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Materials and Methods

Unless stated otherwise, reactions were conducted in flame-dried glassware under an
atmosphere of nitrogen and commercially obtained reagents were used as received. Reagents SI-
1, SI-2a, SI-2b, SI-3, SI-5, SI-7, SI-9, SI-11, SI-13, SI-16 and SI-23 were purchased from
Sigma-Aldrich. Reagents SI-14, SI-17, SI-19, SI-21, rac-SI-21 and rac-SI-23 were purchased
from Combi-Blocks, Inc. Alcohols 4, 7 and SI-28, SI-29, SI-30, SI-32, SI-33, SI-35, SI-36, SI-
37, SI-38 were purchased from Sigma-Aldrich. Alcohols SI-31 and SI-34 were purchased from
Combi-Blocks, Inc. Benzylamine and LHMDS were purchased from Sigma-Aldrich. EDC and
HOBt were purchased from Chem-Impex International. DMAP and Boc,O were purchased from
Oakwood Products, Inc. Toluene was purified by distillation and taken through five freeze-
pump-thaw cycles prior to use. Pivaloyl chloride (SI-16) and 1-hexanol (7) were distilled over
CaH, prior to use. HNBnBoc was prepared by known literature conditions.' Ni(cod), was
obtained from Strem Chemicals. Ni(cod),— paraffin capsule samples were obtained from TCI
Chemicals (B5417). Terpyridine was obtained from Sigma-Aldrich. Reaction temperatures were
controlled using an IKAmag temperature modulator, and unless stated otherwise, reactions were
performed at room temperature (approximately 23 °C). Thin-layer chromatography (TLC) was
conducted with EMD gel 60 F254 pre-coated plates (0.25 mm for analytical chromatography and
0.50 mm for preparative chromatography) and visualized using a combination of UV,
anisaldehyde, ceric ammonium molybdate, iodine, vanillin, and potassium permanganate
staining techniques. Silicycle Siliaflash P60 (particle size 0.040-0.063 mm) was used for flash
column chromatography. 'H NMR spectra were recorded on Bruker spectrometers (at 500 MHz)
and are reported relative to residual solvent signals. Data for 'H NMR spectra are reported as
follows: chemical shift (& ppm), multiplicity, coupling constant (Hz), and integration. Data for
"C NMR are reported in terms of chemical shift (at 125 MHz). IR spectra were recorded on a
Perkin-Elmer 100 spectrometer and are reported in terms of frequency absorption (cm™). High-
resolution mass spectra were obtained on Thermo Scientific™ Exactive Mass Spectrometer with
DART ID-CUBE, Waters GST premier, and Waters LCT premier. Optical rotations were
measured with a Rudolf Autopol IIT Automatic Polarimeter. Determination of enantiopurity was
carried out on an Agilent 1260 HPLC (high performance liquid chromatography) and a Mettler
Toledo SFC (supercritical fluid chromatography) using a Daicel ChiralPak OD-H columns and
Daicel ChiralPak IA-H.
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Experimental Procedure

A. Syntheses of Starting Materials

1. NH,Bn (1.1 equiv)
(o] NEt; (1.25 equiv) o

Il CH,Cl, (0.5 M), 23 °C L B
Cl > N~
2. Boc,0 (1.5 equiv) |
DMAP (0.1 equiv) Boc
CH,CN (0.2 M), 23 °C

SI-1 3
(87% yield, 2 steps)

Amide 3. To a solution of acid chloride SI-1 (2.0 g, 13.64 mmol, 1.0 equiv) and triethylamine
(2.40 mL, 17.05 mmol, 1.25 equiv) in dichloromethane (20 mL) was added a solution of
benzylamine (1.64 mL, 15.0 mmol, 1.1 equiv) in dichloromethane (7 mL, 0.5 M). The reaction
mixture was stirred at 23 °C for 1 h, diluted with CH,Cl, (30 mL), and then washed successively
with 1.0 M HCI (25 mL) and brine (25 mL). The organic layer was dried over Na,SOy, filtered
and concentrated under reduced pressure. The resulting crude solid material was used in the
subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (84.3
mg, 0.69 mmol, 0.1 equiv), followed by acetonitrile (35 mL, 0.2 M). Boc,O (2.26 g, 10.35 mmol,
1.5 equiv) was added in one portion. The reaction vessel was flushed with N,, and then the
reaction mixture was allowed to stir at 23 °C for 12 h. The reaction mixture was diluted with
EtOAc (50 mL), and then washed with 1.0 M HCI (20 mL) and brine (20 mL). The organics
were dried over Na,SO4 and concentrated under reduced pressure. The resulting crude residue
was purified by flash chromatography (20:1 Hexanes:EtOAc) to yield amide 3 (1.91 g, 87%
yield, over two steps) as a white solid. Amide 3: mp: 45.2-47.1 °C; Ry 0.50 (10:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCL3): & 7.30-7.20 (m, 5H), 4.88 (s, 2H), 3.43 (tt, J =
11.4, 3.2, 1H), 1.90-1.87 (m, 2H), 1.80-1.76 (m, 2H), 1.70-1.66 (m, 1H), 1.51-1.43 (m, 1H),
1.47 (s, 9H), 1.37-1.18 (m, 3H); °C NMR (125 MHz, CDCL): § 179.8, 153.3, 138.7, 128.4,
127.6, 127.1, 83.1, 47.8, 44.9, 30.0, 28.0, 26.1, 25.9; IR (film): 2925, 2857, 1732, 1697, 1460,
1216 cm™; HRMS-ESI (m/z) [M + Na]" caled for CoH,7NO;3Na 340.1889; found 340.1881.
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1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
HOBt (1.1 equiv) o

[o} NEt; (1.1 equiv)
DMF (0.1 M), 23 °C .Bn
OH > )
2. Boc,0 (1.5 equiv) Boc
DMAP (0.1 equiv)

H3CN (0.2 M), 23 °
Sl-2a CH3CN (0.2 M), 23 °C

19a
(90% vyield, 2 steps)

Amide 19a. To a mixture of carboxylic acid SI-2a (10.50 g, 70.0 mmol, 1.0 equiv), EDC (14.80
g, 77.0 mmol, 1.1 equiv), HOBt (10.4 g, 77.0 mmol, 1.1 equiv), triethylamine (10.7 mL, 77.0
mmol, 1.1 equiv), and DMF (700 mL, 0.1 M) was added benzylamine (8.24 g, 77.0 mmol, 1.1
equiv). The resulting mixture was stirred at 23 °C for 12 h, and then diluted with deionized water
(500 mL) and EtOAc (500 mL). The layers were separated and the organic layer was washed
successively with 1.0 M HCI (300 mL), saturated aqueous NaHCO3 (300 mL), and brine (300
mL). The organics were dried over Na,SO,, filtered and concentrated under reduced pressure.
The resulting crude solid material was used in the subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (0.86
g, 7.0 mmol, 0.1 equiv) followed by acetonitrile (350 mL, 0.2 M). Boc,0 (22.92 g, 105.0 mmol,
1.5 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 12 h. The reaction mixture was diluted with EtOAc (50
mL) and then washed with saturated aqueous NaHCO; (2 X 100 mL) and brine (100 mL). The
organics were dried over Na,SO,, filtered and concentrated under reduced pressure. The
resulting crude residue was purified by flash chromatography (20:1 Hexanes:EtOAc) to yield
amide 19a (21.50 g, 90% yield, over two steps) as a white solid. Amide 19a: mp: 65.3-67.1 °C;
R;0.60 (5:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCl3): & 7.31-7.27 (m, 4H), 7.25-7.18 (m,
6H), 4.89 (s, 2H), 3.28 (t, J= 7.7 , 2H), 3.03 (t, J= 7.7, 2H), 1.39 (s, 9H); °C NMR (125 MHz,
CDCl3): 0 175.5, 153.2, 141.3, 138.4, 128.7, 128.5, 128.4, 127.6, 127.2, 126.1, 83.3, 47.5, 40.1,
31.3, 28.0; IR (film): 3032, 2979, 1731, 1693, 1373, 1210 cm™'; HRMS-ESI (m/z) [M+Na]"
caled for C;;H2sNO3Na 362.1732; found 362.1739.
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1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
HOBt (1.1 equiv) o

[0} NEt; (1.1 equiv)
DMF (0.1 M), 23 °C .Bn
OH > )
2. Boc,0 (2.0 equiv) Boc
al DMAP (0.2 equiv) Cl

H5;CN (0.2 M), 23 °
SI-2b CHACN (0.2 M), 23 °C 19b

(80% yield, 2 steps)

Amide 19b. To a mixture of carboxylic acid SI-2b (1.0 g, 5.42 mmol, 1.0 equiv), EDC (1.14 g,
5.96 mmol, 1.1 equiv), HOBt (805 mg, 5.96 mmol, 1.1 equiv), triethylamine (0.83 mL, 5.96
mmol, 1.1 equiv), and DMF (54 mL, 0.1 M) was added benzylamine (861 mL, 5.96 mmol, 1.1

equiv). The resulting mixture was stirred at 23 °C for 12 h, and then diluted with deionized water
(50 mL) and EtOAc (50 mL). The aqueous layer was extracted with EtOAc (3 X 50 mL). The
combined organic layers were washed with deionized water (3 X 100 mL), dried over Na,;SOs,
filtered and concentrated under reduced pressure. The resulting crude material was used in the
subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (132
mg, 1.08 mmol, 0.2 equiv), followed by acetonitrile (27 mL, 0.2 M). Boc,O (2.4 g, 10.8 mmol,
2.0 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 15 h. The reaction was quenched by the addition of
saturated aqueous NaHCOj3 (50 mL). The mixture was transferred to a separatory funnel with
EtOAc (75 mL) and H,O (50 mL). The aqueous layer was extracted with EtOAc (3 X 75 mL).
The combined organic layers were dried over Na,SOs, filtered and then concentrated under
reduced pressure. The resulting crude residue was purified by flash chromatography (19:1
Hexanes:EtOAc) to yield amide 19b (1.6 g, 80% yield, over two steps) as a clear oil. Amide 19b:
R;0.59 (5:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCl3): & 7.32-7.26 (m, 2H), 7.26-7.18 (m,
5H), 7.18-7.12 (m, 2H), 4.87 (s, 2H), 3.22 (app t, 2H), 2.96 (app t, 2H), 1.39 (s, 9H); °C NMR
(125 MHz, CDCl3): 6 175.2, 153.2, 139.8, 138.3, 131.9, 130.1, 128.6, 128.4, 127.6, 127.3, §83.5,
47.5, 40.0, 30.7, 28.0; IR (film): 3034, 2977, 2929, 1731, 1696, 1368 cm™'; HRMS-ESI (m/z) [M
+H]" caled for C,;Hp4CINO; 374.15230; found 374.14960.



Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S6

1. NH,Bn (1.1 equiv) o

o NEt; (1.25 equiv)
CH,CI, (0.5 M), 23 °C /H\)J\ .Bn
Me’H\)J\m 2 > Mem o N
7 2. Boc,0 (1.5 equiv) Boc

DMAP (0.1 equiv)

CH4CN (0.2 M), 23 °C
SI-3 SI-4

(84% vyield, 2 steps)

Amide SI-4. To a solution of acid chloride SI-3 (2.0 g, 10.5 mmol, 1.0 equiv), triethylamine
(1.82 mL, 13.13 mmol, 1.25 equiv), and dichloromethane (16 mL), was added a solution of
benzylamine (1.26 mL, 11.55 mmol, 1.1 equiv) in dichloromethane (5 mL, 0.5 M). The reaction
mixture was stirred at 23 °C for 1 h, diluted with CH,Cl, (30 mL), and then washed successively
with 1.0 M HCI (25 mL) and brine (25 mL). The organic layer was dried over Na,SOy, filtered
and concentrated under reduced pressure. The resulting crude solid material was used in the
subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (69.6
mg, 0.57 mmol, 0.1 equiv) followed by acetonitrile (28.5 mL, 0.2 M). Boc,O (1.87 g, 8.6 mmol,
1.5 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 12 h. The reaction mixture was diluted with EtOAc (50
mL), and then washed with 1.0 M HCI (20 mL) and brine (20 mL). The organics were dried
over Na,SOy, filtered and concentrated under reduced pressure. The resulting crude residue was
purified by flash chromatography (20:1 Hexanes:EtOAc) to yield amide SI-4 (1.76 g, 84% yield,
over two steps) as a clear oil. Amide SI-4: R, 0.48 (10:1 Hexanes:EtOAc); 'H NMR (500 MHz,
CDCl3): 6 7.30-7.27 (m, 2H), 7.25-7.21 (m, 3H), 4.88 (s, 2H), 2.92 (t, J = 7.5, 2H), 1.69-1.63
(m, 2H), 1.41 (s, 9H), 1.34—1.26 (m, 12H), 0.89 (t, /= 7.0, 3H); °C NMR (125 MHz, CDCl3): §
176.4, 153.3, 138.6, 128.4, 127.8, 127.2, 83.2, 47.4, 38.5, 32.0, 29.6, 29.4, 29.3, 28.0, 25.4, 22.8,
14.2; IR (film): 2925, 2857, 1732, 1697, 1460, 1216 cm™; HRMS-ESI (m/z) [M+Na]" calcd for
C2xH35sNOsNa 384.2515; found 384.2516.

1. NH,Bn (3.0 equiv)
O o NEt, (3.0 equiv) o o

CH,Cl, (0.2 M), 23 °C Bn J\H/”\ _Bn
CI)]\H/U\CI > N N
7 2.Boc,0 (3.0 equiv) é 7 é
DMAP (0.2 equiv) oc oc
CH,CN (0.0675 M), 23 °C
SI-5 SI-6

(23% yield, 2 steps)
Amide SI-6. To a solution of acid chloride SI-5 (2.0 g, 8.9 mmol, 1.0 equiv), triethylamine (3.72

mL, 26.7 mmol, 3.0 equiv), and dichloromethane (80 mL), was added a solution of benzylamine
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(2.92 mL, 26.7 mmol, 3.0 equiv) in dichloromethane (10 mL, 0.1 M). The reaction mixture was
stirred at 23 °C for 4 h and then filtered over celite. The pad was eluted with CH,Cl, (40 mL).
The collected organics were washed successively with 1.0 M HCI1 (25 mL) and brine (25 mL).
The organics were dried over Na,SO,, filtered and then concentrated under reduced pressure.
The resulting crude solid material was used in the subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (108.7
mg, 0.89 mmol, 0.1 equiv), followed by acetonitrile (44 mL, 0.2 M). Boc,O (5.83 g, 26.7 mmol,
3.0 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 12 h. The reaction mixture was diluted with EtOAc (50
mL) and then washed with deionized water (3 X 50 mL). The organics were dried over Na,SOs,
filtered and concentrated under reduced pressure. The resulting crude residue was purified by
flash chromatography (20:1 = 10:1 Hexanes:EtOAc) to yield amide SI-6 as a white solid (1.16
g, 23% yield, over two steps). Amide SI-6: mp: 67.0-69.2 °C; Ry 0.33 (20:1 Hexanes:EtOAc);
'H NMR (500 MHz, CDCls): 8 7.30~7.27 (m, 4H), 7.25-7.20 (m, 6H), 4.88 (s, 4H), 2.90 (t, J =
7.6, 4H), 1.66-1.63 (m, 4H), 1.40 (s, 18H), 1.34-1.31 (m, 6H); °C NMR (125 MHz, CDCl;): §
176.4, 153.3, 138.6, 128.4, 127.7, 127.2, 83.2, 47.4, 38.4, 29.4, 29.3, 28.0, 25.3; IR (film): 3703,
3668, 2977, 2862, 1732, 1695, 1458 cm™'; HRMS-ESI (m/z) [M+Na]+ caled for C33HyeN,OgNa
589.3254; found 589.3254.

1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
HOBt (1.1 equiv) o

o NEt; (1.1 equiv) /\)]\
~ DMF (1.0 M), 23 °C e Yo
Ph OH > I
2. Boc,0 (1.3 equiv) Boc
DMAP (0.1 equiv)
SI-7 CH4CN (0.2 M), 23 °C SI-8

(82% yield, 2 steps)

Amide SI-8. To a mixture of carboxylic acid SI-7 (3.0 g, 20.2 mmol, 1.0 equiv), EDC (3.5 g,
22.3 mmol, 1.1 equiv), HOBt (3.4 g, 22.3 mmol, 1.1 equiv) and triethylamine (3.1 mL, 22.3
mmol, 1.1 equiv) in DMF (202 mL, 1.0 M) was added benzylamine (2.4 mL, 22.3 mmol, 1.1
equiv). The resulting mixture was stirred at 23 °C for 17 h, and then diluted with deionized water
(100 mL). The mixture was transferred to a separatory funnel with EtOAc (100 mL) and brine
(100 mL). The aqueous layer was extracted with EtOAc (3 X 100 mL). The combined organic
layers were washed with deionized water (3 X 100 mL), dried over Na,SOs, filtered and
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concentrated under reduced pressure. The resulting crude material was used in the subsequent
step without further purification.

To a flask containing the crude material from the previous step was added DMAP (239
mg, 1.96 mmol, 0.1 equiv), followed by acetonitrile (98 mL, 0.2 M). Boc,O (5.6 g, 25.5 mmol,
1.3 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 19 h. The reaction was quenched by the addition of
saturated aqueous NaHCOs3 (75 mL). The mixture was transferred to a separatory funnel with
EtOAc (100 mL) and H,O (50 mL). The aqueous layer was extracted with EtOAc (3 X 100 mL).
The combined organic layers were dried over Na,SOs, filtered and then concentrated under
reduced pressure. The resulting crude residue was purified by flash chromatography (25:1
Hexanes:EtOAc) to yield amide SI-8 (4.2 g, 82% yield, over two steps) as a white solid. Amide
SI-8: mp: 89.1-92.9 °C; Rr0.46 (5:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCl3): § 7.78-7.71
(m, 1H), 7.60-7.55 (m, 2H), 7.55-7.49 (m, 1H), 7.41-7.34 (m, 3H), 7.33-7.28 (m, 4H), 7.26—
7.21 (m, 1H), 4.97 (s, 2H), 1.43 (s, 9H); °C NMR (125 MHz, CDCls): & 169.0, 153.4, 143.7,
138.5, 135.3, 130.1, 128.9, 128.5, 128.3, 127.7, 127.3, 121.4, 83.5, 48.0, 28.1; IR (film): 2980,
2935, 1722, 1667, 1615, 1348 cm'; HRMS-ESI (m/z) [M + H]" calcd for C2H,4NO;3 338.1756;
found 338.1738.

1. NH,Bn (1.1 equiv)
o NEt; (1.25 equiv) o

CH,Cl, (0.5 M), 23 °C Bn
o' - v
2. Boc,0 (1.3 equiv)
DMAP (0.1 equiv) Boc
CH,CN (0.2 M), 23 °C

SI-9 SI-10
(72% yield, 2 steps)

Amide SI-10. To a solution of acid chloride SI-9 (2.0 g, 15.1 mmol, 1.0 equiv) and triethylamine
(2.61 mL, 18.9 mmol, 1.25 equiv) in dichloromethane (15.1 mL), was added a solution of
benzylamine (1.81 mL, 16.6 mmol, 1.1 equiv) in dichloromethane (15.1 mL, 0.5 M). The
reaction mixture was stirred at 23 °C for 15 h. The mixture was diluted with EtOAc (50 mL), and
then washed successively with 1.0 M HCI (50 mL) and brine (50 mL). The organic layer was
dried over Na,SQO,, filtered and concentrated under reduced pressure. The resulting crude
material was used in the subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (184.0
mg, 1.51 mmol, 0.1 equiv) followed by acetonitrile (76.0 mL, 0.2 M). Boc,O (4.3 g, 19.6 mmol,
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1.3 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 24 h. The reaction was quenched by the addition of
saturated aqueous NaHCO; (30 mL), and then transferred to a separatory funnel with EtOAc (50
mL) and H,O (50 mL). The aqueous layer was extracted with EtOAc (3 X 50 mL). The
combined organic layers were dried over Na,SO, filtered and concentrated under reduced
pressure. The resulting crude residue was purified by flash chromatography (20:1
Hexanes:EtOAc) to yield amide SI-10 (1.97 g, 72% yield, over two steps) as a clear oil. Amide
SI-10: R, 0.59 (5:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCls): § 7.32-7.27 (m, 2H), 7.25—
7.20 (m, 3H), 4.88 (s, 2H), 3.83-3.72 (m, 1H), 2.01-1.88 (m, 2H), 1.87-1.77 (m, 2H), 1.77-1.66
(m, 2H), 1.64-1.53 (m, 2H), 1.40 (s, 9H); °C NMR (125 MHz, CDCls): 8 179.9, 153.3, 138.7,
128.4, 127.5, 127.1, 83.1, 47.8, 45.7, 31.0, 28.0, 26.1; IR (film): 2955, 2867, 1730, 1687, 1453,
1213 em™'; HRMS-ESI (m/z) [M + H]" calcd for C1sH26NO3, 304.1913; found 304.1895.

1. NH,Bn (1.0 equiv)
EDC (1.0 equiv)
[0} HOBt (1.0 equiv) [0}

CH,CI, (0.11 M), 23 °C Bn
OH - > N”
2. Boc,0 (2.0 equiv) |
DMAP (0.1 equiv) Boc

CH3CN (0.2 M), 23 °C

SI-11 (96% yield, 2 steps) SI-12

Amide SI-12. To a mixture of carboxylic acid SI-11 (1.0 g, 7.9 mmol, 1.0 equiv), EDC (1.50 g,
7.9 mmol, 1.0 equiv), HOBt (1.1 g, 7.9 mmol, 1.0 equiv), and CH,Cl, (79 mL, 0.1 M) was added
benzylamine (0.86 mL, 7.9 mmol, 1.0 equiv). The resulting mixture was stirred at 23 °C for 16 h,
and then diluted with CH,Cl, (30 mL). The mixture was washed with 1M HCI (30 mL), saturated
aqueous NaHCOs3 (30mL), and brine (30 mL). The organics were dried over Na,SOy, filtered and
then concentrated under reduced pressure. The resulting crude material was used in the
subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (56.7
mg, 0.46 mmol, 0.1 equiv), followed by acetonitrile (23 mL, 0.2 M). Boc,O (2.03 g, 9.28 mmol,
2.0 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 12 h. The mixture was washed with 1.0 M HCI (5 mL)
and brine (5 mL). After drying over Na,SOy, filtered and the organics were concentrated under
reduced pressure. The resulting crude residue was purified by flash chromatography (10:1

Hexanes:EtOAc) to yield SI-12 (1.40 g, 96% yield, over two steps) as a clear oil. Amide SI-12:
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R;0.69 (5:1 Hexanes: EtOAc); '"H NMR (500 MHz, CDCI3): § 7.31-7.28 (m, 2H), 7.24-7.21 (m,
3H), 5.73-5.67 (m, 2H), 4.88 (d, J = 2.9, 2H), 3.66-3.60 (m, 1H), 2.32-2.23 (m, 2H), 2.14-2.10
(m, 2H), 1.98-1.94 (m, 1H), 1.75-1.67 (m, 1H), 1.40 (br s, 9H); °C NMR (125 MHz, CDCL,):
0179.6, 153.2, 138.6, 128.4, 127.6, 127.2, 126.7, 125.7, 83.3, 47.8, 41.1, 28.6, 28 0, 26.3, 25.1;
IR (film): 3030, 2980, 1730, 1690, 1438, 1368; HRMS-ESI (m/z) [M+Na]" calcd for
C,0H,sNO;Na 338.1732; found 338.1725.

1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
HOBt (1.1 equiv)
NEt; (1.1 equiv)
DMF (1.0 M), 23 °C

o) o]
(o] OH » X (o] N .Bn
2. Boc,0 (1.3 equiv) | 1
o DMAP (0.1 equiv) Z~o Boc
40

CH4CN (0.2 M), 23 °C
SI-13 (90% yield, 2 steps)

Amide 40. To a mixture of carboxylic acid SI-13 (2.0 g, 11.1 mmol, 1.0 equiv), EDC (1.89 g,
12.2 mmol, 1.1 equiv), HOBt (1.87 g, 12.2 mmol, 1.1 equiv), and triethylamine (1.7 mL, 22.3
mmol, 1.1 equiv) in DMF (202 mL, 1.0 M) was added benzylamine (2.4 mL, 12.2 mmol, 1.1
equiv). The resulting mixture was stirred at 23 °C for 18 h, and then diluted with deionized water
(100 mL). The mixture was transferred to a separatory funnel with EtOAc (75 mL) and brine (50
mL). The aqueous layer was extracted with EtOAc (3 X 75 mL). The combined organic layers
were washed with deionized water (3 X 75 mL), dried over Na,SQ,, filtered and concentrated
under reduced pressure. The resulting crude material was used in the subsequent step without
further purification.

To a flask containing the crude material from the previous step was added DMAP (92
mg, 0.78 mmol, 0.1 equiv) followed by acetonitrile (39 mL, 0.2 M). Boc,O (2.2 g, 10.1 mmol,
1.3 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 17 h. The reaction was quenched by the addition of
saturated aqueous NaHCOs (75 mL), and then transferred to a separatory funnel with EtOAc
(100 mL) and H,O (50 mL). The layers were separated. The aqueous layer was extracted with
EtOAc (3 X 100 mL). The combined organic layers were dried over Na,SO,, filtered and
concentrated under reduced pressure. The resulting crude residue was purified by flash
chromatography (29:1 = 15:1 Hexanes:EtOAc) to yield amide 40 (2.3 g, 90% yield, over two
steps) as a white solid. Amide 40: mp: 76.5-78.5 °C; R; 0.57 (5:1 Hexanes:EtOAc); '"H NMR
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(500 MHz, CDCl3): § 7.33-7.27 (m, 2H), 7.26-7.20 (m, 3H), 7.00-6.94 (m, 1H), 6.92—6.81 (m,
3H), 5.81-5.76 (m, 1H), 4.96-4.80 (m, 2H), 4.50-4.39 (m, 2H), 1.43 (s, 9H), °C NMR (125
MHz, CDCly): & 170.9, 152.9, 143.4, 143.3, 137.5, 128.6, 127.8, 127.5, 122.2, 121.6, 117.2,
117.15, 84.6, 73.9, 65.2, 48.1, 28.0; IR (film): 2980, 2932, 1730, 1710, 1595, 1493 cm '; HRMS-
ESI (m/z) [M + H]" caled for C1HasNOs 370.1654; found 370.1591.

1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
o HOBt (1.1 equiv) o

NEt; (1.1 equiv) Bn
OH DMF (0.1 M), 23 °C N~
> s

|
: 2. Boc,0 (1.5 equiv) Boc
Ph DMAP (0.1 equiv) Ph
CH,CN (0.2 M), 23 °C
SI-14 CN(0:2M)

SI-15
(80% yield, 2 steps)

Amide SI-15: To a mixture of carboxylic acid SI-14 (1.0 g, 6.17 mmol, 1.0 equiv), EDC (1.30 g,
6.79 mmol, 1.1 equiv), HOBt (917 mg, 6.79 mmol, 1.1 equiv), triethylamine (0.94 mL, 6.79
mmol, 1.1 equiv), and DMF (61.7 mL, 0.1 M) was added benzylamine (0.74 mL, 6.79 mmol, 1.1
equiv). The resulting mixture was stirred at 23 °C for 12 h, and then diluted with deionized water
(50 mL). The mixture was transferred to a separatory funnel with EtOAc (50 mL) and brine (50
mL). The aqueous layer was extracted with EtOAc (3 X 50 mL). The combined organic layers
were washed with deionized water (3 X 50 mL), dried over Na,SQO,, filtered and concentrated
under reduced pressure. The resulting crude solid material was used in the subsequent step
without further purification.

To a flask containing the crude material from the previous step was added DMAP (75
mg, 0.62 mmol, 0.1 equiv) followed by acetonitrile (31 mL, 0.2 M). Boc,O (1.75 g, 8.02 mmol,
1.5 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 12 h. The reaction mixture was diluted with EtOAc (50
mL) and then washed with saturated aqueous NaHCO; (2 X 50 mL) and brine (50 mL). The
organics were dried over Na,SO,, filtered and concentrated under reduced pressure. The
resulting crude residue was purified by flash chromatography (29:1 = 20:1 Hexanes:EtOAc) to
yield amide SI-15 (1.29 g, 80% yield, over two steps) as a clear oil. Amide SI-15: R, 0.50 (5:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCLs): & 7.33-7.26 (m, 5H), 7.26-7.11 (m, 5H), 4.98—
4.79 (m, 2H), 3.20-3.11 (m, 1H), 2.71-2.64 (m, 1H), 1.77-1.69 (m, 1H), 1.46—1.40 (m, 1H),
1.35 (s, 9H); °C NMR (125 MHz, CDCly): & 175.8, 153.6, 140.8, 138.5, 128.6, 128.5, 127.6,
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127.2, 126.5, 83.5, 48.2, 28.4, 28.0, 26.9, 19.4; IR (film): 3035, 2977, 1730, 1677, 1373, 1149
cm'; HRMS-ESI (m/z) [M + H]" caled for CyHasO3, 352.1913; found 352.1897; [a]**p 0.00 °©
(¢ =1.00, CHCLs).

o LHMDS (1.5 equiv) o

Me HNBnBoc (1.0 equiv) Me .Bn
cl > N
Me THF, =78 — 0°C Me '

Me Me Boc

(81% yield)
SI-16 39

Amide 39: A solution of HNBnBoc (860 mg, 4.2 mmol, 1.0 equiv) in THF (4.2 mL, 1.0 M) was
cooled to —78 °C. To this mixture, a solution of LHMDS (1.0 g, 6.2 mmol, 1.5 equiv) in THF
(4.2 mL, 1.0 M) was added dropwise dropwise (500 uL/min) and left to stir at —78 °C for 1 h.
Acid chloride SI-16 (0.355 mL, 4.15 mmol, 1.0 equiv) was added dropwise (500 uL/min) and
left to stir for 1 h. The reaction was warmed to 0 °C and left to stir for 1 h. The reaction was
quenched with saturated aqueous NaHCO; (10 mL). The layers were separated and the aqueous
layer was extracted with EtOAc (3 X 15 mL). The organics were dried over Na,SOy, filtered and
concentrated under reduced pressure. The resulting crude residue was purified by flash
chromatography (25:1 Hexanes:EtOAc) to yield 39 (0.98 g, 81% yield) as a white solid. Amide
39: mp: 48.3-48.8 °C; R;0.35 (5:1 Hexanes: EtOAc); 'H NMR (500 MHz, CDCL3): & 7.33-7.26
(m, 4H), 7.26-7.20 (m, 1 H), 4.71 (s, 2H), 1.39 (s, 9H), 1.27 (s, 9H); °C NMR (125 MHz,
CDCl3): 6 185.9, 154.0, 138.5, 128.5, 128.1, 127.4, 82.7, 50.7, 43.5, 28.2, 28.0; IR (film): 2969,
2874, 1733, 1691, 1366, 1148 cm™'; HRMS-ESI (m/z) [M+H]" caled for C;7HosNO3 292.19127;
found 292.19127.

1. NH,Bn (1.0 equiv)
EDC (1.0 equiv)

Ts ﬁ\ HOBt (1.0 equiv) Ts JOL
N CH,Cl, (0.1 M), 23 °C N_ . Bn
=" ~OH L N7

2. Boc,0 (2.0 equiv) |
DMAP (0.1 equiv) Boc

CH4CN (0.2 M), 23 °C
SI-17 (92% yield, 2 steps) Sl-18

Amide SI-18. To a mixture of carboxylic acid SI-17 (0.50 g, 1.86 mmol, 1.0 equiv), EDC (0.36
g, 1.86 mmol, 1.0 equiv), HOBt (0.25 g, 1.86 mmol, 1.0 equiv), and CH,Cl, (19 mL, 0.1 M) was
added benzylamine (0.20 mL, 1.86 mmol, 1.0 equiv). The resulting mixture was stirred at 23 °C
for 16 h, and then diluted with CH,Cl, (30 mL). The mixture was washed with deionized water
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(2 X 20 mL). The organics were dried over Na,SQy, filtered and then concentrated under reduced
pressure. The resulting crude material was used in the subsequent step without further
purification.

To a flask containing the crude material from the previous step was added DMAP (15.9
mg, 0.13 mmol, 0.1 equiv), followed by acetonitrile (6.5 mL, 0.2 M). Boc,0 (0.57 g, 2.6 mmol, 2.0
equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction mixture
was allowed to stir at 23 °C for 12 h. The mixture was washed with 1.0 M HCI (5 mL) and brine (5
mL). After drying over Na,SOy, filtered and concentrated under reduced pressure. The resulting
crude residue was purified by flash chromatography (5:1 = 3:1 Hexanes:EtOAc) to yield SI-18
(0.55 g, 92% yield, over two steps) as a white solid. Amide SI-18: mp: 106.6-107.8 °C; Rr0.29
(5:1 Hexanes: EtOAc); 'H NMR (500 MHz, CDCL): & 7.7 (d, J = 8.1, 2H), 7.32-7.28 (m, 3H),
7.25-7.22 (m, 3H), 5.49 (dd, J = 5.8, 3.0, 1H), 4.99 (d, J = 15, 1H), 4.79 (d, J= 14.8, 1H), 3.54—
3.49 (m, 1H), 3.38-3.34 (m, 1H), 2.41 (br s, 3H), 2.24-2.15 (m, 1H), 1.99-1.90 (m, 2H), 1.79-
1.73 (m, 1H), 1.41 (s, 9H); C NMR (125 MHz, CDCl3): & 175.4, 153.0, 143.4, 138.1, 135.9,
129.7, 128.5, 127.6, 127.5, 127.3, 83.9, 62.5, 48.6, 47.9, 31.7, 27.9, 24.4, 21.7; IR (film): 2977,
2932, 1732, 1692, 1453, 1369 cm'l; HRMS-ESI (m/z) [M+Na]+ calcd for C,4H3oN,OsSNa
481.1773; found 481.1750; [a]*°p—1042.0 ° (¢ = 1.00, CH,CL).

1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
HOBt (1.1 equiv)

?OC j) NEt; (1.1 equiv) ?oc j)
DMF (0.1 M), 23 °C
N N_ .« .Bn
A, LIS
2. Boc,0 (1.3 equiv) |
DMAP (0.1 equiv) Boc

CH,CN (0.2 M), 23 °C

SI-19 (56% yield, 2 steps) SI-20
Amide SI-20. To a mixture of carboxylic acid SI-19 (2.0 g, 9.3 mmol, 1.0 equiv), EDC (1.96 g,
10.23 mmol, 1.1 equiv), HOBt (1.30 g, 10.23 mmol, 1.1 equiv), triethylamine (1.4 mL, 10.23
mmol, 1.1 equiv), and DMF (93 mL, 0.1 M) was added benzylamine (1.12 mL, 10.23 mmol, 1.1
equiv). The resulting mixture was stirred at 23 °C for 16 h, and then diluted with deionized water
(50 mL) and EtOAc (30 mL). The mixture was transferred to a separatory funnel with EtOAc (50
mL) and brine (50 mL). The aqueous layer was extracted with EtOAc (3 X 100 mL). The

combined organic layers were washed with deionized water (3 X 50 mL), dried over Na,SOs,
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filtered and concentrated under reduced pressure. The resulting crude material was used in the
subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (113
mg, 0.93 mmol, 0.1 equiv), followed by acetonitrile (46.5 mL, 0.2 M). Boc,O (2.64 g, 12.09
mmol, 1.3 equiv) was added in one portion and the reaction vessel was flushed with N,. The
reaction mixture was allowed to stir at 23 °C for 16 h and then quenched by addition of saturated
aqueous NaHCOs; (10 mL). The mixture was transferred to a separatory funnel with EtOAc (30
mL) and deionized water (30 mL). The layers were separated. The aqueous layer was extracted
with EtOAc (3 X 50 mL). The combined organic layers were dried over Na,SO,, filtered and
concentrated under reduced pressure. The resulting crude residue was purified by flash
chromatography (10:1 Hexanes:EtOAc) to yield SI-20 (1.68 g, 56% yield, over two steps) as a
white solid. Amide SI-20: mp: 81.1-81.8 °C, Ry 0.34 (5:1 Hexanes:EtOAc); 'H NMR (500
MHz, CDCls): § 7.32-7.26 (m, 3H), 7.25-7.18 (m, 2H), 5.31-5.2 (m, 1H), 5.09-4.70 (m, 2H),
3.68-3.55 (m, 1H), 3.53-3.39 (m, 1H), 2.41-2.28 (m, 1H), 2.03-1.80 (m, 3H), 1.50-1.30 (m,
18H); °C NMR (125 MHz, CDCL): § 176.3, 176.1, 154.5, 153.7, 152.9, 152.7, 138.3, 138.0,
128.3, 128.3, 127.8, 127.4, 127.3, 127.3, 126.9, 83.6, 83.4, 79.4, 79.3, 61.2, 60.9, 47.6, 47.6,
47.0,46.7, 31.3, 30.6, 28.5, 28.3, 27.9, 27.9, 23.7, 23.1; IR (film): 2977, 2973, 1729, 1697, 1393,
1146 cm™'; HRMS-ESI (m/z) HRMS-ESI (m/z) [M+Na]" caled for C2H3N2OsNa 427.2209;
found 427.2195; [a]""p+54.0 ° (¢ = 1.00, CH,CL).

Note: Amide SI-20 was obtained as a mixture of rotamers. These data represent empirically
observed chemical shifts and coupling constants from the 'H and >C NMR spectra.

1. NH,Bn (1.34 equiv)
EDC (1.20 equiv)
HOALt (1.03 equiv)
llaoc 0 NMM (1.71 equiv) I|3°c (o]
N J]\ DMF (0.33 M), 0 — 23 °C N J]\ _Bn

o OH - > = N
2. Boc,0 (3.0 equiv) |
DMAP (0.3 equiv) Boc

CH,CN (0.0675 M), 23 °C

Si-21 (67% vyield, 2 steps) SI-22
Amide SI-22. To a mixture of carboxylic acid SI-21 (0.95 g, 3.6 mmol, 1.0 equiv), EDC (0.83 g,
4.32 mmol, 1.20 equiv), HOAt (0.50 g, 3.71 mmol, 1.03 equiv), and DMF (11 mL, 0.33 M) was
added benzylamine (0.53 mL, 4.82 mmol, 1.34 equiv) and 4-methylmorpholine (NMM, 0.68 mL,
6.16 mmol, 1.71 equiv) at 0 °C. The resulting mixture was stirred at 0 ° C for 30 min and then at

23 °C for 16 h. The orange mixture was then diluted with deionized water (15 mL) and EtOAc
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(30 mL). The layers were separated. The organic layer was washed with 1 M HCI (20 mL),
saturated aqueous NaHCOs; (20 mL), and brine (20 mL). The organic layer was dried over
Na,SO4 and then concentrated under reduced pressure. The resulting crude material was used in
the subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (132
mg, 1.08 mmol, 0.3 equiv), followed by acetonitrile (53 mL, 0.07 M). Boc,0O (2.40 g, 10.8 mmol,
3.0 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 16 h and then quenched by addition of saturated aqueous
NaHCOj3 (10 mL). The mixture was transferred to a separatory funnel with EtOAc (50 mL) and
deionized water (30 mL). The layers were separated. The organic layer was washed with 1 M
HCI (30 mL), saturated aqueous NaHCOs3 (30 mL), and brine (30 mL). The combined organic
layers were dried over Na,SO4 and concentrated under reduced pressure. The resulting crude
residue was purified by flash chromatography (10:1 Hexanes:EtOAc) to yield SI-22 (1.09 g,
67% yield, over two steps) as a (viscous) colourless oil. Amide SI-22: R, 0.33 (5:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCL): § 7.93— 7.52 (m, 1H), 7.30-7.15 (m, 6H), 7.10
(d, /=73, 1H), 6.94-6.91 (m, 1H), 5.86-5.79 (m, 1H), 5.04—4.95 (m, 1H), 4.82-4.77 (m 1H),
3.70-3.62 (m, 1H), 3.06 (tt, J = 16.7, 3.8, 1H), 1.62-1.47 (m, 9H), 1.41-1.39 (m, 9H), °C NMR
(125 MHz, CDCl3): 8 174.4, 174.2, 152.9, 152.8, 151.7, 143.4, 142.5, 138.2, 137.9, 129.2, 128.5,
128.4, 128.2, 128.18, 127.9, 127.7, 127.6, 127.5, 127.2, 124.8, 124.4, 122.4, 122.3, 114.6, 84.1,
83.7, 82.1, 80.8, 76.9, 62.7, 62.5, 47.7, 47.66, 33.8, 33.2, 28.6, 28.2, 28.0, 27.8; IR (film): 2980,
2935, 1730, 1712, 1608, 1485, 1396, 1363, 1318, 1253, 1213, 1146; HRMS-ESI (m/z) [M+Na]"
caled for Co6H3,N,OsNa 475.2209; found 475.2209; [a]*''5—150.0 ° (¢ = 1.00, CH,CL).

Note: Amide SI-22 was obtained as a mixture of rotamers. These data represent empirically
observed chemical shifts and coupling constants from the 'H and >C NMR spectra.

1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)
Cbz O HOBt (1.1 equiv) (I2bz o

! | NEt; (1.1 equiv) |
N L OH DMF (0.1 M), 23 °C N ]\N -Bn
’ 1
Q 2. Boc,0 (1.5 equiv) O Boc
DMAP (0.1 equiv)

CH;CN (0.2 M), 23 °C
SI-23 Sl-24

(90% vyield, 2 steps)
Amide SI-24: To a mixture of carboxylic acid SI-23 (750 mg, 2.85 mmol, 1.0 equiv), EDC (600
mg, 3.13 mmol, 1.1 equiv), HOBt (422 mg, 3.13 mmol, 1.1 equiv), triethylamine (0.43 mL, 3.13
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mmol, 1.1 equiv), and DMF (31 mL, 0.1 M) was added benzylamine (0.34 mL, 3.13 mmol, 1.1
equiv). The resulting mixture was stirred at 23 °C for 12 h, and then diluted with deionized water
(50 mL) and EtOAc (50 mL). The layers were separated and the organic layer was washed
successively with 1.0 M HCI (50 mL), saturated aqueous NaHCO; (50 mL), and brine (50 mL).
The organics were dried over Na,SO4 and concentrated under reduced pressure. The resulting
crude material was used in the subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (122
mg, 1.0 mmol, 0.1 equiv) followed by acetonitrile (53 mL, 0.2 M). Boc,O (3.0 g, 13.78 mmol,
1.5 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 12 h. The reaction mixture was diluted with EtOAc (50
mL) and then washed with saturated aqueous NaHCO; (2 X 50 mL) and brine (50 mL). The
organics were dried over Na,SO4 and concentrated under reduced pressure. The resulting crude
residue was purified by flash chromatography (5:1 Benzene:Hexanes = 1:1 Benzene:EtOAc) to
yield amide SI-24 (1.4 g, 90% yield, over two steps) as a off white solid. Amide SI-24: Ry 0.35
(5:1 Hexanes:EtOAc); '"H NMR (500 MHz, CDCL): & 7.40-7.26 (m, 5H), 7.26-7.12 (m, 5H),
5.95 (app d, 1H), 5.21-5.05 (m, 2H), 5.0-4.76 (m, 2H), 4.13-3.95 (m, 1H), 3.52-3.33 (m, 1H),
2.09-1.91 (m, 1H), 1.89-1.57 (m, 3H), 1.49-1.29 (m, 10H), 1.28-1.12 (m, 1H); °C NMR (125
MHz, CDCL): 6 176.1, 176.0, 157.1, 156.4, 152.6, 152.6, 138.3, 138.1, 136.9, 136.8, 128.6,
128.50, 128.46, 128.0, 127.9, 127.8, 127.6, 127.5, 127.4, 127.3, 127.2, 83.8, 67.32, 67.26, 55.6,
55.4,47.83,47.75,42.3,42.2, 28.0, 27.9, 27.22, 27.17, 24.9, 24.7, 19.78, 19.65; IR (film): 2975,
2942, 1732, 1705, 1348, 1146 cm™'; HRMS-ESI (m/z) [M + H]" caled for CosH33N,0s, 453.2390;
found 453.23710; [a]*'p +4.40 ° (¢ = 1.00, CHCL,).
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B. Reaction Discovery

Representative procedure for pyridine-type ligand screening
(coupling of amide 19a and (—)-menthol (4) is used as an example).

Me Me
H HMB (0.3 equiv) H
o Ni(cod), (15 mol%) o
.Bn ligand (15 mol%)
N o > o
| HO toluene (0.5 M) o
Boc 100 °C, 4 h
Me Me Me Me
19a 4 30

Ester 30. A 1-dram vial containing amide 19a (500 mg, 0.15 mmol, 1.0 equiv),
hexamethylbenzene (HMB) (7.3 mg, 0.045 mmol, 0.3 equiv), and a magnetic stir bar was
charged with Ni(cod), (6.2 mg, 0.0225 mmol, 15 mol%) and ligand (0.0225 mmol, 15 mol%) in
a glove box. Subsequently, toluene (0.15 mL, 1.0 M) and then (—)-menthol (4) (29.3 mg, 0.19
mmol, 1.2 equiv) were added. The vial was sealed with a Teflon-lined screw cap, removed from
the glove box, and stirred at 100 °C for 4 h. After cooling to 23 °C, the mixture was diluted with
hexanes (0.5 mL) and filtered over a plug of silica gel (10 mL of EtOAc eluent). The volatiles
were evaporated under reduced pressure, and the yield was determined by '"H NMR analysis with

hexamethylbenzene as an internal standard.
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The representative procedure shown above depicts all of the results shown in Tables S1-S3.

Table S1. Evaluation of Pyridine-Type Ligands.”

Entry Ligand Yield of 30 Entry Ligand Yield of 30
1 \ 4 7 N 0% 6 0%
N N=
Ph Ph Cl Cl
2 - 0% 7 - 0%
A 7\ N 4 7\
N N= N=
MeO OMe MeO OMe
3 - 72\ 0% 8 - 72\ 37%
/ /
\ = \ =
Me Me Me e
Me Me
4 — 7 23% 9 60%
/
\_ 7 =
5 - 0% 10 17%
N 7 N\
N N=

* Yields were determined using '"H NMR analysis with hexamethylbenzene as an internal standard.
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C. Survey of Amide Substrates
Compounds SI-25? SI-26° and SI-27* were prepared by known literature procedure.
Table S2. Survey of Amide Substrates Under the Optimized Reaction Conditions.

Me

Me
o Ni(cod), (15 mol%) o '
/\)L R" terpyridine (15 mol%)
Ph N - ’ /\)L w
1 HO Ph (o}
Me Me

toluene (0.5 M)

100 °C, 4 h
Me Me
4 30
<~ .R1
Entry < N Yield of 30 Remainder of the mass
RZ
:;E .Me
1 bll SI-25 0% yield SI-25; 100%
Me
:g, _Ph
2 bll SI-26 0% yield SI-26; 100%
Me
'?{ _Ts
3 'I‘ SI-27 13% yield SI-27; 87%
Me
Bé. .Bn
4 f;l 19a 60% yield 19a; 40%
Boc

* Yields were determined using '"H NMR analysis with hexamethylbenzene as an internal standard.
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D. Optimization of Reaction Conditions and Relevant Control Experiments

Table S3. Optimization of Reaction Conditions.”

Me
o) A Ni(cod), (15 mol%)
.Bn
N + .
1 HO®
Boc
Me Me
4

terpyridine (15 mol%)

g
(1]

toluene, heat

o
3

Me Me

5
Reaction conditions

Experimental Results

5
Ni(cod), (15 mol%), terpyridine (15 mol%),

3
menthol (1.2 equiv), toluene (0.5 M), 80 °C, 20 h

24%

76%
Ni(cod), (15 mol%), terpyridine (7.5 mol%),

menthol (1.2 equiv), toluene (0.5 M), 80 °C, 20 h 31%

69%
Ni(cod), (15 mol%), terpyridine (30 mol%),

menthol (1.2 equiv), toluene (0.5 M), 80 °C, 20 h 31%

69%
Ni(cod), (15 mol%), terpyridine (15 mol%),

menthol (2.5 equiv), toluene (0.5 M), 80 °C, 20 h 30% 70%
Ni(cod), (15 mol%), terpyridine (15 mol%),
menthol (1.2 equiv), toluene (0.33 M), 80 °C, 20 h

19%

81%
Ni(cod), (15 mol%), terpyridine (15 mol%),

menthol (1.2 equiv), toluene (1.0 M), 80 °C, 20 h 35%

65%
Ni(cod), (15 mol%), terpyridine (15 mol%),

menthol (1.2 equiv), toluene (1.0 M), 100 °C, 20 h 56%

44%
Control experiments:

Ni(cod), (15 mol%), menthol (1.2 equiv),
toluene (1.0 M), 100 °C, 20 h 0% 100%
Terpyridine (30 mol%), menthol (1.2 equiv),
toluene (1.0 M), 100 °C, 20 h 0% 100%
Menthol (1.2 equiv), toluene (1.0 M), 100 °C, 20 h

0%

100%
* Yields were determined using '"H NMR analysis with hexamethylbenzene as an internal standard.
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E. Evaluation of Functional Group Compatibility in the Esterification Reaction

In order to provide further insight into functional group tolerance for the esterification reaction, a
“robustness screen” was performed.’ The esterification reaction of 19a and 7 was performed, but
doped with 1.0 equiv of various alkyl and aryl halides and nitriles to determine whether or not

these functional grous would be compatible in the coupling reaction.

additive (1.0 equiv)

0 Ni(cod), (10 mol%) o
Bn 1-hexanol terpyridine (10 mol%)
N~ + . > A OHex
h (1.25 equiv) toluene (1.0 M) |
Boc 100 °C, 20 h Z
19a 7 9a

Representative Procedure for esterification reactions in the presence of additives from Table S4.

A 1-dram vial containing amide 19a (67.9 mg, 0.20 mmol, 1.0 equiv) and a magnetic stir bar was
charged with Ni(cod), (5.5 mg, 0.020 mmol, 0.10 equiv) and terpyridine (4.7 mg, 0.020 mmol,
0.10 equiv) in a glove box. Subsequently, toluene (0.20 mL, 1.0 M) and then alcohol 7 (31.4 pL,
0.250 mmol, 1.25 equiv) were added. The vial was sealed with a Teflon-lined screw cap,
removed from the glove box, and stirred at 100 °C for 20 h. After cooling to 23 °C, the mixture
was diluted with hexanes (0.5 mL) and filtered over a plug of silica gel (10 mL of EtOAc eluent).
The volatiles were removed under reduced pressure and the yield was determined by '"H NMR
analysis with 1,3,5-trimethoxybenzene as an internal standard. Ester 9a: R, 0.52 (20:1

Hexanes:EtOAc). Spectral data match those previously reported.’®

Any modifications of the conditions shown in the representative procedure
above are specified below in Table $4.



Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S22

Table S4. Evaluation of Functional Group Compatibility in the Esterification Reaction.”

[0} additive (1.0 equiv) (o]
Bn Ni(cod), (10 mol%)

N™ + 1-hexanol terpyridine (10 mol%) OHex

! (1.25 equiv) >

Boc toluene (1.0 M)

19a 7 100 °C, 20 h 9a
Entry Additive Yield Additive 19a Entry Additive Yield Additive 19a
of 9a (%) Remaining (%) Remaining (%) of 9a (%) Remaining (%) Remaining (%)
Br

1 None 90 - 10 6 © 23 75 77

Me
2 ©/Me 31 95 69 7 cl /\H’ 45 32 55
6

Br

CO,Me
3 87 61 8 8 O 91 90 8
NC
cl
OtBu
4 90 96 14 9 NC/\[]/ 0 100 100
o
Me

5 Me 23 35 74

Me

* Conditions: Ni(cod), (10 mol%), terpyridine (10 mol%), substrate (1.0 equiv), 1-hexanol (1.25 equiv), toluene (1.0
M), and additive (1.0 equiv) at 100 °C for 20 h. Yields of coupled product, remaining additive, and remaining
starting material were determined by "H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

F. Scope of Methodology

Representative Procedure (coupling of 19a and 7 is used as an example).

(0] Ni(cod), (5 mol%) o)
1-hexanol terpyridine (5 mol%)
.Bn >
N * i OHex
1 (1.25 equiv) toluene (1.0 M)
Boc 100 °C, 20 h
19a 7 (77% yield) 9a

Ester 9a (Figure 2). A 1-dram vial containing amide 19a (71.8 mg, 0.30 mmol, 1.0 equiv) and a
magnetic stir bar was charged with Ni(cod), (4.1 mg, 0.015 mmol, 5 mol%) and terpyridine (3.5
mg, 0.015 mmol, 5 mol%) in a glove box. Subsequently, toluene (0.30 mL, 1.0 M) and then
alcohol 7 (38.3 pg, 0.38 mmol, 1.25 equiv) were added. The vial was sealed with a Teflon-lined



Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S23

screw cap, removed from the glove box, and stirred at 100 °C for 20 h. After cooling to 23 °C,
the mixture was diluted with hexanes (0.5 mL) and filtered over a plug of silica gel (10 mL of
EtOAc eluent). The volatiles were removed under reduced pressure and the crude residue was
purified by flash chromatography (50:1 Hexanes:EtOAc) generated ester 9a (77% yield, average
of two experiments) as a clear oil. Ester 9a: R;0.52 (20:1 Hexanes:EtOAc). Spectral data match

those previously reported.’

Any modifications of the conditions shown in the representative procedure above are specified in
the following schemes, which depict all of the results shown in Figures 2—4.

For each of the nickel-catalyzed reactions described herein, control experiments were performed
concurrently where Ni(cod), and both Ni(cod), and terpyridine were omitted from the reactions.
In all cases, these control experiments led to the recovery of the amide substrates with no
detectable conversion to the corresponding esters.

o Ni(cod), (10 mol%) o
_Bn 1-hexanol terpyridine (10 mol%)
N + > OHex
! (1.25 equiv) toluene (1.0 M)
Boc 100 °C, 20 h
Cl Cl
19b 7 9b

(83% yield)
Ester 9b (Figure 2). Purification by preparative thin layer chromatography (5:1 = 9:1

Hexanes:EtOAc) generated ester 9b (83% yield, yield determined via 'H NMR internal standard
1,3,5-trimethoxybenzene) as a clear oil. Ester 9b: R, 0.66 (5:1 Hexanes:EtOAc); 'H NMR (500
MHz, CDCls): 7.32-7.20 (m, 2H), 7.19-7.09 (m, 2H), 4.07 (t, J = 6.7, 2H), 2.93 (app t, 2H),
2.62 (app t), 1.68-1.54 (m, 2H), 1.38-1.23 (m, 6H), 0.96-0.85 (m, 3H); °C NMR (125 MHz,
CDCly): & ecm™ 172.9, 139.1, 132.1, 129.8, 128.7, 64.9, 35.9, 31.6,30.5, 28.7, 25.7, 22.7, 14.1; IR
(film): 2957, 2930, 2860, 1727, 1493, 1455 cm'; HRMS-ESI (m/z) [M+H]" caled for
Ci5H21Cl10; 269.13083; found 269.12854.

fo) Ni(ch)z (5 mol%) o
terpyridine (5 mol%)
Me’MN .Bn + 1-hexanol > /H\)L
7 | toluene (1.0 M) Me 7 OHex
Boc (1.25 equiv) 100 °C, 20 h
Sl-4 7 (97% yield) 10

Ester 10 (Figure 2). Purification by flash chromatography (20:1 Hexanes:EtOAc) generated
ester 10 (97% yield, average of two experiments) as a clear oil. Ester 10: Ry 0.47 (20:1
Hexanes:EtOAc). Spectral data match those previously reported.’
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Ni(cod), (5 mol%) o o

[0} (o]
B J\HJJ\ B terpyridine (5 mol%)
n< -Bn + 1-hexanol > JI\H/U\
’r 7 'il toluene (1.0 M) HexO g OHex
Boc Boc

(2.5 equiv) 100°C, 20 h

Si-6 7 (92% yield) 11

Ester 11 (Figure 2). Purification by preparative thin layer chromatography (20:1
Hexanes:EtOAc) generated ester 11 (92% yield, average of two experiments) as a clear oil. Ester
11: R, 0.48 (20:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCLs): 4.06 (t, J = 6.7, 4H), 2.29 (t, J
= 7.6, 4H), 1.62—1.57 (m, 8H), 1.35-1.24 (m, 18H), 0.89 (t, J = 6.8, 6H); °C NMR (125 MHz,
CDCl): 6 174.1, 64.6, 34.5, 31.6, 29.1, 29.05, 28.8, 25.7, 25.1, 22.7, 14.1; IR (film): 2952, 2930,
1730, 1465, 1248, 1176, 1156 cm'l; HRMS-ESI (m/z) [M+Na]+ calcd for C,1H49O4Na 379.2824;
found 379.2826.

0 Ni(cod), (5 mol%) fo)

/\)L Bn terpyridine (5 mol%) /\)L
Ph N° + 1-hexanol > Ph OHex

| toluene (1.0 M)
Boc (1.25 equiv) 100°C, 20 h

SI-8 7 (77% vyield) 12

Ester 12 (Figure 2). Purification by flash chromatography (20:1 Hexanes:EtOAc) generated
ester 12 (77% yield, average of two experiments) as a clear oil. Ester 12: Ry 0.58 (5:1
Hexanes:EtOAc). Spectral data match those previously reported.®

o Ni(cod), (10 mol%) o
B terpyridine (10 mol%)
-Bn + 1-hexanol >
O)L']l toluene (1.0 M) O)LOHex
Boc (1.25 equiv) 100 °C, 20 h
SI-10 7 (76% yield) 13

Ester 13 (Figure 2). Purification by flash chromatography (29:1 Hexanes:EtOAc) generated
ester 13 (76% yield, average of two experiments) as a clear oil. Ester 13: Ry 0.41 (5:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCls): & 4.05 (t, J = 6.7, 2H), 2.71 (quintet, J = 7.9,
8.2, 1H), 1.95-1.83 (m, 2H), 1.83-1.74 (m, 2H), 1.74-1.65 (m, 2H), 1.65-1.51 (m 4H), 1.42—
1.22 (m, 6H), 0.95-0.83 (m, 3H); °C NMR (125 MHz, CDCls): & 177.1, 64.6, 44.1, 31.6, 30.2,
28.8, 25.9, 25.7, 22.7, 14.1; IR (film): 2957, 2935, 2870, 1732, 1453 cm '; HRMS-ESI (m/z)
[M+NH,4]" calcd for C1,H»O0,NH,, 216.1964; found 216.1958.
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0 Ni(cod), (5 mol%) o
Bn terpyridine (5 mol%)
N” + 1-hexanol ’ OHex
éoc toluene (1.0 M)
(1.25 equiv) 100 °C, 20 h
3 7 (84% yield) 14

Ester 14 (Figure 2). Purification by flash chromatography (50:1 Hexanes:EtOAc) generated
ester 14 (84% yield, average of two experiments) as a clear oil. Ester 14: Ry 0.47 (20:1
Hexanes:EtOAc). Spectral data match those previously reported.’

o) Ni(cod), (5 mol%) o)

Bn terpyridine (5 mol%)
N~ + 1-hexanol > OHex
1 toluene (1.0 M)
= Boc (1.25 equiv) 100 °C,20 h

(93% vyield)

SI-12 7 15

Ester 15 (Figure 2). Purification by flash chromatography (40:1 Hexanes:EtOAc) generated
ester 15 (93% yield, average of two experiments) as a clear oil. Ester 15: Ry 0.58 (20:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCl;): 5.67 (s, 2H), 4.08 (t, J = 6.7, 2H), 2.57-2.51 (m,
1H), 2.25-2.23 (m, 2H), 2.13-1.97 (m, 3H), 1.72-1.58 (m, 3H), 1.36-1.29 (m, 6H), 0.89 (t, J =
6.9, 3H) °C NMR (125 MHz, CDCl;): § 176.1, 126.8, 125.4, 64.6, 39.5, 31.6, 28.7, 27.6, 25.7,
25.2, 24.6, 22.7, 14.1; IR (film): 3027, 2932, 1730, 1690, 1458, 1151 cm™'; HRMS-ESI (m/z)

[M—H] calcd for Ci3H,10, 209.1542; found 209.1535.

Ni(cod), (5 mol%)
terpyridine (5 mol%)

(o} [0}
B o]
S ° N~ n + 1-hexanol ’ OHex
| | toluene (1.0 M)
A~o Boc (1.25 equiv) 100 °C, 20 h o
40 16

84% yield
7 ( yield)

Ester 16 (Figure 2). Purification by flash chromatography (50:1 Hexanes:EtOAc) generated
ester 16 (84% yield, average of two experiments) as a clear oil. Ester 16: Ry 0.56 (5:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCls): § 7.02-6.97 (m, 1H), 6.91-6.83 (m, 3H), 4.85—
4.81 (m, 1H), 4.44-4.33 (m, 2H), 4.26-4.14 (m, 2H), 1.66-1.57 (m, 2H), 1.33-1.21 (m, 6H),
0.91-0.85 (m, 3H); °C NMR (125 MHz, CDCls): § 168.3, 143.1, 142.5, 122.3, 121.9, 117.5,
117.4, 72.2, 66.2, 65.1, 31.4, 28.6, 25.5, 22.6, 14.1; IR (film): 2957, 2927, 2860, 1760, 1735,
1598 cm'; HRMS-ESI (m/z) [M+Na]" calcd for C;sH04Na, 287.1259; found 287.1248.
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o] Ni(cod), (5 mol%) 0

Bn terpyridine (5 mol%)
N° + 1-hexanol > o OHex
| toluene (1.0 M)
i Boc (1.25 equiv) 100 °C, 20 h i
Ph Ph
SI-15 7 (77% yield) 17

Ester 17 (Figure 2). Purification by preparative thin layer chromatography (2 X 8:1
Hexanes:EtOAc) generated ester 17 (77% yield, average of two experiments) as a clear oil. Ester
17: R;0.65 (5:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCLs): & 7.32-7.26 (m, 2H), 7.23-7.18
(m, 1H), 7.13-7.07 (m, 2H), 4.11 (t, J = 6.8, 2H), 2.56-2.48 (m, 1H), 1.94-1.87 (m, 1H), 1.68—
1.57 (m, 3H), 1.41-1.26 (m, 7H), 0.95-0.86 (app t, 3H); °C NMR (125 MHz, CDCl;): & 173.6,
140.3, 128.6, 126.6, 126.3, 65.1, 31.6, 28.8, 26.3, 25.7, 24.4, 22.7, 17.2, 14.2; IR (film): 2960,
2932, 2860, 1722, 1411, 1173 cm™'; HRMS-ESI (m/z) [M + H]" caled for C sH, 03, 261.1907;
found 261.14917; [a]**°5 0.00 ° (¢ = 1.00, CHCL;).

o Ni(cod), (10 mol%) o]
Bn terpyridine (10 mol%)
N” + 1-hexanol > OHex
| toluene (1.0 M)
Boc (2.0 equiv) 80°C, 20 h
82% yield
39 7 (82% yleld) 18

Ester 18 (Figure 2). Ester 18: R, 0.82 (5:1 Hexanes:EtOAc). Spectral data of the crude mixture

of ester 18 match those previously reported.'’

o Me Me Ni(cod), (10 mol%)

o Me Me
/\)J\ Bn /\)\/\/k terpyridine (10 mol%) /\)J\ /\2\/\)\
Ph N’ YO Z e Ll 0 Me

| toluene (1.0 M)
Boc (1.25 equiv) 100 °C, 20 h

19a SI-28 (75% yield) 21

Ester 21 (Figure 3). Purification by flash chromatography (40:1 Hexanes:EtOAc) generated
ester 21 (75% yield, average of two experiments) as a clear oil. Ester 21: Ry 0.44 (20:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCL): § 7.30-7.27 (m, 2 H), 7.29-7.18 (m, 3H), 5.33
(td, J=1.2, 1H), 5.10 (tt, J = 6.9, 1.3, 1H), 4.60 (d, J = 7.2, 2H), 2.97 (apt t, J = 8.2, 7.6, 2H),
2.64 (t, J=8.1, 7.5, 2H), 2.12-2.02 (m, 4H), 1.70-1.69 (m, 6H), 1.60 (br s, 3H); °C NMR (125
MHz, CDCl;): § 173.1, 142.4, 140.7, 131.99, 128.6, 128.4, 126.3, 123.9, 118.4, 61.5, 39.7, 36.1,
31.1, 26.4, 25.8, 17.8, 16.6; IR (film): 3068, 3026, 2967, 2857, 1734, 1452, 1379; HRMS-ESI
(m/z) [M—H] calcd for C9H,50; 285.1855; found 285.1869.
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[o} Ni(cod), (5 mol%)
terpyridine (5 mol%
Ph/\)J\N’B" * HO/YMe P ST e i
) toluene (1.0 M) /\)J\ Me
Boc 0. OMe 100 °C, 20 h Ph oY
(o} vOMe
(1.25 equiv) (75% vyield)
19a SI-29 22

Ester 22 (Figure 3). Purification by flash chromatography (20:1 - 10:1 Hexanes:EtOAc)
generated ester 22 (75% yield, average of two experiments) as a clear oil. Ester 22: R,0.34 (10:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCls): & 7.32-7.28 (m, 2H), 7.22-7.17 (3H), 4.68 (q, J
=6.9, 3.1, 2H), 4.12-4.02 (m, 2H), 3.96-3.86 (m, 1H), 3.36 (br s, 3H), 2.99 (t,J = 8.2, 7.4, 2H),
2.69 (apt t,J = 8.2, 7.3, 2H), 1.18 (d, J = 6.4, 3H); °C NMR (125 MHz, CDCls): § 172.9, 140.6,
128.7, 128.4, 126.4, 95.3, 55.4, 35.9, 31.0, 17.3; IR (film): 3029, 2893, 2852, 1734, 1454, 1377,
HRMS-ESI (m/z) [M+Na]" caled for C14H2004Na 275.1259; found 275.1263; [a]***5-980.0 ° (¢
=1.00, CH,CL).

o)
o o, Ni(cod), (5 mol%) /\)L
/\)L Bn HO (\O terpyridine (5 mol%) Ph 0/':.,,(\
Ph N’ + 0 7LM > o
1 e toluene (1.0 M) o]
Boc Me 100 °C, 20 h Me
Me
(1.25 equiv) (78% vyield)
19a SI-30 23

Ester 23 (Figure 3). Purification by flash chromatography (10:1 Hexanes:EtOAc) generated
ester 23 (78% yield, average of two experiments) as a clear oil. Ester 23: Ry 0.45 (10:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCls): & 7.30-7.27 (m, 2H), 7.22-7.19 (m, 3H), 4.29—
4.24 (m, 1H), 4.17 (dd, J = 6.8, 4.8, 1H), 4.10 (dd, J = 6.0, 5.5, 1H), 4.04 (dd, J = 6.4, 2.0, 1H);
3.69 (dd, J= 6.2, 2.3, 1H), 2.98 (t, J = 7.8, 2H), 2.69 (apt t, J = 8.0, 7.6, 2H), 1.42 (br s, 3H),
1.36 (br s, 3H); °C NMR (125 MHz, CDCly): § 172.8, 140.4, 128.7, 128.4, 126.5, 109.9, 73.7,
66.4, 64.9, 35.8, 31.0, 26.8, 25.5; IR (film): 3030, 2990, 1740, 1603, 1208, 1154; HRMS-ESI
(m/z) [M+Na]" caled for CsHy0O4Na 287.1259; found 275.1252; [a]*%5 —990.0 ° (¢ = 1.00,
CH,Cl).



Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S28

(0] Ni(cod), (5 mol%)
/\)j\ B /C/O terpyridine (5 mol%) o o
.bn +
Ph N > /\)J\ /C/
I HO toluene (1.0 M) Ph (o]
Boc 100 °C,20 h
(1.25 equiv)

(85% yield)
19a SI-31 24

Ester 24 (Figure 3). Purification by flash chromatography (20:1 - 10:1 Hexanes:EtOAc)
generated ester 24 (85% yield, average of two experiments) as a clear oil. Ester 24: R,0.26 (20:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCls): & 7.31-7.28 (m, 2H), 7.23-7.19 (m, 3H), 5.43—
5.40 (m 1H), 4.87-4.84 (m, 2H), 4.59-4.56 (m, 2H), 2.99 (t, J =, 2H), 2.70 (apt t, /= 8.4, 7.8,
2H); *C NMR (125 MHz, CDCls): § 172.2, 140.1, 128.7, 128.4, 126.5, 77.6, 67.96, 335.6, 30.9;
IR (film): 3085, 2882, 1731, 1500, 1455, 1359; HRMS-ESI (m/z) [M+Na] caled for
Ci2H1403Na 229.0841; found 229.0842.

0 Ni(cod), (5 mol%) 0

(o] s
HO terpyridine (5 mol%)
Ph /\)]\N -Bn + /\Lf >  ph /\)L o o)
) toluene (1.0 M) \
Boc 100 °C,20 h
(1.25 equiv)
(95% yield)
19a SI-32 25

Ester 25 (Figure 3). Purification by flash chromatography (40:1 = 30:1 Hexanes:EtOAc)
generated ester 25 (95% yield, average of two experiments) as a clear oil. Ester 25: R,0.45 (10:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCly): § 7.423-7.420 (m. 1H), 7.29-7.26 (2H), 7.21-
7.17 (m, 3H), 6.39-6.36 (2H), 5.07 (br s, 2H), 2.97 (t, J = 7.7, 2H), 2.68 (t, J = 7.7 , 2H); °C
NMR (125 MHz, CDCls): 6 172.6, 149.6, 143.4, 140.5, 128.6, 128.4, 126.4, 110.8 110.7, 58.2,
35.9, 30.9; IR (film): 3029, 2935, 1733, 1497, 1369, 1145; HRMS-ESI (m/z) [M+Na]" calcd for
Ci4H1403Na 253.0841; found 253.0844.

Ni(cod), (15 mol%)

o terpyridine (15 mol%) o
~ . -~
.Bn - .
e S W Ao
Boc . .
(1.25 equiv) (96% yield)

19a S1-33 26
Ester 26 (Figure 3). Purification by flash chromatography (30:1 Hexanes:EtOAc) generated
ester 26 (96% yield, average of two experiments) as a clear oil. Ester 26: Ry 0.65 (5:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCLs): & 7.34-7.30 (m, 1H), 7.30-7.25 (m, 2H), 7.22—
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7.16 (m, 3H), 7.10-7.06 (m, 1H), 7.01-6.96 (m, 1H), 5.27 (s, 2H), 2.99-2.93 (m, 2H), 2.70-2.63
(m, 2H); C NMR (125 MHz, CDClL): § 172.7, 140.5, 138.0, 128.6, 128.4, 128.35, 126.98,
126.96, 126.4, 60.6, 36.0, 31.0; IR (film): 3065, 2955, 1735, 1453, 1231, 1146 cm™'; HRMS-ESI
(m/z) [M+NH4]" caled for C4H40,SNH,, 264.1058; found 264.1053.

0 Ni(cod), (10 mol%)
terpyridine (10 mol%)
.Bn + > o
Ph N
| ~ NH toluene (1.0 M) /\)L ~ NH
Boc HO 100 °C,20 h Ph o

(1.25 equiv) (85% yield)

19a S1-34 27

Ester 27 (Figure 3). Purification by flash chromatography (9:1 Hexanes:EtOAc) generated ester
27 (85% yield, average of two experiments) as a brown oil. Ester 27: R, 0.18 (5:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCls):  7.99 (s, 1H), 7.66-7.60 (m, 1H), 7.40—7.34 (m,
1H), 7.31-7.27 (m, 2H) 7.24-7.17 (m, 4H), 7.17-7.12 (m, 1H), 7.00-6.96 (m, 1H), 4.37 (t, J =
7.1, 2H), 3.11-3.06 (m, 2H), 2.98-2.92 (m, 2H), 2.67-2.61 (m, 2H); *C NMR (125 MHz,
CDCl3): 6 173.1, 140.7, 136.3, 128.6, 128.5, 127.6, 126.4, 122.3, 122.1, 119.6, 118.9, 112.2,
111.3, 64.7, 36.1, 31.1, 24.9; IR (film): 3409, 3025, 2920, 1715, 1458, 1161 cm '; HRMS-ESI
(m/z) [M+Na]" caled for C19H;9NO,Na, 316.1313; found 316.1304.

(o} Boc Ni(cod), (10 mol%) (o] Boc
! terpyridine (10 mol%)

.Bn /\)J\ d
Ph /\)LN *  Ho N > o o N
| toluene (1.0 M)
Boc 100 °C, 20 h

(1.25 equiv) (93% yield)
19a SI-35 #

Ester 28 (Figure 3). Purification by flash chromatography (10:1 - 5:1 Hexanes:EtOAc)

generated ester 28 (93% yield, average of two experiments) as a clear oil. Ester 28: R,0.17 (20:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCL;): § 7.30-7.27 (m, 2H), 7.21 (7.18, 3H), 4.17 (dd, J
=10.5, 6.9, 1H), 4.06-3.90 (m, 2H), 3.39-3.30 (m, 2H), 2.96 (t, J = 7.8, 2H), 2.65 (t, J = 7.7,
2H), 1.89-1.65 (m, 5H), (br s, 9H); °C NMR (125 MHz, CDCl;): § 172.8, 154.5, 104.5, 128.6,
128.4, 126.4,79.9, 64.9, 55.6, 46.8, 46.6, 36.0, 31.1, 28.8, 28.6, 27.9, 23.9, 23.1; IR (film): 2974,
1736, 1690, 1454, 1389, 1365, 1248, 1160, 1106, 699; HRMS-ESI (m/z) [M+Na]" calcd for
C1oH,7NO4Na 356.1838; found 356.1821; [a]**'5—1024.0 ° (¢ = 1.00, CH,CL,).
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Note: Amide 28 was obtained as a mixture of rotamers. These data represent empirically
observed chemical shifts and coupling constants from the 'H NMR spectrum.

o Ni(cod), (10 mol%)

e e
| HO Ph o

toluene (1.0 M)
Boc 100 °C, 20 h
(1.25 equiv)

(85% yield)
19a SI-36 29

Ester 29 (Figure 3). Purification by flash chromatography (30:1 Hexanes:EtOAc) generated
ester 29 (85% yield, average of two experiments) as a clear oil. Ester 29: Ry 0.70 (5:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCls): & 7.31-7.28 (m, 2H), 7.22-7.20 (m, 3H), 5.33—
5.26 (m, 1H), 2.99 (t, J = 7.7, 2H), 2.78-2.68 (m, 2H), 1.76-1.63 (m, 2H), 1.28-1.24 (m, 6H),
0.89 (t, J= 6.8, 3H); °C NMR (125 MHz, CDCL): & 171.6, 140.0, 128.7, 128.4, 126.6, 124.0
(quartet, J = 283.5, 562.4), 69.7 (quartet, J = 31.8, 64.8), 35.5, 31.3, 30.9, 27.86, 27.85, 24.2,
22.4, 14.0; F NMR (282 MHz, CDCls): 8 —=77.2 (d, J = 6.9); IR (film): 2957, 2867, 1755, 1278,
1176, 752 cm'; HRMS-ESI (m/z) [M+NH4]" caled for CisH» F30,NH,, 320.1837; found
320.1839; [0]""*, +8.80 ° (¢ = 1.00, CHCL).

We Ni(cod)s (10 mol%) We
0 A terpyridine (10 mol%) A
/\)L > (o]

Ph N .Bn + . toluene (1.0 M) /\)L ,

1 HO" 100°C,20 h Ph o

Boc

Me Me (68% yield) Me Me
(1.2 equiv)
19a 4 30

Ester 30 (Figure 3). Purification by flash chromatography (40:1 Hexanes:EtOAc) generated
ester 30 (68% yield, average of two experiments) as a clear oil. Ester 30: Ry 0.40 (20:1
Hexanes:EtOAc). Spectral data match those previously reported.'’
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0 Ni(cod), (10 mol%)

terpyridine (10 mol%)
Ph /\)J\ N° Bn 4  cholesterol >
A toluene (1.0 M) o

Boc . 100°C,20 h /\)J\
(1.25 equiv) Ph o

(77% vyield)
19a SI-37 31

Ester 31 (Figure 3). Purification by flash chromatography (40:1 Hexanes:EtOAc) generated
ester 31 (77% yield, average of two experiments) as a white solid. Ester 31: Ry 0.40 (20:1
Hexanes:EtOAc). Spectral data match those previously reported.'

o Me Ni(cod), (15 mol%) 0 Me

Ph /\)J\N .Bn + Me terpyridine (15 mol%) - /\)L Ve
: HO Ph )
Boc Me toluene (1.0 M) Me
100 °C,20 h

(1.25 equiv)

(79% vyield)
19a SI-38 32

Ester 32 (Figure 3). Purification by flash chromatography (40:1 Hexanes:EtOAc) generated
ester 32 (79% yield, average of two experiments) as a clear oil. Ester 32: Ry 0.57 (20:1
Hexanes:EtOAc). Spectral data match those previously reported.'’

G. Coupling with Amino Acid Derivatives

Ts o Ni(cod), (10 mol%) Ts
terpyridine (10 mol%) [

(o]
N \u\ .Bn + 1-hexanol o N JL
§ 7 'i‘ toluene (1.0 M) { A OHex

Boc (1.25 equiv) 100 °C,20 h

(87% yield)
SI-18 7 33

Ester 33 (Figure 4). Purification by flash chromatography (10:1 - 5:1 Hexanes:EtOAc)
generated ester 33 (87% yield, average of two experiments) as a clear oil. Ester 33: R, 0.29 (5:1
Hexanes:EtOAc); "H NMR (500 MHz, CDCls5): 6 7.76 (d, J = 8.1, 2H), 7.31 (d, J= 8.1, 2H),
4.31-4.28 (m, 1H), 4.13-4.04 (m, 2H), 3.49-3.45 (m, 1H), 3.34-3.29 (m, 1H), 2.42 (s, 3H),
2.06-1.91 (m, 3H), 1.79-1.73 (m, 1H), 1.64-1.58 (m, 2H), 1.35-1.30 (m, 6H), 0.90 (apt t, J =
7.0, 5.6, 3H); °C NMR (125 MHz, CDCl;): & 172.3, 143.6, 135.6, 129.7, 127.6, 65.6, 60.6, 48.5,
31.5,31.1,28.6,25.6, 24.8, 22.6, 21.7, 14.1; IR (film): 2957, 2875, 1749, 1598, 1455, 1094 cm™;
HRMS-ESI (m/z) [M+Na]" calcd for C;sH,7NO4SNa 376.1559; found 376.1563; [0]*'p—72.80
° (¢ =1.00, CHCl).
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Boc O Ni(cod), (10 mol%)
terpyridine (10 mol%) |

[
N \\IJ\ .Bn + 1-hexanol > N \\”\
; 7 'i‘ toluene (1.0 M) \ A OHex
(1.25 equiv) 100 °C,40h

Boc

74% vyield
SI-20 7 (74% yield) 34

Ester 34 (Figure 4). Purification via flash chromatography (30:1 - 20:1 - 15:1
Hexanes:EtOAc) yielded ester 34 (74% yield, average of two experiments) as a clear liquid.
Ester 34: R;0.4 (5:1 Hexanes:EtOAc); 'H NMR (500 MHz, CDCls): 6 4.38-4.19 (m, 1H), 4.19—
4.03 (m, 2H), 3.61-3.31 (m, 2H), 2.30-2.11 (m, 1H), 2.02-1.80 (m, 3H), 1.69-1.58 (m, 2H),
1.50-1.39 (9H), 1.38-1.25 (m, 6H), 0.93-0.83 (m, 3H); °C NMR (125 MHz, CDCls): & 173.5,
173.2,171.3, 170.8, 169.3, 154.5, 154.0, 147.6, 146.8, 128.8, 127.6, 79.9, 67.5, 66.0, 65.9, 65.2,
62.6, 60.9, 59.3, 59.2, 59.0, 50.6, 49.2, 46.7, 46.4, 46.3, 31.5, 31.5, 31.4, 41.1, 30.4, 30.1, 29.8,
28.7, 28.6, 28.5, 25.7, 25.6, 25.5, 24.4, 24.0, 23.7, 23.6, 22.6, 14.1; IR (film): 2962, 2934, 2872,
2860, 1742, 1699, 1460, 1393, 1363, 1161, 1123; HRMS-ESI (m/z) [M+Na]" calcd for
C16H20NO4Na 322.1993; found 322.1985; [a]*"*5—43.20 ° (¢ = 1.00, CHCL;).

Note: Ester 34 was obtained as a mixture of rotamers. These data represent empirically
observed chemical shifts and coupling constants from the 'H and >C NMR spectra.

Boc o Ni(cod), (10 mol%)

. Boc o

terpyridine (10 mol%) | |

N \\”\ .Bn + 1-hexanol > N “\\L
'il toluene (1.0 M) : OHex
Boc (2.0 equiv) 100 °C, 40 h

(74% vyield)
SI-22 7 35

Ester 35 (Figure 4). Purification via flash chromatography (30:1 Hexanes:EtOAc) yielded ester

35 (74% yield, average of two experiments) as a clear liquid. Ester 35: Ry 0.33 (20:1
Hexanes:EtOAc); 'H NMR (500 MHz, CDCls): & 7.90-7.48 (m, 1H), 7.20-7.17 (m, 1H), 7.10
(d,J=7.2,1H), 6.95 (t, J = 7.2, 1H), 4.91-4.82 (m, 1H), 4.13 (br s, 2H), 3.53 (apt t, J = 15.5,
12.0, 1H), 3.11 (dd, J = 16.6, 4.1, 1H), 1.63—1.49 (m, 11H), 1.32-1.27 (m, 6H), 0.88 (t, J = 6.9,
6.5, 3H); °C NMR (125 MHz, CDCL): § 172.1, 152.7, 151.7, 142.7, 141.8, 128.9, 124.8, 124.4,
114.7, 82.3, 81.3, 60.5, 60.3, 32.1, 31.4, 28.6, 28.3, 25.5, 22.6, 14.0; IR (film): 2955, 2930, 2865,
1750, 1710, 1483, 1383, 1273, 1253, 1164, 1146, 1044, 1019; HRMS-ESI (m/z) [M+Na]" calcd
for C2oH2oNO4Na 370.1994; found 370.1988; [a]*'°p —34.0 ° (¢ = 1.00, CH,CL).

Note: Ester 35 was obtained as a mixture of rotamers. These data represent empirically
observed chemical shifts and coupling constants from the 'H and >C NMR spectra
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Cbz O Ni(cod), (10 mol%) Cbz O
l!l j]\ Bn terpyridine (10 mol%) N

“TSN7 + 1-hexanol > “"~ OHex
| toluene (1.0 M)
Boc (1.25 equiv) 100°C,20 h

77% vyield
SI-24 7 (7% yield) 36

Ester 36 (Figure 4). Purification via flash chromatography (3 X 10:1 Hexanes:EtOAc) yielded
ester 36 (77% yield, average of two experiments) as a clear liquid. Ester 36: Ry 0.47 (5:1
Hexanes:EtOAc); '"H NMR (500 MHz, CDCLs): § 7.41-7.27 (m, 5H), 5.20-5.07 (m, 2H), 4.98—
4.78 (m, 1H), 4.19-3.99 (m, 3H), 3.13-2.88 (m, 1H), 2.31-2.15 (m, 1H), 1.78-1.60 (m, 4H),
1.59-1.36 (m, 2H), 1.36-1.17 (m, 7H), 0.94-0.82 (app t, 3H); >C NMR (125 MHz, CDCl;): &
171.9, 171.8, 156.7, 156.1, 136.9, 128.6, 128.1, 127.9, 67.4, 67.3, 65.4, 54.8, 54.6, 42.0, 42.0,
31.5, 28.7, 28.1, 27.0, 26.9, 25.7, 24.9, 24.7, 22.6, 20.9, 20.88, 20.76, 14.1; IR (film): 2932,
2857, 1740, 1702, 1416 cm™'; HRMS-ESI (m/z) [M + H]" caled for CyHysNOs, 362.19675;
found 362.19515; [a]**p—36.30 ° (¢ = 1.00, CHCL).

Note: Ester 36 was obtained as a mixture of rotamers. These data represent empirically
observed chemical shifts and coupling constants from the 'H and >C NMR spectra.

H. Competition Experiments

(o} [0}
.Bn
oy O
1-hexanol (7)
Boc (1.25 equiv) (75% yield)
3 Ni(cod), (15 mol%) 14
terpyridine (15 mol%)
+ > +
toluene (1.0 M)
(o] 100 °C, 20 h (o]
Me (0% yield)
37 38

Aliphatic vs. Aromatic Substrate (Figure 5). A 1-dram vial containing amide 3 (47.6 mg,
0.150 mmol, 1.0 equiv), 37" (31.7 mg, 0.150 mmol, 1.0 equiv), 1,3,5-trimethoxybenzene (7.6
mg, 0.045 mmol, 0.3 equiv) and a magnetic stir bar was charged with Ni(cod), (6.2 mg, 0.023
mmol, 15 mol%) and terpyridine (5.4 mg, 0.023 mmol, 15 mol%) in a glove box. Subsequently,
toluene (0.150 mL, 1.0 M) and then alcohol 7 (23.4 pL, 0.188 mmol, 1.25 equiv) were added.
The vial was sealed with a Teflon-lined screw cap, removed from the glove box, and stirred at

100 °C for 20 h. After cooling to 23 °C, the mixture was diluted with hexanes (0.5 mL) and
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filtered over a plug of silica gel (10 mL of EtOAc eluent). The volatiles were removed under

reduced pressure. Spectral data match those previously reported for ester 14 (see page 25).

(o}
N,Bn
Lo il OHex
3 14 (80% yield)

Ni(cod), (15 mol%)

terpyridine (15 mol%) .

o toluene (1.0 M) o

100 °C,20 h
Me z)j\ .Bn Me E)L
N OHex
Me | Me
Me Boc Me (10% yield)
39 18

Tertiary vs. Quaternary a Carbon (Figure 5). A 1-dram vial containing amide 3 (47.6 mg,
0.150 mmol, 1.0 equiv), 39 (43.7 mg, 0.150 mmol, 1.0 equiv), 1,3 ,5-trimethoxybenzene (7.6 mg,
0.045 mmol, 0.3 equiv) and a magnetic stir bar was charged with Ni(cod), (6.2 mg, 0.023 mmol,
15 mol%) and terpyridine (5.4 mg, 0.023 mmol, 15 mol%) in a glove box. Subsequently, toluene
(0.150 mL, 1.0 M) and then alcohol 7 (23.4 uL, 0.188 mmol, 1.25 equiv) were added. The vial
was sealed with a Teflon-lined screw cap, removed from the glove box, and stirred at 100 °C for
20 h. After cooling to 23 °C, the mixture was diluted with hexanes (0.5 mL) and filtered over a
plug of silica gel (10 mL of EtOAc eluent). The volatiles were removed under reduced pressure.
Spectral data match those previously reported for ester 14 (see page 25) and ester 18 (see page
26).

Ni(cod), (15 mol%)
terpyridine (15 mol%,
+ > +

(o} (o}
(o) .Bn o
j)L';l 1-hexanol (7) - | j)LOHex
o Boc (1.25 equiv) N o (86% yield)
40 ) 16

toluene (1.0 M)

0 100 °C, 20 h 0
.Bn
O)L';l O)LOHex
Boc (0% vyield)

3 14
Tertiary vs. Tertiary with Heteroatom (Figure 5). A 1-dram vial containing amide 40 (55.4
mg, 0.150 mmol, 1.0 equiv), 3 (47.6 mg, 0.150 mmol, 1.0 equiv), 1,3,5-trimethoxybenzene (7.6
mg, 0.045 mmol, 0.3 equiv) and a magnetic stir bar was charged with Ni(cod), (6.2 mg, 0.023
mmol, 15 mol%) and terpyridine (5.4 mg, 0.023 mmol, 15 mol%) in a glove box. Subsequently,
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toluene (0.150 mL, 1.0 M) and then alcohol 7 (23.4 pL, 0.188 mmol, 1.25 equiv) were added.
The vial was sealed with a Teflon-lined screw cap, removed from the glove box, and stirred at
100 °C for 20 h. After cooling to 23 °C, the mixture was diluted with hexanes (0.5 mL) and
filtered over a plug of silica gel (10 mL of EtOAc eluent). The volatiles were removed under

reduced pressure. Spectral data match those previously reported for ester 16 (see page 25).

o]

o
N,Bn
b OHex (942 yield)
Ni(cod), (15 mol%) 14
3 terpyridine (15 mol%) Me
+ > + H

tol 1.0M
1-hexanol (7) oluene ( ) o

100°C,20 h
(1.25 equiv) .
. ())Lo“ (0% yield)
~)-menthol (4
(-)-menthol (4) Me Me

(1.25 equiv)
5

Primary vs. Secondary Alcohol (Figure 5). A 1-dram vial containing amide 3 (63.5 mg, 0.200
mmol, 1.0 equiv), (—)-menthol 4 (39.1 mg, 0.250 mmol, 1.25 equiv), 1,3,5-trimethoxybenzene
(10.1 mg, 0.060 mmol, 0.3 equiv) and a magnetic stir bar was charged with Ni(cod), (8.3 mg,
0.030 mmol, 15 mol%) and terpyridine (7.0 mg, 0.030 mmol, 15 mol%) in a glove box.
Subsequently, toluene (0.200 mL, 1.0 M) and then alcohol 7 (31.4 pL, 0.250 mmol, 1.25 equiv)
were added. The vial was sealed with a Teflon-lined screw cap, removed from the glove box, and
stirred at 100 °C for 20 h. After cooling to 23 °C, the mixture was diluted with hexanes (0.5 mL)
and filtered over a plug of silica gel (10 mL of EtOAc eluent). The volatiles were removed under

reduced pressure. Spectral data match those previously reported for ester 14 (see page 25).

I. Protocol for Benchtop Delivery of Ni(cod),
o Ni(cod), (5 mol%) o
.Bn terpyridine (5 mol%)
N + 1-hexanol > o OHex
Boc toluene (1.0 M)
(1.25 equiv) 100 °C, 20 h

(71% yield)

3 7 14

Ester 14. A 1-dram vial containing a magnetic stir bar was flame-dried under reduced
pressure, and then allowed to cool under N». The vial was charged with amide substrate 3

(317 mg, 1.0 mmol, 1.0 equiv), 1-hexanol (7, 0.157 mL, 1.25 mmol, 1.25 equiv),
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terpyridine (11.7 mg, 0.05 mmol, 0.05 equiv), and a paraffin capsule containing Ni(cod)
(13.8 mg, 0.05 mmol, 0.05 equiv). The vial was flushed with N,, and subsequently
toluene (1.0 mL, 1.0 M) that had been sparged with N, for 20 min was added. The vial
was capped with a Teflon-line screw cap under a flow of N, and the reaction mixture was
stirred at 100 °C for 20 h. After removing the vial from heat, the reaction mixture was
transferred to a 100 mL round bottom flask containing 3.0 g of silica gel with hexanes
(10.0 mL) and CH,Cl, (10.0 mL). The mixture was adsorbed onto the silica gel under
reduced pressure and filtered over a plug of silica gel (100 mL of hexanes eluent to
remove paraffin, then 100 mL 4:1 Hexanes:EtOAc eluent). The volatiles were removed
under reduced pressure, and the crude residue was purified by flash chromatography
(49:1 Hexanes:EtOAc) to yield ester 14 (71% yield) as a clear oil. Spectral data matched

those previously reported.’

Verification of Enantiopurity

A. Optical Rotation Analysis
I. Synthesis of Optically Pure Ester

Ts O 1-hexanol (7) (1.1 equiv) TS o}
rll J]\ EDC (1.1 equiv) N |J\

<IN oy HOBt (1.1 equiv)
¢ 7/ DMAP (0.16 equiv) OHex
>

CH,Cl, (1.0 M), 23 °C

SI-17 (60% yield) Authentic-33
Ester Authentic-33: The esterification of Authentic-33 was carried out following the protocol
for achieving the esterification without enantiomeric excess loss."” To a mixture of carboxylic
acid SI-17 (100 mg, 0.371 mmol, 1.0 equiv), EDC (78 mg, 0.408 mmol, 1.1 equiv), HOBt (55
mg, 0.408 mmol, 1.1 equiv), DMAP (7 mg, 0.060 mmol, 0.16 equiv), and CH,Cl, (0.37 mL, 1.0
M) was added 1-hexanol (7) (52 pL, 0.408 mmol, 1.1 equiv). The resulting mixture was stirred at
23 °C for 16 h, and then diluted with deionized water (4 mL) and EtOAc (5 mL). The layers
were separated and the aqueous layer was extracted with EtOAc (3 X 5 mL). The organics were
dried over Na,SO4 and concentrated under reduced pressure. The resulting crude residue was
purified by flash chromatography (15:1 = 5:1 Hexanes:EtOAc) to yield ester Authentic-33 (82
mg, 60% yield) as a clear oil. Spectral data matched those reported in the Experimental

Procedure (page S31). [a]*'5—72.80 ° (¢ = 1.00, CHCL5).
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Table S5: Optical Rotation Data for 33.

Compound Optical Rotation % Optical Purity
=
N
( 7‘»'\0Hex 72.80° X
Authentic-33
=
Nl
() OHex —73.00 ° >99% ee
33
Boc O 1-hexanol (7) (1.1 equiv) Elioc 0o

! j]\ EDC (1.1 equiv)

N \ N L
o HOBt (1.1 equiv) B
¢ 7 OH DMAP (0.16 equiv) § ]" Oex
>

CH,Cl, (1.0 M), 23 °C

SI-19 (55% yield) Authentic-34
Ester Authentic-34: The esterification of Authentic-34 was carried out following the protocol
for achieving the esterification without enantiomeric excess loss."” To a mixture of carboxylic
acid SI-19 (300 mg, 1.39 mmol, 1.0 equiv), EDC (294 mg, 1.53 mmol, 1.1 equiv), HOBt (207
mg, 1.53 mmol, 1.1 equiv), DMAP (19 mg, 0.153 mmol, 0.16 equiv), and CH,Cl, (1.39 mL, 1.0
M) was added 1-hexanol (7) (209 uL, 1.67 mmol, 1.1 equiv). The resulting mixture was stirred at
23 °C for 16 h, and then diluted with deionized water (8 mL) and EtOAc (10 mL). The layers
were separated and the aqueous layer was extracted with EtOAc (3 X 10 mL). The organics were
dried over Na,SO4 and concentrated under reduced pressure. The resulting crude residue was
purified by flash chromatography (15:1 Hexanes:EtOAc) to yield ester Authentic-34 (82 mg,
60% yield) as a clear oil. Spectral data matched those reported in the Experimental Procedure

(page S32). [a]*"*p—43.20 ° (¢ = 1.00, CHCI;).
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Table S6: Optical Rotation Data for 34.
Compound Optical Rotation % Optical Purity

Boc O

|
| o
CN;“‘“LOHex ~43.20 X

Authentic-34

?oc o)
(17“‘“”\

OHex —41.20° 95% ee
34

B. Chiral SFC/HPLC Assays
I. Syntheses of Racemic Compounds

1. NH,Bn (1.34 equiv)
EDC (1.20 equiv)
HOALt (1.03 equiv)
?oc o NMM (1.71 equiv) ?oc o

DMF (0.33 M), 0 — 23 °C
N N
OH - L n-B"
2. Boc,0 (3.0 equiv) |
DMAP (0.3 equiv) Boc

CH3CN (0.0675 M), 23 °C

rac-SI-21 (94% yield, 2 steps) rac-Sl-22

Amide rac-SI-22 (Figure 4). rac-SI-22 was prepared using the procedure described earlier to
synthesize (—)-SI-21 (see page S14), but using racemic carboxylic acid rac-SI-21. To a mixture
of carboxylic acid rac-SI-21 (0.95 g, 3.6 mmol, 1.0 equiv), EDC (0.83 g, 4.32 mmol, 1.20
equiv), HOBt (0.50 g, 3.71 mmol, 1.03 equiv), and DMF (11 mL, 0.33 M) was added
benzylamine (0.53 mL, 4.82 mmol, 1.34 equiv) and 4-methylmorpholine (NMM, 0.68 mL, 6.16
mmol, 1.71 equiv) at 0 °C. The resulting mixture was stirred at 0 °C for 30 min and then at 23 °C
for 16 h. The orange mixture was then diluted with deionized water (15 mL) and EtOAc (30
mL). The layers were separated. The organic layer was washed with 1 M HCI (20 mL), saturated
aqueous NaHCO; (20 mL), and brine (20 mL). The organic layer was dried over Na,SO4 and
then concentrated under reduced pressure. The resulting crude material was used in the
subsequent step without further purification.

To a flask containing the crude material from the previous step was added DMAP (132.0
mg, 1.08 mmol, 0.3 equiv), followed by acetonitrile (53 mL, 0.0675 M). Boc,O (2.40 g, 10.8
mmol, 3.0 equiv) was added in one portion and the reaction vessel was flushed with N,. The

reaction mixture was allowed to stir at 23 °C for 16 h and then quenched by addition of saturated
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aqueous NaHCOs; (10 mL). The mixture was transferred to a separatory funnel with EtOAc (50
mL) and deionized water (30 mL). The layers were separated. The organic layer was washed
with 1 M HCI (30 mL), saturated aqueous NaHCO3 (30 mL), and brine (30 mL). The combined
organic layers were dried over Na,SO4 and concentrated under reduced pressure. The resulting
crude residue was purified by flash chromatography (10:1 Hexanes:EtOAc) to yield rac-SI-22
(1.53 g, 94% yield, over two steps) as a white solid. Spectral data matched those reported in the
Experimental Procedure (page S14).

1. NH,Bn (1.0 equiv)
EDC (1.1 equiv)

(I:bz (o} HOBt (1.1 equiv) (Iibz o
NEt3 (1.1 equiv)
N OH DMF (0.1 M), 23 °C N BN
’ |
2. Boc,0 (1.5 equiv) Boc

DMAP (0.1 equiv)
CH,CN (0.2 M), 23 °C
rac-Sl-23 rac-Sl-24

(64% vyield, 2 steps)

Amide rac-SI-24 (Figure 4). rac-SI-24 was prepared using the procedure described earlier to
synthesize (—)-SI-23 (see page S15), but using racemic carboxylic acid rac-SI-51. To a mixture
of carboxylic acid rae-SI-23 (1.0 g, 3.8 mmol, 1.0 equiv), EDC (0.80 g, 4.18 mmol, 1.1 equiv),
HOBt (0.56 g, 4.18 mmol, 1.1 equiv), and DMF (38 mL, 0.1 M) was added benzylamine (0.46
mL, 4.18 mmol, 1.1 equiv). The resulting mixture was stirred at 23 °C for 16 h, and then diluted
with deionized water (50 mL) and EtOAc (50 mL). The layers were separated and the organic
layer was washed successively with 1.0 M HCI (50 mL), saturated aqueous NaHCO; (50 mL),
and brine (50 mL). The organics were dried over Na,SO4 and concentrated under reduced
pressure. The resulting crude solid material was used in the subsequent step without further
purification.

To a flask containing the crude material from the previous step was added DMAP (46
mg, 0.38 mmol, 0.1 equiv) followed by acetonitrile (38 mL, 0.1 M). Boc,O (1.1 g, 4.94 mmol,
1.53 equiv) was added in one portion and the reaction vessel was flushed with N,. The reaction
mixture was allowed to stir at 23 °C for 16 h. The reaction mixture was diluted with EtOAc (50
mL) and then washed with saturated aqueous NaHCO; (2 X 50 mL) and brine (50 mL). The
organics were dried over Na,SO4 and concentrated under reduced pressure. The resulting crude

residue was purified by flash chromatography (19:1 = 15:1 = 8:1 Hexanes:EtOAc) to yield
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amide rac-SI-24 (1.1 g, 64% yield, over two steps) as a off white solid. Spectral data matched

those reported in the Experimental Procedure (page S15).

Boc Ni(cod), (10 mol%)
e 0 terpyridine (10 mol%) Boc o
N N .Bn + 1-hexanol > N
A toluene (1.0 M) OHex
Boc (2.0 equiv) 100 °C, 40 h
(66% yield)
rac-Sl-22 7 rac-35

Ester rac-35. A 1-dram vial containing amide rac-SI-22 (136.0 mg, 0.30 mmol, 1.0 equiv) and a
magnetic stir bar was charged with Ni(cod), (8.25 mg, 0.030 mmol, 10 mol%) and terpyridine
(6.99 mg, 0.030 mmol, 10 mol%) in a glove box. Subsequently, toluene (0.30 mL, 1.0 M) and
then 1-hexanol (75.4 uL, 0.60 mmol, 2.0 equiv) were added. The vial was sealed with a Teflon-
lined screw cap, removed from the glove box, and stirred at 100 °C for 40 h. After cooling to 23
°C, the mixture was diluted with hexanes (0.5 mL) and filtered over a plug of silica gel (10 mL
of EtOAc eluent). The volatiles were removed under reduced pressure and the crude residue was
purified by flash chromatography (30:1 Hexanes:EtOAc) generated ester rac-35 (66% yield) as a

clear oil.

Ni(cod), (10 mol%)
?bz Q terpyridine (10 mol%) ?bz 0
N .Bn + 1-hexanol ?
']‘ toluene (1.0 M) OHex
Boc (1.25 equiv) 100°C,20h
59% yield
rac-Sl-24 7 (59% yleld) rac-36

Ester rac-36. A 1-dram vial containing amide rac-SI-24 (90.5 mg, 0.20 mmol, 1.0 equiv) and a
magnetic stir bar was charged with Ni(cod), (5.5 mg, 0.020 mmol, 10 mol%) and terpyridine
(4.7 mg, 0.020 mmol, 10 mol%) in a glove box. Subsequently, toluene (0.20 mL, 1.0 M) and
then 1-hexanol (31.4 uL, 0.25 mmol, 1.25 equiv) were added. The vial was sealed with a Teflon-
lined screw cap, removed from the glove box, and stirred at 100 °C for 20 h. After cooling to 23
°C, the mixture was diluted with hexanes (0.5 mL) and filtered over a plug of silica gel (10 mL
of EtOAc eluent). The volatiles were removed under reduced pressure and the crude residue was
purified by preparative thin layer chromatography (8:1 Hexanes:EtOAc) generated ester rac-36
(59% yield) as a clear oil.
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Compound Method Solvent Method | Retention | Enantiomeric
Column/Temp. Flow Rate Times Ratio
(min) (er)
?oc [0}
N .
N-B" Daicel 5%
I . . .
Boc ChiralPak isopropanol | 1 mL/min | 5.34/6.55 50:50
[IA-H/23 °C in hexanes
rac-Sl-21
Boc o
’ll \”\ Bn 1
SN Daicel 5%
I . . .
Boc ChiralPak isopropanol | 1 mL/min 5.32 100:0
[IA-H/23 °C in hexanes
rac-35
DAD1 B, Sig=210,4 Ref=360,100 (CACHEM32\...61-ELB6-104-B-SCREEN 2016-06-07 17-57-29VALH-10-164(5-95).D)
mAU ] 3
E Boc o B
300 - N _Bn ‘ 8
250 - 'il ©
200 - Boc ‘
150 - ‘
1004 rac-SI-21 g
50 - |
0 = J \_ :
| I T T T
0 2 4 6 8 10 12 14 mi
# Time Area Height Width Area% Symmetry
1 5.339 520.3 64.8 0.1217 | 50.013 0.69
2 6.555 520.1 40.7 0.1973 | 49.987 | 0.797
DAD1 B, Sig=210,4 Ref=360,100 (C:ACHEM32\..\LH10-L61-131-SCREEN 2016-06-08 10-17-16VALH-10-131(5-95).D)
mAU 3
600 1 Boc o 2
] | ‘I w0
500 - NG ]\N -Bn
400 - ©_7 Boc
300 -
2003 SI-21
100 -
0
I T T T T T T T
0 2 4 6 8 10 12 14 min
# Time Area Height Width Area% Symmetry
[1 ] 5323 933.6 115.8 0.122 [ 100.000 | 0.687
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Compound Method Solvent Method Retention | Enantiomeric
Column/Temp. Flow Rate Times Ratio
(er)
Elioc lo)
N . .
OHex Daicel 5% MeCN | 2 mL/min 6.45/8.27 50:50
ChiralPak in CO,
OD-H/35 °C
rac-35
Boc o
b L . .
N OHex Daicel 5% MeCN | 2 mL/min | 6.96/8.98 98.2:1.8
ChiralPak in CO,
2 OD-H/35 °C
CCP114F.tmp.DAT - HP1100 DAD Signal A
280|
260 i
240 “‘
220 \‘\ \
B 200 | ‘\ ‘\
IOC o 180) |l [
N 160 | ‘ | ‘w
OHex 3 o I : \‘
BT | “ [
100| [ ||
80 [ |
rac-35 o0 [§ [ I
AFg I [
5 [ |
2% ‘[ / 7\' “‘, \l.
20|
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Min
Index | Name Start | Time | End | RT Offset | Quantity | Height Area Area
[Min] | [Min] | [Min] Min] | [% Area]| [uV] ] [uV.Min] 1%]
1 UNKNOWN]| 5.98 | 6.45 | 7.01 0.00 49.90 | 264.6 85.8| 49.899
2 UNKNOWN]| 7.80 | 8.27 | 8.95 0.00 50.10 | 215.1 86.1| 50.101
Total 100.00 | 479.7 171.9| 100.000
CCP1152.tmp.DAT - HP1100 DAD Signal A
600|
. I
450| ‘\
400| \
350) | |
|
2 300| |
|
'é 250 ‘\
200 [ “\
?oc (o] 150| “ |
NL g I
* OHex 5{5% [
X i ~— E/\-!i« <~J \y»— o
-50]
35 1 2 3 4 5 6 7 Min 8 9 10 " 12 13 14 15
Index | Name Start [ Time | End | RT Offset | Quantity | Height Area Area
[Min] | [Min] | [Min] Min] | [%Area]| [uV] ] [uV.Min] %]
2 UNKNOWN]| 6.06 | 6.46 | 6.91 0.00 1.76 12.9 4.1 1.760
1 UNKNOWN| 7.77 | 8.23 | 8.98 0.00 98.24 | 573.2 229.8 | 98.240
Total 100.00 | 586.1 233.9 | 100.000
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Compound Method Solvent Method Retention | Enantiomeric
Column/Temp. Flow Rate Times Ratio
(er)
(itbz (o]
N N Daicel 5%
Boc ChiralPak isopropanol| 1 mL/min | 6.56/7.16 50:50
o .
- in hexan
rac-S1-23 OD-H/23 °C exanes
?bz ‘?
N -»‘Lplrﬁ" Daicel 5%
Boc ChiralPak isopropanol | 1 mL/min 6.56 100:0
o .
SL23 OD-H/23 °C in hexanes
DAD1 B, Sig=210,4 Ref=360,100 (C:\CHEM32\...61-ELB6-104-B-SCREEN 2016-06-07 17-57-29\0DELB-6-104(5-95).D)
mAU g 8
80 Gz Q P '\
N .Bn | |
GOf '}l \
1 Boc [
40 A
20 rac-SI-23 \
0 \ v A
T T T T
0 2 4 6 8 10 12 14 min
# Time Area Height Width Area% Symmetry
1 6.561 1169 96.6 0.1882 | 50.010 0.87
2 7.159 1168.5 87.9 0.2061 49.990 0.855
“DAD1 B, Sig=210,4 Ref=360,100 (C\CHEM32\...61-ELB6-104-B-SCREEN 2016-06-07 17-57-20\ODSMA-1-288(5-95)D)
mAU ] &
250 ] ?bz ﬁ\ 6
200 N__ . N,Bn ‘
1 | I
150 - O Boc [
1 [
10y Sl-23 |
50
o — e — —
T T T [ T T | T
0 2 4 6 8 10 12 14 mi
# Time Area Height Width Area% Symmetry
[1] 6562 [ 3364 | 279.4 | 0.1888 | 100.000 | 0.859
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Compound Method Solvent Method Retention | Enantiomeric
Column/Temp. Flow Rate Times Ratio
(er)
(I:bz (o]
N oH Daicel 5% MeCN in
ex . .
ChiralPak CO, 1 mL/min 4.83/5.60 51:49
OD-H/35 °C
rac-36
Chz O X .
N WL Daicel 5% MeCN in
O‘ OHex ChiralPak CO, 1 mL/min 498 98:2
OD-H/35 °C
36
CCP11BB.tmp.DAT - HP1100 DAD Signal A
420}
-430f
-44(
-450}
-460}
470}
(Iibz (o] 50
2 4
OHex £
-500}
51
-5201 o
rac-36 & a§
55(
560}
1 2 3 4 5 6 7 8 9 10 1 12
Min
Index Name Start Time | End RT Offset  Quantity Height Area Area
[Min] [ Min] [ (Min] Min] | [% Area] | [uV] [ [uV.Min] [%]
1 UNKNOWN| 483 | 523 5.58 0.00 50.88 | 1179 376 | 50876
2 UNKNOWN| 560 | 5.87 | 6.43 0.00 4912 117 36.3| 49.124
Total 100.00 | 2296 73.9 | 100.000
CCP11BE.tmp.DAT - HP1100 DAD Signal A
-280f
-3004
-320
-3401
-360}
-380}
?bz ‘(I) 400
N . % -420}
LOHex 440
-460}
-4804 §
36 jj[sé
BB
-560f
1 2 3 4 5 IV(IS 7 8 9 10 " 12
Index Name Start Time | End RT Offset Quantity Height Area Area
[Min] | [Min] [ [Min] Min] | [% Area] | [uV] [ [uV.Min] [%]
1 UNKNOWN| 498 | 528| 5.73 0.00 97.72| 2593 81.1| 97.723
UNKNOWN| 575|594 | 6.28 0.00 228 74 19 2277
Total 100.00 | 266.7 83.0 | 100.000
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Purified Product, 1H NMR
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BC NMR Spectra
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1

Current Data Parameters
SMA-1-277p

NAME
PROCNO

EXPNO

Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S121

(

av500
zgpg30
0.953674 Hz
1.0485760 sec
1
125.7722511 MHz
13C
9.63 usec
23.00000000 W
1H
waltz16
80.00 usec
13.50000000 W

9.10h
0.21094000 W

20160506
31250.000 Hz
16.000 usec
18.00 usec
298.0K
2.00000000 sec
0.13500001 W

204.54
500.1330008 MHz

0.03000000 sec

F2 - Acquisition Parameters

Date
PROBHD Z119248 0002

CPDPRG2
PCPD2

SOLVENT
PLW2

PULPROG
NS
DS

Time
INSTRUM
D
FIDRES
AQ

RG

DW
TDO
SFO1
NUCH1
P1
PLW1
SFO2
NUC2
PLW12
PLW13

EM
1.00 Hz
1.40

131072
125.7577732 MHz

F2 - Processing parameters
0
0

SI
SF

WDW

SSB
LB
GB
PC

34
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Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S122

Ean_o or ON om ov om ow on ow omoo_.o:omrom_.o.vFom_.owFow_vowFom_voom
I I I I I I I I I I I I I I I I I I I I I

or't Od

0 g9

ZH 00°} a1

0 8SSs

IAE! Mam

ZHIN 644115/°S¢eL 4S
(A3 IS

slajoweled Buissadold - g4

M 10000S€EL0 €IM1d
M 000%6012°0 ¢iM1d
M 0000000S°€ cWM1d

985N 0008 2adod
9lzjlem 2loddado
HI 2ONN

ZHIN 8000€€ 1009 ¢O4S
M 00000000°€e FM1d

09SN £9'6 Id
ogl LONN
ZHIN 11522LL°G2) LO4S
L 0aL
08s 000000£0°0 La
98s 00000000°2 1a
3 0'862 al
owwm:omm.mw aa Juasaud si siowejol
302 @m JO ainmxiyy 810N
28s 09/G8%0" ov se
ZH $/9€£G6°0 S3Hald
ZH 000°052 € HMS
2z sd
454 SN
€10a0 1IN3AT0S XSHO _ o\
96559 aL 3N
0ebdbz D0HdINd o 90g
) 2000 8+2611Z AQHIOHd
00GAR INNYLSNI
yozek _auwig
12509102 aleq
sJajoweled uolsinboy - g4 7 \\/ // > // 7 \/ / \/ \/ 7
e O ERBERSS 33 FII2Q = SRR ER ag o
SCUUTwWo B P NN R A BRBRO® ey OIS 0] N
67 1-04-H1 JNYN SEBH2RS 8F <Lahax N kg ®y NN =

sisglsweled ejeq jualing



Hie et al.: Nickel-Catalyzed Esterification of Aliphatic Amides — S123

wdd 0L Oc 0 O 05 09 0L 08 06 00+ OL OCclk O€k O¥F OGS 091 OLL 08F 06} 00c Olc 0Occ 0O€c
I I I I I 1 I 1 I I 1 I 1 1 I 1 1 1 1 1 1 I 1 1

A }%%%i}
or'lL Od
0 a9
ZH 00'} a1
0 4gss
N3 MAM
ZHIN 82/1/G.°G2l 4S
2l0lEL IS
slojawesed Buisseoold - 24
M 10000S€}0 SIMTd
M 000¥6012°0 2kM1d
M 0000000S°E€+ ZcM1d
088N 00°08 2adod
glziem  gloddadd
HL 2ONN
ZHIN 8000€€ 005 c04S
===== 2} TANNVHO ========
M 00000000°€e LM1d
088N £9°6 Ld
o¢€lL LONN
ZHIN L1S2eLL G2l LO4S
===== _L I_MZZ<_I_O ========
} odalL
08S 000000€0°0 La
088 000000002 La
M 0862 L
owmm:owm_m” >w_,m Juasaud si siowejol
0000 ha JO ainixiyy :9)0N
088 09/68¥0°} oV 9
ZH /€89/%°0 S3dald
ZH 000052 1€ HMS
4 sa
801} SN X3HO _ .
€10a0 LIN3IATOS /=, N
9€G59 aL 2
0e6d6z  ©OHJINd o D
1-0€1L HOQ Ww G dHIOdd
00gAe WNYLSNI
9lL'GlL _swi]
ozooate | eEd ) | NS N N AN A A
w\_mﬂmEm‘_Mn_co_H_w_:Uo<.Nn_LZZZ_GZZZZZZS.V.VSSQQQ = = prelibres - =
POONARTOOOO®==NIIANN R g NN
! ONOOHd 5 i R RIS RNV Yo YL8REBELD ©omm L» o
2 ONAXI OCO QO PRr WA RARWNDODOW®WWRN=NH mw%m% %nnm_ %%

dz01-9-913 INYN .
sisleweled eleq uaung HIAN O€ 1 '10npoid pailnd



