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GC method for GC-FID and GC-MS experiments

The GC-FID method used consisted of: Column; Agilent HP-5, 30 m x 250 um. Inlet; temp. = 250
°C, pressure = 100.0 kPa, 16:1 split, total flow = 25.0 mL/min, helium carrier. Detector; temp. = 275
°C, hydrogen flow = 40.0 mL/min, air flow 450.0 mL/min, makeup flow (helium) = 45.0 mL/min.
Oven; initial temp. = 45 °C (5 min), ramp = 10 °C/min to 250 °C, hold at 250 °C for 5 min. The GC-
MS measurements were performed in scan mode with a 4 min solvent delay.

Procedures and characterization data for isolated Buchwald-Hartwig reaction products
General procedure

In a drybox, a 5 mL screw topped vial was charged with a stir bar, precatalyst 19 (3.0 mg, 0.0025
mmol, 0.005 equiv.), '‘BUOK (84 mg, 0.75 mmol, 1.5 equiv.) and amine if solid, capped with a septum
cap and removed to the bench top. The appropriate amine (0.55 mmol, 1.1 equiv.) and solvent (0.5
mL) were added via syringe, and the mixture was allowed to stand for a few minutes. The aryl halide
(0.5 mmol, 1.0 equiv.) was then added via syringe, immediately after which the vial was placed in a
shallow oil bath atop a thermo-regulated hot plate and stirred at 400-500 rpm. The reaction was
guenched with water (2 mL) and extracted with DCM (4 times with 1 mL), passing the DCM extracts
through a small plug of silica gel. The silica plug was then washed with DCM (2 mL), and the
combined extracts evaporated in vacuo.

Additional information specific to each reaction

(0]
o
N-(o-tolyl)morpholine (23a). The reaction vial was charged with 59 uL 2-chlorotoluene (21a) and 48
uL morpholine (22a), and heated at 30 °C for 30 min. The product was obtained as a colorless oil (83
mg, 94%) after silica-gel chromatography using hexane then 50:1 hexane/EtOAc as eluent. 'H NMR
(400 MHz, CDCly): ¢ 7.20 (ddd, J = 11.1, 10.6, 8.4, 2H), 7.08-6.88 (m, 2H), 3.98-3.76 (m, 4H), 3.03-

2.80 (m, 4H), 2.33 (s, 3H). The 'H NMR spectrum of the purified product matches that reported
previously!™! and is reproduced below, as is the GC trace and mass spectrum.

O

S '\(\)
Y
N-(2-pyridyl)morpholine (23b-c). 23b: The reaction vial was charged with 48 pL 2-bromopyridine
(21b) and 48 pL morpholine (22a), and heated at 30 °C for 15 min. 23c: The reaction vial was
charged with 47 uL 2-chloropyridine (21c) and 48 uL morpholine (22a) and heated at 30 °C for 15
min. In both cases the product was obtained as a low-melting solid (76 mg, 93%; 79 mg, 96%) after
silica-gel chromatography using 4:1 hexane/EtOAc as eluent. '"H NMR (400 MHz, CDCl,): 6 8.20
(ddd, J = 4.9, 2.0, 0.9 Hz, 1H), 7.50 (ddd, J = 8.6, 7.2, 2.0 Hz, 1H), 6.76-6.49 (m, 2H), 3.99-3.64 (m,
4H), 3.64-3.37 (m, 4H). The 'H NMR spectrum of the purified product matches that reported
previously™ and is reproduced below, as is the GC trace and mass spectrum.

NCO

N-(1-naphthyl)morpholine (23d). The reaction vial was charged with 68 pL technical grade (~10% 2-
chloro isomer) 1-Chloronaphthalene (21d) and 48 puL morpholine (22a), and heated at 30 °C for 15
min. The product was obtained as a white solid (99 mg, 93% combined yield) after silica-gel
chromatography using hexane then 50:1 hexane/EtOAc as eluent. Pure N-(1-naphthyl)morpholine (92
mg) was the first to elute, followed by 7 mg of an isomeric mixture containing N-(2-
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naphthyl)morpholine. *H NMR (400 MHz, CDCls): 6 8.30-8.06 (m, 1H), 7.95-7.73 (m, 1H), 7.58 (d, J
= 8.2 Hz, 1H), 7.54-7.37 (m, 3H), 7.11 (d, J = 7.1 Hz, 1H), 4.12-3.80 (m, 4H), 3.25-2.93 (m, 4H). The
'H NMR spectrum of the purified product matches that reported previously™ and is reproduced
below, as is the GC trace and mass spectrum.

O
o

N-(2,6-dimethylphenyl)morpholine (23e). The reaction vial was charged with 66 pL 2-chloro-1,3-
dimethylbenzene (21e) and 48 puL morpholine (22a), and heated at 40 °C for 90 min. The product was
obtained as a white solid (88 mg, 92%) after silica-gel chromatography using 50:1 hexane/EtOAc as
eluent. '"H NMR (400 MHz, CDClI,): § 7.11-6.83 (m, 3H), 3.97-3.63 (m, 4H), 3.19-2.99 (m, 4H), 2.36
(s, 6H). The *H NMR spectrum of the purified product matches that reported previously! and is
reproduced below, as is the GC trace and mass spectrum.

O

(:['\(\)
O/

N-(2-methoxyphenyl)morpholine (23f). The reaction vial was charged with 64 pL 2-chloroanisole
(21f) and 48 pL morpholine (22a), and heated at 50 °C for 4 h. The product was obtained as a yellow
oil (44 mg, 45% or 82 mg, 84% at 1 mol% cat. loading) after silica-gel chromatography using 20:1
then 10:1 hexane/EtOAC as eluent. 'H NMR (400 MHz, CDCl,): 6 7.06-6.98 (m, 1H), 6.94 (d, J = 4.0
Hz, 2H), 6.88 (d, J = 7.9 Hz, 1H), 3.92-3.88 (m, 4H), 3.87 (s, 3H), 3.21-2.91 (m, 4H). The 'H NMR
spectrum of the purified product matches that reported previously™ and is reproduced below, as is the
GC trace and mass spectrum.

o
N
JJ

N-(4-methoxyphenyl)morpholine (23g). The reaction vial was charged with 61 uL 4-chloroanisole
(21g) and 48 pL morpholine (22a), and heated at 50 °C for 30 min. The product was obtained as a
white solid (94 mg, 97%) after silica-gel chromatography using 20:1 then 10:1 hexane/EtOAc as
eluent. '"H NMR (400 MHz, CDCl5): ¢ T6.93-6.91 (m, 2H), 6.88-6.83 (m, 2H), 3.90-3.84 (m, 4H),
3.78 (s, 3H), 3.09-3.05 (m, 4H). The *H NMR spectrum of the purified product matches that reported
previously™ and is reproduced below, as is the GC trace and mass spectrum.

o
N-(o-tolyl)pyrrolidine (23h). The reaction vial was charged with 59 uL 2-chlorotoluene (21a) and 46
uL pyrrolidine (22b), and heated at 50 °C for 30 min. The product was obtained as a colorless oil (68
mg, 84%) after silica-gel chromatography using hexane then 50:1 hexane/EtOAc as eluent. '"H NMR
(400 MHz, CDCly): ¢ 7.15-7.09 (m, 2H), 6.92-6.81 (m, 2H), 3.20 (t, J = 6.5 Hz, 4H), 2.33 (s, 3H),
1.96-1.91 (m, 4H). The *H NMR spectrum of the purified product matches that reported previously®™
and is reproduced below, as is the GC trace and mass spectrum.
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N-methyl-N'-(o-tolyl)piperazine (23i). The reaction vial was charged with 59 pL 2-chlorotoluene
(21a) and 61 uLL N-methylpiperazine (22c), and heated at 50 °C for 30 min. The product was obtained
as a yellow oil (86 mg, 90%) after silica-gel chromatography using 25:1 then 10:1 EtOAc/MeOH as
eluent. *H NMR (400 MHz, CDCls): 6 7.19-7.14 (m, 2H), 7.06-6.96 (m, 2H), 2.96 (t, J = 4.8 Hz, 4H),

2.60 (br's, 4H), 2.37 (s, 3H), 2.30 (s, 3H). The *H NMR spectrum of the purified product matches that
reported previously™ and is reproduced below, as is the GC trace and mass spectrum.

ol

N,N-dibutyl-2-methylaniline (23j). The reaction vial was charged with 59 uL 2-chlorotoluene (21a)
and 93 pL dibutylamine (22d), and heated at 60 °C for 90 min. The product was obtained as a
colorless oil (95 mg, 86%) after silica-gel chromatography using hexane then 50:1 hexane/EtOAC as
eluent. '"H NMR (400 MHz, CDCly): 6 7.19-7.11 (m, 2H), 7.08 (dd, J = 8.0, 1.5 Hz, 1H), 6.99-6.94
(m, 1H), 2.92-2.87 (m, 4H), 2.29 (s, 3H), 1.43-1.35 (m, 4H), 1.32-1.21 (m, 4H), 0.86 (t, J = 7.3 Hz,
6H). The *H NMR spectrum of the purified product matches that reported previously” and is
reproduced below, as is the GC trace and mass spectrum.

0

N-benzyl-2-methylaniline (23K). The reaction vial was charged with 59 uL 2-chlorotoluene (21a) and
60 uL benzylamine (22e), and heated at 60 °C for 60 min. The product was obtained as a white solid
(90 mg, 91%) after silica-gel chromatography using hexane then 50:1 hexane/EtOAc as eluent. *H
NMR (400 MHz, CDCly): 6 7.42-7.33 (m, 4H), 7.32-7.27 (m, 1H), 7.14-7.07 (m, 2H), 6.72-6.62 (m,
2H), 4.39 (s, 2H), 2.18 (s, 3H). The "H NMR spectrum of the purified product matches that reported
previously™ and is reproduced below, as is the GC trace and mass spectrum.

&'

N,2-dimethyl-N-phenylaniline (23I). The reaction vial was charged with 59 uL 2-chlorotoluene (21a)
and 60 uL N-methylaniline (22f), and heated at 60 °C for 60 min. The product was obtained as a
colorless oil (89 mg, 90%) after silica-gel chromatography using hexane then 50:1 hexane/EtOAcC as
eluent. *H NMR (400 MHz, CDCly): § 7.31-7.14 (m, 6H), 6.74-6.68 (m, 1H), 6.56-6.52 (m, 2H), 3.23

(s, 3H), 2.15 (s, 3H). The 'H NMR spectrum of the purified product matches that reported
previously™ and is reproduced below, as is the GC trace and mass spectrum.

H
saot
2-methyl-N-(p-tolyl)aniline (23m). The reaction vial was charged with 59 pL 2-chlorotoluene (21a)

and 59 mg p-toluidine (22g), and heated at 50 °C for 4 h. Only trace product was observed by GC-
FID/MS, and was not isolated.
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2-methyl-N-phenylaniline (23n). The reaction vial was charged with 59 uL 2-chlorotoluene (21a) and

50 pL aniline (22h), and heated at 50 °C for 4 h. Only trace product was observed by GC-FID/MS,
and was not isolated.

sHel

2,4,6-trimethyl-N-(o-tolyl)aniline (230). The reaction vial was charged with 59 pL 2-chlorotoluene
(21a) and 77 puL mesidine (22i), and heated at 50 °C for 30 min. The product was obtained as a white
solid (110 mg, 97%) after silica-gel chromatography using hexane then 100:1 hexane/EtOAc as
eluent. '"H NMR (400 MHz, CDCls): ¢ 7.12 (dd, J = 7.4, 0.5 Hz, 1H), 6.99-6.93 (m, 3H), 6.71-6.66
(m, 1H), 6.13 (dd, J = 8.1, 1.2 Hz, 1H), 4.87 (br s, 1H), 2.32 (s, 3H), 2.31 (s, 3H), 2.15 (s, 6H). The 'H
NMR spectrum of the purified product matches that reported previously'™ and is reproduced below, as
is the GC trace and mass spectrum.

fjﬂ

2,6-diisopropyl-N-(o-tolyl)aniline (23p). The reaction vial was charged with 59 uL 2-chlorotoluene
(21a) and 115 puL (90% technical grade) 2,6-diisopropylaniline (22j), and heated at 50 °C for 2 h. The
product was obtained as a colorless oil (132 mg, 98%) after silica-gel chromatography using hexane
then 100:1 hexane/EtOAc as eluent. '"H NMR (400 MHz, CDCls): 6 7.30 (dd, J = 8.6, 6.5 Hz, 1H),
7.24-7.21 (m, 2H), 7.13 (dd, J = 7.3, 0.5 Hz, 1H), 6.98-6.93 (m, 1H), 6.70-6.65 (m, 1H), 6.12 (dd, J =
8.1, 1.0 Hz, 1H), 4.91 (s, 1H), 3.11 (sept, J = 6.9 Hz, 2H), 2.35 (s, 3H), 1.18 (d, J = 6.9 Hz, 6H), 1.12
(d, J = 6.9 Hz, 6H). The *H NMR spectrum of the purified product matches that reported previously™
and is reproduced below, as is the GC trace and mass spectrum.

ool

N-(2,6-dimethylphenyl)-2,4,6-trimethylaniline (24a). The reaction vial was charged with 66 uL 2-
chloro-1,3-dimethylbenzene (21e) and 77 uL mesidine (22i), and heated at 50 °C for 30 min. The
product was obtained as a white solid (119 mg, 99%) after silica-gel chromatography using hexane
then 100:1 hexane/EtOAc as eluent. 'H NMR (400 MHz, CDCl,): J 6.97-6.94 (m, 2H), 6.82-6.76 (m,
3H), 4.70 (br s, 1H), 2.25 (s, 3H), 1.99 (s, 6H), 1.99 (s, 6H). The *H NMR spectrum of the purified

product matches that reported previously® and is reproduced below, as is the GC trace and mass
spectrum.

H
L
N-(2,6-diisopropylphenyl)-2,6-dimethylaniline (24b). The reaction vial was charged with 66 pL 2-
chloro-1,3-dimethylbenzene (21e) and 115 uL (90% technical grade) 2,6-diisopropylaniline (22j), and
heated at 60 °C for 60 min. The product was obtained as a colorless oil (139 mg, 99%) after silica-gel

chromatography using hexane then 100:1 hexane/EtOAc as eluent. '"H NMR (400 MHz, CDCls): §
7.17-7.09 (m, 3H), 6.94 (d, J = 7.5 Hz, 2H), 6.72 (t, J = 7.4 Hz, 1H), 4.79 (s, 1H), 3.15 (sept, J = 6.9
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Hz, 2H), 1.98 (s, 6H), 1.12 (d, J = 6.9 Hz, 12H). The 'H NMR spectrum of the purified product
matches that reported previously™ and is reproduced below, as is the GC trace and mass spectrum.
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NMR spectra of new compounds
'H NMR spectrum (400 MHz) of 3 in CDCl5:
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'H NMR spectrum (400 MHz) of 1b in CDCl5:
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'H NMR spectrum (400 MHz) of 5a in DMSO-ds:
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'H NMR spectrum (400 MHz) of 5b in CD;0D:
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'H NMR spectrum (400 MHz) of 6a in CDCls:
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'H NMR spectrum (400 MHz) of 6b in CDCl,
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'H NMR spectrum (400 MHz) of 7a in CDCly:
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'H NMR spectrum (400 MHz) of 7b in CDCl5:
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'H NMR spectrum (400 MHz) of 8a in CDCl,
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'H NMR spectrum (400 MHz) of 8b in CDCl5:
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'H NMR spectrum (400 MHz) of 9a in CDCl,

8 2 g 2 8 2 8 o
Nz 7 i 3 g 7 7 g 2

7907

99°0

89'0

[48

bl

(18

€91

S . 0%

89T F

18T Fesr

L0y

ww.N_/ )

ey s 90¢

8L s L8'€

602 R omoﬁ.w

05T e

ST

7R

€€

L€ e c— 1 8L
)

9L'€ ====sls (0,

(8'€

68'€

06°¢!

65'9— \|Irl‘% 8Tt

9TL— -—

19'L— —F 9zz

¥9'0T— -—=F €1

10.5 100 95

11.0

f1 (ppm)

BC{*H} NMR spectrum (100 MHz) of 9a in CDCl;4

{1600
1500

1400

1300

1200

1100

1000

900

800

700

600

500

400
300
200
100

68°6
wcdﬁ/
€e'8T
CTEL
0T°92~
vN.mNﬂ
LS'TE
.:.mm\.

8€'85—

16°9L
MNAKW
mm.nn

TLp11—

Y6HTI~
68521

S8'GET—
S6°6ET—

81°09T—

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

230

- S17-



'H NMR spectrum (400 MHz) of 9b in CDCl,
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'H NMR spectrum (400 MHz) of 12 in CDCly:
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'H NMR spectrum (400 MHz) of 13 in CDCly:
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'H NMR spectrum (400 MHz) of 15 in CDCl,
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'H NMR spectrum (400 MHz) of 16 in CDCl,
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'H NMR spectrum (400 MHz) of 17 in CDCly;
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'H NMR spectrum (400 MHz) of 19 in CDCly:
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NMR spectra of Buchwald-Hartwig reaction products

'H NMR spectrum (400 MHz) of 23a in CDCls:

700
1600
1500
400

300
200
100

r0

€€'¢
16°C
mm.mv
¥6'C

S8'E
mw.mv
88'¢

66'9
102
€02
€02
S0
LTL
LT'L
LY
6T,
0z'L
('
2L
9¢L

Foo'g

B R

e — VR

—— Tﬁo.v

e P

-1.0

T T T
05 00 -05

1.0

T
1.5

2.0

2.5

T
35

4.0

T
4.5

T T T T
70 65 60 55

7.5

T
8.0

8.5

9.0

3.0

5.0
f1 (ppm)

105 100 95

11.0

'H NMR spectrum (400 MHz) of 23b in CDCls:

600

500

400

300

200
100

~-100

8p'E
6v°€
6b°€
0S°€
0S°E

e — )

- 60t

15°€

ooy

1055
e8e
€
€8
5
£9°9
599
999
999
999
(99
899

9¢L
0SZ
0S¢

618
61'8
0z'8
0z'8
0z'8
0z'8

178
178

105 100 95 90 85 80 75 70 65 60 55 f1(5'° )4.5 40 35 30 25 20 15 1.0 05 00 -05 -10
ppm

11.0

'H NMR spectrum (400 MHz) of 23c in CDCls:

900

800

700

600

500

400

300
200
100

0

F-100

618
61'8
61'8
0z’
0z'8
0z'8
178
17'8

e —————————— R g——

{
J

_

o

_J

Fiov
Fooy

10.5 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5f (540 )4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05 -1.0
1 (ppm

11.0

- S26-



'H NMR spectrum (400 MHz) of 23d in CDCls:
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'H NMR spectrum (400 MHz) of 23g in CDCl5:
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'H NMR spectrum (400 MHz) of 23h in CDCls:
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'H NMR spectrum (400 MHz) of 23j in CDCl;4
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'H NMR spectrum (400 MHz) of 230 in CDCl5:
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'H NMR spectrum (400 MHz) of 24b in CDCls:
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GC traces and mass spectra of Buchwald-Hartwig reaction products

GC trace and mass spectrum of 23a:
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GC trace and mass spectrum of 23b:
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GC trace and mass spectrum of 23c:
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GC trace and mass spectrum of 23d, pure 1-naphthyl isomer:
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GC trace and mass spectrum of 23d, 1 and 2-naphthyl isomers:
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GC trace and mass spectrum of 23e:
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GC trace and mass spectrum of 23f:
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GC trace and mass spectrum of 23g:
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GC trace and mass spectrum of 23h:
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GC trace and mass spectrum of 23i:
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GC trace and mass spectrum of 23;j:
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GC trace and mass spectrum of 23k:
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GC trace and mass spectrum of 23lI:
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GC trace and mass spectrum of 230:
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GC trace and mass spectrum of 23p:
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GC trace and mass spectrum of 24a:
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GC trace and mass spectrum of 24b:
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GC-FID traces for the reaction of 21a with 22i, with added aniline 22h
GC-FID trace after 30 min reaction time:
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