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1. General procedure for isocyanides 1.
(a). General procedure for isocyanides 1a - In, 1p and 1q.

A solution of amine (20.0 mmol, 1.0 equiv.) was stirred at 0 °C, formic acid (34.6 mmol, 1.73 equiv.) was dropwise
added, then the reaction mixture was heated to reflux for overnight. After completion, the solvents were removed
under vacuum and the crude product was directly used for the next step without purification. The crude product
was added to an flask containing triethylamine (100.0 mmol, 5.0 equiv.) in DCM, the POCI; (0.95 equiv.) was
added dropwise over 20 minutes. The resulting mixture was stirred at 0 °C for 1 h and further stirred at r.t. for 2 h.
A sodium bicarbonate solution was added and extracted with dichloromethane. The solvents were removed under
vacuum and the crude product was purified by flash chromatography to give pure isocyanide 1.

la: (2-isocyanoethyl)benzene.

o

2.01 g, 77% yield, yellow oil. '"H NMR (500 MHz, chloroform-d) & 7.38 (t, J = 7.6 Hz, 2H), 7.32 (t,J = 7.3 Hz,
1H), 7.27 (d, J=7.3 Hz, 2H), 3.64 (t, J= 7.1 Hz, 2H), 3.05 — 2.98 (t, 2H). 3C{'H} NMR (126 MHz, chloroform-
d) 4 156.5 (q, J =4.5 Hz), 136.7, 128.8, 128.7, 127.3,43.0 (q, J = 5 Hz), 35.7.

1b: 1-chloro-4-isocyanobenzene.

o
Cl

2.33 g, 85% yield, gray solid. 'H NMR (500 MHz, chloroform-d) & 7.41 (d, J= 8.8 Hz, 2H), 7.35 (d, /= 8.7 Hz,
2H). BC{'H} NMR (126 MHz, chloroform-d) & 165.6, 135.4, 129.8, 127.7.

1c: 1-fluoro-3-(isocyanomethyl)benzene.
F
o

2.38 g, 88% vyield, black oil. "H NMR (500 MHz, chloroform-d) & 7.40 (td, J = 8.0, 5.7 Hz, 1H), 7.15 (d, J= 7.6
Hz, 1H), 7.12 — 7.05 (m, 2H), 4.67 (s, 2H). *C{'H} NMR (126 MHz, chloroform-d) 3 164.0, 162.0, 158.5 (q, J =
4Hz), 134.7(d, ] = 7 Hz), 130.7 (d, J = 7 Hz), 122.2 (d, ] = 3 Hz), 115.5 (d, J = 17 Hz), 113.8 (d, J = 18 Hz), 45.0
(q, ] =2.6 Hz).

1d: 1-(isocyanomethyl)-4-methoxybenzene.

NG
o

2.23 g, 76% yield, yellow oil. "H NMR (500 MHz, chloroform-d) & 7.29 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz,
2H), 4.59 (s, 2H), 3.84 (s, 3H). BC{'H} NMR (126 MHz, chloroform-d) 6 159.7, 157.1 (d, J = 2.5 Hz), 128.2,
124.6,114.4,55.4,45.1 (t, ] = 5.5 Hz).

le: S5-(isocyanomethyl)benzo[d][1,3]dioxole.

<Oﬁ NC
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2.38 g, 74% yield, yellow solid. "H NMR (500 MHz, chloroform-d) 8 6.85 (s, 1H), 6.81 (d, J= 2.2 Hz, 2H), 6.00
(s, 2H), 4.55 (s, 2H). BC{'H} NMR (126 MHz, chloroform-d) & 157.4 (t, J = 4 Hz), 148.3, 147.8, 126.2, 120.4,
108.5,107.4, 101.5, 45.4 (t,J = 5.5 Hz).

1f: (isocyanomethyl)benzene.

ch

2.08 g, 89% yield, yellow solid. 'H NMR (500 MHz, chloroform-d) & 7.46 — 7.41 (m, 2H), 7.39 (t, J = 8.0 Hz,
3H), 4.66 (s, 2H). *C{'H} NMR (126 MHz, chloroform-d) & 157.7 (t, ] =4 Hz), 132.4, 129.0, 128.5, 126.7, 45.6
(t,J =6 Hz).

1g: 1-isocyano-4-methylbenzene.

e

2.01 g, 86% yield, brown liquid. 'H NMR (500 MHz, chloroform-d) & 7.28 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.4
Hz, 2H), 2.40 (s, 3H). 3C{'H} NMR (126 MHz, chloroform-d) § 163.2 (d, J = 2.5 Hz), 139.7, 130.0, 126.2, 124.1
(t, J=10.5 Hz), 21 4.

1h: methyl 3-isocyanopropanoate.

/Oj(\/ NC

@)

1.83 g, 81% yield, black liquid. 'H NMR (500 MHz, chloroform-d) § 3.73 (s, 3H), 3.68 (t, J = 6.8 Hz, 2H), 2.72
(t,J = 6.8 Hz, 2H). BC{'H} NMR (126 MHz, chloroform-d) § 169.9, 157.3 (t, J = 4 Hz), 52.23, 37.20 (t, J = 5.5
Hz), 33.91.

1i: methyl 2-isocyanoacetate.
)
Y Ne
O

1.49 g, 75% yield, brown liquid. "H NMR (500 MHz, chloroform-d) & 4.26 (s, 2H), 3.82 (s, 3H). BC{'H} NMR
(126 MHz, chloroform-d) 6 164.5, 161.1, 53.4,43.4 (t,J = 7 Hz).

1j: isocyanobenzene.

-

1.69 g, 82% yield, black liquid. '"H NMR (500 MHz, chloroform-d) & 7.44 — 7.39 (m, 3H), 7.38 (d, J = 5.5 Hz,
2H). BC{'H} NMR (126 MHz, chloroform-d) 6 164.10 (t, J = 4.5 Hz), 129.5, 129.4, 126.6 (t, ] = 10.5 Hz), 126 4.

1k: 1-(2-isocyanoethyl)-2-methoxybenzene.
CL .
NC
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2.29 g, 71% yield, brown liquid. "H NMR (500 MHz, chloroform-d) & 7.31 (td, J= 7.6, 1.8 Hz, 1H), 7.23 (dd, J=
7.4,1.9 Hz, 1H), 6.97 (td, J=7.4, 1.3 Hz, 1H), 6.92 (d, /= 8.2 Hz, 1H), 3.87 (s, 3H), 3.68 — 3.60 (m, 2H), 3.09 —
3.01 (m, 2H). BC{'H} NMR (126 MHz, chloroform-d) & 157.5, 155.8 (t, J = 5 Hz), 130.9, 128.7, 124.9, 120.7,
110.4,55.3,41.4 (t,J=5.5Hz), 31.2.

11: 1-fluoro-4-(2-isocyanoethyl)benzene.

F\©\/\
NC

2.32 g, 78% yield, brown liquid. "H NMR (500 MHz, chloroform-d) & 7.27 — 7.19 (m, 2H), 7.09 — 6.99 (m, 2H),
3.60 (td, J=6.9, 2.1 Hz, 2H), 2.99 — 2.91 (m, 2H). C{'H} NMR (126 MHz, chloroform-d) 3 163.0, 161.1, 156.8
(t,J=4.5Hz), 132.5(d, J =1 Hz), 130.3 (d, J = 3.5 Hz), 115.6 (d, ] = 3.5 Hz), 43.1 (t, ] = 5 Hz), 34.7.

1m: 1-isocyano-3-methoxybenzene.

O/

NC

2.21 g, 83% yield, black liquid. "TH NMR (500 MHz, chloroform-d) 4 7.29 (t, J= 8.2 Hz, 1H), 6.99 — 6.93 (m, 2H),
6.89 (s, 1H), 3.81 (s, 3H). 3C{'H} NMR (126 MHz, chloroform-d) & 163.9, 160.1, 130.2, 127.4 (t, J = 10.5 Hz),
118.7,115.7, 111.8, 55.6.

In: isocyanocyclohexane.

e

2.21 g, 83% yield, light yellow liquid. "H NMR (500 MHz, chloroform-d) 8 3.58 (s, 1H), 1.84 (d, J = 8.7 Hz, 2H),
1.75 — 1.68 (m, 2H), 1.64 (dt, J = 13.4, 6.7 Hz, 2H), 1.45 (q, J = 8.5, 6.8 Hz, 1H), 1.36 (q, J = 8.8, 7.9 Hz, 3H).
BC{'H} NMR (126 MHz, chloroform-d) & 154.0 (t, J = 4 Hz), 51.6 (t, J = 4.5 Hz), 32.6, 24.9, 22.7.

1p: 1-(2-isocyanoethyl)-4-methoxybenzene.

O\©\/\
NC

2.25 g, 70% yield, brown liquid. '"H NMR (500 MHz, chloroform-d) é 7.20 — 7.15 (m, 2H), 6.92 — 6.88 (m, 2H),
3.83 (s, 3H), 3.59 (tt, J= 6.9, 1.8 Hz, 2H), 3.00 — 2.92 (m, 2H). BC{'H} NMR (126 MHz, chloroform-d) & 158.8,
156.4,129.7,128.7, 114.2, 55.3, 43.3 (t, ] = 5.5 Hz), 34.9.
1q: 4-(2-isocyanoethyl)-1,2-dimethoxybenzene.

|0

o]

NC

2.60 g, 68% vield, white solid. 'H NMR (500 MHz, chloroform-d) 3 6.84 (d, J = 8.2 Hz, 1H), 6.80 — 6.75 (m, 2H),
3.89 (s, 3H), 3.88 (s, 3H), 3.59 (t, J = 7.0 Hz, 2H), 2.97 — 2.90 (m, 2H). *C{'H} NMR (126 MHz, chloroform-d)
§156.5 (t,J = 4.5 Hz), 149.1, 148.2, 129.3, 120.8, 111.9, 111.4, 55.9 (d, J = 1 Hz), 43.3 (t, J = 5 Hz), 35.3.
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(b). Synthesis of 3-isocyanopropanenitrile 1o.

NC\/\NC

A solution of 3-aminopropionitrile (20.3 mmol, 1.5 mL) in ethyl formate (20.0 mL) was refluxed for five hours
and subsequently stirred at room temperature overnight. The reaction was concentrated in vacuo and further dried
under high vacuum. The N-(2-cyanoethyl)formamide was obtained as a light yellow oil (1.95 g, 19.9 mmol, 98%),
this crude product was directly used to the next step. The N-(2-cyanoethyl)formamide (1.95 g, 19.9 mmol) was
dissolved in CH,Cl, (40.0 mL) and Et;N (100.0 mol, 5.0 equiv., 13.9 mL) was added. The mixture was cooled to
-5 0C at which POCl; (20.9 mmol, 1.05 equiv., 1.95 mL) was added drop wise over 60 minutes maintaining the
temperature below 0 °C. After the addition the reaction was stirred at 0°C for an additional hour. An aqueous
solution of Na,CO; (0.6 M, 10.0 mL) was added carefully while the temperature increased to 20 °C. Additional
water was added until all salts were dissolved (~30.0 mL). The mixture was transferred to a separatory funnel and
the organic layer was separated. The water layer was extracted with dichloromethane (20.0 mL). The combined
organic layers were washed with brine (10.0 mL), dried over MgSOy,, and concentrated in vacuo. The crude product
was purified by filtration over silica (100% CH,Cl,) and after evaporation of the solvent obtained as a pale yellow
oil (1.1 g, 69 %) which solidified upon standing. A pure sample (white solid) was obtained by trituration of a
CH,Cl, solution with petroleum ether at 0 °C. 'H NMR (500 MHz, chloroform-d) 6 3.70 (t, J = 6.6 Hz, 2H), 2.79
(t, J= 6.5 Hz, 2H). BC{'H} NMR (126 MHz, chloroform-d) 8 3C NMR (126 MHz, CDCl;) § 159.8 (t, J= 3.5
Hz), 116.1,37.7 (t,J= 6 Hz), 18.8.

2. General procedure for intermedia 5.

A solution of isocyanide 1 (1 mmol, 1.0 equiv.), aldehyde 2 (1 mmol, 1.0 equiv.), amine 3 (1 mmol, 1.0 equiv.)
and acid 4 (1 mmol, 1.0 equiv.) in methanol (1 mL) was stirred at room temperature for 15 h. The solvents were
removed under vacuum and the crude products were purified by flash column chromatography to give pure
intermedia product 5.

5a: 1-(2,2-dimethoxyethyl)-5-oxo-N-phenethyl-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

H
N\/\©
N=
O
N/

385 mg, 97% vyield, yellow oil. mp 140 - 143 °C. '"H NMR (500 MHz, chloroform-d) & 8.66 (t, J = 5.8 Hz, 1H), 8.53
(dd,J=4.8,1.0 Hz, 1H), 7.61 (td, /= 7.7, 1.9 Hz, 1H), 7.35-7.30 (m, 2H), 7.28 — 7.24 (m, 3H), 7.24 - 7.21 (m,
1H), 7.19 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 5.04 (dd, J = 7.6, 3.9 Hz, 1H), 3.75 — 3.61 (m, 2H), 3.37 (s, 6H), 3.15 (dd, J
=14.2,3.8 Hz, 1H), 2.98 — 2.86 (m, 2H), 2.80 (td, J = 9.7, 9.1, 3.8 Hz, 1H), 2.67 — 2.53 (m, 2H), 2.53 — 2.43 (m,
2H). BC{'H} NMR (126 MHz, chloroform-d) 6 179.1, 171.8, 158.4, 149.3, 139.0, 136.6, 129.0, 128.5, 126.5,
122.9,122.8,102.4, 75.1, 56.4, 55.4, 46.5, 40.8, 35.6, 33.8, 29.9. HRMS (ESI) m/z calculated for C,,H,3N30,
[M+H]* : 398.2031; found [M+H]" : 398.2035.

5b: N-(4-chlorophenyl)-1-(2,2-dimethoxyethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.
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N
N=
UL

\ y/ Cl
380 mg, 94% vyield, yellow oil. mp 147 - 149 °C. 'H NMR (500 MHz, chloroform-d) & 10.91 (s, 1H), 8.66 — 8.61
(m, 1H), 7.78 = 7.72 (m, 1H), 7.72 — 7.64 (m, 2H), 7.53 (dd, J = 8.0, 1.1 Hz, 1H), 7.37 — 7.32 (m, 2H), 7.31 - 7.28
(m, 1H), 5.02 (dd, J = 6.5, 3.8 Hz, 1H), 3.47 (d, J = 3.8 Hz, 1H), 3.45 (s, 3H), 3.41 (s, 3H), 2.80 — 2.73 (m, 2H), 2.69
(t, J=4.7 Hz, 3H). BC{'H} NMR (126 MHz, chloroform-d) 6 178.9, 170.3, 158.6, 148.9, 137.2, 136.8, 129.5,

129.0,123.1, 122.9, 121.6, 102.5, 74.7, 56.3, 55.4, 46.0, 34.9, 29.8. HRMS (ESI) m/z calculated for
CoHa3CIN;O, [M+H]* : 404.1320; found [M+H]* : 404.1324.

5c: 1-(2,2-dimethoxyethyl)-N-(3-fluorobenzyl)-5-oxo0-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

/
O O , F
(0]
!
N

N=
0
Y/

393 mg, 98% vyield, yellow oil. mp 145 - 147 °C. '"H NMR (500 MHz, chloroform-d) § 9.11 (t, J = 5.6 Hz, 1H), 8.62
—8.57 (m, 1H), 7.69 (td, J = 7.7, 1.9 Hz, 1H), 7.48 (dd, J = 8.0, 0.9 Hz, 1H), 7.34 (td, J = 8.0, 5.8 Hz, 1H), 7.24 (dd, J
=7.6,4.7 Hz, 1H), 7.14 (d, J= 7.7 Hz, 1H), 7.09 (dd, /= 9.7, 2.3 Hz, 1H), 7.00 (td, J = 8.4, 2.7 Hz, 1H), 5.04 (dd, J =
7.6, 3.8 Hz, 1H), 4.65 (dd, J = 14.9, 6.1 Hz, 1H), 4.48 (dd, J = 14.8, 5.0 Hz, 1H), 3.33 (s, 3H), 3.25 (dd, /= 14.3, 3.7
Hz, 1H), 3.22 (s, 3H), 2.91 - 2.78 (m, 1H), 2.70 — 2.60 (m, 3H), 2.58 (d, J = 13.1 Hz, 1H). BC{'H} NMR (126
MHz, chloroform-d) 6 179.0, 172.0, 164.0, 162.0, 158.4, 149.4, 140.9, 140.8, 136.8, 130.2, 130.2, 123.5, 123.5,
123.0,122.7,114.9,114.7,114.5, 114.3, 102.2, 75.2, 56.1, 55.2, 46.6, 43.3, 43.3, 34.1, 29.9. HRMS (ESI) m/z
calculated for C,;HpsFN3O4 [M+H]" : 401.1821; found [M+H]* : 401.1826.

5d: 1-(2,2-dimethoxyethyl)-N-(4-methoxybenzyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

/
O O /
o 0
N~27 h
N
N/
o)
N/

381 mg, 92% vyield, yellow oil. mp 144 - 146 °C. '"H NMR (500 MHz, chloroform-d) § 8.93 (t, J = 5.4 Hz, 1H), 8.61
—8.56(m, 1H), 7.68 (td, /= 7.8, 1.9 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.29 (s, 1H), 7.28 (d, J = 2.2 Hz, 1H), 7.22
(dd, J=7.6,4.9 Hz, 1H), 6.95 — 6.85 (m, 2H), 5.03 (dd, /= 7.7, 3.6 Hz, 1H), 4.63 (dd, J = 14.3, 6.1 Hz, 1H), 4.38
(dd, J=14.4, 4.7 Hz, 1H), 3.82 (s, 3H), 3.32 (s, 3H), 3.19 (dd, J = 14.0, 3.8 Hz, 1H), 3.14 (s, 3H), 2.94 — 2.83 (m,
1H), 2.70 = 2.49 (m, 4H). BC{'H} NMR (126 MHz, chloroform-d) 6 179.1, 171.7, 159.0, 158.4, 149.4, 136.7,
130.3,129.4,122.9,122.9,114.0, 102.1, 75.3, 56.1, 55.3, 55.3, 46.7, 43.3, 34.0, 30.0. HRMS (ESI) m/z
calculated for C;,HpgN3Os [M+H]* : 414.2043; found [M+H]* : 414.2045.
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Se: N-(benzo[d][1,3]dioxol-5-yImethyl)-1-(2,2-dimethoxyethyl)-5-ox0-2-(pyridin-2-yl)pyrrolidine-2

carboxamide.

/
[ s
o
) H\/©EO>
N o
N=
\/O

410 mg, 96% yield, yellow oil. mp 143 - 146 °C. 'H NMR (500 MHz, chloroform-d) & 8.96 (t, J = 5.8 Hz, 1H), 8.61
—8.56 (m, 1H), 7.68 (tt, /= 7.7, 1.7 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.23 (ddt, /= 7.6, 4.9, 1.4 Hz, 1H), 6.86 (s,
1H), 6.86 —6.75 (m, 2H), 5.97 (s, 2H), 5.04 (ddd, /= 7.7, 3.6, 1.4 Hz, 1H), 4.59 (dd, J = 13.3, 6.2 Hz, 1H), 4.35 (dd,
J=14.4,4.8 Hz, 1H), 3.34 (s, 3H), 3.23 (s, 3H), 3.20 (d, J = 3.5 Hz, 1H), 2.92 — 2.80 (m, 1H), 2.72 — 2.49 (m, 4H).
BC{'H} NMR (126 MHz, chloroform-d) § 179.1, 171.8, 158.4, 149.4, 147.9, 147.0, 136.7, 132.1, 123.0, 122.8,
121.3,108.6, 108.3, 102.2, 101.1, 75.3, 56.2, 55.3, 46.6, 43.6, 34.0, 30.0. HRMS (ESI) m/z calculated for
CpHpN;O4 [M+H]* : 428.1732; found [M+H]* : 428.1736.

5f: N-benzyl-1-(2,2-dimethoxyethyl)-5-oxo0-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

N=
o)
N/

364 mg, 95% yield, yellow oil. mp 140 - 142 °C. '"H NMR (500 MHz, chloroform-d) 6 9.02 (t, J = 5.5 Hz, 1H), 8.61
—8.56 (m, 1H), 7.68 (td, J= 7.7, 2.0 Hz, 1H), 7.49 (d, / = 7.9 Hz, 1H), 7.40 — 7.34 (m, 4H), 7.31 (dd, J = 6.0, 2.7 Hz,
1H), 7.23 (dd, J = 7.5, 4.8 Hz, 1H), 5.03 (dd, J = 7.7, 3.6 Hz, 1H), 4.70 (dd, J = 14.6, 6.2 Hz, 1H), 4.45 (dd, J = 14.7,
4.7 Hz, 1H), 3.32 (s, 3H), 3.21 (dd, J = 14.2, 3.6 Hz, 1H), 3.12 (s, 3H), 2.96 — 2.81 (m, 1H), 2.71 — 2.51 (m, 4H).
BC{'H} NMR (126 MHz, chloroform-d) § 179.1, 171.8, 158.4, 149.4, 138.1, 136.7, 128.7, 128.1, 127.5, 123.0,
122.9,102.1, 75.3, 56.0, 55.3, 46.7, 43.9, 34.0, 30.0. HRMS (ESI) m/z calculated for C,;H¢N3O4 [M+H]" :
384.1824; found [M+H]* : 384.1827.

5g: 1-(2,2-dimethoxyethyl)-5-oxo-2-(pyridin-2-yl)-N-(p-tolyl)pyrrolidine-2-carboxamide.

L
N=—
\/O

368 mg, 96% vyield, yellow oil. mp 141 - 143 °C. '"H NMR (500 MHz, chloroform-d) & 10.64 (s, 1H), 8.63 (ddd, J =
4.7,1.9,0.9 Hz, 1H), 7.72 (td, /= 7.8, 1.9 Hz, 1H), 7.62 — 7.57 (m, 2H), 7.55 (d, / = 8.0 Hz, 1H), 7.28 — 7.25 (m,
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1H), 7.19 (d, J = 8.4 Hz, 2H), 5.07 (dd, J = 7.3, 3.9 Hz, 1H), 3.47 (s, 3H), 3.41 (m, 4H), 2.86 —2.73 (m, 2H), 2.72 —
2.65 (m, 3H), 2.36 (s, 3H). *C{'H} NMR (126 MHz, chloroform-d) & 179.1, 170.0, 158.7, 149.0, 137.0, 135.5,
134.2,129.5, 123.0, 123.0, 120.4, 102.4, 75.0, 56.3, 55.3, 46.2, 34.7, 29.9, 20.9. HRMS (ESI) m/z calculated for
Cy1HaeN3O, [M+H]* : 384.1826; found [M+H]* : 384.1828.

5h: methyl 3-(1-(2,2-dimethoxyethyl)-5-oxo0-2-(pyridin-2-yl)pyrrolidine-2-carboxamido)propanoate.

N O
- \/\H/\

\/O

345 mg, 91% vyield, yellow oil. mp 144 - 146 °C. 'H NMR (500 MHz, chloroform-d) 6 8.83 (t, J = 5.8 Hz, 1H), 8.58
(d,J=4.9 Hz, 1H), 7.69 (td, J = 7.8, 2.2 Hz, 1H), 7.48 (d, J/ = 8.0 Hz, 1H), 7.23 (dd, J = 7.6, 4.9 Hz, 1H), 5.03 (dd, J =
7.3, 4.0 Hz, 1H), 3.71 (s, 3H), 3.68 —3.61 (m, 2H), 3.49 (s, 3H), 3.38 (s, 3H), 3.22 (dd, J = 14.2, 3.9 Hz, 1H), 2.80
(td, J=10.2, 9.4, 3.6 Hz, 2H), 2.72 — 2.60 (m, 4H), 2.59 — 2.48 (m, 2H). BC{'H} NMR (126 MHz, chloroform-d)
6178.9,172.2,172.1,158.4,149.3, 136.7, 122.9, 122.9, 102.3, 75.0, 56.4, 55.3, 51.8, 46.4, 35.7, 33.9, 33.9,
29.9. HRMS (ESI) m/z calculated for C;gH,sN30¢ [M+H]" : 380.1761; found [M+H]" : 380.1765.

5i: methyl (1-(2,2-dimethoxyethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carbonyl)glycinate.

N=
0
N/

329 mg, 90% vyield, yellow oil. mp 143 - 146 °C. '"H NMR (500 MHz, chloroform-d) & 9.18 (t, J = 5.8 Hz, 1H), 8.62
—8.57 (m, 1H), 7.71 (td, J = 7.7, 2.0 Hz, 1H), 7.54 (d, J = 9.0 Hz, 1H), 7.24 (dd, J = 7.6, 4.7 Hz, 1H), 5.06 (dd, J =
7.3,4.2 Hz, 1H), 4.13 (t, J = 5.8 Hz, 2H), 3.79 (s, 3H), 3.45 (s, 3H), 3.38 (s, 3H), 3.29 (dd, / = 14.3, 4.1 Hz, 1H), 2.89
—2.78 (m, 1H), 2.73 (dd, J = 14.2, 7.4 Hz, 1H), 2.68 — 2.56 (m, 3H). BC{'H} NMR (126 MHz, chloroform-d) &
178.9,172.8,170.0, 158.2, 149.2, 136.8, 123.0, 123.0, 102.1, 75.0, 56.4, 54.9, 52.3, 46.1, 41.3, 33.9, 29.9.
HRMS (ESI) m/z calculated for C7Hp N304 [M+H]* : 366.1614; found [M+H]* : 366.1617.

5j: 1-(2,2-dimethoxyethyl)-5-oxo-N-phenyl-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

O
N=
\/O

343 mg, 93% yield, yellow oil. mp 142 - 144 °C. '"H NMR (500 MHz, chloroform-d) 6 10.77 (s, 1H), 8.67 — 8.61
(m, 1H), 7.75 (dd, J = 7.9, 1.9 Hz, 1H), 7.72 (d, J = 7.4 Hz, 2H), 7.55 (d, J = 8.0 Hz, 1H), 7.42 — 7.37 (m, 2H), 7.29 —
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7.26 (m, 1H), 7.18 (t, /= 7.4 Hz, 1H), 5.07 (dd, J = 7.3, 3.9 Hz, 1H), 3.48 (s, 3H), 3.46 —3.42 (m, 1H), 3.42 (s, 3H),
2.85—-2.75(m, 2H), 2.74 — 2.65 (m, 3H). BC{'H} NMR (126 MHz, chloroform-d) 6 179.0, 170.2, 158.7, 149.0,
138.1,137.0, 129.0, 124.6, 123.0, 123.0, 120.4, 102.4, 74.9, 56.3, 55.3, 46.1, 34.8, 29.9. HRMS (ESI) m/z
calculated for C,0Hp4,N3O4 [M+H]" : 370.1743; found [M+H]* : 370.1744.

5k: 1-(2,2-dimethoxyethyl)-N-(2-methoxyphenethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

/
OO/
0
N—(, o~
N
N=
0
Y/

393 mg, 92% vyield, yellow oil. mp 145 - 147 °C. 'TH NMR (500 MHz, chloroform-d) & 8.54 (d, J = 5.7 Hz, 2H),
7.62 (td,J=7.7,2.0 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.24 (td, J = 7.6, 1.7 Hz, 1H), 7.21 - 7.19 (m, 1H), 7.18 (d, J =
6.3 Hz, 1H), 6.96 —6.78 (m, 2H), 5.03 (dd, J = 7.6, 3.8 Hz, 1H), 3.85 (s, 3H), 3.67 (q, J = 6.3, 5.4 Hz, 2H), 3.39 (s,
3H), 3.37 (s, 3H), 3.15 (dd, J = 14.2, 3.8 Hz, 1H), 2.97 (dt, J = 13.4, 6.7 Hz, 1H), 2.92 - 2.76 (m, 2H), 2.66 — 2.54
(m, 2H), 2.53 = 2.43 (m, 2H). BC{'H} NMR (126 MHz, chloroform-d) § 179.1, 171.7, 158.4, 157.8, 149.3,
136.5,130.7,127.8, 127.3, 123.0, 122.8, 120.4, 110.4, 102.3, 75.2, 56.2, 55.4, 55.3, 46.5, 39.4, 33.7, 30.5, 29.9.
HRMS (ESI) m/z calculated for Cy3H3gN3;05 [M+H]* : 428.2130; found [M+H]* : 428.2135.

51: 1-(2,2-dimethoxyethyl)-N-(4-fluorophenethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

OO/ /
e
N

L
\/O F

382 mg, 92% vyield, yellow oil. mp 146 - 148 °C. 'TH NMR (500 MHz, chloroform-d) & 8.67 (t, J = 5.8 Hz, 1H), 8.53
(ddd, J = 4.7,1.9, 1.0 Hz, 1H), 7.62 (td, J = 7.8, 1.9 Hz, 1H), 7.25 — 7.21 (m, 2H), 7.21 - 7.18 (m, 1H), 7.16 (dt, J =
7.9, 1.1 Hz, 1H), 7.04 — 6.97 (m, 2H), 5.05 (dd, J = 7.6, 3.8 Hz, 1H), 3.74 — 3.66 (m, 1H), 3.61 (td, J = 12.8, 5.6 Hz,
1H), 3.41 (s, 3H), 3.39 (s, 3H), 3.14 (dd, J = 14.3, 3.9 Hz, 1H), 2.89 (q, J = 7.7, 7.3 Hz, 2H), 2.82 — 2.75 (m, 1H),
2.65-2.58 (m, 1H), 2.55 (dd, J = 14.2, 7.6 Hz, 1H), 2.51 — 2.43 (m, 2H). *C{'H} NMR (126 MHz, chloroform-d)
6179.1,171.8,162.7,160.7, 158.4, 149.3, 136.6, 134.6, 134.6, 130.4, 130.4, 122.9, 122.8, 115.4, 115.2, 102.5,
75.1, 56.4, 55.6, 46.6, 40.8, 34.8, 33.8, 29.9. HRMS (ESI) m/z calculated for C,,H,,FN;04 [M+H]" : 416.1904;
found [M+H]" : 416.1907.

5m: 1-(2,2-dimethoxyethyl)-N-(3-methoxyphenyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.
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379 mg, 95% vyield, yellow oil. mp 144 - 147 °C. '"H NMR (500 MHz, chloroform-d) 6 10.78 (s, 1H), 8.63 (dq, J =
4.7,1.7 Hz, 1H), 7.74 (tt,J = 7.7, 1.7 Hz, 1H), 7.54 (dd, J = 8.0, 1.6 Hz, 1H), 7.48 (q, J = 1.9 Hz, 1H), 7.29 (d, J = 3.2
Hz, 1H), 7.28 — 7.26 (m, 1H), 7.20 (dd, J = 8.0, 1.1 Hz, 1H), 6.73 (ddt, J = 8.2, 2.5, 1.2 Hz, 1H), 5.05 (ddd, /= 7.3,
3.9, 1.7 Hz, 1H), 3.85 (s, 3H), 3.48 (s, 3H), 3.43 (dd, J = 14.5, 2.4 Hz, 1H), 3.41 (s, 3H), 2.85 - 2.74 (m, 2H), 2.74 —
2.64 (m, 3H). BC{'H} NMR (126 MHz, chloroform-d) § 179.0, 170.2, 160.1, 158.7, 148.9, 139.4, 137.1, 129.7,
123.017,123.0, 112.6, 110.5, 106.1, 102.4, 74.9, 56.3, 55.3, 55.2, 46.1, 34.8, 30.0. HRMS (ESI) m/z calculated
for C,1HyeN305 [M+H]" : 400.1845; found [M+H]" : 400.1848.

5n: N-cyclohexyl-1-(2,2-dimethoxyethyl)-5-ox0-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

O
N=
\/O

341 mg, 91% vyield, yellow oil. mp 140 - 142 °C. '"H NMR (500 MHz, chloroform-d) § 8.60 — 8.55 (m, 1H), 8.33
(d,J=8.0 Hz, 1H), 7.67 (td, J = 7.7, 2.0 Hz, 1H), 7.47 (d, J = 6.9 Hz, 1H), 7.21 (dd, J = 7.6, 4.7 Hz, 1H), 5.14 (dd, J =
7.6, 3.9 Hz, 1H), 3.89 (tdt, J = 11.5, 7.9, 3.9 Hz, 1H), 3.50 (s, 3H), 3.39 (s, 3H), 3.16 (dd, J = 14.2, 3.9 Hz, 1H), 2.95
—2.81(m, 1H), 2.72 — 2.48 (m, 4H), 2.07 — 1.93 (m, 2H), 1.84 — 1.72 (m, 2H), 1.69 (dt, J = 12.9, 3.8 Hz, 1H), 1.40
(tdd, J = 16.6, 8.2, 3.8 Hz, 2H), 1.33 — 1.12 (m, 3H). *C{'H} NMR (126 MHz, chloroform-d) & 179.2, 170.8,
158.6, 149.4, 136.5, 123.0, 122.8, 102.1, 75.1, 56.3, 55.1, 48.7, 46.5, 33.7, 33.1, 33.0, 30.0, 25.6, 25.2, 25.1.
HRMS (ESI) m/z calculated for CyoH3oN3;O04 [M+H]" : 376.2251; found [M+H]* : 376.2253.

50: N-(2-cyanoethyl)-1-(2,2-dimethoxyethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

/
O O /
(@]
N
N™eon
N=
(@)
\ /

320 mg, 92% vyield, yellow oil. mp 141 - 144 °C. 'H NMR (500 MHz, chloroform-d) 6 9.31 (t, J = 5.8 Hz, 1H), 8.62
—8.56 (m, 1H), 7.71 (td, J= 7.8, 1.9 Hz, 1H), 7.48 (d, / = 8.0 Hz, 1H), 7.25 (dd, J = 7.6, 4.7 Hz, 1H), 5.06 (dd, J =
7.5, 4.0 Hz, 1H), 3.71 -3.56 (m, 2H), 3.51 (s, 3H), 3.39 (s, 3H), 3.29 (dd, J = 14.3, 4.0 Hz, 1H), 2.83 — 2.69 (m, 4H),
2.68 —2.52 (m, 3H). BC{'H} NMR (126 MHz, chloroform-d) § 178.8, 172.9, 158.2, 149.3, 136.9, 123.1, 122.6,
118.0, 102.3, 74.8, 56.7, 55.2, 46.3, 35.8, 34.1, 29.8, 18.1. HRMS (ESI) m/z calculated for C;;H»;N,O4 [M+H]* :
347.1612; found [M+H]* : 347.1616.

5p: 1-(2,2-dimethoxyethyl)-5-oxo-N-phenethyl-2-(quinolin-2-yl)pyrrolidine-2-carboxamide.
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426 mg, 95% vyield, yellow oil. mp 145 - 147 °C. '"H NMR (500 MHz, chloroform-d) 6 9.10 (t, J = 5.7 Hz, 1H), 8.12
(d, J=8.7 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.74 — 7.67 (m, 1H), 7.56 (t, J = 7.6 Hz, 1H),
7.42 (d, J=8.5 Hz, 1H), 7.33 (dt, J = 13.4, 7.0 Hz, 4H), 7.26 (d, / = 6.9 Hz, 1H), 4.98 (dd, J = 7.3, 3.9 Hz, 1H), 3.75
(9,4 =6.7 Hz, 2H), 3.37 (s, 3H), 3.33 (s, 3H), 3.31 (d, J = 3.9 Hz, 1H), 2.98 (t, J = 7.0 Hz, 2H), 2.87 — 2.82 (m, 1H),
2.79(dd, J=14.3,7.3 Hz, 1H), 2.72 - 2.64 (m, 1H), 2.61 (dd, J = 9.5, 6.5 Hz, 1H), 2.58 — 2.49 (m, 1H). BC{'H}
NMR (126 MHz, chloroform-d) 6 179.0, 171.8, 159.2, 147.0, 139.1, 136.8, 129.7, 129.4, 128.9, 128.6, 127.4,
127.1,127.0, 126.5, 120.4, 102.4, 75.0, 56.03, 55.2, 46.7, 40.8, 35.7, 34.3, 30.0. HRMS (ESI) m/z calculated for
CysH30N3;04 [M+H]* : 448.2261; found [M+H]" : 448.2265.

5q: 1-(2,2-dimethoxyethyl)-2-(5-methylpyridin-2-yl)-5-oxo-N-phenethylpyrrolidine-2-carboxamide.
/
O O /
e
N—H
N
- I \/\©
\ /

392 mg, 95% vyield, yellow oil. mp 143 - 145 °C. '"H NMR (500 MHz, chloroform-d) 6 8.65 (t, J = 5.8 Hz, 1H), 8.38
—8.33(m, 1H), 7.41 (dd, J=8.7, 1.9 Hz, 1H), 7.33 (t, / = 7.7 Hz, 2H), 7.28 — 7.23 (m, 3H), 7.11 (d, / = 8.0 Hz, 1H),
5.02 (dd, J=7.6, 3.5 Hz, 1H), 3.75 - 3.60 (m, 2H), 3.38 (s, 3H), 3.37 (s, 3H), 3.17 (dd, J = 14.2, 3.9 Hz, 1H), 2.92 (t,
J=7.2 Hz, 2H), 2.83 = 2.72 (m, 1H), 2.64 — 2.52 (m, 2H), 2.52 — 2.42 (m, 2H), 2.32 (s, 3H). BC{'H} NMR (126
MHz, chloroform-d) 6 178.9, 172.0, 155.4, 149.7, 139.0, 137.0, 132.4, 129.0, 128.5, 126.4, 122.3, 102.3, 75.0,
56.3, 55.3, 46.4, 40.8, 35.6, 33.8, 29.9, 18.1. HRMS (ESI) m/z calculated for C,3H3oN3O0,[M+H]" : 412.2215;
found [M+H]* : 412.2218.

5r: 2-(6-chloropyridin-2-yl)-1-(2,2-dimethoxyethyl)-5-oxo-N-phenethylpyrrolidine-2-carboxamide.

L0

o)
c—\ /

388 mg, 90% vyield, yellow oil. mp 147 - 149 °C. "H NMR (500 MHz, chloroform-d) § 8.44 (t, J = 5.8 Hz, 1H), 7.55
(t,J = 7.8 Hz, 1H), 7.35 — 7.30 (m, 2H), 7.28 — 7.24 (m, 3H), 7.23 (d, J = 7.9 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 5.11
(dd, J = 7.8, 3.7 Hz, 1H), 3.71 — 3.63 (m, 2H), 3.41 (s, 6H), 3.17 (dd, J = 14.0, 3.8 Hz, 1H), 2.98 — 2.88 (m, 2H), 2.90
—2.80 (m, 1H), 2.70 — 2.58 (m, 1H), 2.50 (dd, J = 14.0, 7.7 Hz, 1H), 2.47 — 2.38 (m, 2H). *C{'H} NMR (126 MHz,
chloroform-d) 6 178.9, 171.3, 158.8, 151.1, 139.1, 138.8, 129.0, 128.6, 126.5, 123.8, 121.7, 102.5, 75.0, 56.7,
55.8, 46.7, 40.8, 35.6, 33.5, 29.7. HRMS (ESI) m/z calculated for C,,H,,CIN;O4 [M+H]* : 432.1631; found
[M+H]" : 432.1635.
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5s: 2-(6-bromopyridin-2-yl)-1-(2,2-dimethoxyethyl)-5-oxo-N-phenethylpyrrolidine-2-carboxamide.

H
N
- \/\©

0
Br\/

414 mg, 87% yield, yellow oil. mp 146 - 148 °C. 'H NMR (500 MHz, chloroform-d) & 8.44 (t, J = 5.8 Hz, 1H), 7.44
(t,J=7.7 Hz, 1H), 7.38 (d, J = 7.9 Hz, 1H), 7.35 - 7.30 (m, 2H), 7.25 (dd, J = 12.5, 6.5 Hz, 3H), 7.12 (d, J = 7.6 Hz,
1H), 5.10 (dd, J=7.7,3.8 Hz, 1H), 3.67 (q,J = 7.7, 6.9 Hz, 2H), 3.41 (s, 6H), 3.18 (dd, / = 14.2, 3.8 Hz, 1H), 2.91 (q,
J=6.9 Hz, 2H), 2.88 — 2.80 (m, 1H), 2.62 (d, J = 9.8 Hz, 1H), 2.54 — 2.46 (m, 1H), 2.46 — 2.39 (m, 2H). BC{'H}
NMR (126 MHz, chloroform-d) 6 178.9, 171.2, 159.3, 141.6, 138.8, 138.8, 129.0, 128.6, 127.5, 126.5, 122.0,
102.4,75.0, 56.7, 55.8, 46.7, 40.8, 35.5, 33.5, 29.7. HRMS (ESI) m/z calculated for C»,H»;BrN;O4 [M+H]* :
476.1127; found [M+H]" : 476.1128.

5t: 2-(5-bromopyridin-2-yl)-1-(2,2-dimethoxyethyl)-5-oxo-N-phenethylpyrrolidine-2-carboxamide.
/
O O /
e
N—
N
- I \/\©
N/
Br

417 mg, 88% vyield, yellow oil. mp 146 - 148 °C. '"H NMR (500 MHz, chloroform-d) 6 8.58 (d, J = 2.5 Hz, 1H),
8.49 (t,J=5.8 Hz, 1H), 7.71 (dd, J = 8.4, 2.4 Hz, 1H), 7.37 — 7.30 (m, 2H), 7.26 (d, / = 6.6 Hz, 3H), 7.10 (d, / = 8.5
Hz, 1H), 5.07 (dd, J = 7.8, 3.7 Hz, 1H), 3.67 (q, J = 6.1 Hz, 2H), 3.40 (s, 6H), 3.14 (dd, J = 14.1, 3.7 Hz, 1H), 2.91 (q,
J=7.6,7.1Hz, 2H), 2.83 —2.72 (m, 1H), 2.65 — 2.53 (m, 1H), 2.53 — 2.39 (m, 3H). BC{'H} NMR (126 MHz,
chloroform-d) 6 179.1, 171.4, 156.9, 150.5, 139.0, 138.9, 129.0, 128.6, 126.5, 124.4, 120.0, 102.4, 74.9, 56.6,
55.7, 46.8, 40.7, 35.6, 33.7, 29.7. HRMS (ESI) m/z calculated for C,,H»7;BrN;O4 [M+H]* : 476.1124; found
[M+H]" : 476.1126.

5u: 1-(2,2-dimethoxyethyl)-5-oxo-N-phenethyl-2-(pyridin-4-yl)pyrrolidine-2-carboxamide.

337 mg, 85% vyield, yellow oil. mp 142 - 144 °C. '"H NMR (500 MHz, chloroform-d) 6 9.37 (s, 1H), 8.60 (s, 1H),
8.33 (t,J=5.7 Hz, 1H), 7.92 (s, 1H), 7.32 (t, J = 7.2 Hz, 2H), 7.26 (dd, J = 12.5, 7.0 Hz, 3H), 7.18 (d, J = 6.1 Hz, 1H),
5.07 (dd, J=7.4,3.8 Hz, 1H), 3.69 (dt, J = 11.2, 6.1 Hz, 2H), 3.39 (s, 3H), 3.37 (s, 3H), 3.20 (dd, / = 14.3, 3.8 Hz,
1H), 2.91 (p, J = 7.5 Hz, 2H), 2.87 — 2.73 (m, 1H), 2.50 — 2.38 (m, 4H). 3C{'H} NMR (126 MHz, chloroform-d) &
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177.4,170.1, 150.4, 148.6, 145.6, 138.7, 129.0, 128.6, 126.6, 123.2, 101.9, 73.8, 56.6, 55.7, 55.7, 46.5, 40.9,
35.6, 35.5, 29.4. HRMS (ESI) m/z calculated for C,,H,sN;0,[M+H]* : 398.2011; found [M+H]" : 398.2016.

5v: 1-(2,2-dimethoxyethyl)-N-(4-methoxyphenethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

389 mg, 91% vyield, yellow oil. mp 143 - 145 °C. '"H NMR (500 MHz, chloroform-d) § 8.63 (t, J = 5.5 Hz, 1H), 8.56
—8.51(m, 1H), 7.64 —7.57 (m, 1H), 7.24 — 7.14 (m, 4H), 6.90 — 6.81 (m, 2H), 5.05 (dd, /= 7.6, 3.9 Hz, 1H), 3.81
(s,3H),3.71—-3.57 (m, 2H), 3.41 (s, 3H), 3.38 (s, 3H), 3.15 (dd, / = 14.2, 3.8 Hz, 1H), 2.92 — 2.74 (m, 3H), 2.68 —
2.52 (m, 2H), 2.54 — 2.44 (m, 2H). BC{'H} NMR (126 MHz, chloroform-d) 6 179.1, 171.7, 158.4, 158.3, 149.3,
136.6, 131.0, 129.9, 122.9, 122.8, 113.9, 102.4, 75.2, 56.4, 55.5, 55.3, 46.6, 41.0, 34.7, 33.8, 29.9. HRMS (ESI)
m/z calculated for C,3H;30N305 [M+H]" : 428.2143; found [M+H]* : 428.2147.

5w: 1-(2,2-dimethoxyethyl)-2-(6-methylpyridin-2-yl)-5-oxo-N-phenethylpyrrolidine-2-carboxamide.

N
- I \/\©
N/
378 mg, 92% vyield, yellow oil. mp 143 - 145 °C. 'TH NMR (500 MHz, chloroform-d) 6 8.73 (t, J = 5.7 Hz, 1H), 7.50
(t,J=7.8 Hz, 1H), 7.32 (t,J = 7.8 Hz, 2H), 7.29 — 7.22 (m, 3H), 7.03 (t, / = 8.3 Hz, 2H), 5.03 (dd, /= 6.9, 3.3 Hz,
1H), 3.75-3.61 (m, 2H), 3.38 (s, 3H), 3.37 (s, 3H), 3.17 (dd, /= 14.2, 3.9 Hz, 1H), 2.92 (t, /= 7.1 Hz, 2H), 2.87 —
2.75 (m, 1H), 2.66 — 2.56 (m, 2H), 2.53 — 2.42 (m, 5H). BC{'H} NMR (126 MHz, chloroform-d) § 179.2, 171.9,

158.1, 157.6, 139.0, 136.8, 128.9, 128.5, 126.4, 122.3, 119.6, 102.4, 75.1, 56.3, 55.3, 46.5, 40.8, 35.6, 33.7, 30.0,
24.5. HRMS (ESI) m/z calculated for Cy3H3oN;04 [M+H]" : 412.2231; found [M+H]* : 412.2235.

5x: 1-(2,2-dimethoxyethyl)-N-(3,4-dimethoxyphenethyl)-5-oxo-2-(pyridin-2-yl)pyrrolidine-2-carboxamide.

448 mg, 98% vyield, yellow oil. mp 142 - 145 °C. 'H NMR (500 MHz, chloroform-d) 6 8.64 (t, J = 5.7 Hz, 1H), 8.53
(d, J=6.0 Hz, 1H), 7.60 (tt, J = 7.9, 1.7 Hz, 1H), 7.21 - 7.17 (m, 1H), 7.15 (d, / = 8.0 Hz, 1H), 6.80 (d, J = 3.5 Hz,
3H), 5.05 (dd, J = 6.9, 3.1 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 3H), 3.75 - 3.67 (m, 1H), 3.66 — 3.58 (m, 1H), 3.43 (s, 3H),
3.39 (s, 3H), 3.14 (dd, J = 14.3, 3.9 Hz, 1H), 2.92 — 2.74 (m, 3H), 2.66 — 2.52 (m, 2H), 2.54 — 2.42 (m, 2H). BC{'H}
NMR (126 MHz, chloroform-d) 6 179.0, 171.7, 158.4, 149.3, 149.0, 147.7, 136.6, 131.5, 122.9, 121.0, 112.0,
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111.2, 102.5, 75.2, 56.4, 55.94, 55.9, 55.6, 46.6, 40.8, 35.3, 33.7, 29.9. HRMS (ESI) m/z calculated for
C24H32N306 [1\/I‘i‘H]Jr . 4582213, found [B/I'FH]Jr :458.2217.

5y: 1-(2,2-dimethoxyethyl)-5-oxo-N-phenethyl-2-(pyrimidin-4-yl)pyrrolidine-2-carboxamide.

259 mg, 65% yield, yellow oil. mp 144 - 147 °C. '"H NMR (500 MHz, chloroform-d) & 9.15 (d, /= 1.4 Hz, 1H),
8.66 (d, J=5.4 Hz, 1H), 8.54 (t,J=5.7 Hz, 1H), 7.35 - 7.31 (m, 1H), 7.29 — 7.25 (m, 4H), 5.09 (dd, /J=7.8, 3.5
Hz, 1H), 3.74 - 3.64 (m, 2H), 3.42 (s, 3H), 3.41 (s, 3H), 3.21 (dd, J=14.1, 3.5 Hz, 1H), 2.99 — 2.90 (m, 2H), 2.75
—2.68 (m, 1H), 2.64 (dd, J = 16.3, 6.2 Hz, 1H), 2.55 — 2.47 (m, 2H), 2.46 — 2.39 (m, 1H). BC{'H} NMR (126
MHz, chloroform-d) 6 179.2, 170.4, 166.9, 158.6, 157.5, 138.7, 129.0, 128.6, 126.6, 120.2, 102.4, 74.5, 56.8, 56.0,
47.1, 40.7, 35.5, 33.5, 29.5. HRMS (ESI) m/z calculated for C,;H,;N40,4 [M+H]" : 399.2013; found [M+H]" :
399.2018
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'"H NMR spectrum of 1a (500 MHz, CDCl5)
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"H NMR spectrum of 1b (500 MHz, CDCl3)
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"H NMR spectrum of 1¢ (500 MHz, CDCl;)
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"H NMR spectrum of 1d (500 MHz, CDCls)
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"H NMR spectrum of 1e (500 MHz, CDCl;)

25y s ¢
I
‘
AT
0]
1e
L_-f [‘L lk S |
o 4 &
0.5 10,0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 40 3.0 2.5 2.0 1.5 1.0 0.5 0.0 g5 -1.0 -1.5
f1 (ppm)
BC{'H} NMR spectrum of 1e (126 MHz, CDCl5)
g e = g g3 & e
g&E 23 & 8 g2 = gy
Y [ N -
O
< NC
O
Fam
W
18 iy
W
eF R 46|.D 45|.5 45|.D 44‘.5
E-ng f1 (ppm)
Ul
“M—»N-"J/ \\-\‘_ﬁmu—\/\"f\
15;’".6 15}.4 15‘7.2 15;”.0
f1 (ppm) /
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

S20



'H NMR spectrum of 1f (500 MHz, CDCl;)
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"H NMR spectrum of 1g (500 MHz, CDCl5)
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"H NMR spectrum of 1h (500 MHz, CDCls)
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'H NMR spectrum of 1i (500 MHz, CDCls)

.26
3.82

@]
1i
= a | D o i
e
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5
f1 (ppm)
BC{'H} NMR spectrum of 1i (126 MHz, CDCl;)
2 B 2aR
o
e \H/\NC
O
1i

2R

e

NP
|fJ

L

44,0 43.5 43.0 42.5
f1 (ppm)
I
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S24



"H NMR spectrum of 1j (500 MHz, CDCl;)
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"H NMR spectrum of 1k (500 MHz, CDCls)

E0E
mo.mg
EDE
FOE
+0E
S0E
S0E
ame
ame

Z9¢e
E9E
E9E
PIE
+IE

+IE
GOE
89°E
99'e
LBE

169
EB'9
a9
96’9
LE9
£69
LJOER
BE9-
ZTe
et
ET¢
e
neEs
0EL
1e¢e
ZEE
EEL
EEL

NC

1k

oz

=iz
=ore

350

w60
= 160
o

-0.5

11.0

-1.0

4.5 4.0 35 3.0 2.5 2.0 15 1o 0.5 0.0

5.0
f1 (ppm)

BC{'H} NMR spectrum of 1k (126 MHz, CDCl5)

10.5

o' TE—
TE T
nm.ﬁvw
[t

L2785 —

BEOIT—

S0z
BT~
TEBIIN
9B 0ET =

T£551
mm.mﬂW—

T1&6S0
mv.nmﬂ\

NG

1k

4
E
-
e
L
N —_—
e E
TE
TETr— U\_ =
aw— —= | T8
- S
T =T
@
]
i
e
= 1
| @A
I LA
L —
:.mﬂ\w E
9551 — o &
e Fid =
J_ -
)k
[ls
| b
| &
H]

20

40

60

70

T
200

T
210

f1 (ppm)

S26



'H NMR spectrum of 11 (500 MHz, CDCls)
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"H NMR spectrum of 1m (500 MHz, CDCl5)
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"H NMR spectrum of 1n (500 MHz, CDCls)
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'"H NMR spectrum of 1o (500 MHz, CDCl5)
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"H NMR spectrum of 1p (500 MHz, CDCl;)
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"H NMR spectrum of 1q (500 MHz, CDCl;)
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'"H NMR spectrum of 5a (500 MHz, CDCl5)
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"H NMR spectrum of 5b (500 MHz, CDCls)
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'H NMR spectrum of 5¢ (500 MHz, CDCls)
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"H NMR spectrum of 5d (500 MHz, CDCls)
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"H NMR spectrum of 5j (500 MHz, CDCl;)
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"H NMR spectrum of 5k (500 MHz, CDCls)
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'H NMR spectrum of 51 (500 MHz, CDCls)
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'"H NMR spectrum of 5m (500 MHz, CDCl5)
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"H NMR spectrum of 5n (500 MHz, CDCls)
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'"H NMR spectrum of 50 (500 MHz, CDCl5)
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"H NMR spectrum of 5p (500 MHz, CDCls)
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"H NMR spectrum of 5¢q (500 MHz, CDCls)
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"H NMR spectrum of 5r (500 MHz, CDCl;)
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"H NMR spectrum of 5s (500 MHz, CDCls)
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'H NMR spectrum of 5t (500 MHz, CDCl;)
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"H NMR spectrum of 5u (500 MHz, CDCls)
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'"H NMR spectrum of 5v (500 MHz, CDCl5)
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'"H NMR spectrum of 5w (500 MHz, CDCl;)
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'"H NMR spectrum of 5x (500 MHz, CDCl5)
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"H NMR spectrum of 5y (500 MHz, CDCl5)
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'"H NMR spectrum of 6a (500 MHz, CDCl5)
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"H NMR spectrum of 6b (500 MHz, CDCl3)
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"H NMR spectrum of 6¢ (500 MHz, CDCl;)
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"H NMR spectrum of 6d (500 MHz, CDCls)
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"H NMR spectrum of 6e (500 MHz, CDCl;)
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'H NMR spectrum of 6f (500 MHz, CDCl;)
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"H NMR spectrum of 6g (500 MHz, CDCl5)
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"H NMR spectrum of 6h (500 MHz, CDCls)
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'H NMR spectrum of 6i (500 MHz, CDCls)
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'H NMR spectrum of 6j (500 MHz, CDCl;)
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"H NMR spectrum of 6k (500 MHz, CDCls)
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INMR spectrum of 61 (500 MHz, CDCl5)
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INMR spectrum of 6m (500 MHz, CDCl5)
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INMR spectrum of 6n (500 MHz, CDCl5)
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INMR spectrum of 60 (500 MHz, CDCl;)

ov e
[
[
[
152
5t
€52
¥5e
¥52
95z
952
oz
£97
rae
59¢
997
99z
L9z
692
9¢2
e
8ee
s A
S
082~

18-y
mw.m%
[4: 54
GLE
0ge
EEE
ERE
PEE
S8E
9FE
LBE
LEE
0e m._

9Ls
hm.mv
859
659
LS
L4
9Ty
9Te
LTE
e
e
8T
BTY

L4
n&e
184
£
e

£ced

(5]
[3-3:]
am.mw
0g

Foaoz
ez
Froz

Fae

oot

=aen

Fpe'T

T80

Foso

4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

4.5

5.0

5
f1 (ppm)

BC{'H} NMR spectrum of 60 (126 MHz, CDCl5)

115

s ar—

05 62~_
Torog-"

BUEF—

59'89—

Drinr—

8L mzw
LT

TEBTT "3
ESELI

PTLET—

TR —
BELSI—

aear—

BPELI—
— O
\\.

20

40

60

70

T
200

T
210

f1 (ppm)

572



INMR spectrum of 6p (500 MHz, CDCl5)
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INMR spectrum of 6q (500 MHz, CDCl5)
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INMR spectrum of 6r (500 MHz, CDCls)
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INMR spectrum of 6s (500 MHz, CDCl;)
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INMR spectrum of 6t (500 MHz, CDCls)
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INMR spectrum of 6u (500 MHz, CDCl5)
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INMR spectrum of 7a (500 MHz, CDCl;)

LT
+EZ'Eq
S8
9z'24
L8

Sb'Z
952

£8'Z
I

99'84
99'g”

.

L

I

|

7a

o
01
a0t

o't
W ar't
e

Fant

a0t

=t
=01

=0t

50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -10

5.5
f1 (ppm)

11.5 11.0 10.5 10.0 9:5 9.0 8.5 8.0 7.5 7.0 6.5 6.0
BC{'H} NMR spectrum of 7a (126 MHz, CDCl;)

12.0

1682,
B 6T
At
P oE—

09 9—

B0 Z5—

bEDL—

o9 o:./.

LTELT
ag mﬂ#

£6 971~
szt
w8z

ETie
eaver,
o5 zer+

BRI
EE'BST—

FEBIT—

SO'GLT—

T
-10

40 20

60

70

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

L
210

S79



INMR spectrum of 7b (500 MHz, CDCl5)
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INMR spectrum of 7¢ (500 MHz, CDCls)
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INMR spectrum of 7d (500 MHz, CDCl5)
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INMR spectrum of 7e (500 MHz, CDCls)
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INMR spectrum of 7f (500 MHz, CDCls)
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INMR spectrum of 7g (500 MHz, CDCl;)
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INMR spectrum of 7h (500 MHz, CDCl5)
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INMR spectrum of 7i (500 MHz, CDCl5)
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INMR spectrum of 8a (500 MHz, CDCl;)
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INMR spectrum of 8b (500 MHz, CDCl5)
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X-ray structure determination

Single crystals were obtained from dichloromethane solutions by vapour diffusion in room
temperature. X-ray diffraction data for single crystal of compound 5x (MEDH_5b), 6a (BDFF_52) and
7a (BDH_00) was collected using Rigaku XtalLAB Synergy S Dualflex diffractometer (four circle
diffractometer with a mirror monochromator) with HyPix detector and a Photonlet CuKa radiation
source (A = 1.54184 A) for 5x, 6a and 7a. Additionally, the diffractometer was equipped with a Cryolet
HT cryostat system (Oxford Instruments) allowing low temperature experiments, performed at 100 (11)
K. The obtained data set was processed with CrysAlisPro software [S1]. The phase problem was solved
by direct methods using SUPERFLIP [S2]. Parameters of obtained models were refined by full-matrix
least-squares on F? using SHELXL-2014/6 [S3]. Calculations were performed using WinGX integrated
system (ver. 2014.1) [S4]. Figure was prepared with Mercury 3.7 software [S5].

All non-hydrogen atoms were refined anisotropically. All hydrogen atoms attached to carbon atoms
were positioned with the idealised geometry and refined using the riding model with the isotropic
displacement parameter U;,[H] = 1.2 (or 1.5 (methyl groups only)) Uey[C]. Crystal data and structure
refinement results for presented crystal structure are shown in Table S1. The molecular geometry
(asymmetric unit) observed in the crystal structure is shown in Figure S1.

Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC 2141575 (5x), no. CCDC 2089898 (6a), CCDC 2089897 (7a). Copies
of the data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2
1EZ, UK, (fax: +44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).

S90


mailto:deposit@ccdc.cam.ac.Uk

Figure S1. Molecular geometry observed in the crystal structure of compound 5x(MEDH_5b) showing
the atom labelling scheme. The positional disorder within the benzene ring is observed with equal site
occupancy (50:50). Displacement ellipsoids of non-hydrogen atoms are drawn at the 30% probability
level. H atoms are presented as small spheres with an arbitrary radius.
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Table S1. Crystal data and structure refinement results for compound 5x.

5x

Empirical moiety formula

C24 H31 N3 06

Formula weight [g/mol] 457.52
Crystal system Monoclinic
Space group P2,/c

Unite cell dimensions

a=13.48122(11) A
b = 9.64068(8) A
c=17.57934(13) A

a=90°
B=93.4732(7)°

y=90°

Volume [A3] 2280.56(3)

Z 4
Dcalc [Mg/ma] 1.332
u[mm?] 4.814
F(000) 976

Crystal size [mm?3]

0.2x0.15x0.15

O range 2.52° t0 79.58°
Index ranges -17<h<17,
-12<k<12,
-20<1<22
Refl. collected 32315
Independent reflections 4912

[R(int) = 0.0398]

Completeness [%] to ©

99.1 (0 73.11°)

Absorption correction Multi-scan
Tmin. and Tmax. 0.888 and 0.905
Data/ restraints/parameters 4912 /0/307
GooF on F2 1.051

Final R indices [I>2sigma(l)] R1=0.0357,
wR2=0.0923

R indices (all data) R1=0.0372,
wR2=0.0923
DPmax, Dpmin [€-A3] 0.33 and -0.23
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Figure S2. Molecular geometry observed in the crystal structures of compound 6a (BDFF_52)
(asymmetric unit), showing the atom labelling scheme. The positional disorder within the benzene ring
is observed with equal site occupancy (50:50). Displacement ellipsoids of non-hydrogen atoms are
drawn at the 30% probability level. H atoms are presented as small spheres with an arbitrary radius.
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Figure S3. Molecular geometry observed in the crystal structures of compound 7a (BDH_00)
(asymmetric unit), showing the atom labelling scheme. The positional disorder within the benzene ring
is observed with equal site occupancy (50:50). Displacement ellipsoids of non-hydrogen atoms are
drawn at the 30% probability level. H atoms are presented as small spheres with an arbitrary radius.
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Table S2. Crystal data and structure refinement results for compound 6a and 7a.

6a 7a
Empirical moiety formula Cy0 Hig N3 O, Cy0 Hig N3 O,
Formula weight [g/mol] 333.38 333.38
Crystal system Monoclinic Triclinic
Space group P2,/n PT

Unite cell dimensions

a=12.35225(14) A

b =9.56319(12) A
c=27.9380(3) A

a=9.1187(2) A
b =9.46413(16) A
c=11.1547(2) A

[R(int) = 0.0483]

a=90° 0=67.7203°
=91.1698(10)° =66.604(2)°
y=90° v=100.01°
Volume [A3] 3299.55(7) 810.64(3)
z 8 2
Deaic [Mg/m’] 1.342 1.366
u[mm?] 0.712 0.725
F(000) 1408 352
Crystal size [mm?3] 0.2x0.2x0.15 0.5x0.4x0.15
O range 3.16°t0 77.32° 5.09° to 80.03°
Index ranges -14<h <15, -11<h<11,
-11<k<12, -12<k<12,
-35<1<35 -14<1<14
Refl. collected 47518 16409
Independent reflections 6912 3350

[R(int) = 0.1148]

Completeness [%] to O

99.9 (0 71.98°)

98.9 (0 71.9°)

Absorption correction Multi-scan Multi-scan
Tmin. and Tmax. 0.897 and 1.000 0.897 and 1.000
Data/ restraints/parameters 6912 /0/ 2452 3350/0/ 2327
GooF on F2 1.103 1.145
Final R indices [I>2sigma(l)] R1=0.0450, R1=0.0664,
wR2=0.1176 wR2=0.1938
R indices (all data) R1=0.0422, R1=0.0642,
wR2=10.1221 wR2=10.1886
DPraxs APmin [€-A3] 0.44 and -0.32 0.45 and -0.43
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