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Characterization Data for Isolated Cross-Coupling Products:

4-((furan-2-ylmethyl)amino)benzonitrile (1b)

s

=

HN\©\
CN

The title compound was synthesized from the corresponding chloride according to GP1, conducted
at 110 °C using 5 mol% 1,1’-bis(diisopropylphosphino)ferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using 19:1 hexanes/ethyl acetate
which afforded the title product in 82% isolated yield (163 mg, 0.82 mmol) as a yellow solid. 'H
NMR (500 MHz; CDCl3): 6 7.39-7.35 (m, 3H), 6.63-6.61 (m, 2H), 6.32-6.31 (m, 1H), 6.24 (m, 1H),
4.81 (br. s, 1H), 4.33-4.32 (d, J = 5.9 Hz, 2H). “C{*H} NMR (125.8 MHz; CDCl3): § 151.3, 150.9,
142.3, 133.6, 120.5, 112.5, 110.5, 107.6, 99.0, 40.4. HRMS m/z ESI" found 221.0685 [M + H]"
calculated for C12H10N2NaO 221.0691.

N-(furan-2-ylmethyl)-2-methylquinolin-4-amine (1e)

NH
Cﬁl
e
N

The title compound was synthesized from the corresponding chloride according to GP1, conducted
at 25 °C using 6.7 mol% 1,1°-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A which afforded the title product in a 73 % yield (175 mg) as a light brown powder. 'H
NMR (300 MHz, CDCls): 6 7.94-7.91 (m, 1H), 7.72-7.69 (m, 1H), 7.62-7.57 (m, 1H), 7.42-7.45 (m,
2H), 6.43 (s, 1H), 6.38-6.32 (m, 2H), 5.33 (br. s, 1H), 4.51-4.50 (d, J = 5.3 Hz, 2H), 2.62 (s, 3H).
BC{*H} NMR (125.8 MHz, CDCl3): § 159.7, 151.2, 149.4, 148.4, 142.7, 129.4, 129.3, 124.3, 119.4,
117.6, 110.7, 108.0, 99.7, 40.8, 25.9. HRMS m/z ESI" found 239.1179 [M + H]" calculated for
C15H1sN20 239.1184.

N-(furan-2-ylmethyl)-2,5-dimethylaniline (1f)

NH

iog
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The title compound was synthesized from the corresponding chloride according to GP1, conducted
at 110 °C using 10 mol% 1,1’-bis(diphenylphosphino)ferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using a gradient of
dichloromethane and hexanes which afforded the title product in a 47% isolated yield (45 mg, 0.22
mmol) as a yellow oil. The loss of material due to handling/compound volatility was confirmed on
the basis of calibrated NMR experiments: Following Workup Method C the title product was
produced in a 68% calculated yield using 20 mol% ferrocene as an internal standard. 'H NMR (500
MHz, CDCl): 8 7.40-7.39 (m, 1H), 6.97-6.94 (m, 1H), 6.54-6.52 (m, 2H), 6.35-6.34 (m, 1H), 6.26-
6.25 (m, 1H), 4.36 (s, 1H), 3.81 (br, 1H), 2.30 (s, 3H), 2.13 (s, 3H). C{*H} NMR (125.8 MHz,
CDCl): & 152.9, 145.5, 141.9, 136.7, 130.0, 119.4, 118.2, 111.1, 110.4, 106.9, 41.6, 21.5, 17.0.
Spectral data are in agreement with literature. HRMS m/z ESI' found 224.1046 [M + Na]" calculated
for C13H1sNNaO 224.1051.

4-(naphthalen-1-yl)morpholine (2a)
()
o

The title compound was synthesized from the corresponding chloride according to GP2, conducted
at 100 °C using 5 mol% 1,1°-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using (19:1) hexanes/ethyl acetate
which afforded the title product in 85% isolated yield (181 mg, 0.85 mmol) as a white solid. 'H NMR
(500 MHz, CDCI3): 6 8.25-8.23 (m, 1H), 7.86-7.84 (m, 1H), 7.60-7.58 (d, J = 8.2 Hz, 1H), 7.52-7.47
(m, 2H), 7.44-7.41 (m, 1H), 7.12-7.10 (d, J = 7.4 Hz, 1H), 4.01-3.99 (m, 4H), 3.14-3.12 (m,
4H).BC{*H} NMR (125.8 MHz, CDCl3): & 149.6, 135.0 (2 signals), 129.0, 128.7, 126.1, 125.7,
124.0, 123.6, 114.9, 67.7, 53.7. Spectral data are in agreement with literature.>!

4-(3-methoxyphenyl)morpholine (2c)
()

N
O

The title compound was synthesized from the corresponding chloride according to GP2, conducted
at 100 °C using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using (9:1) hexanes/ethyl acetate
which afforded the title product in 84% isolated yield (162 mg, 0.84 mmol) as a pale brown oil. 'H
NMR (300 MHz, CDCl3): & 7.22-7.16 (m, 1H), 6.55-6.52 (m, 1H), 6.46-6.43 (m, 2H), 3.87-3.84 (m,
4H), 3.80 (s, 3H), 3.17-3.14 (m, 4H). “C{*H} NMR (75.5 MHz, CDCl3): § 160.7, 152.7, 129.9,
108.5, 104.8, 102.3, 66.9, 55.2, 49.3. Spectral data are in agreement with literature.5?
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4-(2-methylquinolin-4-yl)morpholine (2e)
()
N
L
~
N
The title compound was synthesized from the corresponding chloride according to GP2, conducted
at 25 °C using 6.7 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using (1:4) hexanes/ethyl acetate
which afforded the title product in 91% isolated yield (207 mg, 0.91 mmol) as a light brown solid. 'H
NMR (500 MHz, CDCl3): 6 7.99-7.95 (m, 2H), 7.64-7.59 (m, 1H), 7.44-7.39 (m, 1H), 6.74 (s, 1H),
3.99-3.96 (m, 4H), 3.22-3.19 (m, 4H), 2.68 (s, 3H). *C{*H} NMR (125.8 MHz, CDCls): § 159.5,

156.7, 149.3, 129.3, 129.1, 124.7, 123.2, 121.7, 109.3, 67.0, 52.6, 25.7. Spectral data are consistent
with literature.S?

4-(4-(tert-butyl)phenyl)morpholine (2f)

9

The title compound was synthesized from the corresponding bromide according to GP2, conducted
at 100 °C using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using (19:1) hexanes/ethyl acetate
which afforded the title product in 82% isolated yield (179 mg, 0.82 mmol) as an off-white solid. 'H
NMR (500 MHz, CDCl3): 6 7.33-7.31 (d, J = 8.8 Hz, 2H), 6.89-6.87 (d, J = 8.8 Hz, 2H), 3.88-3.86
(m, 4H), 3.16-3.14 (m, 4H), 1.31 (s, 9H). *C{*H} NMR (125.8 MHz, CDCl;): & 149.1, 143.0, 126.2,
115.6, 67.2, 49.8, 34.2, 31.7. Spectral data are consistent with literature.5*

4-(2,5-dimethylphenyl)morpholine (29)
®
%i

The title compound was synthesized from the corresponding chloride according to GP2, conducted
at 100 °C using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using 24:1 hexanes/ethyl acetate
which afforded the title product in a 16% yield (45 mg) as a light brown oil. 'H NMR (300 MHz,
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CDCl3): 6 7.09-7.06 (d, J = 8.8 Hz, 1H), 6.84-6.81 (m, 2H), 3.87-3.84 (m, 4H), 2.92-2.89 (m, 4H),
2.32 (s, 3H), 2.28 (s, 3H)."3C{*H} NMR (125.8 MHz, CDCl3): 5 151.4, 136.4, 131.2, 129.5, 124.2,
119.9, 67.7, 52.5, 21.4, 17.7. Spectral data are consistent with literature.

4-(4-methoxyphenyl)morpholine (2h)
o

()
T

The title compound was synthesized from the corresponding chloride according to GP2, conducted
at 100 °C using 6.7 mol% 1,1’°-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using (9:1) hexanes/ethyl acetate
which afforded the title product in 65% isolated yield (126 mg, 0.65 mmol) as a white solid. '"H NMR
(300 MHz, CDCl5): § 6.91-6.83 (m, 4H), 3.87-3.84 (m, 4H), 3.77 (s, 3H), 3.07-3.04 (m, 4H). “C{*H}
NMR (75.5 MHz, CDCl3): o 154.0, 145.7, 117.8, 114.5, 67.0, 55.6, 50.8. Spectral data are in
agreement with literature values.S!

1-(naphthalen-1-yl)-1H-indole (32)

Cry

The title compound was synthesized from the corresponding chloride according to GP3, conducted
at 110 °C using 5 mol% 1,1’-bis(di(bis-3,5-trifluoromethyl)phenyl)phosphinoferrocene, and purified
according to Workup Method A. Purified by flash column chromatography on silica gel using (19:1)
hexanes/ethyl acetate which afforded the title product in an 80% isolated yield (117 mg, 0.48 mmol)
as an off-white solid. 'H NMR (500 MHz, CDCls): § 7.99-7.98 (m, 2H), 7.77-7.75 (d, J = 7.9 Hz,
1H), 7.61-7.53 (m, 3H), 7.48-7.46 (m, 1H), 7.43-7.40 (m, 1H), 7.37 (d, J= 3.2 Hz, 1H), 7.21-7.13
(m, 2H), 7.05-7.04 (m, 1H), 6.79-6.78 (d, J = 3.2 Hz, 1H). *C{*H} NMR (125.8 MHz, CDCls): §
138.2,136.3,134.7,130.8, 130.0, 128.7, 128.5, 127.2,126.9, 125.7, 125.4,123.6, 122.4,121.1, 120.3,
111.1, 103.1. Spectral data are in agreement with literature.®

4-(1H-indol-1-yl)benzonitrile (3b)

\N:
CN

The title compound was synthesized from the corresponding chloride according to GP3, conducted
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at 110 °C using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using a gradient of 100:0 to 19:1
hexanes/ethyl acetate which afforded the title product in a quantitative isolated yield (213 mg, 0.98
mmol) as a light brown oil. '"H NMR (500 MHz; CDCI3): § 7.82-7.80 (m, 2H), 7.71-7.70 (m, 1H),
7.65-7.61 (m, 3H) 7.35 (d, J = 3.4 Hz, 1H), 7.30-7.22 (m, 2H), 6.76 (d, J = 3.4 Hz, 1H). BC{‘H}
NMR (125.8 MHz; CDCls): 6 143.8, 135.4, 134.0, 130.2, 127.3, 124.1, 123.4, 121.8, 121.6, 118.6,
110.6, 109.6, 106.0. Spectral data are consistent with literature.>’

1-(benzo[b]thiophen-5-yl)-1H-indole (3d)

N/
{1y
S

The title compound was synthesized from the corresponding chloride according to GP3, conducted
at 110°C using using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to
Workup Method A. Purified by flash column chromatography on silica gel using hexanes which
afforded the title product in 92 % isolated yield (229 mg, 0.92 mmol) as a yellow oil. 'TH NMR (500
MHz, CDCl3): 6 8.06-8.04 (d, J=8.5 Hz, 1H), 7.99 (m, 1H), 7.81-7.79 (d, J=7.7 Hz, 1H), 7.66-7.62
(m, 2H), 7.58-7.55 (dd, J = 8.5 Hz, 2.0 Hz, 1H), 7.46-7.44 (m, 2H), 7.33-7.26 (m, 2H), 6.80-6.79 (d,
J = 3.2 Hz, 1H). BC{*H} NMR (125.8 MHz, CDCl;): § 140.9, 138.3, 137.1, 136.7, 129.7, 128.8,

124.3,123.9,122.8,121.9, 121.6, 120.8, 119.7, 110.9, 103.9. HRMS m/z ESI" found 272.0504 [M +
Na]" calculated for Ci6Hi1NNaS 272.0510.

4-(1H-indol-1-yl)-2-methylquinoline (3e)

(jj\
Z
N

The title compound was synthesized from the corresponding chloride according to GP3, conducted
at 110 °C using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to Workup
Method A. Purified by flash column chromatography on silica gel using a gradient of 19:1 to 5.7:1
hexanes/ethyl acetate which afforded the title product in a 96 % isolated yield (247 mg, 0.96 mmol)
as a white solid. '"H NMR (500 MHz, CDCls): & 8.19-8.18 (d, J = 8.5 Hz, 1H), 7.77-7.72 (m, 2H),
7.69-7.67 (d, J = 8.3 Hz, 1H), 7.43-7.40 (m, 1H), 7.37-7.36 (d, J = 3.3 Hz, 1H), 7.34 (s, 1H), 7.24-
7.18 (m, 3H), 6.82-6.81 (d, J = 3.3 Hz, 1H), 2.82 (s, 3H). *C{*H} NMR (125.8 MHz, CDCl5): §
159.7,149.8,144.5,137.2,130.3,129.4,129.1, 126.5, 123.6, 122.9,121.4,121.0, 119.2,111.0, 104.7,
25.6. HRMS m/z EST" found 259.1230 [M + H]" calculated for CisHisN» 259.1235.
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1-(4-(tert-butyl)phenyl)-1H-indole (3f)

The title compound was synthesized from the corresponding bromide according to GP3, conducted
at 110°C using using 5 mol% 1,1’-bis(diphenyl)phosphinoferrocene, and purified according to
Workup Method A. Purified by flash column chromatography on silica gel using a gradient of 99:1
to 49:1 hexanes/ethyl acetate which afforded the title product in a 64 % isolated yield (160 mg, 0.64
mmol) as a white solid. "H NMR (500 MHz, CDCl5): & 7.83-7.82 (d, J= 7.7 Hz, 1H), 7.71-7.70 (d, J
= 8.2 Hz, 1H), 7.64-7.62 (m, 2H), 7.55-7.53 (m, 2H), 7.44-7.43 (d, J = 3.3 Hz, 1H), 7.36-7.28 (m,
2H), 6.80-6.79 (d, J= 3.2 Hz, 1H), 1.52 (s, 9H). 3C{*H} NMR (125.8 MHz, CDCl5): § 149.6, 137.4,
136.2, 129.4, 128.2, 126.6, 124.2, 122.4, 121.3, 120.4, 111.8, 103.4, 34.8, 31.6. Spectral data are
consistent with literature.5*

1-(2,5-dimethylphenyl)-1H-indole (3g)>®

e

N

ol

The title compound was synthesized from the corresponding bromide according to GP3, conducted
at 110°C using using 10 mol% 1,1°-bis(3,5-(bis-trifluoromethyl)phenyl)phosphinoferrocene, and
purified according to Workup Method A. Purified by flash column chromatography on silica gel using
99:1 hexanes/ethyl acetate which afforded the title product in 67% isolated yield (89 mg, 0.40 mmol)
as a light brown oil. '"H NMR (500 MHz, CDCl3): § 7.79-7.75 (m, 1H), 7.33-7.31 (d, /= 7.8 Hz, 1H),
7.24-7.19 (m, 5H), 7.13-7.11 (m, 1H), 6.73-6.72 (m, 1H), 2.43 (s, 3H), 2.09 (s, 3H). “C{*H} NMR
(125.8 MHz, CDCls): 138.3, 137.2, 136.8, 132.7, 131.2, 129.1, 128.9, 128.8, 128.5, 122.2, 121.0,
120.0, 110.8, 102.6, 21.0, 17.4. See footnote in the main text.?*

1-(4-methoxyphenyl)-1H-indole (3h)

N_/
\o”i

The title compound was synthesized from the corresponding chloride according to GP3, conducted
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at 110°C using using 5 mol% 1,1°-bis(3,5-(bis-trifluoromethyl)phenyl)phosphinoferrocene, and
purified according to Workup Method A. Purified by flash column chromatography on silica gel using
49:1 hexanes/ethyl acetate which afforded the title product in 91% isolated yield (203 mg, 0.91 mmol)
as a yellow oil. 'H NMR (500 MHz; CDCls): § 7.79-7.77 (d, J = 7.7 Hz, 1H), 7.56-7.55 (d, J = 8.1
Hz, 1H), 7.50-7.47 (m, 2H), 7.36 (d, J= 3.2 Hz, 1H), 7.31-7.24 (m, 2H), 7.12-7.09 (m, 2H), 6.75 (d,
J=3.2Hz, 1H), 3.95 (s, 3H)."3C{*H} NMR (125.8 MHz; CDCl5): § 158.6, 136.5, 133.0, 129.2, 128.5,
126.2,122.3,121.2,120.3, 114.9, 110.6, 103.1, 55.8. Spectral data are in agreement with literature.>’
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NMR Spectra

Figure S1. '"H NMR Spectrum of 4-((furan-2-ylmethyl)amino)benzonitrile (1b), (CDCl;, 500 MHz)
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Figure S2. BC{*H} NMR Spectrum of 4-((furan-2-ylmethyl)amino)benzonitrile (1b), (CDCl;, 125.8 MHz)
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Figure S3. '"H NMR Spectrum of N-(furan-2-ylmethyl)-2-methylquinolin-4-amine (1e), (CDCl;, 500 MHz)
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Figure S4. BC{'H} NMR N-(furan-2-ylmethyl)-2-methylquinolin-4-amine (1¢), (CDCls, 125.8 MHz)
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Figure S5. '"H NMR Spectrum of N-(furan-2-ylmethyl)-2,5-dimethylaniline (1f) (CDCls, 300 MHz)
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Figure S6. 3C{'H} NMR Spectrum of N-(furan-2-ylmethyl)-2,5-dimethylaniline (1f), (CDCls, 125.8 MHz)
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Figure S7. '"H NMR Spectrum of 4-(naphthalen-1-yl)morpholine (2a), (CDCI3, 500 MHz)
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Figure S9. 'H NMR Spectrum 4-(3-methoxyphenyl)morpholine (2c), (CDCls, 300 MHz)
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Figure S10. BC{*H} NMR Spectrum 4-(3-methoxyphenyl)morpholine (2c), (CDCls, 75.5 MHz)
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Figure S11. '"H NMR Spectrum of 4-(2-methylquinolin-4-yl)morpholine (2e), (CDCl;, 300 MHz)
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Figure S12. BC{*H} NMR Spectrum of 4-(2-methylquinolin-4-yl)morpholine (2¢e), (CDCls, 75.5 MHz)
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Figure S13. '"H NMR Spectrum of 4-(4-(tert-butyl)phenyl)morpholine (2f), (CDCl;, 500 MHz)
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Figure S14. *C{*H} NMR Spectrum of 4-(4-(tert-butyl)phenyl)morpholine (2f), (CDCl;, 125.8 MHz)
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Figure S15. '"H NMR Spectrum of 4-(2,5-dimethylphenyl)morpholine (2g), (CDCls, 300 MHz)
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Figure S17. '"H NMR Spectrum of 4-(4-methoxyphenyl)morpholine (2h), (CDCls, 300 MHz)
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Figure S18. BC{*H} NMR Spectrum of 4-(4-methoxyphenyl)morpholine (2h), (CDCls, 75.5 MHz)
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Figure S19. '"H NMR Spectrum of 1-(naphthalen-1-yl)-1H-indole (3a), (CDCls, 500 MHz)
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Figure S21. '"H NMR Spectrum of 4-(1H-indol-1-yl)benzonitrile (3b), (CDCl;, 500 MHz)
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Figure S23. '"H NMR Spectrum of 1-(benzo[b]thiophen-5-yl)-1H-indole (3d), (CDCls, 500 MHz)
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Figure S24. BC{'H} NMR Spectrum of 1-(benzo[b]thiophen-5-yl)-1H-indole (3d), (CDCl;, 125.8 MHz)
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Figure S25. '"H NMR Spectrum of 4-(1H-indol-1-yl)-2-methylquinoline (3¢), (CDCls, 500 MHz)
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Figure S27. '"H NMR Spectrum of 1-(4-(tert-butyl)phenyl)-1H-indole (3f), (CDCl3;, 500 MHz
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Figure S28. 3C{'H} NMR Spectrum of 1-(4-(tert-butyl)phenyl)-1H-indole (3f), (CDCls, 125.8 MHz)
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Figure S29. '"H NMR Spectrum of 1-(2,5-dimethylphenyl)-1H-indole (3g), (CDCls, 500 MHz)

7
7
L
7
7
i
3
3
2
z
2
z
z
z
2
2
2
1
1
1
1
7
i
7
i
—z.43
—2.09

1 0 ppm

—102.56

—20.97
—17.38

1A

170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10

S23



Figure S31. '"H NMR of Spectrum 1-(4-methoxyphenyl)-1H-indole (3h), (CDCl;, 500 MHz)
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Figure S33. 'H NMR Spectrum of 1,1’-(bis(di-(3,5-dimethyl-4-methoxyphenyl))phosphino)ferrocene (L°M¢)
(CDCls, 500 MHz)
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Figure S34. BC{*H} NMR Spectrum of 1,1’°-(bis(di-(3,5-dimethyl-4-methoxyphenyl))phosphino)ferrocene
(L°Me) (CDCls, 125.8 MHz)
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Figure S35. 3'P{*H} NMR Spectrum of 1,1’-(bis(di-(3,5-dimethyl-4-methoxyphenyl))phosphino)ferrocene
(L°Me) (CDCls, 202.5 MHz)
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Figure S36. 'H NMR Spectrum of 1,1°-(bis(3,5-dimethylphenyl)phosphino)ferrocene (LM®) (CDCls, 500
MHZz)
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Figure S37. BC{*H} NMR Spectrum of 1,1’-(bis(3,5-dimethylphenyl)phosphino)ferrocene (LM¢) (CDCls,
125.8 MHz)
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Figure S38. 'P{*H} NMR Spectrum of 1,1’-(bis(3,5-dimethylphenyl)phosphino)ferrocene (LM¢) (CDCls,
202.5 MHz)
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