Supplementary Information

Ni-catalyzed Benzylic /~C(sp*)—H Bond Activation of Formamides

Wang et al.

S1



Supplementary Methods

General Information

Unless stated otherwise, all reactions were conducted under N2 atmosphere. All solvents were
received from commercial sources without further purification. Melting points were measured on
X-4B microscope melting point apparatus and uncorrected. Thin-layer chromatography (TLC) was
performed by UV absorbance (254 nm). 200-300 mesh silica gel was used for column
chromatography separation. NMR spectra were recorded on Bruker AV 400 spectrometer at 400 MHz
(‘HNMR), 100 MHz ('*C NMR), 376 MHz (*°F NMR) and 162 MHz (*'P NMR). Proton and carbon
chemical shifts are reported relative to the solvent used as an internal reference (CDCls: on = 7.26 ppm;
oc = 77.16 ppm). All coupling constants (J values) were reported in Hertz (Hz). Multiplicities are
reported as follows: singlet (s), doublet (d), doublet of doublets (dd), triplet (t), triplet of doublets (td),
quartet (q), and multiplet (m). High resolution mass spectra (HRMS) were recorded on an Agilent
6520 Q-TOF LC/MS with Electron Spray Ionization (ESI) resource. Chiral high-performance liquid
chromatography (HPLC) analysis was performed using an Agilent 1260 with commercial ChiralPak
4.6 x 250 mm columns. Optical rotations were determined by a Rudolph Autopol VI polarimeter.
Single crystal X-ray diffraction data were collected on Rigaku Saturn70 diffractometer.
Commercially available reagents were used as received. Non-commercially available substrates were
synthesized following reported protocols. Phosphines oxides ligands were prepared according to the
reported procedure in literature!>.

Supplementary Note 1

Substrate Preparation

0
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A solution of aldehyde A (5.0 mmol), amine B (5.5 mmol) and Ti(O'Pr)s (3.0 mL) was stirred for 8
hours at 80 °C under nitrogen atmosphere. After cooled to 0 °C, the mixture was diluted with
anhydrous ethanol (40 mL), to which sodium borohydride (567.4 mg, 15 mmol) was added portion
wise over 10 mins. The resulting mixture was stirred for an additional 4 hours at 80 °C, cooled to room
temperature, and quenched with 2.0 M sodium hydroxide. The white suspension was filtered and
washed with ethyl acetate. The filtrate was extracted with ethyl acetate and the combined organic
extracts were washed with brine, dried over anhydrous magnesium sulphate and concentrated in vacuo.
The crude product was directly used for next step without further purification.

To a mixture of formic acid (1.9 mL, 50 mmol), acetic anhydride (4.7 mL, 50 mmol) was added
crude amine C at 0 °C, and the resulting mixture was heated to 80 °C and stirred for an additional 8
hours. After cooled to room temperature, the solution was concentrated under reduced pressure, and
the residue was purified by column chromatography on silica gel.
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N-Benzyl-N-(2,4,4-trimethylpentan-2-yl)formamide (1a)

White solid (54% yield for two steps). m.p. 45-47 °C. '"H NMR (400 MHz, CDCI3) ¢ 8.68 (s, 1H),
7.30 — 7.26 (m, 2H), 7.22 — 7.18 (m, 3H), 4.60 (s, 2H), 1.66 (s, 2H), 1.38 (s, 6H), 0.99 (s, 9H). 13C
NMR (100 MHz, CDCl3) ¢ 163.4, 138.9, 128.5, 127.0, 126.8, 59.7, 53.4, 44.8, 31.8, 31.5, 30.4.
HRMS (ESI) m/z: [M+H]" Calcd. for C16H26NO 248.2009; Found 248.2007.
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N-(4-Methylbenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1b)

White solid (43% yield for two steps). m.p. 59-61 °C. 'H NMR (400 MHz, CDCl3) 6 8.66 (s, 1H),
7.23 — 6.94 (m, 4H), 4.55 (s, 2H), 2.30 (s, 3H), 1.65 (s, 2H), 1.37 (s, 6H), 0.98 (s, 9H). 3C NMR
(100 MHz, CDCl3) ¢ 163.1, 136.3, 136.0, 129.2, 127.1, 59.6, 53.4, 44.6, 31.8, 31.6, 30.5, 21.2.
HRMS (ESI) m/z: [M+H]" Calcd. for C17H2sNO 262.2165; Found 262.2163.
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N-(3-Methylbenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1¢)

White solid (63% yield for two steps). m.p. 77-79 °C. 'H NMR (400 MHz, CDCl3) 6 8.68 (s, 1H),
7.16 (t, J = 7.5 Hz, 1H), 7.06 — 6.96 (m, 3H), 4.57 (s, 2H), 2.31 (s, 3H), 1.65 (s, 2H), 1.38 (s, 6H),
0.98 (s, 9H). 13C NMR (100 MHz, CDCl3) ¢ 163.3, 138.8, 138.1, 128.4, 127.7, 127.6, 124.1, 59.7,
53.4,44.8,31.8,31.6,30.4, 21.6. HRMS (ESI) m/z: [M+H]" Calcd. for C17H2sNO 262.2165; Found
262.2163.
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N-(2-Methylbenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1d)
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White solid (47% yield for two steps). m.p. 71-73 °C. 'H NMR (400 MHz, CDCl3) 6 8.74 (s, 1H),
7.18 — 7.08 (m, 3H), 7.00 (d, J = 6.4 Hz, 1H), 4.50 (s, 2H), 2.33 (s, 3H), 1.67 (s, 2H), 1.41 (s, 6H),
1.02 (s, 9H). 13C NMR (100 MHz, CDCls) 6 163.3, 135.7, 134.2, 130.2, 126.5, 126.1, 125.7, 59.5,
53.7,42.7, 31.9, 31.6, 29.9, 19.3. HRMS (ESI) m/z: [M+H]" Calcd. for C17H2sNO 262.2165; Found
262.2162.
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N-(3,5-Dimethylbenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1e)

Yollow solid (48% yield for two steps). m.p. 105-107 °C. "TH NMR (400 MHz, CDCl3) ¢ 8.67 (s,
1H), 6.8 — 6.81 (m, 3H), 4.53 (s, 2H), 2.27 (s, 6H), 1.65 (s, 2H), 1.39 (s, 6H), 0.99 (s, 9H). 3*C NMR
(100 MHz, CDCl3) ¢ 163.1, 138.9, 138.0, 128.5, 124.8, 59.6, 53.5, 44.7, 31.9, 31.6, 30.5, 21.5.
HRMS (ESI) m/z: [M+H]" Calcd. for C1sH30NO 276.2322; Found 276.2320.

N-(4-Isopropylbenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1f)

White solid (79% yield for two steps). m.p. 71-73 °C. 'H NMR (400 MHz, CDCl3) 6 8.66 (s, 1H),
7.13 (s, 4H), 4.56 (s, 2H), 2.86 (dt, J=13.8, 6.9 Hz, 1H), 1.64 (s, 2H), 1.38 (s, 6H), 1.21 (d, J=6.9
Hz, 6H), 0.98 (s, 9H). 3C NMR (100 MHz, CDCls) 6 163.0, 147.3, 136.2, 127.0, 126.5, 59.5, 53.4,
44.5,33.8,31.8, 31.6, 30.4, 24.1. HRMS (ESI) m/z: [M+H]" Calcd. for C19H32NO 290.2478; Found
290.2475.

N-(4-(tert-Butyl)benzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1g)

White solid (79% yield for two steps). m.p. 98-100 °C. "TH NMR (400 MHz, CDCl3) 6 8.66 (s, 1H),
7.29 (d, J = 8.3 Hz, 2H), 7.14 (d, J = 8.2 Hz, 2H), 4.56 (s, 2H), 1.65 (s, 2H), 1.39 (s, 6H), 1.28 (s,
9H), 0.98 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 163.0, 149.6, 135.8, 126.7, 125.4, 59.5, 53.4, 44.5,
34.5, 31.8, 31.6, 31.5, 30.4. HRMS (ESI) m/z: [M+H]" Calcd. for C20H3sNO 304.2635; Found
304.2630.
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N-(4-Methoxybenzyl)-NV-(2,4,4-trimethylpentan-2-yl)formamide (1h)

White solid (78% yield for two steps). m.p. 53-55 °C. '"H NMR (400 MHz, CDCIs) § 8.65 (s, 1H),
7.15 (d, J = 8.5 Hz, 2H), 6.81 (d, J = 8.6 Hz, 2H), 4.53 (s, 2H), 3.76 (s, 3H), 1.64 (s, 2H), 1.37 (s,
7H), 0.97 (s, 9H). 3C NMR (100 MHz, CDCl3) 6 163.3, 158.5, 131.1, 128.5, 113.9, 59.7, 55.3, 53.4,
44.2,31.8,31.6, 30.4. HRMS (ESI) m/z: [M+H]" Calcd. for C17H2sNO2 278.2115; Found 278.2113.

N-(4-(Benzyloxy)benzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1i)

White solid (51% yield for two steps). m.p. 118-120 °C. 'TH NMR (400 MHz, CDCI3) 6 8.65 (s, 1H),
7.43-7.30 (m, SH), 7.16 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 5.03 (s, 2H), 4.54 (s, 2H), 1.65
(s, 2H), 1.38 (s, 6H), 0.98 (s, 9H). '3C NMR (100 MHz, CDCl3) 6 163.1, 157.7, 137.2, 131.5, 128.7,

128.4,128.0, 127.6, 114.8, 70.1, 59.6, 53.4, 44.2, 31.8, 31.6, 30.5. HRMS (ESI) m/z: [M+H]" Calcd.
for C23H32NO2 354.2428; Found 354.2425.

N-(4-(Dimethylamino)benzyl)-V-(2,4,4-trimethylpentan-2-yl)formamide (1))

White solid (34% yield for two steps). m.p. 68-70 °C. '"H NMR (400 MHz, CDCIs) § 8.64 (s, 1H),
7.11 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.3 Hz, 2H), 4.51 (s, 2H), 2.90 (s, 6H), 1.65 (s, 2H), 1.37 (s,
7H), 0.98 (s, 9H). 3C NMR (100 MHz, CDCl3) 6 163.2, 149.7, 128.3, 127.1, 112.8, 59.5, 53.5, 44.2,
40.8, 31.8, 31.6, 30.5. HRMS (ESI) m/z: [M+H]" Calcd. for CisH31N20 291.2431; Found 291.2427.
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N-(4-Morpholinobenzyl)-VN-(2,4,4-trimethylpentan-2-yl)formamide (1k)
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White solid (65% yield for two steps). m.p. 86-88 °C. 'H NMR (400 MHz, CDCls) § 8.64 (s, 1H),
7.12 (d, J = 8.6 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 4.50 (s, 2H), 3.88 — 3.76 (m, 4H), 3.16 — 2.95 (m,
4H), 1.63 (s, 2H), 1.35 (s, 6H), 0.96 (s, 9H). 1*C NMR (100 MHz, CDCIl3) § 163.3, 150.1, 130.4,
128.2, 115.7, 66.9, 59.6, 53.3, 49.5, 44.2, 31.7, 31.5, 30.4. HRMS (ESI) m/z: [M+H]" Calcd. for
C20H33N202 333.2537; Found 333.2534.
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IBU\><NJJ\H
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N-(4-(Trifluoromethoxy)benzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (11)

White solid (86% yield for two steps). m.p. 57-59 °C. 'H NMR (400 MHz, CDCIs) § 8.66 (s, 1H),
7.25 (d, J = 8.9 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 4.58 (s, 2H), 1.65 (s, 2H), 1.39 (s, 6H), 0.99 (s,
9H). 13C NMR (100 MHz, CDCls) § 163.1, 148.2, 137.8, 128.5, 121.1, 59.7, 53.4, 44.3, 31.9, 31.6,
30.4. F NMR (376 MHz, CDCIs) ¢ -63.5. HRMS (ESI) m/z: [M+H]" Calcd. for C17H25F3NO:
332.1832; Found 332.1828.

N-(4-Fluorobenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1m)

White solid (86% yield for two steps). m.p. 67-69 °C. '"H NMR (400 MHz, CDCIs) § 8.65 (s, 1H),
7.23 —7.11 (m, 2H), 6.97 (t, J = 7.7 Hz, 2H), 4.55 (s, 2H), 1.65 (s, 2H), 1.37 (s, 6H), 0.98 (s, 9H).
13C NMR (100 MHz, CDCls) ¢ 163.1, 161.8 (d, J = 243.0 Hz), 134.8 (d, J = 3.0 Hz), 128.7 (d, 8.0
Hz), 115.3 (d, /= 22.0 Hz), 59.6, 53.2, 44.1, 31.8, 31.5, 30.4. ’F NMR (376 MHz, CDCl3) 6 -116.3.
HRMS (ESI) m/z: [M+H]" Calcd. for Ci6H2sFNO 266.1915; Found 266.1912.

N-(3-Fluorobenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1n)

White solid (81% yield for two steps). m.p. 44-46 °C. '"H NMR (400 MHz, CDCI3) ¢ 8.66 (s, 1H),
7.23 (td, J=17.9, 6.0 Hz, 1H), 6.98 (d, J = 7.7 Hz, 1H), 6.94 — 6.85 (m, 2H), 4.56 (s, 2H), 1.63 (s,
2H), 1.37 (s, 7H), 0.97 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 163.1, 163.0 (d, J = 245.0 Hz), 141.7
(d,/J=7.0 Hz), 130.0 (d, /= 8.0 Hz), 122.6 (d, /= 3.0 Hz), 114.1 (d, J=22.0 Hz), 113.7 (d, /= 21.0
Hz), 59.7, 53.3, 44.4, 31.8, 31.5, 30.3. YF NMR (376 MHz, CDCl3) ¢ -118.7. HRMS (ESI) m/z:
[M+H]" Caled. for C1sH2sFNO 266.1915; Found 266.1912.
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N-(4-Chlorobenzyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (10)

White solid (67% yield for two steps). m.p. 65-67 °C. 'H NMR (400 MHz, CDCI3) § 8.65 (s, 1H),
7.29 —7.21 (m, 2H), 7.16 — 7.14 (m, 2H), 4.54 (s, 2H), 1.63 (s, 2H), 1.36 (s, 6H), 0.97 (s, 9H). 3C
NMR (100 MHz, CDCls) ¢ 163.2, 137.6, 132.6, 128.6, 128.6, 59.7, 53.3, 44.3, 31.8, 31.5, 30.4.
HRMS (ESI) m/z: [M+H]" Calcd. for Ci16H25CINO 282.1619; Found 282.1615.
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N-(4-(Trifluoromethyl)benzyl)-V-(2,4,4-trimethylpentan-2-yl)formamide (1p)

Yellowish brown solid (73% yield for two steps). m.p. 78-80 °C. 'H NMR (400 MHz, CDCls) 6 8.68
(s, 1H), 7.54 (d, J = 7.8 Hz, 2H), 7.32 (d, J = 7.7 Hz, 2H), 4.62 (s, 2H), 1.65 (s, 3H), 1.38 (s, 6H),
0.99 (s, 9H). 3C NMR (100 MHz, CDCl3) 6 163.1, 143.1, 129.2 (q, J = 32 Hz), 127.3, 125.5(q, J =
3.8 Hz), 124.3 (q, J = 270 Hz), 59.7, 53.2, 44.6, 31.8, 31.5, 30.3. ’F NMR (376 MHz, CDCl3) ¢
-68.0. HRMS (ESI) m/z: [M+H]" Calcd. for C17H25F3NO 316.1883; Found 316.1881.

Methyl 4-((/V-(2,4,4-trimethylpentan-2-yl)formamido)methyl)benzoate (1q)

White solid (36% yield for two steps). m.p. 88-90 °C. 'H NMR (400 MHz, CDCIs) ¢ 8.66 (s, 1H),
7.94 (d, J = 8.3 Hz, 2H), 7.29 — 7.24 (m, 2H), 4.61 (s, 2H), 3.87 (s, 3H), 1.63 (s, 2H), 1.35 (s, 6H),
0.96 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 167.0, 163.1, 144.3, 129.9, 128.8, 127.0, 59.7, 53.2,
52.1, 44.7, 31.8, 31.5, 30.3. HRMS (ESI) m/z: [M+H]" Calcd. for CisH2sNO3 306.2064; Found
306.2060.

( N\

tBU\XNJ\H
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N-([1,1'-Biphenyl]-4-ylmethyl)-NV-(2,4,4-trimethylpentan-2-yl)formamide (1r)

White solid (67% yield for two steps). m.p. 121-123 °C. 'H NMR (400 MHz, CDCl3) 6 8.71 (s, 1H),
7.61 —7.55 (m, 2H), 7.53 — 7.51 (m, 2H), 7.44 — 7.41 (m, 2H), 7.35 — 7.32 (m, 1H), 7.31 — 7.28 (m,
2H), 4.64 (s, 2H), 1.68 (s, 2H), 1.42 (s, 6H), 1.01 (s, 9H). 3C NMR (100 MHz, CDCl3) ¢ 163.1,

141.0, 139.7, 138.1, 128.8, 127.5, 127.2, 127.1, 59.6, 53.4, 44.6, 31.9, 31.6, 30.5. HRMS (ESI) m/z:
[M+H]" Caled. for C22H30NO 324.2322; Found 324.2319.

r N

'B“\><NJ\H
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N-(Naphthalen-2-ylmethyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1s)

White solid (45% yield for two steps). m.p. 114-116 °C. 'TH NMR (400 MHz, CDCl3) § 8.76 (s, 1H),
7.81 —7.77 (m, 3H), 7.65 (s, 1H), 7.49 — 7.42 (m, 2H), 7.40 — 7.38 (m, 1H), 4.77 (s, 2H), 1.70 (s, 2H),
1.40 (s, 6H), 1.02 (s, 9H). 13C NMR (100 MHz, CDCIs) ¢ 163.2, 136.7, 133.5, 132.6, 128.3, 127.8,

127.7, 126.1, 125.7, 125.6, 125.6, 59.7, 53.4, 45.0, 31.9, 31.6, 30.5. HRMS (ESI) m/z: [M+H]"
Calcd. for C20H28NO 298.2165; Found 298.2164.
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N-(Thiophen-3-ylmethyl)-N-(2,4,4-trimethylpentan-2-yl)formamide (1t)

Light yellow oil (47% yield for two steps). "TH NMR (400 MHz, CDCIs) 6 8.59 (s, 1H), 7.22 (s, 1H),
7.09 (s, 1H), 7.02 (d, J = 4.7 Hz, 1H), 4.54 (s, 2H), 1.64 (s, 2H), 1.40 (s, 6H), 0.96 (s, 9H). 3C NMR
(100 MHz, CDCIs) ¢ 162.9, 140.0, 127.9, 125.6, 122.0, 59.6, 53.2, 40.4, 31.8, 31.6, 30.4. HRMS
(ESI) m/z: [M+H]" Caled. for C14H2aNOS 254.1573; Found 254.1572.

s '
X
'Bu\><
Et N™ "H
)
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N-((9-Ethyl-9H-carbazol-2-yl)methyl)-NV-(2,4,4-trimethylpentan-2-yl)formamide (1u)

White solid (24% yield for two steps). m.p. 143-145 °C. 'TH NMR (400 MHz, CDCIl3) 6 8.76 (s, 1H),
8.09 (d, J=17.7 Hz, 1H), 7.97 (s, 1H), 7.49 — 7.43 (m, 1H), 7.39 (d, /= 8.2 Hz, 2H), 7.32 (d, /= 8.4
Hz, 1H), 7.24 — 7.19 (m, 1H), 4.81 (s, 2H), 4.34 (q, J = 7.2 Hz, 2H), 1.72 (s, 2H), 1.45 — 1.38 (m,
9H), 1.02 (s, 9H). 3C NMR (100 MHz, CDCIl3) J 163.5, 140.3, 139.1, 129.7, 125.7, 125.4, 123.0,
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122.8, 120.6, 119.2, 118.8, 108.5, 108.4, 59.8, 53.5, 45.0, 37.7, 31.9, 31.6, 30.6, 13.9. HRMS (ESI)
m/z: [M+H]" Calcd. for C24H33N20 365.2587; Found 365.2586.

N-Benzyl-N-(tert-butyl)formamide® (1v)

Colorless oil (90% yield, one step synthesis from commercially available N-(fert-butyl)benzylamine).
'TH NMR (400 MHz, CDCl3) J 8.70 (s, 1H), 7.36 — 7.26 (m, 1H), 7.25 — 7.14 (m, 2H), 4.64 (s, 2H),
1.35 (s, 9H). 1*C NMR (100 MHz, CDCl3) 6 162.7, 138.9, 128.5, 126.9, 126.8, 56.1, 44.1, 30.1.

(@]
LA,

o
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N-Benzyl-N-(tert-pentyl)formamide (1w)

Colorless oil (87% yield for two steps). 'TH NMR (400 MHz, CDCls) 6 8.60 (s, 1H), 7.33 — 7.25 (m,
2H), 7.25 - 7.17 (m, 3H), 4.59 (s, 2H), 1.64 (q, J = 7.4 Hz, 2H), 1.29 (s, 6H), 0.81 (t,J = 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 163.2, 138.9, 128.5, 127.1, 126.9, 58.9, 44.2, 34.0, 27.8, 8.3. HRMS
(ESI) m/z: [M+H]" Caled. for C13H20NO 206.1539; Found 206.1541.

N-(Adamantan-1-yl)-N-benzylformamide (1x)

White solid (72% yield for two steps). m.p. 94-96 °C. '"H NMR (400 MHz, CDCIs) § 8.70 (s, 1H),
7.35 — 7.23 (m, 2H), 7.24 — 7.12 (m, 3H), 4.64 (s, 2H), 2.16 — 2.07 (m, 3H), 1.96 — 1.86 (m, 6H),
1.75 — 1.52 (m, 6H). ¥C NMR (100 MHz, CDCl3) 6 162.2, 139.2, 128.5, 126.8, 126.7, 56.9, 43.0,
42.6,36.0, 29.6. HRMS (ESI) m/z: [M+H]" Calcd. for C1sH2sNO 270.1852; Found 270.1851.

( N\

tBu\XNJ\H

J
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N-(3-Phenylpropyl)-V-(2,4,4-trimethylpentan-2-yl)formamide (1y)
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Light yellow oil (34% yield for two steps). 'TH NMR (400 MHz, CDCl3) 6 8.41 (s, 1H), 7.31 — 7.26
(m, 2H), 7.22 — 7.16 (m, 3H), 3.28 — 3.22 (m, 2H), 2.65 (t, /= 7.8 Hz, 2H), 1.96 — 1.87 (m, 2H), 1.52
(s, 2H), 1.39 (s, 6H), 0.93 (s, 9H). 3C NMR (100 MHz, CDCl3) 6 162.5, 141.7, 128.5, 128.5, 126.0,
59.1, 52.6, 42.0, 33.8, 31.8, 31.5, 30.9, 30.0. HRMS (ESI) m/z: [M+Na]" Calcd. for C1sH20NONa
298.2141; Found 298.2145.

H H
HCOOH, Ac,0 NaH, Mel
pe X POOMAO Ly W DM g, A
NH, 0-80°C, 8h |l§l| 0] THF, 0°C-rt T o
E F G

A mixture of formic acid (1.9 mL, 50 mmol) and acetic anhydride (4.7 mL, 50 mmol) was stirred for
30 mins at room temperature. To the solution was added 1,1,3,3-tetramethylbutylamine E at 0 °C, and
the resulting mixture was heated to 80 °C and stirred for an additional 8 hours. After cooling to room
temperature, the mixture was concentrated under reduced pressure, and the residue was purified by
column chromatography on silica gel.

To a solution of amide F in dry THF was added NaH (3.0 equiv, 60% dispersion in mineral oil) and
Mel (1.5 equiv) at 0 °C under N2, and the resulting mixture was stirred at room temperature until the
complete consumption of amide F by TLC analysis. The reaction mixture was quenched by saturated
aqueous NH4ClI and extracted with EtOAc. The combined organic phases were washed with brine,
dried over anhydrous MgSOu4, filtered and evaporated to afford a crude product, which was further
purified by column chromatography on silica gel.

N-Methyl-N-(2,4,4-trimethylpentan-2-yl)formamide (1z)

Light yellow oil (30% yield over two steps). "TH NMR (400 MHz, CDCl3) 6 8.33 (s, 1H), 2.77 (s,
3H), 1.52 (s, 2H), 1.37 (s, 6H), 0.91 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 161.8, 58.4, 51.1, 31.6,
31.2,29.5,26.8. HRMS (ESI) m/z: [M+Na]" Caled. for C1oH21NONa 194.1515; Found 194.1520.

Supplementary Note 2

Reaction Optimization
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Supplementary Table 1. Comparison of protecting groups

j\ "Pr Ni(cod), (10 mol%)
PGSy + |‘| Bu-DAPO (10 mol%), AlMes (40 mol%)
)\ toluene, 130 °C o
Ph”H Py
2a
o 0 0
Me\NJ\H Bn\NJ\H Mes,/\NJ\ Et
Ph” H Ph)\H Ph)\H
0 0 trace
F Pr o) )
CIg Ccrg Sl L 9
Bu )J\
)N\)LH N)LH )N\ H )N\ H \ )LH
F i
P H F;,rh)\H Ph” H P H N
0 0 36% 45% 30%

@ Reaction conditions: formamide (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), N,, 12 h. b
Yields were determined by "H NMR analysis with CH,Br, as the internal standard.

Supplementary Table 2. Lewis acid effects

0 "Pr Ni(cod); (10 mol%) TP,
TP\NJ\ i Bu-DAPO (10 mol%), L.A. (40 mol%)

o
H g
>

)\H oy toluene, 130 °C Ph

1a 2a TP = :bé(/fsu

entry L.A. (40 mol%) yield (%)°

Ph

AlMe; 45
AlEt, 81
AlBug 78

AlMe,Cl
MgBu, 16
ZnMe,

BPh;

N O oA WON =

4Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), N,, 12 h. bDetermined by
H NMR analysis with DMF as the internal standard.

Supplementary Table 3. Reaction time and Lewis acid loading effects

j\ "Pr Ni(cod), (10 mol%) —
~ [ =] 9 N
TPo oy | [Bu-DAPO (10 mol%), Alt; (x mol%) P
/I\ toluene, time, 130 °C Ph
Ph” H npy by
1a 2a P = }X/‘Bu 399
entry time (h) AIEt; (x mol%) yield (%)P
1 12 40 81
2 5 40 81
3 2 40 81
4 2 20 24
5 2 60 80

aReaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), N, ®Determined by "H
NMR analysis with DMF as the internal standard.
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Supplementary Table 4. Temperature effects

j\ "Pr Ni(cod), (10 mol%) TP, ?
TP Il ‘Bu-DAPO (10 mol%), AlEt; (40 mol%) N P
)\ toluene, T °C Ph
Ph” ~H "Pr oy
1a 2a = }K‘Bu 3a°
entry T (°C) yield (%)®
1 130 81
2 120 81
3 110 52
4 100 22
5 90 12
6 80 4

aReaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), N, 2 h. ®Determined by
"H NMR analysis with DMF as the internal standard.

Supplementary Table 5. Solvent effects

e "Pr Ni(cod), (10 mol%) TP,
TP\NJ\H + | | Bu-DAPO (10 mol%), AlEt; (40 mol%=)
Ph)\H . solvent, 120 °C Ph
1a 2a TP = :\‘K/’Bu
entry solvent (1.0 mL) yield (%)?
1 toluene 81
2 xylene 76
3 mesitylene 58
4 dioxane 64
5 hexane 64

aReaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), Ny, 2 h. °Determined by
"H NMR analysis with DMF as the internal standard.

Supplementary Table 6. Alkyne loading effects

o "Pr Ni(cod), (10 mol%)
TP\NJ\H + || [Bu-DAPO (10 mol%), AlEt; (40 moi%)
P toluene, 120 °C g
Ph” H npr
1a 2a (y equiv.) TP = :\>L</tBU
entry 2a (y equiv.) yield (%)
1 34 80
2 3.0 81
3 2.6 58
4 2.2 28

aReaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), Np, 2 h. °Determined by
'H NMR analysis with DMF as the internal standard.
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Supplementary Table 7. Ligand effects

n
Q pr Ni(cod), (10 mol%) N
TP: JJ\ i N
SN CH o+ ||| _tigand (10 mol%), AlEts (40 moi%)
toluene, 120 °C o
Ph)\H npp Tpe X/t Ph
1a 2a T Bu
entry ligand
1 PPh,
2 PCy;
3 BINAP
4 IPr
5 IMes
6 Ph,P(O)H
7 ‘Bu-DAPO 81
Bu 2N
Dipp Mes YPh -Np Ar
N N N N N
 _H « _H \ -H -H
P30 PS [ P\iH Po O PS
N N O N © N “N O
Dipp Mes t \sLPh \\:\\Q_Np Ar
Bu Ar = 3,5-1Bu,-CgHs
trace L4, trace Ly, 12% 0 L;, 0
CHPh,
Ph Ph OO
Ph
O H PO 1 QH ><0 ~“\<0\P,H O\P,H
g o ph S ~o J o0 o:]}(O/ <o S 20
Ph PR Ph OO
CHPh,
0 0 0 Ly O Ls, 0

4Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), Ny, 2 h. bpetermined by
"H NMR analysis with DMF as the internal standard.

Supplementary Table 8. Control experiment

0 "Pr Ni(cod), (10 mol%) TP,
TP\NJ\H N ‘Bu-DAPO (10 mol%), AlEt; (40 mol%)
toluene, 120 °C o
Ph)\H "Pr P
1a 2a TP = :..>b</tBu
entry deviation from standard cnditions yield (%)b
1 none 81
2 w/o Ni(cod),
3 w/o AlEt;
4 w/o ‘Bu-DAPO
5 NiBr, diglyme instead of Ni(cod),
6 NiBr,-diglyme with Zn (50 mol%) instead of Ni(cod), 14

aReaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), toluene (1.0 mL), Ny, 2 h. °Determined by
"H NMR analysis with DMF as the internal standard.
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Supplementary Note 3

General Procedure for [3+2] Annulation

Q O
TP\NJ\H Ni(cod), (10 mol%) TP\N
t
. R R Bu-DAPO (10 mol%) - P R2
H AIEt; (40 mol%)
2 toluene, 120 °C R

1 3

= 2‘1></t8u

To a 15 mL oven-dried tube were added ‘Bu-DAPO (4.4 mg, 10 mol%), Ni(cod) (5.5 mg, 10
mol%), dry degassed toluene (1.0 mL), benzyl formamide (0.2 mmol), alkyne (0.6 mmol) and AlEt3
(1.0 M in toluene, 80 pL, 40 mol%) sequentially in an Na-filled glove-box. The tube was sealed and
removed out of the glove-box. After heated at 120 °C in a preheated dry block heater for 2 h, the
mixture was cooled to r.t., quenched with 0.1 mL H2O, filtered through a short plug of silica gel
(DCM as the eluent) and concentrated in vacuo to afford a crude product. Further purification by
flash column chromatography on silica gel (eluting with EtOAc/n-hexane) gave the pure product.

( )

o}

TP<

N/I”IPr

"Pr

(. J
5-Phenyl-3.,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3a)

Colourless oil (80% yield). "TH NMR (400 MHz, CDCl3) § 7.42 — 7.19 (m, 4H), 7.01 (s, 1H), 4.92 (s,
1H), 2.85 (d, J=14.8 Hz, 1H), 2.23 — 2.18 (m, 2H), 2.18 — 2.09 (m, 1H), 1.68 — 1.43 (m, 4H), 1.42 (s,
3H), 1.34 - 1.22 (m, 1H), 1.19 (d, J = 14.8 Hz, 1H), 1.14 (s, 3H), 0.95 — 0.88 (m, 12H), 0.85 (t, J =
7.3 Hz, 3H). ¥C NMR (100 MHz, CDCl3) 6 173.8, 154.1, 139.8, 133.1, 128.7, 127.8, 125.4, 67.2,
59.0, 50.2, 31.6, 31.4, 30.8, 28.3, 28.1, 25.8, 22.2, 14.3, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for
CisHisFaN2 356.2948; Found 356.2952.

3,4-Dipropyl-5-(p-tolyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3b)

Colourless oil (95% yield). "TH NMR (400 MHz, CDCIs) 6 7.20 — 7.05 (m, 3H), 6.95 — 6.75 (m, 1H),
4.88 (s, 1H), 2.85 (d, J = 14.8 Hz, 1H), 2.32 (s, 3H), 2.22 — 2.09 (m, 3H), 1.64 — 1.43 (m, 4H), 1.40
(s, 3H), 1.32 - 1.22 (m, 1H), 1.18 — 1.12 (m, 4H), 0.92 — 0.88 (m, 12H), 0.83 (t, J = 7.3 Hz, 3H). 13C
NMR (100 MHz, CDCl3) ¢ 173.7, 154.2, 137.4, 136.6, 132.9, 129.3, 125.2, 66.9, 58.9, 50.2, 31.5,
31.4,30.8,28.2,28.1,25.8,22.2,21.2, 14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for C25sH40NO
370.3104; Found 370.3103.
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3,4-Dipropyl-5-(m-tolyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3c)

Colourless oil (97% yield). "TH NMR (400 MHz, CDCls) 6 7.24 — 7.12 (m, 1H), 7.05 — 7.03 (m, 2H),
6.84 — 6.72 (m, 1H), 4.87 (s, 1H), 2.84 (d, J= 14.8 Hz, 1H), 2.39 — 2.08 (m, 6H), 1.66 — 1.43 (m, 4H),
1.40 (s, 3H), 1.31 — 1.22 (m, 1H), 1.17 (d, J = 14.8 Hz, 1H), 1.13 (s, 3H), 0.94 — 0.87 (m, 12H), 0.84
(t, J= 7.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 173.8, 154.2, 139.7, 138.5, 133.0, 129.4, 128.5,
125.8, 122.5, 67.2, 59.0, 50.3, 31.6, 31.4, 30.7, 28.2, 28.1, 25.9, 22.2, 22.1, 21.5, 14.2, 14.1. HRMS
(ESI) m/z: [M+H]" Calcd. for C2sH4NO 370.3104; Found 370.3109.

3,4-Dipropyl-5-(o-tolyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (3d)

Light yellow oil (81% yield). 'H NMR (400 MHz, CDCl3) 6 7.19 — 7.05 (m, 3H), 6.96 — 6.90 (m,
1H), 5.24 (s, 1H), 2.86 (d, J = 14.8 Hz, 1H), 2.47 (s, 3H), 2.20 (t, J = 7.7 Hz, 2H), 2.16 — 2.08 (m,
1H), 1.68 — 1.47 (m, 4H), 1.40 (s, 3H), 1.31 — 1.21 (m, 1H), 1.16 (d, J = 14.9 Hz, 1H), 1.10 (s, 3H),
0.95 — 0.90 (m, 12H), 0.85 (t, /= 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 174.0, 154.6, 137.5,
134.7, 133.3, 130.9, 127.4, 126.4, 125.9, 62.4, 58.6, 50.2, 31.6, 31.5, 30.4, 28.2, 27.0, 26.0, 22.9,
22.1,19.6, 14.3, 14.2. HRMS (ESI) calcd. for C2sH4NO ([M+H]") 370.3104, Found. 370.3108.

5-(3,5-Dimethylphenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (3¢)
White solid (85% yield). m.p. 95-97 °C. 'H NMR (400 MHz, CDCl3) J 6.87 — 6.85 (m, 2H), 6.62 —
6.56 (m, 1H), 4.84 (s, 1H), 2.85 (d, J = 14.8 Hz, 1H), 2.42 — 2.25 (m, 3H), 2.27 — 2.06 (m, 6H), 1.67
—1.44 (m, 4H), 1.41 (s, 3H), 1.37 - 1.22 (m, 1H), 1.19 — 1.15 (m, 4H), 0.95 — 0.88 (m, 12H), 0.85 (t,
J = 7.4 Hz, 3H). 3C NMR (100 MHz, CDCIs) 6 173.9, 154.3, 139.6, 132.9, 129.3, 126.5, 123.7,
122.9, 67.2, 59.0, 50.2, 31.6, 31.4, 30.8, 28.2, 28.1, 25.9, 22.2, 22.2, 21.4, 14.2, 14.1, 1.1. HRMS
(ESI) m/z: [M+H]" Calcd. for C26H42NO 384.3261; Found 384.3265.
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5-(4-Isopropylphenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3f)
Colourless oil (91% yield). 'TH NMR (400 MHz, CDCl3) 6 7.18 — 6.89 (m, 4H), 4.89 (s, 1H), 2.94 —
2.80 (m, 2H), 2.24 — 2.08 (m, 3H), 1.67 — 1.59 (m, 1H), 1.56 — 1.45 (m, 3H), 1.41 (s, 3H), 1.31 —
1.27 (m, 1H), 1.23 (d, /= 6.9 Hz, 6H), 1.20 — 1.13 (m, 4H), 0.95 — 0.89 (m, 12H), 0.84 (t, /= 7.3 Hz,
3H). BC NMR (100 MHz, CDCl3) 6 173.8, 154.2, 148.4, 136.8, 132.8, 67.0, 58.9, 50.2, 33.8, 31.6,
31.4, 30.8, 28.2, 28.1, 25.8, 24.1, 24.0, 22.2, 14.3, 14.0. HRMS (ESI) m/z: [M+H]" Calcd. for
C27H44NO 398.3417; Found 398.3417.

5-(4-(tert-Butyl)phenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (3g)
Colourless oil (90% yield). "TH NMR (400 MHz, CDCls) 6 7.32 — 7.26 (m, 2H), 7.16 — 6.82 (m, 2H),
4.89 (s, 1H), 2.84 (d, /= 14.8 Hz, 1H), 2.24 — 2.08 (m, 3H), 1.67 — 1.46 (m, 4H), 1.42 (s, 3H), 1.32 —
1.26 (m, 10H), 1.18 (d, J = 14.8 Hz, 1H), 1.14 (s, 3H), 0.96 — 0.88 (m, 12H), 0.85 (t,J= 7.3 Hz, 3H).
13C NMR (100 MHz, CDCl3) ¢ 173.8, 154.2, 150.7, 136.4, 132.9, 128.2, 125.7, 66.9, 58.9, 50.2,
34.6,31.6,31.5,31.4, 30.8, 28.2, 28.1, 25.8, 22.2, 14.3, 14.0. HRMS (ESI) m/z: [M+H]" Calcd. for
C2sH46NO 412.3574; Found 412.3578.

5-(4-Methoxyphenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3h)
Colourless oil (70% yield). "TH NMR (400 MHz, CDCls) 6 7.25 — 7.05 (m, 1H), 7.03 — 6.77 (m, 3H),
4.86 (s, 1H), 3.79 (s, 3H), 2.84 (d, /= 14.8 Hz, 1H), 2.24 — 2.07 (m, 3H), 1.68 — 1.58 (m, 1H), 1.58 —
1.42 (m, 3H), 1.39 (s, 3H), 1.30 — 1.22 (m, 1H), 1.20 - 1.11 (m, 4H), 0.93 — 0.87 (m, 12H), 0.83 (t, J
= 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 173.7, 159.2, 154.2, 132.9, 131.5, 66.6, 58.9, 55.4,
50.3, 31.6, 31.4, 30.8, 28.2, 28.1, 25.8,22.2, 22.1, 14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for
C25H40NO2 386.3054; Found 386.3057.

BnO

5-(4-(Benzyloxy)phenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (3i)

Colourless oil (93% yield). "TH NMR (400 MHz, CDCls) 6 7.44 — 7.31 (m, 5H), 7.23 — 7.05 (m, 1H),
6.97 — 6.87 (m, 3H), 5.04 (s, 2H), 4.88 (s, 1H), 2.85 (d, J= 14.8 Hz, 1H), 2.24 — 2.10 (m, 3H), 1.68 —
1.61 (m, 1H), 1.57 — 1.44 (m, 3H), 1.40 (s, 3H), 1.31 — 1.22 (m, 1H), 1.20 — 1.14 (m, 4H), 0.95 —
0.88 (m, 12H), 0.85 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCIs) ¢ 173.8, 158.4, 154.5, 136.9,
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132.8, 131.6, 128.7, 128.1, 127.7, 115.7, 114.5, 70.2, 66.7, 59.0, 50.2, 31.6, 31.4, 30.8, 28.2, 28.1,
25.8, 22.2, 22.1, 14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for C31H4NO2 462.3367; Found
462.3365.

5-(4-(Dimethylamino)phenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one

Q)

Light yellow oil (83% yield). 'H NMR (400 MHz, CDCl3) 6 7.10 — 6.80 (m, 2H), 6.67 — 6.61 (m,
2H), 4.83 (s, 1H), 2.94 (s, 6H), 2.87 (d, J = 14.7 Hz, 1H), 2.22 — 2.08 (m, 3H), 1.69 — 1.62 (m, 1H),
1.58 — 1.44 (m, 3H), 1.40 (s, 3H), 1.33 — 1.24 (m, 1H), 1.19 — 1.14 (m, 4H), 0.93 — 0.89 (m, 12H),
0.84 (t,J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 173.7, 154.6, 150.0, 132.4, 126.6, 66.8, 58.8,
50.2, 40.6, 31.6, 31.4, 30.8, 28.1, 25.8, 22.2, 22.1, 14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for
C26H43N20 399.3370; Found 399.3373.

5-(4-Morpholinophenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3k)
Light yellow solid (73% yield). m.p. 105-107 °C. TH NMR (400 MHz, CDCI3) 6§ 7.15 — 6.88 (m, 2H),
6.87 — 6.79 (m, 2H), 4.86 (s, 1H), 3.90 — 3.78 (m, 4H), 3.20 — 3.08 (m, 4H), 2.85 (d, /= 14.8 Hz, 1H),
2.23 —2.09 (m, 3H), 1.68 — 1.60 (m, 1H), 1.56 — 1.45 (m, 3H), 1.40 (s, 3H), 1.31 — 1.25 (m, 1H),
1.20 — 1.13 (m, 4H), 0.94 — 0.88 (m, 12H), 0.85 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) ¢
173.7,154.3, 150.7, 132.7, 130.5, 67.0, 66.6, 58.9, 50.2, 49.2, 31.6, 31.4, 30.8, 28.2, 28.1, 25.8, 22.2,
22.1,14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for C2sHasN202 441.3476; Found 441.3479.

F4CO

3,4-Dipropyl-5-(4-(trifluoromethoxy)phenyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-o
ne (31)

White solid (85%). m.p. 76-78 °C. 'H NMR (400 MHz, CDCI3) § 7.33 — 7.21 (m, 1H), 7.20 — 7.10
(m, 2H), 7.10 — 6.90 (m, 1H), 4.93 (s, 1H), 2.81 (d, J = 14.8 Hz, 1H), 2.49 — 2.36 (m, 3H), 1.66 —
1.42 (m, 4H), 1.40 (s, 3H), 1.27 (m, 1H), 1.19 (d, J = 14.8 Hz, 1H), 1.13 (s, 3H), 0.94 — 0.87 (m,
12H), 0.84 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, CDCI3) ¢ 173.7, 153.7, 148.7, 138.7, 133.6,
66.4, 59.2, 50.3, 31.6, 31.4, 30.9, 28.3, 28.1, 25.9, 22.2, 22.1, 14.3, 14.0. YF NMR (376 MHz,
CDCl3) 6 -63.4. HRMS (ESI) m/z: [M+H]" Calcd. for C2sH37F3NO2 440.2771; Found 440.2771.
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5-(4-Fluorophenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3m)
Colourless oil (78% yield). "TH NMR (400 MHz, CDCls) 6 7.28 — 7.10 (m, 1H), 7.05 — 6.87 (m, 3H),
4.89 (s, 1H), 2.81 (d, /= 14.8 Hz, 1H), 2.20 — 2.08 (m, 3H), 1.65 — 1.55 (m, 1H), 1.54 — 1.42 (m, 3H),
1.37 (s, 3H), 1.29 — 1.20 (m, 1H), 1.17 (d, J = 14.8 Hz, 1H), 1.12 (s, 3H), 0.96 — 0.85 (m, 12H), 0.82
(t,J=7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 173.6, 162.2 (d, J = 245.0 Hz), 153.9, 135.5 (d, J
= 3.0 Hz), 133.3, 66.4, 59.0, 50.2, 31.5, 31.4, 30.8, 28.2, 28.0, 25.8, 22.1, 14.2, 14.0. F NMR (376
MHz, CDCl3) 6§ -114.4. HRMS (ESI) m/z: [M+H]" Caled. for C24H37FNO 374.2854; Found
374.2851.

(3-Fluorophenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3n)
Colourless oil (84% yield). "TH NMR (400 MHz, CDCls) 6 7.35 — 7.18 (m, 1H), 7.10 — 6.90 (m, 2H),
6.86 — 6.63 (m, 1H), 4.90 (s, 1H), 2.81 (d, J= 14.8 Hz, 1H), 2.23 - 2.09 (m, 3H), 1.70 — 1.44 (m, 4H),
1.42 (s, 3H), 1.31 — 1.23 (m, 1H), 1.20 (d, J = 12.0 Hz, 1H), 1.16 — 1.12 (m, 3H), 0.93 — 0.88 (m,
12H), 0.84 (t, J= 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) 6 173.7, 153.6, 142.8, 133.6, 130.4 (d, J
= 5.0 Hz), 66.7, 59.1, 50.2, 31.6, 31.4, 30.8, 28.3, 28.1, 25.9, 22.2, 22.1, 14.3, 14.1. YF NMR (376
MHz, CDCl3) 6 -117.3, -118.3. HRMS (ESI) m/z: [M+H]" Calcd. for C24H37FNO 374.2854; Found
374.2853.

5-(4-Chlorophenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (30)
Colourless oil (62% yield). "TH NMR (400 MHz, CDCls) 6 7.35 — 7.26 (m, 2H), 7.25 — 7.10 (m, 1H),
7.05 - 6.85 (m, 1H), 4.89 (s, 1H), 2.82 (d, J = 14.8 Hz, 1H), 2.19 (t, /= 7.8 Hz, 2H), 2.17 - 2.11 (m,
1H), 1.63 — 1.46 (m, 4H), 1.40 (s, 3H), 1.30 — 1.24 (m, 1H), 1.19 (d, J = 14.8 Hz, 1H), 1.14 (s, 3H),
0.93 — 0.89 (m, 12H), 0.85 (t, /= 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) ¢ 173.7, 153.7, 138.6,
133.5, 133.5, 129.0, 127.0, 66.5, 59.1, 50.2, 31.6, 31.5, 30.9, 28.3, 28.1, 25.8, 22.2, 22.1, 14.3, 14.1.
HRMS (ESI) m/z: [M+H]" Calcd. for C24H37CINO 390.2558; Found 390.2560.
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FsC

3,4-Dipropyl-5-(4-(trifluoromethyl)phenyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one
(3p)

Colourless oil (50% yield). "TH NMR (400 MHz, CDCls) 6 7.63 — 7.52 (m, 2H), 7.30 — 7.45 (m, 1H),
7.25 —7.05 (m, 1H), 4.98 (s, 1H), 2.82 (d, /= 14.8 Hz, 1H), 2.24 — 2.12 (m, 3H), 1.62 — 1.45 (m, 4H),
1.42 (s, 3H), 1.34 — 1.24 (m, 1H), 1.21 (d, J = 14.8 Hz, 1H), 1.12 (s, 3H), 0.94 — 0.88 (m, 12H), 0.86
(t, J=17.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) 6 173.8, 153.4, 144.4, 133.9, 130.2 (q, J = 32 Hz),
128.6, 1259 (q, /= 3.8 Hz), 124.1 (q, J = 270 Hz), 66.6, 59.2, 50.2, 31.6, 31.4, 30.9, 28.3, 28.1, 25.8,
22.3,22.1, 14.2, 14.0. F NMR (376 MHz, CDCls) J -68.0. HRMS (ESI) m/z: [M+H]" Calcd. for
C25H37F3NO 424.2822; Found 424.2826.

MeO,C

Methyl
4-(5-ox0-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-2,5-dihydro-1H-pyrrol-2-yl)benzoate (3q)
White solid (56% yield). m.p. 91-93 °C. 'H NMR (400 MHz, CDCl3) 6 8.07 — 7.90 (m, 2H), 7.40 —
7.30 (m, 1H), 7.15 — 7.03 (m, 1H), 4.97 (s, 1H), 3.90 (s, 3H), 2.81 (d, J = 14.8 Hz, 1H), 2.24 —2.10
(m, 3H), 1.62 — 1.44 (m, 4H), 1.41 (s, 3H), 1.29 — 1.22 (m, 1H), 1.19 (d, J = 14.8 Hz, 1H), 1.11 (s,
3H), 0.93 — 0.87 (m, 12H), 0.83 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz, CDCls) J 173.7, 166.8,
153.5, 145.5, 133.8, 130.2, 129.8, 66.8, 59.2, 52.3, 50.2, 31.6, 31.4, 30.8, 28.3, 28.1, 25.9, 22.2, 22.1,
14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for C26H20NO3 414.3003; Found 414.3005.

5-([1,1'-Biphenyl]-4-yl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3r)
Colourless oil (82% yield). "TH NMR (400 MHz, CDCls) 6 7.62 — 7.52 (m, 4H), 7.45 — 7.42 (m, 2H),
7.36 —7.32 (m, 2H), 7.14 - 7.02 (m, 1H), 4.97 (s, 1H), 2.88 (d, J = 14.8 Hz, 1H), 2.24 — 2.14 (m, 3H),
1.71 — 1.64 (m, 1H), 1.62 — 1.48 (m, 3H), 1.45 (s, 3H), 1.39 — 1.25 (m, 1H), 1.23 — 1.18 (m, 4H),
0.96 — 0.90 (m, 12H), 0.87 (t, /= 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 173.7, 154.0, 140.6,
140.5, 138.8, 133.2, 128.9, 127.5, 127.2, 127.0, 125.8, 66.9, 59.0, 50.2, 31.6, 31.4, 30.8, 28.3, 28.1,
25.8, 22.2, 22.1, 14.3, 14.1. HRMS (ESI) m/z: [M+H]" Caled. for C30H42NO 432.3261; Found
432.3261.
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5-(Naphthalen-2-yl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (3s)
White solid (80% yield). m.p. 101-103 °C. 'TH NMR (400 MHz, CDCl3) 6 7.90 — 7.65 (m, 4H), 7.50
—7.05 (m, 3H), 5.11 (s, 1H), 2.89 (d, J = 14.8 Hz, 1H), 2.24 — 2.23 (m, 2H), 2.21 — 2.08 (m, 1H),
1.67 — 1.47 (m, 4H), 1.42 (s, 3H), 1.38 — 1.25 (m, 1H), 1.22 — 1.13 (m, 4H), 0.95 — 0.92 (m, 12H),
0.84 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCls) § 173.8, 153.6, 137.5, 133.8, 133.5, 133.2,
128.8, 127.9, 127.6, 127.3, 126.5, 126.2, 123.2, 67.3, 59.2, 50.2, 31.6, 31.5, 30.9, 28.3, 28.0, 25.9,
22.2,1.2. HRMS (ESI) m/z: [M+H]" Calcd. for C2sHs0NO 406.3104; Found 406.3105.

3,4-Dipropyl-5-(thiophen-3-yl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (3t)
Colourless oil (28% yield). "TH NMR (400 MHz, CDCls) 6 7.25 — 7.23 (m, 1H), 7.12 — 7.07 (m, 1H),
6.79 —6.74 (m, 1H), 5.07 (s, 1H), 2.81 (d, /= 14.8 Hz, 1H), 2.22 — 2.13 (m, 3H), 1.74 — 1.66 (m, 1H),
1.57 — 1.45 (m, 3H), 1.41 (s, 3H), 1.30 — 1.25 (m, 1H), 1.23 — 1.18 (m, 4H), 0.93 — 0.88 (m, 12H),
0.85 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, CDCls) § 173.4, 153.1, 141.0, 133.3, 126.4, 125.8,
121.9, 62.7, 59.0, 50.2, 31.6, 31.4, 30.7, 28.2, 27.9, 25.9, 22.2, 22.1, 14.3, 14.1. HRMS (ESI) m/z:
[M+H]" Caled. for C22H36NOS 362.2512; Found 362.2513.

5-(9-Ethyl-9H-carbazol-2-yl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one
u)

White solid (95%). m.p. 107-109 °C. Rotamer mixtures. 'H NMR (400 MHz, CDCl3) 6 8.13 (d, J =
7.7 Hz, 0.5H), 7.99 (d, J = 7.7 Hz, 0.5H), 7.97 (s, 0.5H), 7.72 (s, 0.5H), 7.51 — 7.29 (m, 4H), 7.29 —
7.15 (m, 1H), 7.06 (d, J= 8.4 Hz, 0.5H), 5.14 (s, 0.5H), 5.10 (s, 0.5H), 4.35 (q, /= 7.2 Hz, 2H), 2.92
(d, J=14.7 Hz, 1H), 2.37 — 2.21 (m, 2H), 2.21 — 1.99 (m, 1H), 1.74 — 1.49 (m, 4H), 1.48 — 1.40 (m,
6H), 1.39 — 1.27 (m, 1H), 1.24 — 1.13 (m, 4H), 1.00 — 0.91 (m, 12H), 0.84 (t, J = 7.2 Hz, 3H). 13C
NMR (100 MHz, CDCl3) ¢ 174.0, 173.8, 155.2, 154.7, 140.5, 140.2, 139.7, 139.5, 132.7, 132.4,
129.7, 129.7, 126.4, 126.2, 125.9, 125.5, 123.7, 123.1, 122.7, 122.6, 120.7, 120.5, 120.4, 119.1,
119.0, 117.2, 109.2, 108.8, 108.6, 108.1, 67.7, 67.5, 59.1, 50.3, 37.8, 31.8, 31.6, 31.5, 31.0, 30.9,
28.4,28.3,28.2,28.1,25.9,22.3,22.2, 14.3, 14.1, 14.0, 13.9. HRMS (ESI) m/z: [M+H]" Calcd. for
C32H4sN20 473.3526; Found 473.3528.
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3v/3v' = 3.1:1

1-(tert-Butyl)-5-phenyl-3,4-dipropyl-1H-pyrrol-2(SH)-one (3v)

Colourless oil (inseparable mixture of 3v and 3v' (3.1:1, determined by 'H NMR), 98% yield). 'H
NMR (400 MHz, CDCl3) 6 7.34 — 7.23 (m, 4.74H), 7.22 — 6.95 (m, 2.03H), 4.94 (s, 1H), 4.66 (s,
0.66H), 2.42 — 2.36 (m, 0.65H), 2.28 — 2.09 (m, 4.61H), 1.68 — 1.61 (m, 1H), 1.57 — 1.50 (m, 2H),
1.50 — 1.43 (m, 2H), 1.33 (s, 9H), 1.28 — 1.22 (m, 1H), 1.17 (s, 2H), 0.99 — 0.88 (m, 5.31H), 0.84 (t, J
= 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl3) J 173.8, 154.3, 143.9, 140.7, 139.9, 132.7, 128.9, 128 4,
127.8, 127.3, 126.6, 66.4, 55.3, 55.2, 44.9, 43.4, 35.9, 28.9, 28.7, 28.3, 26.7, 25.8, 23.3, 22.2, 22.2,
20.8,14.5, 14.4, 14.2. HRMS (ESI) m/z: [M+H]" Caled. for C21H32NO 300.2322; Found 300.2320.

1-(tert-Pentyl)-5-phenyl-3,4-dipropyl-1H-pyrrol-2(5H)-one (3w)

Colourless oil (77% yield). "TH NMR (400 MHz, CDCls) 6 7.43 — 7.22 (m, 3H), 7.23 — 6.89 (m, 2H),
491 (s, 1H), 2.39 — 2.06 (m, 4H), 1.74 — 1.49 (m, 4H), 1.49 — 1.37 (m, 1H), 1.34 — 1.19 (m, 4H),
1.12 (s, 3H), 0.91 (t, J = 7.4 Hz, 3H), 0.83 (t, J = 7.3 Hz, 3H), 0.74 (t, J = 7.4 Hz, 3H). 3C NMR
(100 MHz, CDCl3) 6 173.8, 154.3, 139.9, 132.6, 128.8, 127.8, 67.2, 58.4, 32.5, 28.2, 27.3, 25.8, 25.7,
222, 22.1, 14.2, 14.1, 8.8. HRMS (ESI) m/z: [M+H]" Calcd. for C21H32NO 314.2478; Found
314.2476.
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1-(Adamantan-1-yl)-5-phenyl-3,4-dipropyl-1H-pyrrol-2(5H)-one (3x)

White solid (58%). m.p. 80-82 °C. TH NMR (400 MHz, CDCl3) ¢ 7.35 — 7.23 (m, 3H), 7.22 — 6.92
(m, 2H), 4.99 (s, 1H), 2.29 — 2.02 (m, 9H), 1.96 (s, 3H), 1.67 — 1.47 (m, 9H), 1.47 — 1.37 (m, 1H),
1.29 — 1.17 (m, 1H), 0.90 (t, J = 7.4 Hz, 3H), 0.83 (t, J = 7.3 Hz, 3H). '3C NMR (100 MHz, CDCl3)
0173.9,154.5, 140.2, 132.6, 128.8, 127.7, 65.5, 56.8, 40.3, 36.4, 29.8, 28.3, 25.7, 22.2, 14.2. HRMS
(ESI) m/z: [M+H]" Caled. for C26H36NO 378.2791; Found 378.2793.
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6-Methyl-6-neopentyl-1-(3-phenylpropyl)-3,4-dipropyl-5,6-dihydropyridin-2(1H)-one (3y’)
Colourless oil (20% yield). "TH NMR (400 MHz, CDCls) 6 7.29 — 7.25 (m, 2H), 7.23 — 7.14 (m, 3H),
3.71 = 3.62 (m, 1H), 3.02 — 2.92 (m, 1H), 2.76 — 2.66 (m, 1H), 2.64 — 2.54 (m, 1H), 2.52 —2.43 (m,
1H), 2.38 — 2.23 (m, 3H), 2.23 — 1.99 (m, 3H), 1.78 — 1.68 (m, 1H), 1.63 (t, J= 7.3 Hz, 2H), 1.48 —
1.36 (m, 4H), 1.33 (s, 3H), 0.96 — 0.89 (m, 15H). 3C NMR (100 MHz, CDCI3) 6 166.2, 143.0, 142.2,
129.9, 128.5, 128.4, 125.8, 59.0, 49.0, 42.5, 41.8, 36.0, 33.9, 32.2, 31.7, 31.2, 28.6, 27.8, 23.2, 20.7,
14.5, 14.3. HRMS (ESI) m/z: [M+Na]" Calcd. for C26H41NONa 406.3080; Found 406.3082.

5-Benzyl-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-5,6-dihydropyridin-2(1H)-one (3y’’)
Colourless oil (62% yield). "TH NMR (400 MHz, CDCls) 6 7.34 — 7.28 (m, 2H), 7.25 — 7.17 (m, 3H),
3.32(dd, J=12.7, 1.6 Hz, 1H), 3.15 (dd, J = 12.6, 4.0 Hz, 1H), 2.77 (dd, J = 14.0, 4.1 Hz, 1H), 2.67
(d, J=14.7 Hz, 1H), 2.59 (dd, J = 14.0, 10.5 Hz, 1H), 2.45 - 2.30 (m, 3H), 2.20 — 2.10 (m, 1H), 1.94
—1.84 (m, 1H), 1.58 (s, 3H), 1.54 — 1.37 (m, 5H), 1.22 (s, 3H), 0.99 — 0.91 (m, 15H). 13C NMR (100
MHz, CDCI3) 6 166.6, 148.5, 140.0, 132.7, 129.0, 128.7, 126.5, 60.4, 50.0, 44.8, 39.8, 36.3, 33.9,
31.7, 31.7, 31.1, 29.3, 23.3, 22.4, 14.5, 14.5. HRMS (ESI) m/z: [M+Na]" Calcd. for C26H41NONa
406.3080; Found 406.3085.

"pr

1,6-Dimethyl-6-neopentyl-3,4-dipropyl-5,6-dihydropyridin-2(1H)-one (3Z')

Colourless oil (20% yield). "TH NMR (400 MHz, CDCI3) 6 2.89 (s, 3H), 2.49 — 2.40 (m, 1H), 2.36 —
2.27 (m, 3H), 2.25 - 2.16 (m, 1H), 2.09 — 2.00 (m, 1H), 1.64 (d, J = 14.7 Hz, 1H), 1.53 — 1.36 (m,
5H), 1.36 (s, 3H), 0.98 — 0.88 (m, 15H). ¥C NMR (100 MHz, CDCl3) J 166.2, 143.1, 129.6, 58.1,
47.9, 41.0,36.0,31.7,31.2, 28.7, 28.0, 27.5, 23.2, 20.7, 14.4, 14.3. HRMS (ESI) m/z: [M+H]" Calcd.
for C1sH33NONa 302.2454; Found 302.2458.

(E)-N-Methyl-2-propyl-N-(2,4,4-trimethylpentan-2-yl)hex-2-enamide (3z")

Colourless oil (70% yield). 'TH NMR (400 MHz, CDCIs) 6 5.42 (t,J = 7.3 Hz, 1H), 2.94 (s, 3H), 2.25
—2.19 (m, 2H), 2.08 — 2.02 (m, 2H), 2.00 (s, 2H), 1.45 (s, 6H), 1.44 — 1.37 (m, 4H), 0.99 (s, 9H),
0.94 — 0.89 (m, 6H). 13C NMR (100 MHz, CDCls) d 174.7, 139.4, 129.9, 60.5, 49.8, 35.0, 31.7, 30.9,
29.7, 29.2, 22.6, 21.9, 14.4, 14.1. HRMS (ESI) m/z: [M+Na]" Calcd. for CisH3sNONa 304.2611;
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Found 304.2615.

3,4-Diethyl-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5SH)-one (4a)

Colourless oil (85% yield). "TH NMR (400 MHz, CDCls) 6 7.30 — 7.26 (m, 4H), 7.10 — 6.95 (m, 1H),
4.93 (s, 1H), 2.82 (d, /= 14.8 Hz, 1H), 2.33 — 2.15 (m, 3H), 1.71-1.64 (m, 1H), 1.42 (s, 3H), 1.21 (d,
J=14.8 Hz, 1H), 1.15 (s, 3H), 1.07 (t, J= 7.5 Hz, 3H), 0.94 — 0.88 (m, 12H). 3C NMR (100 MHz,
CDCh) o 173.7, 155.0, 139.6, 133.9, 128.8, 127.8, 125.5, 67.0, 59.0, 50.3, 31.6, 31.4, 30.7, 28.3,
19.3, 16.9, 13.8, 13.7. HRMS (ESI) m/z: [M+H]" Calecd. for C22H34NO 328.2635; Found 328.2634.

3,4-Dibutyl-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (4b)

Colourless oil (80% yield). "TH NMR (400 MHz, CDCIs) 6 7.30 — 7.20 (m, 4H), 7.10 — 6.90 (m, 1H),
491 (s, 1H), 2.83 (d, J=14.8 Hz, 1H), 2.26 — 2.12 (m, 3H), 1.69 — 1.55 (m, 2H), 1.51 — 1.44 (m, 2H),
1.41 (s, 3H), 1.36 — 1.30 (m, 2H), 1.27 — 1.17 (m, 4H), 1.14 (s, 3H), 0.93 — 0.81 (m, 15H). *C NMR
(100 MHz, CDCIs) 6 173.8, 154.1, 139.8, 133.0, 128.7, 127.7, 125.4, 67.2, 59.0, 50.2, 31.6, 31.4,
31.1, 31.1, 30.8, 28.2, 25.8, 23.6, 22.9, 22.6, 14.0, 13.9. HRMS (ESI) m/z: [M+H]" Calcd. for
C26H42NO 384.3261; Found 384.3261.
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3,4-Dihexyl-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (4¢)

Colourless oil (70% yield). "TH NMR (400 MHz, CDCls) 6 7.35 — 7.20 (m, 4H), 7.10 — 6.92 (m, 1H),
491 (s, 1H), 2.84 (d, J=14.8 Hz, 1H), 2.28 — 2.10 (m, 3H), 1.69 — 1.56 (m, 1H), 1.55 — 1.45 (m, 2H),
1.42 (s, 3H), 1.35 — 1.17 (m, 15H), 1.14 (s, 3H), 0.91 (s, 9H), 0.89 — 0.84 (m, 6H). 13C NMR (100
MHz, CDCI3) 6 173.8, 154.1, 139.8, 133.1, 128.8, 127.7, 67.2, 59.0, 50.2, 31.8, 31.6, 31.4, 30.8, 29.5,
29.1, 28.9, 28.8, 28.3, 26.1, 23.9, 22.8, 22.6, 14.2, 14.1. HRMS (ESI) m/z: [M+H]" Calcd. for
C30Hs50NO 440.3887; Found 440.3886.
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3-Phenyl-2-(2,4,4-trimethylpentan-2-yl)-2,3,4,5,6,7,8,9,10,11,12,13-dodecahydro-1H-cyclododec
a[c]pyrrol-1-one (4d)

Colourless oil (78% yield). "TH NMR (400 MHz, CDCls) 6 7.36 — 7.20 (m, 4H), 7.05 — 6.94 (m, 1H),
4.96 (s, 1H), 2.93 (d, J=14.8 Hz, 1H), 2.45 — 2.30 (m, 2H), 2.25 - 2.15 (m, 1H), 1.86 — 1.72 (m, 1H),
1.71 — 1.52 (m, 4H), 1.52 — 1.40 (m, 6H), 1.39 — 1.33 (m, 3H), 1.30 — 1.25 (m, 4H), 1.23 — 1.16 (m,
2H), 1.16 — 1.06 (m, 4H), 0.92 (s, 9H). 3C NMR (100 MHz, CDCl3) § 173.8, 155.0, 139.9, 132.4,
128.7, 127.8, 125.4, 67.0, 58.8, 50.1, 31.6, 31.4, 31.0, 28.2, 26.1, 25.8, 25.4, 25.4, 24.2, 23.5, 23.0,
22.5,21.6,21.2. HRMS (ESI) m/z: [M+H]" Calcd. for C28H44NO 410.3417; Found 410.3419.

3,4-Diisopentyl-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (4e)

Colourless oil (78% yield). "TH NMR (400 MHz, CDCls) 6 7.36 — 7.22 (m, 4H), 7.15 — 6.93 (m, 1H),
4.93 (s, 1H), 2.83 (d, J=14.8 Hz, 1H), 2.27 — 2.13 (m, 3H), 1.66 — 1.57 (m, 2H), 1.50 — 1.43 (m, 4H),
1.42 - 1.34 (m, 2H), 1.33 - 1.28 (m, 1H), 1.22 (d, /= 14.8 Hz, 1H), 1.16 (s, 3H), 1.13 — 1.05 (m, 1H),
0.97 — 0.92 (m, 15H), 0.86 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H). 3C NMR (100 MHz,
CDCh) o 173.8, 154.2, 139.8, 133.1, 128.8, 127.8, 125.4, 67.3, 59.0, 50.3, 38.1, 38.0, 31.6, 31.4,
30.7, 28.3, 28.1, 24.1, 22.6, 22.6, 22.2, 21.8. HRMS (ESI) m/z: [M+H]" Calcd. for C2sH4NO
412.3574; Found 412.3575.

(0]
OTBS
TP\N
/) )3

OTBS

3,4-Bis(3-((tert-butyldimethylsilyl)oxy)propyl)-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrr
ol-2(5H)-one (4f)

White solid (72% yield). m.p. 89-91 °C. 'H NMR (400 MHz, CDCl3) § 7.35 — 7.22 (m, 4H), 7.15—
6.92 (m, 1H), 4.94 (s, 1H), 3.66 — 3.58 (m, 2H), 3.59 — 3.42 (m, 2H), 2.83 (d, J = 14.7 Hz, 1H), 2.36
—2.18 (m, 3H), 1.81 — 1.56 (m, 4H), 1.48 — 1.37 (m, 4H), 1.22 (d, J = 14.8 Hz, 1H), 1.16 (s, 3H),
0.92 (s, 9H), 0.90 — 0.86 (m, 18H), 0.08 — 0.00 (m, 12H). 13C NMR (100 MHz, CDCl3) 6 173.6,
154.1, 139.6, 132.8, 128.9, 127.8, 67.4, 62.9, 62.5, 59.1, 50.3, 32.1, 31.9, 31.6, 31.5, 30.7, 28.2, 26.1,
26.1,22.5,20.1, 18.4, 18.4, -5.1, -5.2. HRMS (ESI) m/z: [M+H]" Calcd. for C3sHssNO3Si2 616.4576;
Found 616.4573.
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3,4-Bis(3-methoxypropyl)-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (4g)
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Colourless oil (64% yield). 'H NMR (400 MHz, CDCl3) § 7.38 — 7.20 (m, 4H), 7.10 — 69 (m, 1H),
4.95 (s, 1H), 3.42 — 3.35 (m, 2H), 3.34 — 3.19 (m, 8H), 2.84 (d, J = 14.8 Hz, 1H), 2.34 — 2.23 (m, 3H),
1.85—1.75 (m, 2H), 1.74— 1.63 (m, 2H), 1.58 — 1.45 (m, 1H), 1.41 (s, 3H), 1.20 (d, J = 14.9 Hz, 1H),
1.14 (s, 3H), 0.91 (s, 9H). 13C NMR (100 MHz, CDCls) ¢ 173.5, 153.9, 139.5, 132.8, 128.9, 127.9,
125.3, 72.3, 71.8, 67.3, 59.1, 58.6, 58.6, 50.2, 31.6, 31.4, 30.7, 28.7, 28.5, 28.2, 22.5, 20.3. HRMS
(ESI) m/z: [M+H]" Caled. for C26H42NO3 416.3159; Found 416.3160.

3,4,5-Triphenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(5H)-one (4h)

White solid (20%). m.p. 102-104 °C. 'TH NMR (400 MHz, CDCl3) 6 7.42 —7.37 (m, 2H), 7.26 — 7.08
(m, 11H), 6.94 — 6.89 (m, 2H), 5.51 (s, 1H), 2.88 (d, /= 14.8 Hz, 1H), 1.52 (s, 3H), 1.34 (d, J = 14.8
Hz, 1H), 1.30 (s, 3H), 0.99 (s, 9H). 3C NMR (100 MHz, CDCls) § 171.59, 153.36, 138.51, 133.17,
132.71, 131.65, 131.55, 129.82, 128.80, 128.66, 128.46, 128.30, 128.16, 127.92, 126.70, 77.48,
77.16, 76.84, 67.95, 59.92, 50.31, 31.72, 31.55, 30.30, 28.28. HRMS (ESI) m/z: [M+H]" Calcd. for
C30H34NO 424.2635; Found 424.2640.

4-Butyl-3-methyl-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (4i)

Colourless oil (55% yield). "TH NMR (400 MHz, CDCl3) 6 7.32 — 7.11 (m, 4H), 7.10 — 6.85 (m, 1H),
4.72 (s, 1H), 2.71 (d, J= 14.7 Hz, 1H), 2.22 — 2.04 (m, 2H), 1.49 (s, 3H), 1.45 - 1.32 (m, 5H), 1.28 —
2.21 (m, 2H), 1.17 (d, J = 14.8 Hz, 1H), 1.07 (s, 3H), 0.87 — 0.78 (m, 12H). 13C NMR (100 MHz,
CDCl) o 173.8, 149.8, 139.9, 133.0, 129.0, 127.8, 125.2, 69.1, 59.1, 50.4, 31.6, 31.5, 30.8, 30.7,
28.3, 23.5, 22.8, 14.0, 12.0. HRMS (ESI) m/z: [M+H]" Caled. for C23H36NO 342.2791; Found
342.27809.

3-Butyl-4-methyl-5-phenyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-2(SH)-one (4i’)

Colourless oil (37% yield). "TH NMR (400 MHz, CDCls) 6 7.37 — 7.17 (m, 5H), 7.14 — 6.88 (m, 1H),
491 (s, 1H), 2.79 (d, J = 14.8 Hz, 1H), 2.18 — 2.10 (m, 1H), 1.78 (s, 3H), 1.72 — 1.59 (m, 2H), 1.42
(s, 3H), 1.39 - 1.30 (m, 1H), 1.29 — 1.16 (m, 3H), 1.15 (s, 3H), 0.90 (s, 3H), 0.83 (t, /= 7.0 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 174.2, 154.1, 139.7, 128.8, 128.7, 127.8, 67.6, 59.2, 50.4, 31.6, 31.4,
30.7, 30.6, 28.2, 26.0, 22.5, 13.9, 8.8. HRMS (ESI) m/z: [M+H]" Calcd. for C23H3sNO 342.2791;
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Found 342.2792.

3-Methyl-5-phenyl-4-(5-((triisopropylsilyl)oxy)pentyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol
-2(5H)-one (4j)

Colourless oil (44% yield). "TH NMR (400 MHz, CDCls) 6 7.39 — 7.18 (m, 4H), 7.17 — 6.85 (m, 1H),
4.81 (s, 1H), 3.66 (t, J = 6.6 Hz, 2H), 2.80 (d, /= 14.7 Hz, 1H), 2.35 - 2.12 (m, 2H), 1.63 — 1.47 (m,
8H), 1.43 (s, 3H), 1.41 — 1.30 (m, 2H), 1.25 (d, /= 14.8 Hz, 1H), 1.16 (s, 3H), 1.11 — 1.01 (m, 20H),
0.92 (s, 9H). 13C NMR (100 MHz, CDCl3) ¢ 173.7, 149.9, 139.9, 132.9, 128.8, 127.8, 125.2, 69.1,
63.6, 59.0, 50.4, 33.0, 31.6, 31.5, 30.7, 28.5, 28.3, 26.0, 23.7, 18.2, 12.1, 12.0. HRMS (ESI) m/z:
[M+H]" Caled. for C33HssNO2Si 528.4231; Found 528.4226.

(0]
TP\N OTIPS

4-Methyl-5-phenyl-3-(5-((triisopropylsilyl)oxy)pentyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol
-2(5H)-one (4j")

Colourless oil (30% yield). "TH NMR (400 MHz, CDCls) 6 7.37 — 7.21 (m, 4H), 7.13 — 6.89 (m, 1H),
491 (s, 1H), 3.61 (t, J = 6.5 Hz, 2H), 2.80 (d, J = 14.8 Hz, 1H), 2.21 — 2.08 (m, 1H), 1.79 (s, 3H),
1.75 — 1.65 (m, 1H), 1.52 — 1.35 (m, 7H), 1.31 — 1.19 (m, 4H), 1.15 (s, 3H), 1.11 — 1.01 (m, 20H),
0.91 (s, 9H). 13C NMR (100 MHz, CDCl3) d 174.2, 154.0, 139.6, 128.8, 128.4, 127.8, 125.4, 67.6,
63.3, 59.2, 50.3, 32.8, 31.6, 31.4, 30.6, 28.5, 28.2, 26.3, 25.8, 18.2, 12.1, 8.8. HRMS (ESI) m/z:
[M+H]" Caled. for C33HssNO2Si 528.4231; Found 528.4226.

Supplementary Note 4
Crystal Structure Information of 3k

A solution of pure 3k (50 mg) in DCM (2 mL) in a 5 mL oven-dried glass sample bottle, was
sealed with perforated paper. After the solvent was slowly evaporated at room temperature, crystals
were obtained. Single crystal X-ray diffraction data were collected on Rigaku Saturn70
diffractometer. The crystal structure has been deposited at the Cambridge Crystallographic Data
Centre (CCDC): Deposition Number 2089375
Compound Name: 5-(4-Morpholinophenyl)-3,4-dipropyl-1-(2,4,4-trimethylpentan-2-yl)-1H-pyrrol-

2(5H)-one
Chemical Formula: C2sH44N202
Data Block Name: data r20200519c¢
Unit Cell Parameters: a 9.7732(4) b 14.8171(7) ¢ 18.3308(6) P212121
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Supplementary Figure 1. Crystal structure information of compound 3k.

Supplementary Note 5
Gram-scale reaction and product transformation

Gram-scale reaction

o Standard TR, %
TP )J\ Conditions o N
N H - / npr
)\ Gram-scale Ph
0,
Ph” "H 79% npr
1a, 5.0 mmol 3a, 1.41g

To a 100 mL oven-dried tube was added ‘Bu-DAPO (109.1 mg, 10 mol%), Ni(cod)2 (137.5 mg, 10
mol%), dry degassed toluene (25.0 mL), 1a (1.236 g, 5.0 mmol), alkyne (1.651 g, 15.0 mmol) and
AlEt3 (1.0 M in toluene, 2.0 mL, 40 mol%) sequentially in an N»-filled glove-box. The tube was
sealed and removed out of the glove-box. After heated at 120 °C in a dry block heater for 8 h, the
mixture was cooled to r.t., filtered through a short plug of silica gel (DCM as the eluent) and
concentrated in vacuo to afford a crude product. Further purification by flash column

chromatography on silica gel (eluting with EtOAc/n-hexane) gave pure product 3a as a pale yellow
oil (79% yield, 1.41 g).

Removal of protecting group

TP\N ; HN /
Dnpy TFA, 1t, 12 h P
Ph Ph
"Pr "Pr
3a 5,98%

To a round-bottomed flask was added TFA (3.0 mL) and 3a (142.1 mg, 0.4 mmol) at 0 °C under
air atmosphere. The reaction mixture was then stirred at room temperature for additional 12 h, after
which time the solvent was removed under reduced pressure. The mixture was diluted with saturated

S27



NaHCOs (aq), extracted with EtOAc (10 mL x 3). The combined organic layers were washed by
brine, dried over MgSOs, filtered and concentrated in vacuo. The crude product was subjected to
silica gel chromatography (Hexane/EtOAc) to afford the desired product as a white solid (95.3 mg).
m.p. 120-122 °C. "TH NMR (400 MHz, CDCl3) 6 7.38 — 7.30 (m, 3H), 7.19 — 7.15 (m, 2H), 6.35 (s,
1H), 4.94 (s, 1H), 2.34 — 2.18 (m, 3H), 1.93 — 1.79 (m, 1H), 1.64 — 1.53 (m, 2H), 1.50 — 1.40 (m, 1H),
1.36 — 1.27 (m, 1H), 0.95 (t, J = 7.3 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H). '*C NMR (100 MHz, CDCl3)
0 175.3, 157.5, 137.6, 132.1, 129.0, 128.4, 127.2, 62.6, 28.7, 25.6, 22.2, 22.2, 14.2, 14.1. HRMS
(EST) m/z: [M+H]" Calcd. for C16H22NO 244.1696; Found 244.1696.

C-N formation of y-lactam 5 and 1-iodo-4-methoxybenzene

Cul (10 mol%) MeO
0 DMEDA (40 mol%)
HN Cs,CO;3 (2.0 equiv) O
="Pr toluene, 110°C, 5 h N
Ph > P~"Pr
"Pr MeOQI Ph
"pr
(1.5 equiv)

5 6, 93%

To a 15 mL oven-dried tube was added Cul (11.8 mg, 0.062 mmol, 0.1 equiv), Cs2CO3 (404.0 mg,
1.24 mmol, 2.0 equiv), compound 5 (150.0 mg, 0.62 mmol, 1.0 equiv), 1-iodo-4-methoxybenzene
(217.6 mg, 0.93 mmol, 1.5 equiv), dry degassed toluene (2.0 mL) and DMEDA (21.9 mg, 0.25 mmol,
0.4 equiv) sequentially in an Na-filled glove-box. The tube was then sealed and removed out of the
glove-box. After heated at 110 °C in a preheated dry block heater for additional 5 h, the mixture was
cooled to r.t., filtered through a short plug of silica gel and concentrated in vacuo to afford the crude
product, which was purified by flash column chromatography on silica gel (eluting with
EtOAc/Hexane) to afford a pure product as a colorless oil (201.4 mg). "TH NMR (400 MHz, CDCl3) 6
7.41 — 7.35 (m, 2H), 7.29 — 7.19 (m, 3H), 7.16 — 7.10 (m, 2H), 6.77 — 6.71 (m, 2H), 5.35 (s, 1H),
3.67 (s, 3H), 2.40 — 2.26 (m, 3H), 1.93 — 1.84 (m, 1H), 1.68 — 1.58 (m, 2H), 1.56 — 1.46 (m, 1H),
1.40 — 1.28 (m, 1H), 0.97 (t, J = 7.4 Hz, 3H), 0.89 (t, J = 7.3 Hz, 3H). 1*C NMR (100 MHz, CDCls)
0 171.4,156.2, 154.7, 136.6, 132.4, 131.1, 129.0, 128.3, 127.2, 123.0, 113.9, 67.4, 55.3, 28.5, 25.9,
22.1, 22.1, 14.2, 14.2. HRMS (ESI) m/z: [M+Na]" Calcd. for C23H27NO2Na 372.1934; Found
372.1937.

Synthesis of N-Boc-substituted y-lactam

0O O
Boc,
HN Boc,0, DMAP - N
="Pr ~"Pr
Ph CH3CN, N2, rt Ph
"Pr "Pr
5 7,99%

To a solution of compound 5a (97.3 mg, 0.4 mmol, 1.0 equiv) in dry CH3CN (5.0 mL) were added
Boc20 (130.8 mg, 0.6 mmol, 1.5 equiv) and DMAP (4.9 mg, 0.04 mmol, 0.1 equiv) under N> at
room temperature. After stirring for 6 hours, the reaction mixture was concentrated under reduced
pressure. The residue was purified by column chromatography eluting with (EtOAc/Hexane) on
silica gel to afford N-Boc-substituted y-lactam 7 as a colorless oil (136.0 mg). "H NMR (400 MHz,
CDCls) 0 7.36 — 7.27 (m, 3H), 7.19 — 7.13 (m, 2H), 5.25 (s, 1H), 2.35 — 2.22 (m, 3H), 1.87 — 1.77 (m,
1H), 1.63 — 1.45 (m, 3H), 1.38 — 1.30 (m, 1H), 1.28 (s, 9H), 0.94 (t, /= 7.4 Hz, 3H), 0.88 (t, J=7.4
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Hz, 3H). 13C NMR (100 MHz, CDCls) § 170.7, 157.6, 149.1, 137.3, 132.0, 128.7, 128.3, 126.9, 82.4,
65.6, 28.6, 27.9, 25.5, 21.9, 21.6, 14.1, 14.1. HRMS (ESI) m/z: [M+Na]" Calcd. for C21H20NO3Na
366.2040; Found 366.2044.

Oxidation of y-lactam 5 and related transformation

P KO'Bu (3.0 equiv) ?
HN HN
P O, (1 atm) - p npr
Ph 4A-MS, DMF, rt, 4 h Ph
"Pr HO "Pr
5 8, 58%

To a 25 mL three-necked round bottom flask equipped with a magnetic stir bar was added freshly
activated 4A-molecular sieves (145.8 mg), compound 5 (48.6 mg, 0.2 mmol, 1.0 equiv) and -BuOK
(67.3 mg, 0.6 mmol, 3.0 equiv). The flask was then purged with Oz and fitted with a balloon of O2
for the duration of the reaction. Dry DMF (2.0 mL) was then added via syringe and the mixture was
allowed to stir vigorously at room temperature for additional 4 hours. The mixture was transferred to
a separatory funnel and diluted with EtOAc. The resulting mixture was washed with aqueous
ammonium chloride to remove DMF. The organic phase was dried over anhydrous sodium sulfate,
filtered and concentrated to give a crude product, which was purified by silica gel chromatography
(Hexane/EtOAc) to give the desired product as a white solid (30.1 mg). m.p. 98-100 °C. '"TH NMR
(400 MHz, CDCl3) 6 7.46 — 7.40 (m, 2H), 7.34 — 7.27 (m, 3H), 6.60 (s, 1H), 4.12 (s, 1H), 2.19 - 2.10
(m, 3H), 2.03 — 1.94 (m, 1H), 1.54 — 1.44 (m, 2H), 1.38 — 1.28 (m, 1H), 1.16 — 1.04 (m, 1H), 0.91 (t,
J=17.4Hz, 3H), 0.78 (t,J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 174.3, 159.4, 138.9, 131.2,
128.6, 128.4, 125.8, 89.3, 27.7, 25.5, 22.0, 21.8, 14.7, 14.3. HRMS (ESI) m/z: [M+Na]" Calcd. for
Ci16H21NO2Na 282.1465; Found 282.1468.

[ CXT - e
0, r
j\J} (10 mol%) b(

/ "Pr - HN
Ph toluene, 40 °C, 20 h O\\P Pthr

8 9, 76%

To a dry Schlenk tube were added compound 8 (51.8 mg, 0.2 mmol, 1.0 equiv), diphenyl
phosphite (70.0 mg, 0.3 mmol, 1.5 equiv), 1,1'-Binaphthyl-2,2'-diyl hydrogenphosphate (7.0 mg,
0.02 mmol, 0.1 equiv) and dry toluene (1.0 mL) under nitrogen atmosphere. After the mixture was
stirred at 40 °C for 20 hours, all volatiles were evaporated under reduced pressure, and the residue
was purified by flash chromatography (Hexane/EtOAc) to afford the desired product as a white solid
(72.2 mg). m.p. 124-126 °C. 'TH NMR (400 MHz, CDCl3) § 7.91 — 7.83 (m, 2H), 7.59 — 7.47 (m, 1H),
7.39 - 7.31 (m, 3H), 7.26 — 7.16 (m, 4H), 7.15 — 7.05 (m, 4H), 7.04 — 6.98 (m, 2H), 2.58 — 2.48 (m,
1H), 2.37 — 2.25 (m, 1H), 2.23 — 2.10 (m, 2H), 1.56 — 1.41 (m, 2H), 1.23 — 1.11 (m, 1H), 0.89 (t, J =
7.4 Hz, 3H), 0.82 — 0.73 (m, 1H), 0.70 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 174.8,
155.1 (d, /=49 Hz), 151.0 (d, /=9.2 Hz), 150.2 (d, /= 10.4 Hz), 135.6 (d, /= 7.6 Hz), 1343 (d, J
=2.2 Hz), 129.7, 129.0, 128.8, 126.7 (d, J = 6.7 Hz), 125.5, 125.3, 120.7 (d, J = 4.1 Hz), 120.2 (d, J
= 4.4 Hz), 69.5 (d, J = 152.7 Hz), 29.2, 26.5, 22.3, 21.5 (d, J = 2.5 Hz), 14.5, 14.4. 3'P NMR (162
MHz, CDCI3) 6 10.63. HRMS (ESI) m/z: [M+Na]" Calcd. for C2sH30NO4PNa 498.1805; Found
498.1810.
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(0

\ ,/O
/P\OH O
o o HN
HN (10 mol%) Ph ~npr
/ "Pr > —
Ph toluene, rt, 10 h HN npr
HO iy 74
(1.5 equiv)
HN
8 10, 97%

To a dry Schlenk tube were added compound 8 (51.8 mg, 0.2 mmol, 1.0 equiv), 1H-indole (35.2
mg, 0.3 mmol, 1.5 equiv), 1,1'-Binaphthyl-2,2'-diyl hydrogenphosphate (7.0 mg, 0.02 mmol, 0.1
equiv) and dry toluene (1.0 mL) at room temperature under nitrogen atmosphere. After the mixture
was stirred for 10 hours, all volatiles were evaporated under reduced pressure, and the residue was
purified by flash chromatography (Hexane/EtOAc) to afford the desired product as a white solid
(69.5 mg). m.p. 230-232 °C. 'H NMR (400 MHz, CDCI3) 6 8.67 (s, 1H), 7.39 — 7.35 (m, 2H), 7.30 —
7.28 (m, 2H), 7.18 — 7.11 (m, 1H), 7.01 — 6.90 (m, 3H), 6.40 (s, 1H), 2.46 — 2.24 (m, 4H), 1.72 —
1.57 (m, 2H), 1.01 — 0.89 (m, 4H), 0.66 — 0.54 (m, 4H). 3C NMR (100 MHz, CDCl3) J 174.6, 160.7,
140.1, 136.9, 132.0, 128.6, 128.0, 127.3, 126.0, 123.0, 122.5, 120.4, 120.0, 116.1, 111.7, 68.8, 30.0,
26.3,22.5,21.9, 14.7, 14.4. HRMS (ESI) m/z: [M+Na]" Calcd. for C24H26N20Na 381.1937; Found
381.1940.

[RhCp*Cl], (2.5 mol%)
AgSbFg (10 mol%)
e} AcOH (2.0 equiv)

(o]
HN DCE, 120°C, 20 h -

n
Ph / Pr

o
npr (1.5 equiv)
8 o)

To a 15 mL oven-dried tube were added [RhCp“Cl2]2 (3.1 mg, 0.005 mmol, 0.025 equiv), silver
hexafluoroantimonate (6.8 mg, 0.02 mmol, 0.1 equiv), compound 8 (51.8 mg, 0.2 mmol, 1.0 equiv),
1,4-naphthoquinone (47.4 mg, 0.3 mmol, 1.5 equiv), AcOH (24.0 mg, 0.4 mmol, 2.0 equiv) and dry
degassed DCE (1.0 mL) in an N»-filled glove-box. The tube was then sealed and removed out of the
glove-box. After heated at 120 °C in a preheated dry block heater for additional 20 h, the mixture
was cooled to r.t., filtered through a short plug of silica gel and concentrated in vacuo to afford a
crude product, which was purified by flash column chromatography on silica gel (eluting with
EtOAc/Hexane) to afford a pure product as a yellow solid (56.2 mg). m.p. 230-232 °C.'H NMR
(400 MHz, CDCI3) 6 8.31 (d, J=7.2 Hz, 1H), 8.17 — 8.09 (m, 1H), 8.08 — 7.98 (m, 1H), 7.78 — 7.68
(m, 2H), 7.46 — 7.38 (m, 2H), 7.22 (d, /= 7.1 Hz, 1H), 6.18 (s, 1H), 2.45 — 2.34 (m, 2H), 1.81 — 1.73
(m, 2H), 1.72 — 1.62 (m, 2H), 1.01 (t,J= 7.3 Hz, 3H), 0.97 — 0.92 (m, 1H), 0.91 — 0.80 (m, 1H), 0.62
(t, J=7.2 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 183.4, 180.5, 175.4, 153.2, 146.5, 146.5, 145 .4,
136.7, 135.4, 134.4, 133.7, 133.3, 132.9, 130.8, 130.1, 126.6, 126.6, 126.6, 123.2, 74.3, 28.2, 26.6,
22.3, 21.9, 14.5, 14.2. HRMS (ESI) m/z: [M+Na]" Calcd. for C26H23NO3Na 420.1570; Found
420.1575.
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o [Ir(cod)Cl], (2.5 mol%) O
NaBAr", (10 mol%)

HN > Ph n
el foluene, 100 °C, 20 h ‘ 7

ng s Ph—=—ph O
Pr (1.5 equiv)

8 12, 74%

To a 15 mL oven-dried tube was added [Ir(cod)Cl]2 (3.6 mg, 0.005 mmol, 0.025 equiv), sodium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (17.8 mg, 0.02 mmol, 0.1 equiv), compound 8 (51.8
mg, 0.2 mmol, 1.0 equiv), biphenylacetylene (53.4 mg, 0.3 mmol, 1.5 equiv) and dry degassed
toluene (1.0 mL) in an N»-filled glove-box. The tube was then sealed and removed out of the
glove-box. After heated at 100 °C in a preheated dry block heater for additional 20 h, the mixture
was cooled to r.t., filtered through a short plug of silica gel and concentrated in vacuo to afford the
crude product, which was purified by flash column chromatography on silica gel (eluting with
EtOAc/Hexane) to afford a pure product as a reddish solid (62.0 mg). m.p. 171-173 °C. 'H NMR
(400 MHz, CDClIs) ¢ 7.40 — 7.29 (m, 7H), 7.24 — 7.18 (m, 1H), 7.17 — 7.07 (m, 6H), 5.89 (s, 1H),
240 — 2.25 (m, J = 13.4, 6.7 Hz, 2H), 2.02 — 1.85 (m, 2H), 1.58 — 1.44 (m, J = 13.8, 7.0 Hz, 2H),
1.18 — 0.99 (m, 2H), 0.83 (t, J = 7.3 Hz, 3H), 0.70 (t, J = 7.3 Hz, 3H). '*C NMR (100 MHz, CDCl3)
0 175.3, 155.8, 144.0, 143.2, 143.1, 142.0, 134.7, 134.4, 133.8, 129.3, 128.9, 128.8, 128.8, 128.2,
128.1, 127.8, 126.8, 122.4, 121.3, 28.3, 26.4, 22.0, 21.8, 14.8, 14.0. HRMS (ESI) m/z: [M+Na]"
Calcd. for C30H290NONa 442.2141; Found 442.2145.

Supplementary Note 6
Mechanistic experiments

NMR experiments

1) Detection of PO—Al Complex

Bu

L0, AlEt toluene
[ P< s Ti00c1h [ P=Q
AIEt,
’Bu 'Bu
0.1 mmol AlEt; PO-Al complex (3'"P NMR, & ppm)
0 6.90
1.0eq 96.91

Ni(cod), (1.0 eq) instead of AlEt; 6.86 (black nickel precipitation)

To a 15 mL oven dried Schlenk tube was added ‘Bu-DAPO (21.8 mg, 0.1 mmol), toluene (0.5 mL)
and AlEt; (100 pL, 1.0 M in hexane, 0.1 mmol) at room temperature under N2 atmosphere. After
stirred for 1h at 120 °C, the mixture was cooled to r.t. and all volatiles were evaporated under
reduced pressure. The crude sample were dissolved, diluted with CsDs and transferred into the NMR
tube, sealed and monitored by nuclear magnetic resonance spectrometer (*'P NMR, 'H NMR, *C
NMR). The *'P NMR suggested that Ni(cod): failed to shift the equilibrium toward to the trivalent
phosphinous species and the catalyst decomposed, whereas AlEts can promote the process to form a
new phosphorus species (6 96.91 ppm). The PO-Al-complex also was characterized by 'H NMR
and *C NMR.
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Supplementary Figure 2. *'P NMR spectrum comparison.
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Supplementary Figure 3. "H NMR spectrum comparison.
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Supplementary Figure 4. '°C NMR spectrum comparison.

2) Detection of PO-Ni-Al Complex

/Bu Ni(cod), (1.0 equiv) /Bu
[N\P’/O AIEt3 (1 .0 eqt.IIV) - [N\P/O_AIEtZ
N’ “H tqu:ene N\I “NiL,
- 120°C, 1 h ‘Bu
0.1 mmol PO-Ni-Al complex

Addition sequence 3P NMR (S ppm)

Ni(cod),, 1 h, then AlEt3, 1 h 96.91 (black nickel precipitation)
AlEt3, 1 h, then Ni(cod),, 1 h 96.91 (black nickel precipitation)
Ni(cod), and AlEt; for 1 h 96.13

To a 15 mL oven dried Schlenk tube was added Ni(cod)2 (27.5 mg, 0.1 mmol), ‘Bu-DAPO (21.8
mg, 0.1 mmol), toluene (0.5 mL) and AlEts (100 pL, 1.0 M in hexane, 0.1 mmol) at room
temperature under N2 atmosphere. After stirred for 1h at 120 °C, the mixture was cooled to r.t., all
volatiles were evaporated under reduced pressure. The crude sample were dissolved, diluted with
CsDs and transferred into the NMR tube, sealed and monitored by NMR (*!P NMR, 'H NMR, "*C
NMR). It is worth mentioning that the addition sequence of Ni(cod)2 and AlEt; is pivotal for the
formation of PO—Ni—Al complex. When Ni(cod)2 was added first and heated for 1 h, the catalyst will
decompose and only PO—-Al complex (0 96.91 ppm) was detected. After the PO—Al complex was
prepared in advance, addition of Ni(cod): also failed to generate the desired PO-Ni—Al complex,
which probably was ascribed to formation of the stable the PO—-Al complex dimer and P—O bond
easily cleavage in the presence of Ni(cod)2. However, both are simultaneously added and heated with
PO ligand, the new phosphorus species (0 96.13 ppm) was detected in a homogeneous solution.
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Supplementary Figure 5. *'P NMR spectrum comparison.
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3) Reactivity of PO—Ni—Al Complex

Bu
N
-P< __AIEt
0 N0 o
npr t i TP ; ;
TP\NJ\H Bu x etguiv) . N x (equiv) yield of 3a (%)
+ | > /P
H toluene 0.1 6
npy 120°C,2h npr 0.1 AIEt3 (30 mol%) 40
1.0 85
1a, 0.2 mmol 2a, 0.6 mmol 3a

To a 15 mL oven dried tube was added 1a (49.4 mg, 0.2 mmol), toluene (1.0 mL) and oct-4-yne
(2a) (88 pL, 0.6 mmol) sequentially in an N:-filled glove-box. The freshly prepared
PO-Ni-Al-complex (0.5 mL toluene solution) was then added. The tube was sealed and removed out
of the glove-box. After heated at 120 °C in a preheated dry block heater for 2 h, the mixture was
cooled to r.t., quenched with 0.1 mL H2O, filtered through a short plug of silica gel (DCM as the
eluent) and concentrated in vacuo to afford a crude product. The yield was determined by 'H NMR
analysis of the crude sample using DMF as the internal standard.

Deuterated-substrate preparation

O
TP\NH TP< J\D

TEAHCI N
+ DCOONa —_— 1a-d
DCM, DCC

According to the reported literature,” a mixture of N-benzyl-2,4,4-trimethylpentan-2-amine (439
mg, 2.0 mmol), sodium formate-d (218 mg, 1.5 equiv) and EtsN-HCI (435 mg, 1.5 equiv) was stirred
in DCM (3 mL) at room temperature for 30 min. Then DCC (651 mg, 1.5 equiv) was added. The
reaction mixture was stirred for 24 h at room temperature. The residue was filtered through a pad of
celite and washed with EtOAc (30 mL). The filtrate was concentrated and purified by column
chromatography on silica gel to afford the desired product as a white solid (260 mg, 52% yield, >
99% D). "TH NMR (400 MHz, CDCl3) § 7.33 — 7.26 (m, 2H), 7.25 — 7.18 (m, 3H), 4.60 (s, 2H), 1.66
(s, 2H), 1.38 (s, 6H), 0.99 (s, 9H).

~ o~ o~~~ o~

-460
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Supplementary Figure 8. 'H NMR of compound 1a-d.
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1,1,3,3-Tetra- o

0 methylbutylamine TP\NH TP J]\

Ti(O'Pr),, neat o HCOOH, Ac,O N H
D - D —m™ > p 1la-d;
then NaBD,4, EtOH D D

A solution of benzaldehyde-d (5.0 mmol, 1.0 equiv), amine (1.1 equiv) and Ti(O'Pr)s (2.0 equiv)
was stirred neat for 8 hours at 80 °C under nitrogen. After cooled to 0 °C, the mixture was diluted
with absolute ethanol (dilute to 0.25 M), and then sodium borohydride-d+ (3.0 equiv) was added
portion wise over 10 mins. The resulting mixture was stirred for an additional 4 hours at 80 °C, cooled
to room temperature and poured into aqueous sodium hydroxide (2.0 M). The resulting white
suspension was filtered and washed with ethyl acetate. The filtrate was extracted with ethyl acetate and
the combined organic extracts were washed with brine, dried over magnesium sulphate and
concentrated in vacuo. The crude product was directly used for next step without further purification.

A mixture of formic acid (50 mmol, 1.9 mL), acetic anhydride (50 mmol, 4.7 mL) was stirred for 30
mins at room temperature. To the solution was added crude amine at 0 °C, and the resulting mixture
was heated to 80 °C and stirred for an additional 8 hours. After cooling to room temperature, the
solution was concentrated under reduced pressure and purified by column chromatography on silica
gel, providing the desired product as white solid (1.05 g, 84% yield, 98% D). 'H NMR (400 MHz,
CDCl3) 0 8.68 (s, 1H), 7.33 — 7.26 (m, 2H), 7.25 — 7.18 (m, 3H), 4.60 (s, 0.04H), 1.66 (s, 2H), 1.38 (s,
6H), 0.99 (s, 9H).
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Supplementary Figure 9. 'H NMR of compound 1a-d..

1,1,3,3-Tetra-
i TP.
[o) methylbutylamine “N TP J]\

. H
Ti(O'Pr)s, neat H HCOOH, Ac,0 N™ "H

H —_—_— —_—_— o

then NaBD,, EtOH D ©/%H 1a-d

The synthesis method is the same as 1a-d, afforded the desired product 1a-d’ as white solid (88%
yield, >99% D). 'H NMR (400 MHz, CDCl3) 6 8.68 (s, 1H), 7.33 — 7.26 (m, 2H), 7.25 — 7.18 (m,
3H), 4.60 (s, 1H), 1.66 (s, 2H), 1.38 (s, 6H), 0.99 (s, 9H).
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Supplementary Figure 10. 'H NMR of compound 1a-d”.

Parallel reactions for KIE determination of carbonylic C—H of formamide

Parallel reactions were set up following the general procedure at 110 °C by using 1a and 1a-d as
substrate respectively. Aliquots were taken at 15 minute intervals for the first 75 minutes. Product
yield was determined by 'H NMR using DMF as an internal standard. Data points represent the

average of two runs.

Ni(cod), (10 mol%)

JOL "Pr tBu-DAPO (10 mol%) P, o
TPa oD+ Il AlEt; (40 mol%) N P
toluene (1 mL), N, Ph
n
o Pr 110 °C, 75 min "Pr
1aor1a-d 2a 3a
02 mmol 0.6 mmol Ky /kp = 0.4667 1 0.3867 = 1.2
35
®
v v =0.4667x- 3.8
. e,
25 R%Z=0.9943 !
g 20 |
> & ¥=03867x-3.2
v 15 ; -
- 3 RZ =(0.9988
10
b 4 sub.1a MWsub.la-d
2 o
0
9] 10 20 30 40 50 60 70 20
Time (min)

Supplementary Figure 11. KIE determination via parallel reactions.
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Intramolecular competitive reaction

o Ni(cod), (10 mol%) o
o AL "Pr 'Bu-DAPO (10 mol%) TP,
SNTOH O« Il AEt; (40 mol%) N P
)VH toluene (1 mL), N ~ Ph
Ph npr 12 H/D '
D 110°C, 1 h Pr
1a-d’ 2a 3al3a-d’
0.2 mmol 0.6 mmol 25%

kukp = (0.25-0.06) / 0.06 = 3.2

To a 15 mL oven dried tube was added PO ligand ‘Bu-DAPO (4.4 mg, 10 mol%), Ni(cod)2 (5.5 mg,
10 mol%), dry degassed toluene (1.0 mL), 1a-d’ (49.6 mg, 0.2 mmol), oct-4-yne (88 uL, 0.6 mmol)
and AlEt3 (80 pL, 40 mol%) sequentially in an Na-filled glove-box. The tube was sealed and
removed out of the glove-box. After heated at 110 °C in a preheated dry block heater for 1 h, the
mixture was cooled to r.t. and quenched with 0.1 mL of H20, then filtered through a short plug of
silica gel (DCM as the eluent) and concentrated in vacuo. The yield was determined by 'H NMR
analysis of crude sample using 1,4-dinitrobenzene (16.8 mg, 0.1 mmol) as the internal standard. The

kn/kp was obtained by calculation of the ratio of two products.

~

bt

o
<

283

-8.68

~843
-492
-459

NOo

T

Supplementary Figure 12. KIE determination via intramolecular competitive reaction.

£51 006-
0.25+

Intermolecular competitive reaction
Ni(cod), (10 mol%)

- j’\ - j’\ "Pr (Bu-DAPO (10 mol%) —
SNTOH 4 NTHO | AlEt; (40 mol%) N D-pr Bala-d’
Ph)vH Ph)vD N toluene (1 mL), N, Ph H/D 22%
H D Pr 110 °C, 1 h "Pr
1a, 0.1 mmol 1a-dy, 0.1 mmol  2a, 0.6 mmol kukp = 0.11/(0.22-0.11) = 1.0

To a 15 mL oven dried tube was added PO ligand ‘Bu-DAPO (4.4 mg, 10 mol%), Ni(cod)2 (5.5 mg,
10 mol%), dry degassed toluene (1.0 mL), 1a (24.7 mg, 0.1 mmol), 1a-d> (24.9 mg, 0.1 mmol), AlEt3
(80 uL, 40 mol%) and oct-4-yne (88 pL, 0.6 mmol) and AlEt; (80 uL, 40 mol%) sequentially in an
Nz-filled glove-box. The tube was sealed and removed out of the glove-box. After heated at 110 °C
in a preheated dry block heater for 1 h, the mixture was cooled to r.t. and quenched with 0.1 mL of
H2O, then filtered through a short plug of silica gel (DCM as the eluent) and concentrated in vacuo.
The yield was determined by '"H NMR analysis of crude product using 1,4-dinitrobenzene (16.8 mg,
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0.1 mmol) as the internal standard. The kn/kp was obtained by calculating the ratio of two products.
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Supplementary Figure 13. KIE determination via intermolecular competitive reaction.

Electronic effect

0 O
TP\NJ\H TN gy
Ni(cod), (10 mol%) 7
npr ‘Bu-DAPO (10 mol%) "Pr
1b, 0.2 mol | | AlEt; (40 mol%) - 3b, 34%
+
0 toluene (1.0 mL) o
"Pr 120°C, 2 h
TP\NJJ\H C’ TP\N npr
2a, 0.4 mmol /
F 1m, 0.2 mol F 4m, 20%

To a 15 mL oven-dried tube was added PO ligand ‘Bu-DAPO (4.4 mg, 10 mol%), Ni(cod)2 (5.5
mg, 10 mol%), dry degassed toluene (1.0 mL), 1b (52.2 mg, 0.2 mmol), 1m (53.0 mg, 0.2 mmol),
oct-4-yne (58 pL, 0.4 mmol) and AlEt3 (1.0 M in toluene, 80 puL, 40 mol%) sequentially in an
Ne-filled glove-box. The tube was sealed and removed out of the glove-box. After heated at 120 °C
in a dry block heater for 2 h, the mixture was cooled to r.t., quenched with 0.1 mL H:0, filtered
through a short plug of silica gel (DCM as the eluent) and concentrated in vacuo to afford the crude
product. The yield was determined by 'H NMR analysis of crude product using DMF as the internal
standard.

Supplementary Note 7

DFT Calculations

Computational Details

All the calculations were performed at the B3LYP-D3(BJ)’? level of theory using Gaussian 09
package'®. The geometry optimizations were carried out with the basis set of def2-SVP!!,
Frequencies were computed analytically at the same level of theory to confirm whether the structures
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are minima (no imaginary frequencies) or transition states (only one imaginary frequency). Selected
transition-state structures were confirmed to connect the correct reactants and products by intrinsic
reaction coordinate (IRC) calculations.!>!3 To obtain better accuracy, energies for the optimized
geometries were recalculated using the solution-phase single-point calculations with a larger basis set
of def2-TZVPP!"'*  Solvation effects (solvent = toluene, £ = 2.374) were taken into account by
performing single-point calculations with the SMD model.!> The final free energies reported in the
article are the large basis set single-point energies corrected by gas-phase Gibbs free energy
correction (at 298.15 K).

Alternative pathway for the first formyl C—H activation

Et\ Et Bt t Bt g
oAl _AC o-Al
N, I o 27 N N, o
(N’:P\ Nip L P ( R //Q P
Ni” /TP ( N'— 4 N7 NI -
R AN R
" E'sn R/\\( HoBn \Hen
R R
R
M3 TS2 IM4
-34.4 -35.4 -52.4

ligand to ligand

/ hydrogen transfer
—
IM1
it B e Bl g + B g
oAl _Al oaAI\
N,/ \O /O N (N/"/ Qo
Cud Niwp 7 pn Y -
N" \N"+N'Bn 4 \N . N, N NiT -
i | ~
R’ THJ A RENH
% ) R/\\‘ TP TP
R R R
M3 TS2' M4
-32.9 -32.0 -45.3

alternative pathway
(unfavored energy barrier)

Supplementary Figure 14. Comparison of two possible pathways for formyl C—H bond activation.

Selective activation of benzylic £-C(sp*)—H bond over »C(sp*)-H bonds of TP group

TS6 TS-iso R
Et Et_ Et
v Et N\ 7
.AI N
o 0 o
Nipg Nowd Et, Et
( v \NI .,k TP kN( i— \\\TF’ LA
\ (1) |O Bt Et i
R HBn R\ _y Bn Nip_ EN _Bn A
N ONCON oA\
HT 2N " Noy, S P Et i
TS6, -33.9 )=H" e R T et
/ Ni

Supplementary Figure 15. Selective activation of benzylic C—H group overriding TP group is
attributed to high rotation energy barrier (TS-iso, activation Gibbs energy of 17.1 kcal/mol).
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Supplementary Figure 16. '"H and '*C NMR spectra of compound 4 in CDCl3
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Supplementary Figure 17. 'H and *C NMR spectra of compound 1b in CDCls
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Supplementary Figure 18. 'H and 1*C NMR spectra of compound 1¢ in CDCls
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Supplementary Figure 19. 'H and '*C NMR spectra of compound 1d in CDCls
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Supplementary Figure 20. 'H and 1*C NMR spectra of compound 1e in CDCls
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Supplementary Figure 21. 'H and >C NMR spectra of compound 1f in CDCl3
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Supplementary Figure 22. 'H and >C NMR spectra of compound 1g in CDCl3
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Supplementary Figure 23. 'H and '*C NMR spectra of compound 1h in CDCls
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Supplementary Figure 24. 'H and '*C NMR spectra of compound 1i in CDCl3

S49



86°0—
LE) —
Go'L —

06'Cc—

LGV —

G99
No.ww
OL'L—
Nr.n*
9L

98—

=€€6

=0€'9
=56°1

JULJ@

=96'G

U

—J=¢6'L |

T T

5.5

T

14

=0L¢

—=¢60

5.0
f1 (ppm)

6.0

9.5

10.0

10.5

6v°€5 —
6765 —

¥8°9L \

o_‘.t
8Y'LL /

9.7¢L —

vl LCl~
8z'8CL ”

9967} —

GlL'€9l —

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

Supplementary Figure 25. 'H and 1*C NMR spectra of compound 1j in CDCl3
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Supplementary Figure 26. 'H and *C NMR spectra of compound 1k in CDCls
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Supplementary Figure 33. 1°C and '’F NMR spectra of compound 1p in CDCl3
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Supplementary Figure 87. 'H and '*C NMR spectra of compound 6 in CDCl3
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Supplementary Figure 88. '"H and >C NMR spectra of compound 7 in CDCl3
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Supplementary Figure 89. 'H and °C NMR spectra of compound 8 in CDCl3

S114



00°0-—
0.0
8.0
Fm.oM
0C' I~

vS'L -
g8l —
Wz~
912
A
612
€T
6221
ANA
ve'e ]
Y&t
162

20°L1
90°Z
80°Z1
L
€L'L
6L,
V2L
€211
SZ'L

mmﬂ\
G8'L
G8'L
JA A
A A

ol 1

Pr
oy
h Pr

=
g
o Q

HN
o]
l:’\

o

PhO’

1€
0L
0'¢
r50°L
Feoe

1002
k0L
k00’1

6°l
¢6°¢
Ly
662
HOo'L
66°1

2.0

2.5

3.0

3.5

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

8.0 7.5

8.5

9.5

10.0

@m.vr
1204 A

Nm.FN
mm.FNN
Leee
6¥°9¢
61°6¢

¥Z 0zl
8z0z1
¥1°02)
8L0Z1
ze'sel
yS'GT) N
€19zl
8105l
IACET
6051
0151
0L'SGL

08vLl—

o]

o'

HM
Qo

P

ny
h Pr

OPh

A

PhO

-10

30 20 10

40

130 120 110 100 90 80 70 60
f1 (ppm)

140

200 190 180 170 160

210

Supplementary Figure 90. 'H and '*C NMR spectra of compound 9 in CDCl3

S115



—10.63

"Pr

Pr
A
PhO" OPh

T T T T T T T T T T T T T T T T T T T T T T T T T T T

140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -1
f1 (ppm)
N~ N~ < 0O WO — o NOOOTITMAN O LWL o ~ O v @ —
[ee] ~ N~ © © © [{e] ANANANNNNANNNN ~ o O o o o
I I e I e | I N/ [~
S Sh DT b B N [N
S N838= 2 N = = =
~ NN ~—™ ~ << o~ < <
T T T T T T T T T T T T T T T T T T T T T T T
10. 5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

Supplementary Figure 91. 3'P (9) and '"H NMR (10) spectra in CDCl3

S116



Syl
897l A
V61T
wv.N&
€692 \

86'6¢

M i oM

I

Aty

-10

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

210

g9l
LL}
0ge—

2N
A% 2

€6V —

89—

89—
Gl'L—
LVL]
\Z'L

20°€
197’}
MN.F

0'e
1817

Yoz'z

HlL'e

0L

80°}
1517
1022
1)
ﬁo._

0L

£1 (ppm)

Supplementary Figure 92. '3C (10) and '"H NMR (11) spectrum of compound 11 in CDCl3
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