PLIW 5150902939 W
SFOI 1257710385 Mz
— CHANNEL 2=
CPDPRG2  waltzl6
NUC2 1H
PCPD2  100.00 usee
120,00 dB
1600 B
2000 dB
0.00000000 W
035333613 W
65536
57578001 MHz
EM
0
1,00 Hz
0
DA 0 A A A Land Anad anas Mts Lansd Manad Manns Loy Aannsianss nats Mand Sanns Ranas natas nanss Mnans Soans hacas hanas Mans hasad Aascd Danns Mns hasas aanes hanas naas iases Mane anas hanas
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm




Table 3, Entry 12

NAME  KS_4Br_BiNC
EXPNO 1

ROCNO 1
Date. 20140924
m 1544

INSTRUM spect
PROBHD 5 mm Dual 13C/
OMENNR =S ANSE LA =00 TITONNRT TS -+ % PULPROG 730
AN SSA XD ONINFEOOEEARRE D0 = = D 32761
N RRERERERRRRRMMEEVENMNMMVERR ® ] SOLVENT ~ CDCI3
L e e e e e e e e e e R AR - R R e N NS 1 .
= R Y, ‘ B s,
—— FIDRES 0274439 Hz
AQ 18230063 see
[e]

Soaaas

PLi
PLIW 1770875549
SFOl  500.1327500 MHz

sI 16384
SE_ 5001300152 MHz
WDW no

SSB

LB 0.00 Hz

GB [

PC 100

T 1
95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

wie]  [el(s a 2 ol
MEEEAE g ) g
wi=l Sll& & - b
2 —cw w NAME  KS_4Br_BaNC
] £ % geR% 2% 2 53 O
3 2 £ odEnn 3 2 g =g PROCNO 1
= = 2 2000 == # s Date 20140924
Time 1547
| ‘ ‘ \ \V ‘ ‘ ‘ ‘ INSTRUM spect
PROBHD. 5 mm Dual 13/
PULPROG gt
™ 5
SOLVENT —__ CDCI3
NS s34
DS 4
SWH 31446541 Hz
FIDRES 0479836 Hz
AQ 10420883 sec
RG 206425
DW 15.900 usee
DE 20,00 usce
TE 2980 K
Br DI 2.00000000 sec

DIl 0.03000000 sec
DO 1

CHANNEL 1
13C

14.00 usec
PL1
PLIW  51:50902939 W

SFOI 1257710385 MHz
== = CHANNEL f2 =
CPDPRG2  waltzl6
NUC2 IH

PCPD2
PL2
PL12

L | L

SR A A L LS S RN AARAS A RAASS AARSY LA A A N R AAaas R AASN RARSS RS RASSS AaSaS SasaS)
5 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

| AARSSARAS s
195 190 185 180




