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General information

Reagents and materials were purchased from the highest commercially available grade
and used without further purification. Flash column chromatography was carried out
using silica gel 60 (230-400 mesh) and reactions were monitored using analytical thin
layer chromatography (TLC). NMR spectra were recorded at 400 MHz for 'H and 100
MHz for *C, unless otherwise noted. Chemical shifts (8 =) are reported in parts per
million relatives to the tetramethylsilane (TMS) and coupling constants (J) are reported
in hertz (Hz). All signals are reported in ppm with the internal reference of residual
solvent signals (7.26 or 77.1 ppm for chloroform; 3.31 or 49.0 ppm for methanol). Data
are presented as follows: multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
quint = quintet, sext = sextet, m = multiplet, br = broad, dd = doublet of doublet, dt =
doublet of triplet), coupling constant (J/Hz) and integration. The diastereoisomeric ratio
(dr) was determined by integration of the 'H NMR spectra of the crude reaction
mixture. Only the characterization data for the major isomer is given.

The enantiomeric excess (ee) of products was determined by High Performance Liquid
Chromatography (HPLC) or Ultraperformance Convergence Chromatography (UPC?)
analysis. HPLC chromatograms were obtained on an apparatus with a LC-10AT Pump,
SPD-10AUV-Vis Detector, SCL-10A System Controller, using a Chiralpak AS-H
column (4.6 mm@ x 250 mmL, particle size 5 um). UPC? chromatograms were recorded
by Waters ACQUITY UPC? using Trefoil CEL2 (2.5 um, 3 x 15 mm), AMY1 (2.5 um,
3 x 15 mm) and CELI (2.5 pm, 3 x 15 mm) columns as chiral stationary phases with
PDA detection. Optical rotations were measured on a PerkinElmer 241 polarimeter at
589 nm and 20 °C, [a]p values are given in deg-cm?-g™!-dm™!; concentration ¢ in g. (100
mL)!. High resolution mass spectra (HRMS) were performed on a Waters Acquity
UPLC H-Class System Xevo G2-XS Q-TOF Spectrometer (ESI-Q-TOF). Melting
points were determined using a Biichi M-560 Basic Melting Point Apparatus. GC-MS
analysis were performed using a Shimadzu GCMS-QP2010S Gas Chromatograph
coupled to a MS detector equipped with an Zebron ZB5-MS capillary column (30 m x
0.32 mm, 0.25 pm) under the operation parameters: temperature of inlet of 250 °C,
temperature of the interface of 300 °C, temperature ramp of the oven from 50 to 250 °C

at a rate of 10 °C min".
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General procedure for the synthesis of hemiacetals 1a-h

To a solution of Jergensen catalyst (0.1 equiv.) and 3,5-dinitrobenzoic acid (0.2 equiv.)
in toluene (0.1 M) at —20 °C was added the o,B-unsaturated aldehyde under magnetic
stirring. After 20 min, benzoyl acetonitrile was introduced into the reaction mixture.
The resulting solution was stirred for 48h at the same temperature. The volatiles were
concentrated under reduced pressure and the resulting crude product was purified by
flash column chromatography.

(4R)-Ethyl-2-hydroxy-6-phenyl-3,4-dihydro-2 H-pyran-5-carbonitrile (1a)

Prepared according general procedure using benzoylacetonitrile
(888 mg, 6.1 mmol) and pent-2-enal (390 pL, 4.0 mmol).
Obtained after flash column chromatography purification (n-
hexane/EtOAc 9:1) as a yellow solid (595 mg, 2.6 mmol, 65%
yield, 94% ee). m.p. 66-68 °C. [a]3° + 4.0 (c 0.5, acetone, 20°C).
R¢=0.23 (n-hexane/ EtOAc 4:1).

'H NMR (400 MHz, CDCI3) 8 = 7.75 — 7.67 (m, 2H, Ph), 7.46 — 7.37 (m, 3H, Ph), 5.66
(t, J = 3.5 Hz, H-1major), 5.47 (d, J=8.7, 1H, H-1minor), 3.65 (brs, 1H, OH), 2.68 — 2.53
(m, 1H), 2.11 = 1.92 (m, 2H), 1.76 — 1.46 (m, 2H), 1.02 (t, J= 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) & = 163.6 (C-5minor), 162.5 (C-5major), 133.5, 130.9
(minor), 130.7 (major), 128.5(minor), 128.4 (major), 128.3 (minor), 128.2 (major),
119.6 (CN), 96.2 (C-1minor), 92.8 (C-lmajor), 89.3 (C-4major), 88.8 (C-4minor), 34.4 (C-
2minor), 33.1 (C-6minor), 30.8 (C-2major), 30.3 (C-6major), 26.6 (C-3), 10.8 (C-Tmajor), 10.6
(C-Tminor).

HRMS (ESI-Q-TOF) m/z: 230.1182 [M+H]"; calcd. for C14HisNO>: 230.1176.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient
CO2/iPrOH = 100:0 to 90:10 until 5 min then isocratic 90:10, flow rate = 2 mL/min,
25 °C, A =264 nm, tp =4.79 min (minor) and tg = 5.19 min (major), 94% ee.

(4R)-2-hydroxy-4-methyl-6-phenyl-3,4-dihydro-2 H-pyran-5-carbonitrile (1b)

Prepared according general procedure using benzoylacetonitrile
(145 mg, 1 mmol) and (E)-but-2-enal (165 pL, 2 mmol). Obtained
after flash column chromatography purification (n-hexane/EtOAc

4:1) as a brown oil (193 mg, 0.9 mmol, 90% yield, 2:1 dr, 98%
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ee). [a]3’ + 5.8 (c 0.6, acetone, 20°C). R¢= 0.36 (n-hexane/ EtOAc 7:3).

IH NMR (400 MHz, CDCl3) § = 7.73 — 7.64 (m, 2H, Ph), 7.45 — 7.30 (m, 3H, Ph), 5.56
(t, J = 2.5 Hz, 1H, H-luajor), 5.39 (d, J = 8.6 Hz, 1H, H-lminor), 4.58 (brs, 1H, OH), 2.82
— 2.68 (m, 1Hmajor), 2.71 — 2.57 (m, 1Hminor), 2.18 (ddd, J = 13.5, 6.4, 1.7 Hz, 1Hminor),
2.02 (dt, J=13.6, 5.0 Hz, |Hugior), 1.67 — 1.56 (m, 1H), 1.33 — 1.22 (m, 3H, H-6).

13C NMR (100 MHz, CDCl3) & = 163.5 (C-5minor), 162.6 (C-5major), 133.4 (Phmajor),
133.0 (Phuinor), 130.8 (Phuminor), 130.6 (Phusinor), 128.3 (Phuminor), 128.3 (Phsgior), 128.1
(Phmajor), 128.1 (Phmajor), 119.7 (CN), 95.8 (C-1lminor), 92.5 (C-lmajor), 89.4 (C-S5major),
8.8 (C-dminor), 36.2 (C-2minor), 34.3 (C-2major), 28.3 (C-6minor), 24.2 (C-6major), 19.8 (C-
3).

HRMS (ESI-Q-TOF) m/z: 216.1025 [M+H]"; calcd. for CisH14NO»: 216.1019.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient
CO»/iPrOH = 100:0 to 60:40 in 5 min, flow rate = 1 mL/min, 35 °C, A = 248 nm, t; =

4.23 min (minor) and tg = 4.52 min (major), 98% ee.

(4R)-4-heptyl-2-hydroxy-6-phenyl-3,4-dihydro-2 H-pyran-5-carbonitrile (1c)

, Prepared according general procedure using

/\/\) benzoylacetronitrile (87 mg, 0.6 mmol) and (E)-dec-2-enal
6

NG H (183 pupL, 1 mmol). Obtained after flash column
4 3 2

!

°°0” "OH brown oil (126 mg, 0.42 mmol, 70% yield, 2:1 dr, > 99% ee).
[a]Z® + 1.6 (c 0.5, acetone, 20°C). Re= 0.53 (n-hexane/ EtOAc

chromatography purification (n-hexane/EtOAc 4:1) as a

7:2).

'H NMR (400 MHz, CDCls) 8 = 7.74 — 7.66 (m, 2H), 7.45 — 7.33 (m, 3H), 5.61 (s, 1H,
H-1major), 5.42 (t, J = 7.2 Hz, 1H, H-1minor), 3.88 (brs, 1H, OH), 2.69 — 2.49 (m, 1H),
2.23 (dd, J=13.4, 6.3 Hz, 1H, H-1minor), 2.04 (dt, J = 13.7, 5.2 Hz, 1H, H-1major), 1.97 —
1.83 (m, 1H), 1.78 — 1.58 (m, 1H), 1.51 — 1.17 (m, 11H), 0.89 (t, J = 6.6 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) & = 163.6 (C-5minor), 162.5 (C-5major) , 133.6 (Phmajor),
133.1 (Phminor), 130.8 (Phminor), 130.7 (Phminor), 128.4 (Phmajor), 128.3 (Phmajor), 128.2
(Phmajor), 119.7 (CN), 96.2 (C-lminor), 92.8 (C-lmajor), 89.4 (C-4major), 88.9 (C-4minor),
33.9 (major), 33.9 (minor), 33.7 (minor), 33.2 (minor), 31.9 (major), 31.5 (major), 29.7
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(major), 29.6 (minor), 29.3 (major), 29.2 (major), 26.5 (major), 26.4 (minor), 22.8
(major), 14.2 (C-7).

HRMS (ESI-Q-TOF) m/z: 300.1971 [M+H]"; calcd. for C19H26NO>: 300.1958.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient
COy/iPrOH = 100:0 to 80:20 until 2 min then isocratic 80:20, flow rate = 0.8 mL/min,
25 °C, A =264 nm, t; = 4.01 min (minor) and tg = 4.25 min (major), > 99% ee.

(4R)-4-((Z)-hex-3-en-1-yl)-2-hydroxy-6-phenyl-3,4-dihydro-2 H-pyran-5-
carbonitrile (1d)

Prepared according general procedure using benzoylacetonitrile
(44 mg, 0.3 mmol) and (2E,6Z)-nona-2,6-dienal (96 puL, 0.6
mmol). Obtained after column chromatography purification (n-
hexane/EtOAc 4:1) as a brown oil (59 mg, 0.21 mmol, 70%
yield, 3:1 dr, 98% ee). [a]3’ + 4.2 (c 0.5, acetone, 20°C). Ry=
0.61 (n-hexane/ EtOAc 7:3).

'TH NMR (400 MHz, CDCl3) 8 = 7.81 — 7.63 (m, 2H), 7.52 — 7.38 (m, 3H), 5.65 (t, J =
3.4 Hz, 1H, H-1), 5.56 — 5.27 (m, 2H), 3.54 (brs, 1H, OH), 2.79 — 2.56 (m, 1H), 2.26 —
1.94 (m, 6H), 1.84 — 1.41 (m, 3H), 0.98 (td, /= 7.5, 1.1 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) & = 162.4 (C-5), 133.5 (minor), 132.9 (major), 130.9
(Phmajor), 130.7 (major), 128.4 (Phmajor), 128.3 (Phmajor), 128.2 (Phmajor), 127.7 (Phminor),
127.7 (Phminor), 119.6 (CNminor), 119.5 (CNmajor), 96.0 (C-1minor), 92.7 (C-1major), 89.4 (C-
4major), 89.0 (C-4minor), 33.8 (major), 33.8 (minor), 33.5 (minor), 32.7 (minor), 31.4
(major), 28.8 (major), 24.1 (major), 24.0 (minor), 20.8 (major), 14.4 (C-7).

HRMS (ESI-Q-TOF) m/z: 284.3326 [M+H]"; calcd. for C13H22NO>: 284.3345.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient
COy/iPrOH = 100:0 to 80:20 until 2 min then isocratic 80:20, flow rate = 1 mL/min,
25 °C, A =220 nm, t; =4.59 min (minor) and tg = 4.31 min (major), 98% ee.

(4R)-4-((1,3-dioxoisoindolin-2-yl)methyl)-2-hydroxy-6-phenyl-3,4-dihydro-2 H-

pyran-5-carbonitrile (1e)

o] Prepared according general procedure using
/N7 benzoylacetonitrile (43.5 mg, 0.3 mmol) and (F)-4-(1,3-
6 2
N , O dioxoisoindolin-2-yl)but-2-enal  (77.4 mg, 0.36 mmol).
3
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Obtained after flash column chromatography purification (n-hexane/EtOAc 4:1) as a
brown oil (101 mg, 0.28 mmol, 93% vyield, 2:1 dr, > 99% ee). [@]3’ + 7.4 (c 0.5,
acetone, 20°C). Rr= 0.36 (n-hexane/ EtOAc 7:3).

'TH NMR (400 MHz, CDCI3) 8 = 7.99 — 7.83 (m, 2H, Ph), 7.81 — 7.66 (m, 4H, Ph), 7.54
— 7.33 (m, 3H, Ph), 5.70 (brs, 1H, H-1major), 5.65 (brs, 1H, H-1minor), 4.33 (dd, J=13.6,
7.2 Hz, 1H, H-6aminor), 4.14 (dd, J = 13.7, 5.8 Hz, 1H, H-6amajor), 3.92 (dd, J=13.8, 7.9
Hz, 1H, H-6bminor), 3.81 (dd, J = 13.7, 9.5, 1H, H-6major), 3.31 — 3.10 (m, 1H), 2.22 —
1.79 (m, 2H), 1.71 (brs, 1H, OH).

13C NMR (100 MHz, CDCl3) 8 = 168.7 (C-Tminor), 168.4 (C-Tmajor), 164.1 (C-5 major),
164.0 (C-5minor), 134.3 (Phmajor), 134.2 (Phminor), 132.9 (Phminor), 132.8 (Phminor), 131.9
(Phminor), 131.8 (Phminor), 130.9 (Phmajor), 128.4 (Phmajor), 128.2 (Phmajor), 128.2 (Phmajor),
123.6 (Phmajor), 119.4 (CNminor), 119.0 (CNmajor), 94.1 (C-1minor), 92.6 (C-1major), 84.8 (C-
4minor), 84.8 (C-4major), 41.6 (C-6minor), 41.2 (C-6major), 31.2 (C-2minor), 30.1 (C-2major),
29.8 (C-3).

HRMS (ESI-Q-TOF) m/z: 361.1181 [M+H]"; calcd. for C21H17N204: 361.1183.

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, isocratic
CO2/MeOH = 65:35, flow rate = 1 mL/min, 35 °C, A = 267 nm, t; = 1.71 min (major)

and tg = 2.15 min (minor), > 99% ee.

(4R)-4-((benzyloxy)methyl)-2-hydroxy-6-phenyl-3,4-dihydro-2 H-pyran-5-

carbonitrile (1f)

Prepared  according the  general procedure  using
7 benzoylacetonitrile (290 mg, 2.0 mmol) and (£)-4-

6 :/O (benzyloxy)but-2-enal (532 mg, 2.0 mmol). Obtained after flash
NC 4| 3 2 column chromatography purification (n-hexane/EtOAc 9:1) as
0 1 OH an orange oil (386 mg, 1.20 mmol, 60% yield, 3:1 dr, > 99% ee).

[]Z® + 1.1 (c 0.5, acetone, 20°C). R¢= 0.10 (n-hexane/ EtOAc
4:1).
TH NMR (400 MHz, CDCl3) 6 = 7.80 — 7.69 (m, 2H), 7.48 — 7.27 (m, 8H), 6.89 (d, J =
11.2, 1H, OH), 5.66 (s, 1H, H-1a), 5.58 (d, J= 11.2 Hz, 1H, H-1b), 4.74 — 4.59 (m, 2H,
H-7b), 4.59 (s, 2H, H-7a), 3.98 (dd, J = 9.7, 3.2 Hz, 1H, H-6b), 3.77 (dd, J = 9.7, 3.4
Hz, 1H, H-6a), 3.69 (dd, J = 9.5, 6.5 Hz, 1H, H-6a), 3.53 (dd, J = 9.8, 2.3 Hz, 1H, H-
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6b), 2.92 (qd, J = 6.9, 3.4 Hz, 1H, H-3b), 2.82 (d, J = 8.5 Hz, 1H, H-3a), 2.44 (ddd, J =
13.2,9.1,3.5 Hz, 1H, H-2), 2.11 — 2.02 (m, 1H, H-2).

13C NMR (100 MHz, CDCI3) & = 164.7 (C-5b), 163.8 (C-5a), 138.1 (Ph-a), 136.2 (Ph-
b), 133.6 (Ph-a), 133.6 (Ph-b), 133.4 (Ph-a), 130.9 (Ph-b), 130.8 (Ph-a), 128.8 (Ph-b),
128.6 (Ph-a), 128.4 (Ph-b), 128.2 (Ph-b), 127.9 (Ph-a), 127.9 (Ph-a), 127.8 (Ph-b), 119.6
(CN-b), 119.3 (CN-a), 93.2 (C-1a), 91.6 (C-1b), 85.4 (C-4a), 84.1 (C-4b), 74.2 (C-6D),
73.6 (C-6a), 71.3 (C-7a), 71.3 (C-7b), 31.9 (C-3b), 31.5 (C-3b), 31.1 (C-2a), 30.1 (C-
3a).

HRMS (ESI-Q-TOF) m/z: 344.1443 [M+H]"; calcd. for C20Hi9NO3Na: 344.1263.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO2/MeOH = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 292 nm, t; =

5.27 min (major) and tg = 5.40 min (minor), > 99% ee.

(4R)-4-(((tert-butyldimethylsilyl)oxy)methyl)-2-hydroxy-6-phenyl-3,4-dihydro-2 H-
pyran-5-carbonitrile (1g)
7\ /% , Prepared  according the  general procedure  using
8

s 0O benzoylacetonitrile (290 mg, 2.0 mmol) and (E)-4-((tert-
NC_, ; ) butyldimethylsilyl)oxy)but-2-enal (400 mg, 2.0 mmol).
5| 1 Obtained after flash column chromatography purification (n-

O OH

hexane/EtOAc 4:1) as a yellow oil (132 mg, 0.38 mmol, 19%

yield, 9:1 dr, > 99% ee). [a]3’ + 2.6 (c 0.5, acetone, 20°C). R¢=
0.33 (n-hexane/ EtOAc 4:1).
'H NMR (400 MHz, CDCl3) 8 = 7.77 — 7.67 (m, 2H, Ph), 7.49 — 7.36 (m, 3H, Ph), 7.30
—7.23 (m, 1H), 5.72 (brs, 1H, H-1a), 5.59 (d, /= 11.7 Hz, 1H, H-1b), 4.18 (dd, J=10.7,
3.0, 1H, H-6b), 3.92 — 3.80 (m, 1H, H-6a), 3.67 (dd, J = 10.6, 1.9 Hz, 1H, H-6b), 3.56
(brs, 1H, H-6a), 2.82 — 2.72 (m, 1H, H-2), 2.47 (dddd, J = 14.0, 9.1, 3.4, 1.2 Hz, 1H, H-
3),2.18 = 1.92 (m, 1H, H-2), 0.90 (d, J = 3.5 Hz, 9H, H-9), 0.16 (d, J = 5.6 Hz, 3H, H-
7),0.10 (d, J= 3.8 Hz, 3H, H-7).
13C NMR (100 MHz, CDCI3) § = 165.0 (C-5b), 164.0 (C-5a), 133.7 (Ph-b), 130.8 (Ph-
b), 130.6 (Ph-a), 128.4 (Ph-b), 128.3 (Ph-a), 128.2 (Ph-b), 128.1 (Ph-a), 119.7 (CN),
93.4 (C-1a), 91.5 (C-1b), 85.2 (C-4a), 83.8 (C-4b), 65.4 (C-6b), 64.3 (C-6a), 33.6 (C-
2b), 33.2 (C-2a), 31.7 (C-8b), 30.0 (C-8a), 25.9 (C-9a), 25.7 (C-9b), 18.3 (C-3), -5.4 (C-
7a), -5.6 (C-7b), -5.6 (C-7b).
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HRMS (ESI-Q-TOF) m/z: 346.1842 [M+H]"; calcd. for C19H2sNO3Si: 346.1833.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO2/MeOH = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 280 nm, t; =

3.29 min (major) and tg = 3.94 min (minor), > 99% ee.

(4R)-2-hydroxy-6-phenyl-4-((prop-2-yn-1-yloxy)methyl)-3,4-dihydro-2 H-pyran-5-
carbonitrile (1h)
49 Prepared a.ccording the  general  procedure  using
7% benzoylacetonitrile (145 mg, 1.0 mmol) and (E)-4-(prop-2-yn-1-
6~ yloxy)but-2-enal (149 mg, 1.2 mmol). Obtained after flash
3 2 column chromatography purification (n-hexane/EtOAc 9:1) as a
o~ oy yellow oil (128 mg, 0.48 mmol, 48% yield, 1:1 dr, > 99% ee).
[a]Z® + 2.2 (c 0.5, acetone, 20°C). Rs= 0.08 (n-hexane/ EtOAc
4:1).
'H NMR (400 MHz, CDCl3) 8 = 7.79 — 7.67 (m, 2H, Ph), 7.48 — 7.35 (m, 3H, Ph), 6.20
(s, 1H, OH), 5.69 (t, J = 3.8 Hz, 1H, H-1a), 5.59 (brs, 1H, H-1b), 4.37 — 4.18 (m, 2H),
4.00 (dd, J = 9.6, 3.7 Hz, 1H, H-6a), 3.83 (dd, J = 9.4, 3.4 Hz, 1H, H-6b), 3.76 — 3.66
(m, 1H), 2.96 — 2.83 (m, 1H), 2.50 (dd, J = 23.0, 2.1 Hz, 1H), 2.42 (dd, J = 9.5, 3.8 Hz,
1H, H-2a), 2.12 (dt, J = 14.8, 2.6 Hz, 1H, H-2b), 2.05 (dd, J=7.4, 3.7 Hz, 1H).
13C NMR (100 MHz, CDCI3) & = 164.7 (C-5a), 163.9 (C-5b), 133.5 (Ph-a), 133.3 (Ph-
b), 131.0 (Ph-a), 130.8 (Ph-b), 128.4, 128.2, 119.4 (CN-a), 119.2 (CN-b), 93.2 (C-1a),
91.9 (C-1b), 85.2 (C-4a), 84.0 (C-4b), 79.4 (C-8a), 77.9 (C-8b), 76.3 (C-9a), 75.0 (C-
9b), 71.1 (C-6a), 70.9 (C-6b), 59.0 (C-7a), 58.7 (C-7b), 31.8 (C-2a), 31.3 (C-3a), 30.8
(C-2b), 30.0 (C-3b).

HRMS (ESI-Q-TOF) m/z: 268.0975 [M-H]; calcd. for Ci16H14NO3: 268.0979.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO2/MeCN = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 300 nm, t; =

3.64 min (minor) and tg = 3.74 min (major), > 99% ee.
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(45)-2-hydroxy-4,6-diphenyl-3,4-dihydro-2 H-pyran-5-carbonitrile (1i)
© Prepared according procedure of the respective literature.! All

spectroscopic data are in accordance with the same reference.

NC

| 0~ “"OH Trefoil CEL2, Gradient CO»/iPrOH = 100:0 to 80:20 until 2 min

then isocratic 80:20, flow rate = 1 mL/min, 25 °C, A = 220 nm, t; =

The enantiomeric ratio was determined by UPC? analysis using

4.13 min (minor) and tg = 4.50 min (major), 98% ee.

1 Z.Niu, X. He, Y. Shang, Tetrahedron: Asymmetry 2014, 25, 796-801.
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General multicomponent reaction procedure for the synthesis of cyclopentenes 2a-
2z/2aa-2as

The hemiacetal 1a-1h (0.15 mmol, 1 equiv.) was dissolved in trifluoroethanol (0.3 mL),
and the amine (0.15 mmol, 1.0 equiv.) was added to this mixture. Triethylamine (0.16
mmol, 1.1 equiv.) was also added to the reaction when a-amino acid and peptide methyl
ester hydrochlorides were employed as amino components. After 10 minutes, the
isocyanide (0.15 mmol, 1.0 equiv.) was introduced into this solution and the glass tube
was sealed. The flask was irradiated for 20 min (300 W) under high-speed magnetic
stirring in the microwave reactor, while the temperature was raised up to 70 °C. The
volatiles was concentrated under reduced pressure and the resulting crude product was
purified by flash column chromatography.

(BR,5R)-2,3-bis(cyclohexylamino)-5-ethylcyclopent-1-ene-1-

’ carbonitrile (2a)
7\ 4 Prepared according the general procedure using hemiacetal 1a (34

mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and
NC' 'NH® cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
® column chromatography purification (n-hexane/EtOAc 5:1) as a
pale yellow oil (44 mg, 0.14 mmol, 93% yield, 79:21 dr, 76% ee).
[]Z® - 12.4 (¢ 0.5, acetone, 20°C). R¢= 0.36 (n-hexane/ EtOAc 6:1).
'H NMR (400 MHz, CDCl3) 8 = 5.11 (d, J = 8.0 Hz, 1H, H-8), 3.84-3.71 (m, 1H, H-9),
3.66 (dd, J = 9.0/ 7.6 Hz, 1H, H-3), 2.64 (td, J = 8.2/5.6 Hz, 1H, H-5), 2.54-2.43 (m,
1H, H-10), 2.09-1.99 (m, 4H), 1.76-1.66 (m, 4H), 1.65-1.32 (m, 8H), 1.28-1.06 (m, 8H),
0.92 (t,J =7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) & = 159.3 (C), 121.4, 71.5, 60.3 54.9, 51.3, 43.5, 37.6
(CH»), 35.2, 33.6, 33.4, 28.0, 25.9, 25.6, 25.0, 24.8, 24.3, 24.2, 11.8 (CHa).
HRMS (ESI-Q-TOF) m/z: 316.2755 [M+H]*; calcd. for C20H34N3: 316.2757.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, isocratic

gradient CO/iPrOH = 90:10, flow rate = 1 mL/min, 35 °C, A = 269 nm, t; = 3.64 min

(minor) and tg = 3.64 min (major), 76% ee.
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(BR,5R)-2-(cyclohexylamino)-3-(cyclopropylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (2b)
Prepared according the general procedure using hemiacetal 1a (34
\ 4 % mg, 0.15 mmol), cyclopropylamine (10 pL, 0.15 mmol) and
cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
NC' 'NH®& column chromatography purification (n-hexane/EtOAc 9:1) as a
brown oil (16 mg, 0.06 mmol, 40% yield, 80:20 dr, > 99% ee).
[]Z® - 5.6 (c 0.5, acetone, 20°C). Re= 0.37 (n-hexane/ EtOAc 4:1).
'"H NMR (400 MHz, CDCl3) & = 4.92 (d, J = 8.3 Hz, 1H, H-8), 3.80 — 3.70 (m, 2H),
2.75-2.67 (m, 1H), 2.25 - 2.18 (m, 1H), 2.12 - 1.97 (m, 3H), 1.76 — 1.58 (m, 5H), 1.48
—1.08 (m, 7H), 0.93 (t, /= 7.4 Hz, 3H, H-7), 0.57 — 0.43 (m, 3H), 0.35 - 0.27 (m, 1H).
13C NMR (100 MHz, CDCI3) 6 = 157.5 (C-2), 121.2 (CN), 73.2 (C-1), 63.0, 51.7, 44.0,
35.9,33.7,33.7,28.2,28.1, 25.7, 24.5, 24.4, 11.8 (C-7), 6.8, 6.5.
HRMS (ESI-Q-TOF) m/z: 274.2278 [M+H]"; calcd. for C17H27N3: 274.2288.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient
CO2/MeOH = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 245 nm, t; =
3.55 min (minor) and tg = 3.79 min (major), > 99% ee.
(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(isopropylamino)cyclopent-1-ene-1-
carbonitrile (2¢)
Prepared according the general procedure using hemiacetal 1a (34
\ 4 \}/ mg, 0.15 mmol), isopropylamine (12 pL, 0.15 mmol) and
cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
NC' 'NHS column chromatography purification (n-hexane/EtOAc 4:1) as a
@ pale yellow oil (32 mg, 0.12 mmol, 78% yield, 99:1 dr, 93%
ee). [a]d’ — 8.1 (c 0.5, acetone, 20°C). Ry = 0.36 (n-hexane/ EtOAc
7:3).
'TH NMR (400 MHz, CDCl3) & = 5.10 (d, J = 8.7 Hz, 1H), 381 — 3.71 (m, 1H), 3.63 (dd,
J=93,72 Hz, 1H), 2.88 (hept, J = 6.2 Hz, 1H), 2.67- 2.61 (m, 1H), 2.08 —2.02 (m,
2H), 1.75 — 1.66 (m, 2H), 1.66 — 1.53 (m, 2H), 1.51 — 1.35 (m, 3H), 1.35 — 1.23 (m,
1H), 1.21 — 1.10 (m, 4H), 1.04 (d, J = 6.3 Hz, 3H, H-11), 1.00 (d, J = 6.1 Hz, 3H, H-
11),0.91 (t,J = 7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) 8 = 159.2 (C-2), 121.6 (CN), 71.7 (C-1), 60.5, 51.5, 46.9,
43.7,37.3,33.7,33.6,28.1,25.7,24.7,24.5, 24.3,22.8, 11.9.
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HRMS (ESI-Q-TOF) m/z: 276.2431 [M+H]"; calcd. for C17H30N3: 276.2434.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
CO2/EtOH = 100:0 to 85:15 until 2 min then isocratic 85:15, flow rate = 1 mL/min,
25 °C, A =267 nm, t; = 3.80 min (major) and tg = 4.45 min (minor), 93% ee.

(BR,5R)-3-(tert-butylamino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (2d)
o 0 Prepared according the general procedure using hemiacetal 1a (34

! 4 % mg, 0.15 mmol), rert-butylamine (37 pL, 0.15 mmol) and

6\1“5 NH cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
NC' 'NHS8 column chromatography purification (n-hexane/EtOAc 5:1) as a

pale yellow oil (39 mg, 0.13 mmol, 89% yield, > 99:1 dr, 94%
ee). [a]Z’ — 10.3 (c 0.4, acetone, 20°C). Ry = 0.40 (n-hexane/

EtOAc 3:1).

'"H NMR (400 MHz, CDCl3) 8 = 5.18 (d, J = 8.6 Hz, 1H, H-8), 3.77 (dtd, J= 13.4, 9.3,

3.8 Hz, 1H, H-9), 3.60 (dd, J = 10.0, 7.2 Hz, 1H, H-3), 2.60 (td, /= 8.3, 5.1 Hz, 1H, H-

5),2.08 (dd, J=12.5, 7.2 Hz, 1H, H-4a), 2.05 — 1.98 (m, 2H), 1.73 — 1.51 (m, 5H), 1.50

—1.35 (m, 2H), 1.39 — 1.27 (m, 1H), 1.25 — 1.11 (m, 4H), 1.08 (s, 9H, H-10), 0.93 (t, J

=17.3 Hz, 3H, H-7).

13C NMR (100 MHz, CDCI3) 8 = 160.1 (C-2), 121.7 (CN), 70.7 (C-1), 57.5, 51.2, 50.7,

43.5, 40.6, 33.7, 33.4, 30.6 (C-10), 28.1, 25.8, 24.3, 24.2, 12.1 (C-7).

HRMS (ESI-Q-TOF) m/z: 290.2598 [M+H]"; calcd. for C13H32N3: 290.2596.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, isocratic

gradient CO2/MeCN = 95:5, flow rate = 1 mL/min, 25 °C, A = 269 nm, t; = 2.32 min

(minor) and tg = 2.49 min (major), 94% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(prop-2-yn-1-ylamino)cyclopent-1-ene-1-
carbonitrile (2¢)
\ 4

6. NH (34 mg, 0.15 mmol), propargyl amine (10 pL, 0.15 mmol) and
5

. /10/§11 Prepared according the general procedure using hemiacetal 1a

4 2 cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after
NC NH 8

flash column chromatography purification (n-hexane/EtOAc

4:1) as a pale brown oil (40 mg, 0.15 mmol, 98% yield, 99:1
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dr, 99% ee). [a]3’ — 4.8 (c 0.5, acetone, 20°C). R¢= 0.55 (n-hexane/ EtOAc 7:3).

'"H NMR (400 MHz, CDCl3) 8 = 4.93 (d, J = 8.7 Hz, 1H, H-8), 3.78 — 3.65 (m, 2H, H-3,
H-9), 3.45 - 3.27 (m, 2H, H-10), 2.70 — 2.59 (m, 1H), 2.20 (t, /=2.1, 1H, H-11), 2.06 —
1.93 (m, 3H), 1.72 - 1.49 (m, 6H), 1.40 — 1.30 (m, 2H), 1.30 - 1.16 (m, 1H), 1.16 — 1.01
(m, 3H), 0.86 (t, J= 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) 8 = 157.3 (C-2), 121.1 (CN), 81.9, 73.3 (C-1), 72.2 (C-
11),62.8,51.8,44.0,36.2, 35.8, 33.7, 28.1, 25.7, 24.5, 24.4, 11.7 (C-7).

HRMS (ESI-Q-TOF) m/z: 272.2121 [M+H]"; calcd. for C17Ha6N3: 272.2121.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO»/iPrOH = 100:0 to 90:10 in 24 min, flow rate = 0.8 mL/min, 25 °C, A = 254 nm, t; =

13.40 min (minor) and tg = 14.35 min (major), 99% ee.

(3BR,5R)-3-(allylamino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-carbonitrile
(2)

Prepared according the general procedure using hemiacetal 1a (34

12
7\ \ /#/1 , mg, 0.15 mmol), allylamine (11 pL, 0.15 mmol) and cyclohexyl

6 NH isocyanide (19 pL, 0.15 mmol). Obtained after flash column
NG 2NH . chromatography purification (n-hexane/EtOAc 4:1) as a pale
brown oil (26 mg, 0.10 mmol, 64% yield, 99:1 dr, 88% ee). [a]3°

@ — 6.3 (¢ 0.5, acetone, 20°C). Rr= 0.39 (n-hexane/ EtOAc 7:3).

'H NMR (400 MHz, CDCI3) & = 5.86 (ddt, /= 16.4, 10.7, 5.9 Hz, 1H, H-11), 5.19 (d, J
=17.2 Hz, 1H, H-12), 5.10 (d, J = 10.2 Hz, 1H, H-12), 5.05 (d, J = 8.7 Hz, 1H, H-8),
3.78 (tq, J=10.1, 4.1 Hz, 1H, H-10), 3.68 (t, /= 8.1 Hz, 1H, H-3), 3.30 — 3.12 (m, 2H),
2.68 (q,J =79 Hz, 1H), 2.10—-1.93 (m, 3H), 1.75 — 1.66 (m, 2H), 1.65 — 1.54 (m, 3H),
1.48 — 1.34 (m, 2H), 1.34 — 1.23 (m, 1H), 1.22 — 1.07 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H,
H-7).

13C NMR (100 MHz, CDCl3) 8 = 158.0 (C-2), 136.7 (C-11), 121.3 (CN), 116.3 (C-12),
72.6 (C-1),62.3,51.6,49.4,43.8,35.7,33.7, 33.6, 28.2, 25.7, 24.4, 24.3, 11.8 (C-7).
HRMS (ESI-Q-TOF) m/z: 276.2286 [M+H]*; calcd. for C17H2sN3: 276.2278.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient

CO»/iPrOH = 100:0 to 85:15 in 9 min, flow rate = 2 mL/min, 25 °C, A = 254 nm, t; =

7.28 min (major) and tz = 8.48 min (minor), 88% ee.
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(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(propylamino)cyclopent-1-ene-1-
carbonitrile (2g)
Prepared according the general procedure using hemiacetal 1a (34
7\ 4 /% mg, 0.15 mmol), n-propylamine (12 pL, 0.15 mmol) and cyclohexyl
isocyanide (18.7 pL, 0.15 mmol). Obtained after flash column
NC' NH® chromatography purification (n-hexane/EtOAc 4:1) as a pale brown
@ oil (16 mg, 0.06 mmol, 38% yield, 99:1 dr, 88% ee). [a]3° + 1.3 (c
0.2, acetone, 20°C). Rr= 0.35 (n-hexane/ EtOAc 7:3).
'"H NMR (400 MHz, CDCl3) § = 5.15 (d, J = 8.6 Hz, 1H, H-8), 3.85 — 3.71 (m, 1H, H-
9), 3.69 (t, J= 8.1 Hz, 1H, H-3), 2.74 — 2.62 (m, 1H), 2.52 (dddd, J=17.8, 14.2, 11.4,
6.7 Hz, 2H), 2.04 (d, J=11.4 Hz, 2H), 1.96 (ddd, /= 12.8, 7.4, 1.9 Hz, 1H), 1.76 — 1.62
(m, 2H), 1.67 — 1.54 (m, 3H), 1.53 — 1.38 (m, 4H), 1.37 — 1.21 (m, 2H), 1.22 — 1.08 (m,
3H), 0.92 (t,J=7.4 Hz, 1H), 0.91 (t, /= 7.4 Hz, 1H, H-7).
13C NMR (100 MHz, CDCI3) 8 = 157-8 (C-2), 121.3 (CN), 72.7 (C-2), 62.7 , 51.6, 48.2,
43.9,35.2,33.7,33.6,28.2,25.7,24.4,24.3,23.7,11.9, 11.8 (C-7).
HRMS (ESI-Q-TOF) m/z: 274.2445 [M+H]"; calcd. for C17H2sN3: 274.2434.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO»/iPrOH = 100:0 to 90:10 in 24 min, flow rate = 0.8 mL/min, 25 °C, A = 254 nm, t; =

13.40 min (minor) and tg = 14.35 min (major), 88% ee.

(BR,5R)-3-(benzylamino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (2h)

Prepared according the general procedure using hemiacetal

; //@ la (34 mg, 0.15 mmol), benzylamine (16 pL, 0.15 mmol),
\ 4 10

6. NH and cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained
N05 4 2NH . after flash column chromatography purification as an orange
oil (25 mg, 0.12 mmol, 77% yield, 80:20 dr, 88% ee). [a]3° —

@ 9.2 (¢ 0.5, acetone, 20°C). Rr= 0.32 (n-hexane/ EtOAc 4:1).

H NMR (400 MHz, CDCLs) § = 7.36 — 7.25 (m, 5H, Ph), 5.05 (d, J = 8.7 Hz, 1H, H-8),
3.82 — 3.69 (m, 4H), 2.74 — 2.67 (m, 1H, H-9), 2.05 — 1.95 (m, 3H), 1.77 — 1.53 (m,
6H), 1.48 — 1.36 (m, 2H), 1.34 — 1.07 (m, SH), 0.91 (t, J = 7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCL) & = 157.9 (C-2), 39.9, 128.6, 128.2, 127.4, 121.2 (CN),
72.9 (C-1), 62.4, 51.6, 50.7, 43.9, 35.5, 33.7, 28.2, 25.7, 24.4, 24.3,11.7 (C-7).
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HRMS (ESI-Q-TOF) m/z: 324.2443 [M+H]"; calcd. for C21H30N3: 324.2440.
The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient
CO2/iPrOH = 100:0 to 60:40 until 5 min then isocratic 60:40, flow rate = 1 mL/min,
35 °C, A =269 nm, t; = 5.32 min (minor) and tg = 5.47 min (major), 88% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(((S)-1-phenylethyl)amino)cyclopent-1-ene-
1-carbonitrile (2i)

Prepared according the general procedure using hemiacetal 1a

, " @ (34 mg, 0.15 mmol), (S)-a-methylbenzylamine (19 pL, 0.15
\ 4 10

V. NH mmol) and cyclohexyl isocyanide (19 pL, 0.15 mmol).
’ = Obtained after flash column chromatography purification (n-
NC NH hexane/EtOAc 5:1) as a brown oil (46 mg, 0.14 mmol, 91%
® yield, 83:17 dr). [a]3° — 5.9 (c 0.6, acetone, 20°C). R¢= 0.37

(n-hexane/ EtOAc 4:1).
'TH NMR (400 MHz, CDCl3) 8 = 7.29 — 7.24 (m, 3H, Ph), 7.23 — 7.16 (m, 2H, Ph), 4.86
(d, J= 8.7, 1H, H-8), 3.80 (q, J = 6.5, 1H, H-10), 3.74 — 3.58 (m, 1H, H-9), 3.28 (t, J =
7.6, 1H, H-3), 2.64 — 2.47 (m, 1H), 2.03 — 1.85 (m, 3H), 1.70 — 1.57 (m, 3H), 1.53 —
1.33 (m, 4H), 1.26 (d, J = 6.6, 3H, H-11), 1.21 — 1.00 (m, 6H), 0.77 (t, J = 7.4, 3H, H-
7).
13C NMR (100 MHz, CDCls) 8 = 158.9 (C-2), 144.9, 128.7, 127.5, 126.9, 121.3 (CN),
72.2 (C-1), 60.4, 56.1, 51.4, 43.7, 36.6, 33.7, 33.6, 28.2, 25.7, 25.6 (C-11), 24.4, 24.3,
11.8 (C-7).
HRMS (ESI-Q-TOF) m/z: 338.2596 [M+H]*; calcd. for C22H32N3: 338.2599.

Methyl ((1R,4R)-3-cyano-2-(cyclohexylamino)-4-ethylcyclopent-2-en-1-yl)-L-
valinate (2}))

Prepared according the general procedure using hemiacetal 1a

i /z/ (34 mg, 0.15 mmol), L-valine methyl ester hydrochloride (25

76\1“ B J :Cone mg, 0.15 mmol) and cyclohexyl isocyanide (19 pL, 0.15
5@‘0’2‘ mmol) and triethylamine (23 pL, 0.16 mmol). Obtained after
NC' 'NHS8 flash column chromatography purification (n-hexane/EtOAc
@ 9:1) as a brown oil (35 mg, 0.10 mmol, 67% yield, 86:14 dr).
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[a]Z® - 28.2 (c 0.6, acetone, 20°C). Re= 0.33 (n-hexane/ EtOAc 4:1).

IH NMR (400 MHz, CDCL3) § = 5.27 (d, J = 8.4 Hz, 1H, H-8), 3.72 (s, 3H, OMe), 3.63
(t,J=7.7 Hz, 1H, H-3), 3.01 (d, J = 5.1 Hz, 1H, H-10), 2.72 = 2.61 (m, 1H, H-9), 2.09
~2.02 (m, 2H), 1.94 (td, J = 13.3 and 6.8 Hz, 1H), 1.76 — 1.69 (m, 4H), 1.63 — 1.56 (m,
3H), 138 — 1.17 (m, 7H), 0.94 (d, J = 6.8 Hz, 3H, H-12), 0.90 (d, J = 6.9 Hz, 3H, H-
12),0.89 (t, J = 7.5 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl;) 8 = 176.2 (C=0), 157.6 (C-2), 121.2 (CN), 73.1 (C-1),
63.7, 62.1, 52.1, 51.6, 43.8, 34.8, 33.7, 33.6, 31.9, 27.9, 25.7, 24.4, 24.3, 19.6, 18.4,
11.8 (C-7).

HRMS (ESI-Q-TOF) m/z: 348.2654 [M+H]"; caled. for C2oH3Ns: 348.2646.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(phenylamino)cyclopent-1-ene-1-
carbonitrile (2k)
Prepared according the general procedure using hemiacetal 1a (34
7\ . mg, 0.15 mmol), aniline (14 pL, 0.15 mmol) and cyclohexyl
6 NH  jsocyanide (19 pL, 0.15 mmol). Obtained after flash column
NC' 'NHS8 chromatography purification (n-hexane/EtOAc 4:1) as a pale yellow
oil (41 mg, 0.13 mmol, 88% yield, 92:8 dr, 99% ee). [a]3’-10.1 (c
0.6, acetone, 20°C). Rr= 0.35 (n-hexane/ EtOAc 3:1).
'H NMR (400 MHz, CDCl3) & = 7.21 (t, J = 7.7 Hz, 2H, Ph), 6.81 (t, J = 7.4 Hz, 1H,
Ph), 6.68 (d, J = 8.0 Hz, 2H, Ph), 4.71 (d, J = 8.7 Hz, 1H, H-8), 4.49 (t, /= 7.8 Hz, 1H,
H-3), 3.89 — 3.70 (m, 1H, H-9), 2.80 — 2.71 (m, 1H), 2.11 — 1.94 (m, 3H), 1.93 — 1.80
(m, 1H), 1.77 - 1.57 (m, 4H), 1.50 — 1.05 (m, 7H), 0.94 (t, /= 7.3 Hz, 2H, H-7).
13C NMR (100 MHz, CDCl3) & = 157.2 (C-2), 146.2 (Ph), 129.6 (Ph), 120.7 (CN),
119.3 (Ph), 114.5 (Ph), 74.2 (C-1), 59.7, 52.0, 43.6, 34.7, 33.7, 28.1, 25.6, 24.4, 11.6
(C-7).
HRMS (ESI-Q-TOF) m/z: 310.2283 [M+H]"; calcd. for C20H2sN3: 310.2288.
The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient
COy/iPrOH = 100:0 to 60:40 until 5 min then isocratic 60:40, flow rate = 1 mL/min,
35 °C, A =265 nm, t; = 5.84 min (major) and tg = 5.99 min (minor), 99% ee.
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(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-((4-methoxyphenyl)amino)cyclopent-1-ene-
1-carbonitrile (21)
OM?O Prepared according the general procedure using hemiacetal 1a (34
mg, 0.15 mmol), p-anisidine (18 mg, 0.15 mmol) and cyclohexyl
\ 4 isocyanide (19 pL, 0.15 mmol). Obtained after flash column
chromatography purification (n-hexane/EtOAc 5:1) as a brown
NC'' 'NHS8 oil (41 mg, 0.12 mmol, 80% yield, 90:10 dr, 94% ee). [a]3’ —
11.7 (¢ 0.6, acetone, 20°C). Rr= 0.36 (n-hexane/ EtOAc 4:1).
'"H NMR (400 MHz, CDCl3) 8 =7.24-7.20 (m, 2H, Ph), 7.16-6.82
(m, 2H, Ph), 5.98 (d, J = 8.2 Hz, 1H, H-8), 4.52-4.38 (m, 1H, H-9), 4.13 (t, /= 7.2 Hz,
1H, H-3), 3.68 (s, 3H, H-10), 2.29-2.09 (m, 2H, H-4), 2.00-1.92 (m, 2H), 1.85-1.57 (m,
6H), 1.55-1.39 (m, 4H), 1.28-1.10 (m, 1H), 0.89 (t, /= 7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) 8 = 157.2 (C-2), 153.2, 140.2, 120.7, 115.9, 115.0, 114.1
(CN), 73.7 (C-1), 60.5, 55.7, 51.8, 43.5, 34.6, 33.6, 33.5, 25.5, 24.3, 24.2, 11.5 (C-7).
HRMS (ESI-Q-TOF) m/z: 340.2391 [M+H]"; calcd. for C21H30N30: 340.2389.
The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient
COy/iPrOH = 100:0 to 80:20 until 5 min then isocratic 80:20, flow rate = 1 mL/min,
25 °C, A =265 nm, t; = 5.90 min (major) and tg = 6.01 min (minor), 94% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(p-tolylamino)cyclopent-1-ene-1-
carbonitrile (2m)
Me Prepared according the general procedure using hemiacetal 1a

(34 mg, 0.15 mmol), p-toluidine (16 pL, 0.15 mmol) and

7\ . cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash

6 NH column chromatography purification (n-hexane/EtOAc 4:1) as a

Ne T 2NH 8 pale brown oil (46 mg, 0.14 mmol, 95% yield, 91:9 dr, 92% ee).

® [@]2° — 7.9 (¢ 0.5, acetone, 20°C). Ry = 0.76 (n-hexane/ EtOAc
7:3).

H NMR (400 MHz, CDCl5) § = 7.01 (d, J = 8.6, 2H), 6.58 (d, J = 8.4 Hz, 2H), 4.69 (d,
J = 8.6 Hz, 1H, H-8), 4.44 (t, J = 7.9 Hz, 1H), 3.86 — 3.74 (m, 1H), 2.25 (s, 3H, H-10),
2.10 — 2.00 (m, 2H), 1.97 (ddd, J = 13.0, 7.6, 2.5 Hz, 1H), 1.81 (dt, J = 13.0, 8.3 Hz,
1H), 1.73 — 1.55 (m, 5H), 1.47 — 1.30 (m, 3H), 1.21 — 1.03 (m, 3H), 0.93 (t, J = 7.4 Hz,
3H, H-7).
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13C NMR (100 MHz, CDCI3) 6 = 157.5 (C-2), 144.0, 130.0, 128.4, 120.7, 114.5, 73.8
(C-1),59.8,51.8,43.5,34.7,33.6, 28.1, 25.5, 24.3, 24.2, 20.4, 11.5 (C-7).

HRMS (ESI-Q-TOF) m/z: 324.2445 [M+H]"; calcd. for C21H30N3: 324.2434.

The enantiomeric ratio was determined by HLPC analysis using Chiralpak AS-H,
isocratic Hex/EtOH = 90:10, flow rate = 0.5 mL/min, 25 °C, A = 254 nm, t; = 12.0 min

(minor) and tg = 16.0 min (major), 92% ee.

(BR,5R)-3-((4-chlorophenyl)amino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (2n)
Cl  Prepared according the general procedure using hemiacetal 1a (34
mg, 0.15 mmol), 4-chloroaniline (19 mg, 0.15 mmol) and

\ 4 cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
6 /. NH
5

2
NC' 'NH® brown solid (51 mg, 0.15 mmol, 99% yield, > 99:1 dr, > 99% ee).

@ m.p. 78-82°C. [a]%’ — 8.9 (c 0.5, acetone, 20°C). Rr = 0.53 (n-
hexane/ EtOAc 4:1).

'TH NMR (400 MHz, CDCl3) = 7.14 (d, J= 8.4 Hz, 2H), 6.58 (d, J = 8.4 Hz, 2H), 4.64
(d, J = 8.6 Hz, 1H, H-8), 4.38 (t, J = 8.2 Hz, 1H, H-3), 3.89 — 3.74 (m, 1H), 3.50 (brs,
1H, NH), 2.83 — 2.54 (m, 1H), 2.17 — 1.77 (m, 4H), 1.76 — 1.55 (m, 4H), 1.49 — 1.04 (m,
7H), 0.92 (t,J=7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) 6 = 156.9 (C-2), 145.0 (C), 129.5 (CH), 123.8 (C), 120.5
(CN), 115.6 (C), 115.5 (CH), 74.6 (CN), 59.8, 52.1, 43.7, 34.5, 33.8, 28.2, 25.6, 24.5,
24.3,11.6 (C-7).
HRMS (ESI-Q-TOF) m/z: 344.1906 [M+H]"; calcd. for C20H26CIN3: 344.1888.

column chromatography purification (n-hexane/EtOAc 9:1) as a

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient

CO2/MeOH = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 315 nm, t; =

4.79 min (minor) and tg = 4.84 min (major), > 99% ee.
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(BR,5R)-3-((4-bromophenyl)amino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (20)

Br  Prepared according the general procedure using hemiacetal 1a (34

mg, 0.15 mmol), 4-bromoaniline (26 mg, 0.15 mmol) and

\ 4 cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
6/, NH
5

2
NC' 'NHs dark yellow oil (45 mg, 0.12 mmol, 77% yield, 99:1 dr, 97% ee).

@ []Z’ - 15.4 (c 0.6, acetone, 20°C). Re= 0.39 (n-hexane/ EtOAc 4:1).
TH NMR (400 MHz, CDCl3) § = 7.20 (d, J= 8.7, 2H, Ph), 6.46 (d, J

— 8.7, 2H, Ph), 4.52 (d, J = 8.6 Hz, 1H, H-8), 436 (t, J = 7.8 Hz, 1H, H-3), 3.75-3.61
(m, 1H, H-9), 2.76-2.65 (m, 1H), 2.03-1.93 (m, 2H), 1.91-1.71 (m, 2H, H-4), 1.67-1.51
(m, 4H), 1.41-1.23 (m, 3H), 1.14-0.97 (m, 3H), 0.86 (t, /= 7.3 Hz, 3H, H-7).
I3C NMR (100 MHz, CDCls) 8 = 156.9 (C-2), 145.5, 132.3, 120.5, 115.9, 110.7 (CN),
74.5 (C-1), 59.6, 52.0, 43.6, 34.5, 33.7, 28.1, 25.6, 24.4, 24 .3, 24.2, 11.6 (C-7).
HRMS (ESI-Q-TOF) m/z: 388.1392 [M+H]'; caled. for CaoHa7BrN3: 3881388,

column chromatography purification (n-hexane/EtOAc 5:1) as a

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient
CO2/MeCN = 100:0 to 80:20 until 5 min then isocratic 80:20, flow rate = 1 mL/min,
25°C, A=261 nm, t; = 5.65 min (major) and tg = 5.76 min (minor), 97% ee.

(BR,5R)-3-((4-acetylphenyl)amino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-

carbonitrile (2p)
Prepared according the general procedure using hemiacetal 1a (34
° mg, 0.15 mmol), 4’-aminoacetophenone (20 mg, 0.15 mmol) and
cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
76\/ ' 4 NH column chromatography purification (n-hexane/EtOAc 9:1) as an
5 A orange oil (30 mg, 0.08 mmol, 56% yield, 58:42 dr, 94% ee).
NC' NHs [a]® — 2.1 (¢ 0.5, acetone, 20°C). Ry = 0.20 (n-hexane/ EtOAc

@ 4:1).

IH NMR (400 MHz, CDCLy) & = 7.83 (d, J = 8.6 Hz, 2H, Ph),
6.72 — 6.54 (m, 2H, Ph), 4.67 — 4.42 (m, 2H, H-3, H-8), 3.78 (brs, 1H, NH), 2.82 — 2.76
(m, 1H, H-9), 2.51 (s, 3H, CH;C=0), 2.10 — 1.77 (m, 4H), 1.80 — 1.57 (m, 4H), 1.48 —
1.21 (m, 3H), 1.21 — 1.06 (m, 3H), 0.94 (t, J = 7.2 Hz, 3H, H-7).
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13C NMR (100 MHz, CDCl3) § = 196.5 (C=0), 156.4 (C-2), 150.8 (C), 130.9 (CH),
128.2 (C), 120.2 (CN), 112.8 (CH), 75.8 (C-1), 59.0, 52.2, 43.7, 34.9, 33.8, 33.7, 28.1,
26.2,25.5,24.4,24.3,11.5 (C-7).

HRMS (ESI-Q-TOF) m/z: 352.2391 [M+H]"; calcd. for C22H29N30: 352.2383.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO»/iPrOH = 100:0 to 55:45 in 7 min, flow rate = 1 mL/min, 35 °C, A = 315 nm, t; =

5.48 min (major) and tg = 5.66 min (minor), 94% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-((4-(trifluoromethyl)phenyl)amino)
cyclopent-1-ene-1-carbonitrile (2q)
CF5 Prepared according the general procedure using hemiacetal 1a (34

mg, 0.15 mmol), 4-trifluoromethylaniline (19 pL, 0.15 mmol) and

7 A cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
6t NH column chromatography purification (n-hexane/EtOAc 5:1) as a
NG e pale orange oil (25 mg, 0.07 mmol, 4% yield, 70:30 dr, 96% ee).

@ [a]® - 6.8 (c 0.5, acetone, 20°C). R = 0.31 (n-hexane/ EtOAc
3:1).

'H NMR (400 MHz, CDCl3) 8 =7.81 (d, J = 8.6 Hz, 2H, Ph), 7.48 (d, J = 8.7 Hz, 2H,
Ph), 6.13 (d, J = 8.0 Hz, 1H, H-8), 3.92 (t, /= 7.9 Hz, 1H, H-3), 3.80-3.68 (m, 1H, H-
9), 2.85-2.73 (m, 1H), 2.45-2.40 (m, 1H), 2.27-2.23 (m, 2H), 1.68-1.55 (m, 2H), 1.52-
1.42 (m, 2H), 1.40-1.28 (m, 3H), 1.26-1.22 (m, 1H), 1.20-1.12 (m, 3H), 0.90 (t, J = 7.4
Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) & = 156.5 (C-2), 149.2, 133.8, 126.9 (q, J/ = 3.9 Hz),
1249 (q, J =270.5 Hz), 120.5 (q, J =33.6 Hz), 120.2 (CN), 114.3, 113.3, 75.0 (C-1),
59.2,52.2,43.7,34.6,33.8,33.7,28.1, 25.5, 24.4, 24.3, 11.5 (C-7).

HRMS (ESI-Q-TOF) m/z: 378.2160 [M+H]"; calcd. for C21H27F3N3: 378.2157.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient
COy/iPrOH = 100:0 to 60:40 until 5 min then isocratic 60:40, flow rate = 1 mL/min,
35 °C, A =265 nm, t; =2.90 min (minor) and tg = 3.07 min (major), 96% ee.
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(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-((3-methoxyphenyl)amino)cyclopent-1-ene-
1-carbonitrile (2s)
OMe™® Prepared according the general procedure using hemiacetal
. 1a (34 mg, 0.15 mmol), m-anisidine (16 pL, 0.15 mmol) and
6\:,,“ 2 NH cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after
i 2 flash column chromatography purification (n-hexane/EtOAc
4:1) as a pale brown oil (50 mg, 0.15 mmol, 99% yield,
88:12 dr, 92% ee). [a]3° — 5.1 (c 0.5, acetone, 20°C). Ry =
0.79 (n-hexane/ EtOAc 7:3).
'"H NMR (400 MHz, CDCl3) 8 = 6.90 — 6.70 (m, 3H), 6.66 (dd, J = 7.8, 1.5 Hz, 1H),
4.68 (d, J = 8.6 Hz, 1H, H-8), 4.50 (t, / = 7.9 Hz, 1H), 3.85 (s, 3H, H-10), 3.85 - 3.73
(m, 1H), 2.83 —2.72 (m, 1H), 2.11 — 2.00 (m, 2H), 2.00 — 1.76 (m, 2H), 1.79 — 1.54 (m,
4H), 1.48 — 1.31 (m, 3H), 1.23 — 1.03 (m, 3H), 0.94 (t, J = 7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) 6 = 157.8 (C-2), 147.5, 136.3, 121.3, 120.9, 118.2, 111.7,
110.1, 74.0 (C-1), 59.3, 55.6 (C-10), 52.0, 43.7, 42.1, 34.7, 33.7, 28.2, 25.6, 24.4, 24.3,
11.7 (C-7).
HRMS (ESI-Q-TOF) m/z: 340.2380 [M+H]"; calcd. for C21H31N30: 340.2383.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
CO2/iPrOH = 100:0 to 85:15 in 2 min then isocratic 85:15, flow rate = 1 mL/min, 25 °C,
A =266 nm, t; =4.62 min (major) and tg = 5.05 min (minor), 92% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-((2-methoxyphenyl)amino)cyclopent-1-ene-
1-carbonitrile (2t)
Prepared according general procedure using hemiacetal 1a

(35 mg, 0.15 mmol), 2-methoxyaniline (15.7 pL, 0.15

7
6\"'.5. - NH OMeo mmol) and cyclohexylisocyanide (18.7 pL, 0.15 mmol).
NG 2NH . Obtained after flash column chromatography purification (n-
hexane/EtOAc 4:1) as a pale brown oil (43 mg, 0.13 mmol,
@ 89% vyield, 75:25 dr, 91% ee). [a]3’ — 7.5 (c 0.5, acetone,

20°C). Rr= 0.66 (n-hexane/ EtOAc 7:3).

TH NMR (400 MHz, CDCl3) 6 = 7.11 (t, J = 8.1 Hz, 1H), 6.35 (ddd, J = 8.2, 2.4, 0.8

Hz, 1H), 6.27 (ddd, J = 8.1, 2.3, 0.8 Hz, 1H), 6.21 (t, J = 2.3 Hz, 1H), 4.62 (d, J = 8.6

Hz, 1H, H-8), 4.47 (t, J = 7.7 Hz, 1H), 3.77 (s, 3H, H-10), 3.65 — 3.52 (m, 1H), 2.83 —
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2.69 (m, 1H), 2.08 — 2.01 (m, 2H), 1.98 (dd, J = 7.6, 2.7 Hz, 1H), 1.83 (dt, J = 13.0, 8.1
Hz, 1H), 1.74 — 1.66 (m, 2H), 1.64 — 1.57 (m, 2H), 1.48 — 1.31 (m, 3H), 1.21 — 1.05 (m,
3H), 0.94 (t,J = 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) 8 = 161.0, 157.4 (C-2), 148.0, 130.4, 120.7, 107.1, 104.0,
100.5, 74.3 (C-1), 59.6, 55.3 (C-10), 52.0, 43.7, 35.1, 33.8, 33.7, 28.2, 25.6, 24.4, 24.3,
11.6 (C-7).

HRMS (ESI-Q-TOF) m/z: 340.2384 [M+H]"; calcd. for C21H30N30: 340.2383.

The enantiomeric ratio was determined by HLPC analysis using Chiralpak AS-H,
isocratic Hex/EtOH = 90:10, flow rate = 0.5 mL/min, 25 °C, A = 254 nm, tz = 25.5 min

(major) and t; = 33.5 min (minor), 91% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-((3-(trifluoromethyl)phenyl)amino)
cyclopent-1-ene-1-carbonitrile (2u)

CF; Prepared according the general procedure using hemiacetal 1a

7\ . (34 mg, 0.15 mmol), 3-(trifluoromethyl)aniline (15 pL, 0.15
6" NH mmol) and cyclohexyl isocyanide (19 pL, 0.15 mmol).
NC 1 2NH 8 Obtained after flash column chromatography purification (n-
@ hexane/EtOAc 9:1) as a yellow oil (47 mg, 0.12 mmol, 83%
yield, 91:9 dr, > 99% ee). [a]3’ — 4.6 (c 0.5, acetone, 20°C). Rt

=0.55 (n-hexane/ EtOAc 4:1).

'H NMR (400 MHz, CDCl3) § = 7.28 (t, J = 8.0 Hz, 1H), 7.01 (dt, J = 8.0, 2.0 Hz 1H),
6.86 (t, J = 2.0 Hz, 1H), 6.80 (dd, J = 8.0, 2.0 Hz, 1H), 4.57 (d, J = 8.6 Hz, 1H, H-8),
4.50 (t, J=17.7 Hz, 1H, H-3), 3.94 (brs, 1H, NH), 3.79 (tdd, J = 10.3, 8.5, 5.2 Hz, 1H,
H-9), 2.79 (ddtd, J=9.5, 4.3, 3.0, 1.5 Hz, 1H, H-5), 2.12 — 2.01 (m, 2H), 1.97 (ddd, J =
13.0, 7.7, 3.0 Hz, 1H), 1.86 (dt, J = 13.0, 7.7 Hz, 1H), 1.76 — 1.54 (m, 4H), 1.47 — 1.31
(m, 3H), 1.20 — 1.05 (m, 3H), 0.94 (t, /= 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) & = 156.7 (C-2), 146.9 (C), 131.9 (q, J = 32.0 Hz, CH),
130.0, 124.2 (q, J = 272.3 Hz, CF3), 120.4 (CN), 117.0 (CH), 115.3 (q, J = 3.9 Hz, CH),
110.5 (q, J = 3.6 Hz, CH), 74.8 (C-1), 59.4, 52.1, 43.7, 34.6, 33.7, 33.6, 28.1, 25.5, 24.4,
24.2,11.5 (C-7).

HRMS (ESI-Q-TOF) m/z: 378.2159 [M+H]"; calcd. for C21HaF3N3: 378.2152.
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The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient

COo/EtOH = 100:0 to 60:40 in 5 min, flow rate = 1 mL/min, 35 °C, A = 318 nm, t; =

3.81 min (minor) and tg = 3.88 min (major), > 99% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(o-tolylamino)cyclopent-1-ene-1-
carbonitrile (2w)
Prepared according the general procedure using hemiacetal 1a

(34 mg, 0.15 mmol), o-toluidine (16 pL, 0.15 mmol) and

7

6\“"5; . NH Meio cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash

NG 2NH . column chromatography purification (n-hexane/EtOAc 6:1) as

a pale orange oil (25 mg, 0.10 mmol, 68% yield, 99:1 dr, 97%

® ee). [a]d’— 7.2 (c 0.5, acetone, 20°C). Rf = 0.42 (n-hexane/
EtOAc 3:1).

TH NMR (400 MHz, CDCl3) 8§ =7.20-7.04 (m, 2H, Ph), 6.78-6.70 (m, 1H, Ph), 6.67 (d,
J=28.0 Hz, 1H, Ph), 4.65 (d, /= 7.9 Hz, 1H, H-8), 4.54 (t, J = 7.9 Hz, 1H, H-3), 3.87-
3.63 (m, 1H, H-9), 2.89-2.72 (m, 1H), 2.15 (s, 3H, H-10), 2.07-2.00 (m, 2H), 1.89-1.79
(m, 1H), 1.73-1.58 (m, 4H), 1.21-1.06 (m, 3H), 0.94 (t, J = 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) & = 157.6 (C-2), 144.6, 130.8, 127.4, 123.3 (CN), 120.6,
118.6, 111.4, 74.5 (C-1), 59.4, 51.9, 43.7, 35.5, 33.7, 29.8, 28.2, 25.6, 24.4, 24.3, 17.8
(C-10), 11.6 (C-7).

HRMS (ESI-Q-TOF) m/z: 324.2436 [M+H]"; calcd. for C21H30N3: 324.2440.

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient
COy/iPrOH = 100:0 to 80:20 in 5 min then isocratic 80:20, flow rate = 1 mL/min, 25 °C,
A =269 nm, t; = 5.07 min (major) and tg = 5.20 min (minor), 97% ee.

(BR,5R)-3-((3-bromophenyl)amino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-

carbonitrile (2x)

q 2 Prepared according the general procedure using hemiacetal 1a

10 o (34 mg, 0.15 mmol), m-bromoaniline (26 mg, 0.15 mmol) and

76\,““ . NH b cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
° > column chromatography purification (n-hexane/EtOAc 9:1) as a
ch“_' e yellow oil (37 mg, 0.10 mmol, 63% yield, 86:14 dr, >99% ee).
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[]Z® - 3.8 (¢ 0.5, acetone, 20°C). Re= 0.55 (n-hexane/ EtOAc 4:1).

'H NMR (400 MHz, CDCls) & = 7.04 (t, J = 8.0 Hz, 1H, H-11), 6.89 (ddd, J = 8.0, 2.0,
0.9 Hz, 1H, H-10), 6.79 (t, J = 2.0 Hz, 1H, H-13), 6.56 (ddd, J = 8.0, 2.0, 0.9 Hz, 1H,
H-12), 4.55 (d, J = 8.6 Hz, 1H, H-8), 4.44 (t, J = 6.7 Hz, 1H, H-3), 3.86 — 3.68 (m, 2H),
2.77 (ddtd, J = 8.4, 4.1, 3.1, 1.4 Hz, 1H, H-5), 2.09 — 2.00 (m, 2H), 1.96 (ddd, J = 13.0,
7.6, 2.9 Hz, 1H), 1.83 (dt, J = 13.0, 8.0 Hz, 1H), 1.77 — 1.57 (m, 5H), 1.48 — 1.31 (m,
3H), 1.26 — 1.04 (m, 4H), 0.94 (t, J = 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) 8 = 156.8 (C-2), 147.9 (C), 130.8 (CH), 123.5 (C-Br),
121.7 (CH), 120.4 (CN), 116.9 (CH), 112.8 (CH), 74.8 (C-1), 59.4, 52.0, 43.7, 34.8,
33.7,33.7,28.1, 25.6, 24.4, 24.3, 11.6 (C-7).

HRMS (ESI-Q-TOF) m/z: 388.1395 [M+H]"; calcd. for C20H26CIN3: 388.1383.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, isocratic
COo/EtOH = 80:20, flow rate = 1 mL/min, 35 °C, A = 250 nm, t; = 2.33 min (major)

and tg = 3.13 min (minor), > 99% ee.

(BR,5R)-3-((3-acetylphenyl)amino)-2-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (2y)
0 Prepared according the general procedure using hemiacetal 1a

(34 mg, 0.15 mmol), 3’-aminoacetophenone (20 mg, 0.15

7\ 4 mmol) and cyclohexyl isocyanide (19 pL, 0.15 mmol).
5" NH Obtained after flash column chromatography purification (n-
NC ! 2NH 8 hexane/EtOAc 9:1) as a yellow oil (43 mg, 0.12 mmol, 81%

@ yield, 97:3 dr, 96% ee). [a]3’ — 7.9 (c 0.5, acetone, 20°C). R¢=

0.37 (n-hexane/ EtOAc 4:1).
'TH NMR (400 MHz, CDCl3) & = 7.40 — 7.20 (m, 3H), 6.91 — 6.81 (m, 1H), 4.58 (d, J =
8.7 Hz, 1H, H-8), 4.54 (t, J= 7.6 Hz, 1H, H-3), 3.88 — 3.70 (m, 1H, H-9), 2.78 (dq, J =
8.2,4.2,3.8 Hz, 1H), 2.57 (s, 3H, CH3C=0), 2.10 — 1.95 (m, 3H), 1.84 (dt,J=13.0, 7.9
Hz, 1H), 1.75 = 1.56 (m, 4H), 1.48 — 1.31 (m, 3H), 1.23 — 1.06 (m, 3H), 0.94 (t, J= 7.4
Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) 8 = 198.4 (C=0), 157.0 (C-2), 147.0 (C), 138.5 (C), 129.8
(CH), 120.4 (CN), 119.4 (CH), 118.8 (CH), 113.02 (CH), 74.9 (C-1), 59.6, 52.1, 43.8,
34.9,33.8,33.7,28.2, 26.8, 25.6, 24.4,24.3, 11.6 (C-7).
HRMS (ESI-Q-TOF) m/z: 352.2394 [M+H]"; calcd. for C22H29N30: 352.2383.

S24



The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient

CO»/iPrOH = 100:0 to 80:20 in 6 min, flow rate = 1 mL/min, 35 °C, A = 262 nm, t; =

5.40 min (major) and tg = 5.68 min (minor), 96% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(piperidin-1-yl)cyclopent-1-ene-1-
carbonitrile (2z)
7\ \ Prepared according the general procedure using hemiacetal 1a (34
6 NO mg, 0.15 mmol), piperidine (15 pL, 0.15 mmol) and cyclohexyl
isocyanide (19 pL, 0.15 mmol). Obtained after flash column
chromatography purification (n-hexane/EtOAc 9:1) as a brown oil
@ (30 mg, 67% yield, 78:22 dr, > 99% ee). [a]d’ + 3.5 (c 0.5,
acetone, 20°C). Rr= 0.57 (n-hexane/ EtOAc 4:1).
'"H NMR (400 MHz, CDCl3) 6 = 5.17 (d, J = 8.7 Hz, 1H, H-8), 3.81 (qt, J=9.2, 3.8
Hz, 1H, H-10), 3.54 (t, /= 9.0 Hz, 1H, H-3), 2.54 (dq, J = 12.6, 4.5, 3.6 Hz, 1H, H-5),
2.35(t,J=5.2 Hz, 4H), 2.07 - 1.97 (m, 2H), 1.93 — 1.78 (m, 2H), 1.76 — 1.55 (m, 3H),
1.54 - 1.36 (m, 5H), 0.90 (t, J= 7.4 Hz, 3H, H-7).
13C NMR (100 MHz, CDCI3) 8 = 157.6 (C-2), 121.0 (CN), 73.2 (C-1), 70.2, 51.2, 49.9
(C-10), 42.5, 33.9, 33.3, 28.0, 26.7, 25.8, 25.6, 24.6, 24.4, 24.2, 11.0 (C-7).
HRMS (ESI-Q-TOF) m/z: 302.2599 [M+H]*; calcd. for C1oH3:1N3: 302.2591.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient

CO2/MeOH = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 210 nm, t; =

2.59 min (major) and tg = 2.68 min (minor), > 99% ee.

(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-(methyl(phenyl)amino)cyclopent-1-ene-1-
carbonitrile (2aa)
Prepared according the general procedure using hemiacetal 1a (34 mg,
7\ 4 @ 0.15 mmol), N-methylaniline (16 pL, 0.15 mmol) and cyclohexyl
, isocyanide (19 pL, 0.15 mmol). Obtained after flash column
chromatography purification (n-hexane/EtOAc 9:1) as a dark yellow
oil (43 mg, 0.13 mmol, 89% yield, 58:42 dr, 96% ee). [a]d’ + 1.1 (c
0.5, acetone, 20°C). Rr= 0.70 (n-hexane/ EtOAc 4:1).
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'"H NMR (400 MHz, CDCl3) § = 7.33 — 7.19 (m, 2H), 6.92 — 6.77 (m, 3H), 4.76 (t, J =
9.1 Hz, 1H, H-3), 4.57 (d, J = 10.1 Hz, 1H, H-8), 3.85 (ddt, /= 13.9, 9.1, 5.1 Hz, 1H),
2.69 (s, 3H, NCH3), 2.29 — 1.03 (m, 14H), 0.92 (t,J = 7.9 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) & = 156.6 (C-2), 149.9 (C), 129.5, 120.3 (CN),118.8,
114.5, 74.8 (C-1), 65.7, 51.9, 44.1, 42.2, 34.0, 33.8, 28.6, 28.0, 25.6, 24.6, 24.3, 10.9
(C-7). HRMS (ESI-Q-TOF) m/z: 324.2443 [M+H]"; calcd. for C21H29N3: 324.2434,

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO»/iPrOH = 100:0 to 70:30 in 10 min, flow rate = 1 mL/min, 35 °C, A = 280 nm, t; =

5.91 min (minor) and tg = 6.02 min (major), 96% ee.

(BR,5R)-2,3-bis (cyclohexylamino)-5-methylcyclopent-1-ene-1-carbonitrile (2ab)
Prepared according the general procedure using hemiacetal 1b (32
mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and

Me.... NH cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
NG NHs column chromatography purification (n-hexane/EtOAc 4:1) as a
pale brown oil (32 mg, 0.11 mmol, 73% yield, 99:1 dr, > 99 % ee).

[a]Z® - 5.3 (¢ 0.5, acetone, 20°C). Re= 0.55 (n-hexane/ EtOAc 7:3).

TH NMR (400 MH, CDCl3) 6 = 5.10 (d, J = 8.7 Hz, 1H, H-8), 3.80 — 3.65 (m, 2H), 2.86

—2.78 (m, 1H), 2.47 (tt, J = 10.2, 3.5 Hz, 1H), 2.08 — 1.99 (m, 2H), 1.94 (ddd, J = 12.3,

7.1, 1.4 Hz, 1H), 1.85 (d, J = 13.0 Hz, 1H), 1.75 — 1.66 (m, 5H), 1.65 — 1.52 (m, 2H),

1.48 — 1.36 (m, 2H), 1.29 — 1.10 (m, 9H), 1.08 (d, J = 6.9 Hz, 3H, H-6).

13C NMR (100 MHz, CDCI3) 8 = 158.9 (C-2), 121.3 (CN), 73.1 (C-1), 60.0, 55.0, 51.5,

40.3, 36.8, 35.3, 33.8, 33.5, 26.1, 25.7, 25.1, 24.9, 24.5, 24.3, 20.8 (C-6).

HRMS (ESI-Q-TOF) m/z: 302.2589 [M+H]*; calcd. for C19H32N3: 302.2591.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient

COy/iPrOH = 100:0 to 80:20 until 2 min then isocratic 80:20, flow rate = 1 mL/min,

25 °C, A =245 nm, t; = 4.39 min (major) and tg = 5.17 min (minor), > 99% ee.

(BR,5R)-2,3-bis (cyclohexylamino)-5-heptylcyclopent-1-ene-1-
Q carbonitrile (2ac)

i, : NH Prepared according the general procedure using hemiacetal 1c¢ (45

’ mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and

@ cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash
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column chromatography purification (n-hexane/EtOAc 4:1) as a pale brown oil (42 mg,
0.15 mmol, 73% yield, 99:1 dr, >99% ee). [a]3° — 6.1 (c 0.5, acetone, 20°C). Ry= 0.55
(n-hexane/ EtOAc 7:3).

'TH NMR (400 MHz, CDCl3) 6 = 5.11 (d, J = 8.7 Hz, 1H, H-8), 3.82 — 3.70 (m, 1H, H-
9), 3.66 (dd, J = 9.4, 7.1 Hz, 1H, H-3), 2.70 — 2.64 (m, 1H), 2.48 (tt, J/ = 10.5, 3.6 Hz,
1H), 2.09 — 1.99 (m, 2H), 1.85 (d, J = 12.4 Hz, 1H), 1.75 — 1.67 (m, 4H), 1.66 — 1.58
(m, 2H), 1.55 - 1.35 (m, 4H), 1.35 - 0.98 (m, 22H), 0.87 (t, J = 7.4 Hz, 3H, H-6).

13C NMR (100 MHz, CDCI3) 8 = 159.3 (C-2), 121.7 (CN), 71.9 (C-1), 60.3, 55.0, 51.5,
42.2, 38.1, 35.5, 35.4, 33.8, 33.6, 32.0, 29.9, 29.5, 27.9, 26.1, 25.8, 25.2, 24.9, 24.5,
24.3,22.8, 14.3 (C-6).

HRMS (ESI-Q-TOF) m/z: 386.3534 [M+H]"; calcd. for C25H44N3: 386.3530.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

COo/EtOH = 100:0 to 85:15 in 24 min, flow rate = 0.8 mL/min, 25 °C, A = 254 nm, t; =

15.52 min (major) and tg = 15.28 min (minor), > 99% ee.

(BR,5R)-2,3-bis (cyclohexylamino)-5-((£)-hex-3-en-1-yl)cyclopent-1-ene-1-

carbonitrile (2ad)

7 Prepared according the general procedure using hemiacetal 1d

6 E\ (55 mg, 0.15 mmol), cyclohexylamine (17.2 pL, 0.15 mmol)
& Q‘NH and cyclohexyl isocyanide (18.7 pL, 0.15 mmol). Obtained after

2

) flash column chromatography purification (n-hexane/EtOAc

NC NH 8 .
f 4:1) as a pale brown oil (39 mg, 0.10 mmol, 70% yield, 99:1 dr,

> 99% ee). [a]3’ — 5.7 (c 0.5, acetone, 20°C). Ry = 0.74 (n-
hexane/ EtOAc 7:3).
'H NMR (400 MHz, CDCl3) & = 5.42 — 5.25 (m, 2H, H-6, H-7), 5.12 (d, J = 8.7 Hz,
1H, H-8), 3.82 — 3.76 (m, 1H, H-9), 3.67 (dd, J = 9.4, 7.5 Hz, 1H, H-3), 2.74 — 2.68 (m,
1H), 2.52 — 2.44 (m, 1H), 2.13 — 1.98 (m, 7H), 1.85 (d, J = 12.8 Hz, 1H), 1.75 — 1.66
(m, 4H), 1.67 — 1.56 (m, 3H), 1.54 — 1.36 (m, 3H), 1.35 - 1.05 (m, 10H), 0.96 (t,J = 7.5
Hz, 3H).
13C NMR (100 MHz, CDCls) & = 159.4 (C-2), 132.1 (C-7, 128.8 (C-6), 121.5 (CN),
71.7 (C-1), 60.3, 55.0, 51.5, 41.8, 37.9, 35.4, 35.3, 33.8, 33.6, 26.1, 25.8, 25.5, 25.1,
24.9,24.5,24.3,20.7, 14.5.
HRMS (ESI-Q-TOF) m/z: 370.3215 [M+H]*; calcd. for C24H4oN3: 370.3217.
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The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
COy/iPrOH = 100:0 to 77:23 until 2 min then isocratic 77:23, flow rate = 1 mL/min,
25 °C, A =256 nm, t; = 4.62 min (major) and tg = 5.63 min (minor), > 99% ee.

(BR,5R)-2,3-bis(cyclohexylamino)-5-((1,3-dioxoisoindolin-2-yl)methyl)cyclopent-1-
ene-1-carbonitrile (2ae)
Prepared according the general procedure using hemiacetal 1e
R (54 mg, 0.15 mmol), cyclohexylamine (17.2 uL, 0.15 mmol)
O 'Tl ? Q and cyclohexyl isocyanide (18.7 pL, 0.15 mmol). Obtained
6 "’5@324'\“" after flash column chromatography purification (n-
NG ' NHe hexane/EtOAc 4:1) as a pale brown oil (40 mg, 0.09 mmol,
60% yield, 75:25 dr, 92% ee). [a]3® + 0.1 (c 0.5, acetone,
20°C). Rr= 0.32 (n-hexane/ EtOAc 7:3).
'H NMR (400 MHz, CDCls) 6 = 7.86 (dd, J = 5.5, 3.1 Hz, 2H), 7.78 — 7.61 (m, 2H),
5.35(d,J = 8.6 Hz, 1H, H-8), 4.12 (q, J = 7.0 Hz, 1H), 3.88 — 3.70 (m, 2H, H-6), 3.62
(td, J = 13.1, 8.9 Hz, 1H, H-3), 3.23 (q, J = 7.8 Hz, 1H), 2.56 — 2.38 (m, 1H), 2.15 (dd,
J =12.6, 6.9 Hz, 1H), 2.09 — 1.94 (m, 2H), 1.87 (d, J = 13.6 Hz, 1H), 1.75 — 1.65 (m,
5H), 1.65—-1.57 (m, 2H), 1.50 — 1.34 (m, 3H), 1.33 — 1.00 (m, 10H).
13C NMR (100 MHz, CDCl3) & = 168.6 (C=0), 160.6 (C-2), 133.9, 132.0, 123.3, 120.5,
67.7 (C-1), 59.6, 54.8, 51.3, 43.1, 41.8, 40.8, 39.3, 36.0, 35.1, 33.5, 25.9, 25.6, 24.9,
24.7,24.2,24.1,14.2
HRMS (ESI-Q-TOF) m/z: 447.2760 [M+H]"; calcd. for C27H35N402: 447.2749.
The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, isocratic
CO2/MeCN = 68:32, flow rate = 1 mL/min, 35 °C, A = 217 nm, t; = 3.46 min (major)

and tg = 4.86 min (major), 92% ee.
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(BR,5R)-5-((benzyloxy)methyl)-2,3-bis(cyclohexylamino)cyclopent-1-ene-1-
carbonitrile (2af)
Prepared according the general procedure using hemiacetal 1f

(48 mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and

7 O\ A cyclohexyl isocyanide (19 puL, 0.15 mmol). Obtained after flash
6" NH column chromatography purification (n-hexane/EtOAc 9:1) as a
NG 2NH 8 dark brown oil (28 mg, 0.07 mmol, 45% yield, 95:5 dr, 98% ee).
@ []Z® - 5.8 (c 0.5, acetone, 20°C). Rr= 0.41 (n-hexane/ EtOAc

4:1).

'"H NMR (400 MHz, CDCl3) 8 = 7.29 — 7.17 (m, 5H, Ph), 4.52 — 4.39 (m, 2H), 3.78 —
3.65 (m, 1H), 3.48 (dd, /=9.4, 4.0 Hz, 1H), 3.24 (dd, J = 9.4, 7.6 Hz, 1H), 2.97 — 2.87
(m, 1H), 2.52 — 2.39 (m, 1H), 2.24 (dd, J=12.8, 7.4 Hz, 1H), 1.97 (d, J = 12.4 Hz, 2H),
1.65—1.02 (m, 21H).

13C NMR (100 MHz, CDCl3) & = 160.3 (C-2), 138.6, 128.5, 127.7, 127.7, 121.0 (CN),
73.7, 73.3, 72.7 (C-1), 67.7, 60.2, 55.0, 51.6, 42.6, 35.7, 35.1, 33.7, 33.5, 26.0, 25.7,
25.1,24.9,24.4,24.3.

HRMS (ESI-Q-TOF) m/z: 408.3017 [M+H]"; caled. for C26H37N30: 408.3009.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO2/MeOH = 90:10 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 213 nm, t; =

3.39 min (minor) and tg = 3.57 min (major), 98% ee.

(BR,5R)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2,3-bis(cyclohexylamino)
cyclopent-1-ene-1-carbonitrile (2ag)
10 Prepared according the general procedure using hemiacetal
%Si\/ 4 Q 1g (52 mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15
4 mmol) and cyclohexyl isocyanide (19 pL, 0.15 mmol).
Obtained after flash column chromatography purification
NC” NH 8 (n-hexane/EtOAc 9:1) as a yellow oil (32 mg, 0.08 mmol,
@ 50% yield, 99:1 dr, > 99% ee). [a]3° — 4.0 (c 0.5, acetone,
20°C). Rr= 0.62 (n-hexane/ EtOAc 4:1).
TH NMR (400 MHz, CDCl3) 8 = 5.29 (brs, 1H, H-8), 3.85 — 3.70 (m, 2H), 3.63 (dd, J =
10.0, 3.6 Hz, 1H, H-6), 3.46 (dd, /= 10.1, 5.9 Hz, 1H, H-6), 2.84 —2.75 (m, 1H), 2.54 —
2.43 (m, 1H), 2.28 (dd, J=12.4, 7.2 Hz, 1H), 2.02 (dd, J=11.6, 4.4 Hz, 2H), 1.83 (d, J
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=11.6 Hz, 1H), 1.76 — 1.65 (m, 6H), 1.65 — 1.55 (m, 2H), 1.50 — 1.34 (m, 3H), 1.31 —
1.04 (m, 8H), 0.87 (s, 9H, H-10), 0.04 (s, 6H, H-7).

13C NMR (100 MHz, CDCI3) 8 = 160.8 (C-2), 121.2 (CN), 67.6 (C-1), 66.0, 65.5, 60.7,
55.1, 51.5, 45.0, 36.0, 35.2, 33.8, 33.7, 33.5, 26.1, 26.1 (C-10), 25.8, 25.2, 24.9, 24 .4,
24.4,18.4,-5.2 (C-7), -5.2 (C-7).

HRMS (ESI-Q-TOF) m/z: 432.3412 [M+H]"; calcd. for C25sH4sN30Si: 432.3405.

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient

CO2/MeOH = 100:0 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 290 nm, t; =

3.11 min (major) and tg = 3.40 min (minor), > 99% ee.

(BR,5R)-2,3-bis(cyclohexylamino)-5-((prop-2-yn-1-yloxy)methyl)cyclopent-1-ene-1-

carbonitrile (2ah)

\\\\ Prepared according the general procedure using hemiacetal 1h
7o (40 mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and
6\,,,,. - NH cyclohexyl isocyanide (19 pL, 0.15 mmol). Obtained after flash

5
NG 2NH . column chromatography purification (n-hexane/EtOAc 9:1) as a

yellow oil (32 mg, 0.09 mmol, 60% yield, 78:22 dr, > 99% ee).
[]Z® — 3.8 (c 0.5, acetone, 20°C). Ry = 0.34 (n-hexane/ EtOAc
4:1).
'H NMR (400 MHz, CDCI3) 6 = 5.29 (d, J = 8.7 Hz, 1H, H-8), 4.15 (d, J= 2.5 Hz, 2H,
H-7), 3.84 —3.70 (m, 2H), 3.57 (dd, J=9.3, 4.1 Hz, 1H), 3.32 (t, /= 8.7 Hz, 1H), 2.94
(td, J = 8.2, 4.0 Hz, 1H), 2.53 — 2.43 (m, 1H), 2.41 (t, J = 2.5 Hz, 1H), 2.33 (dd, J =
12.6, 7.2 Hz, 1H), 2.09 — 1.96 (m, 2H), 1.84 (d, /= 12.4 Hz, 1H), 1.76 — 1.61 (m, 6H),
1.51 - 1.33 (m, 4H), 1.25 - 1.01 (m, 9H).
13C NMR (100 MHz, CDCl3) & = 160.8 (C-2), 120.9 (CN), 80.0, 74.4, 72.4, 67.1, 60.2,
58.5,55.1,51.5,42.4,35.9,35.3,33.8, 33.7, 33.5, 26.1, 25.7, 25.1, 24.9, 24.4, 24 3.
HRMS (ESI-Q-TOF) m/z: 356.2696 [M+H]"; calcd. for C22H33N30: 356.2705.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
CO»/iPrOH = 90:10 to 60:40 in 6 min, flow rate = 1 mL/min, 35 °C, A = 220 nm, t; =

3.76 min (minor) and tg = 4.00 min (major), > 99% ee.
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(BR,5R)-2-(tert-butylamino)-3-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-

carbonitrile (2ai)

Prepared according the general procedure using hemiacetal 1a (34
7 mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and tert-
4

6 '5 NH butyl isocyanide (17 puL, 0.15 mmol). Obtained after flash column
NG 2NH . chromatography purification (n-hex/EtOAc 6:1) as a yellow oil (37
—7< mg, 0.13 mmol, 85% yield, >99:1 dr, >99% ee). [a]3’ — 12.8 (¢ 0.7,

9

acetone, 20°C). Rr= 0.34 (n-hex/EtOAc 5:1).

TH NMR (400 MHz, CDCl3) 8 = 5.67 (s, 1H, H-8), 3.60 (dd, J = 10.0, 7.1 Hz, 1H, H-3),
2.66 (td, J = 8.4, 4.6 Hz, 1H), 2.48 (tt, /= 10.2, 3.7 Hz, 1H), 2.05 (dd, J = 12.4, 7.1 Hz,
1H), 1.82 (d, J = 12.3 Hz, 1H), 1.77 — 1.66 (m, 3H), 1.64 — 1.54 (m, 2H), 1.40 (s, 9H,
H-9), 1.36 — 0.95 (m, 8H), 0.91 (t, J = 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) 6 = 156.8 (C-2), 123.5 (CN), 71.4 (C-1), 62.0, 55.1, 51.3,
44.6,36.7,35.2, 33.8, 30.2 (C-9), 27.9, 26.0, 25.1, 24.8, 12.0 (C-7).

HRMS (ESI-Q-TOF) m/z: 290.2599 [M+H]*; calcd. for CisH32N3: 290.2596.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, isocratic
CO2/MeCN = 95:5, flow rate = 1 mL/min, 25 °C, A = 265 nm, t; = 5.84 min (major) and

tr = 5.99 min (minor), >99% ee.

(BR,5R)-3-(cyclohexylamino)-5-ethyl-2-(octadecylamino)cyclopent-1-ene-1-
carbonitrile (2aj)

Prepared according the general procedure using hemiacetal 1a (34

! A Q mg, 0.15 mmol), cyclohexylamine (17 x«L, 0.15 mmol) and octadecyl

6 '5 NH isocyanide (42 mg, 0.15 mmol). Obtained after flash

NC'' 2NH 8

0 solid (60 mg, 82% yield, >99:1 dr, > 99% ee). m.p. 40-42 °C. [a]Z’ -

41.8 (¢ 0.5, acetone, 20°C). Rr= 0.60 (n-hex/EtOAc 4:1).

TH NMR (400 MHz, CDCl3) & = 5.18 (s, 1H, H-8), 3.69 (t, J = 8.3
Hz, 1H, H-3), 3.52 — 3.37 (m, 2H, H-9), 2.65 (td, J = 8.4, 5.5 Hz,
1H), 2.50 (td, J = 10.3, 8.6, 5.0 Hz, 1H), 2.06 (dd, J = 12.6, 7.3 Hz,
1H), 1.85 (d, J = 12.0 Hz, 1H), 1.76 — 1.68 (m, 5H), 1.63 — 1.46 (m,

chromatography purification (n-hexane/EtOAc 20:1) as a brown
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5H), 1.39 - 1.15 (m, 36H), 0.92 (t, /= 7.4 Hz, 3H, H-7), 0.87 (t, /= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCI3) 8 = 160.3 (C-2), 121.5 (CN), 72.4 (C-1), 60.3, 55.1, 43.9,
43.7, 37.5, 35.2, 33.6, 32.1, 30.0, 29.8, 29.7, 29.7, 29.5, 28.1 (CH>), 26.8 (CH>), 26.1,
25.1,24.9,22.8 (CH2), 14.2 (CH3), 11.9 (C-7).

HRMS (ESI-Q-TOF) m/z: 486.4796 [M+H]", calcd. for C3:HsoN3: 486.4782.

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, gradient
COy/iPrOH = 100:0 to 60:40 until 5 min then isocratic 60:40, flow rate = 1 mL/min,
35 °C, A =286 nm, t; = 5.09 min (major) and tg = 5.47 min (minor), > 99% ee.

Ethyl ((3R,5R)-2-cyano-5-(cyclohexylamino)-3-ethylcyclopent-1-en-1-yl)glycinate
(2ak)
Prepared according the general procedure using hemiacetal 1a (34
' . Q mg, 0.15 mmol), cyclohexylamine (17 pL, 0.15 mmol) and ethyl
isocyanoacetate (16 pL, 0.15 mmol). Obtained after flash column
NG NH 8 chromatography purification (n-hexane/EtOAc 4:1) as a yellow oil
9 (22 mg, 0.11 mmol, 72% yield, 92:8 dr, 97% ee). [a]3° — 9.9 (c 0.5,
EtO acetone, 20°C). R¢= 0.37 (n-hexane/ EtOAc 2:1).
TH NMR (400 MHz, CDCl3) 8 = 5.76 (s, 1H), 4.31 — 4.19 (m, 4H), 3.78 (t, J = 8.1 Hz,
1H, H-3), 2.67 (q, /= 7.8 Hz, 1H), 2.52 (tt, /= 10.2, 3.7 Hz, 1H), 2.07 (dd, J = 12.6, 7.4
Hz, 1H), 1.87 (d, /= 12.3 Hz, 1H), 1.79 — 1.67 (m, 3H), 1.63 — 1.47 (m, 4H), 1.29 (t, J
=7.1 Hz, 3H), 1.22 - 1.00 (m, 4H), 0.92 (t, /= 7.3 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) 8 = 170.1 (C=0), 160.1 (C-1), 120.6 (CN), 75.0 (C-2),
61.8,60.3,55.2,45.2,43.7,37.6, 35.1, 33.5, 27.9, 26.0, 25.1, 24.8, 14.3, 11.8 (C-7).
HRMS (ESI-Q-TOF) m/z: 320.2339 [M+H]"; calcd. for C13H30N302: 320.2338.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL2, gradient

CO2/MeOH = 100:60 in 5 min, flow rate = 1 mL/min, 25 °C, A = 265 nm, t; = 4.03 min

(minor) and tg = 4.23 min (major), 97% ee.
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(BR,5R)-2-(benzylamino)-3-(cyclohexylamino)-5-ethylcyclopent-1-ene-1-
carbonitrile (2al)
Prepared according the general procedure using hemiacetal 1a (34

mg, 0.15 mmol), cyclohexylamine (17 L, 0.15 mmol) and benzyl

—

isocyanide (19 uL, 0.15 mmol). Obtained after flash chromatography

NC' NHs purification (n-hexane/EtOAc 20:1) as a brown solid (38 mg, 0.12
9 mmol, 78% yield, 87:13 dr, > 99% ee). [a]3’ — 57.4 (c 0.5, acetone,
20°C). Rr= 0.40 (n-hex/EtOAc 4:1).

TH NMR (400 MHz, CDCl3) 8 = 7.40 — 7.27 (m, 5H), 5.42 (brs, 1H), 4.69 (qd, J = 14.5,

5.9 Hz, 2H), 3.75 (t, J = 8.2 Hz, 1H), 2.69 (dd, J = 13.2, 8.0 Hz, 1H), 2.52 — 2.42 (m,

1H), 2.09 (dd, J = 12.6, 7.3 Hz, 1H), 1.83 (d, J = 13.0 Hz, 1H), 1.71 (d, J = 9.5 Hz,

3H), 1.64 — 1.49 (m, 3H), 1.37 — 1.03 (m, 7H), 0.94 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & = 160.6 (C-2), 138.4, 128.9, 127.8, 127.7, 121.2 (CN),

73.5 (C-1), 60.3,55.2,43.7,37.9, 35.3, 33.6, 26.1, 25.2, 24.9, 11.9 (C-7).

HRMS (ESI-Q-TOF) m/z: 324.2433 [M+H]", calcd. for C21H30N3: 324.2434.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, isocratic

CO2/MeOH = 85:15, flow rate = 1 mL/min, 35 °C, A = 286 nm, t; = 1.67 min (minor)

and tg = 1.80 min (major), > 99% ee.

(BR,5R)-3-(cyclohexylamino)-5-ethyl-2-((4-methoxyphenyl)amino)cyclopent-1-
enecarbonitrile (2am)
Prepared according the general procedure using hemiacetal 1a (34

7 mg, 0.15 mmol), cyclohexylamine (17 uL, 0.15 mmol) and p-

4
; mﬁQANH methoxyphenyl isocyanide (20 mg, 0.15 mmol). Obtained after flash
NG ZNH chromatography purification (n-hexane/EtOAc 4:1) as an orange oil
N (25 mg, 0.08 mmol, 51% yield, 95:5 dr, > 99% ee). [a]3’ — 8.5 (¢ 0.5,

9

10 acetone, 20°C). Rr= 0.36 (n-hex/EtOAc 7:3).

'TH NMR (400 MHz, CDCl3) é = 7.13 (d, J = 8.8 Hz, 2H, H-9), 6.92
— 6.82 (m, 3H, H-10 and NH), 3.89 (t, J = 8.1 Hz, 1H, H-3), 3.79 (s, 3H, H-12), 2.71
(td, J=8.2,5.2 Hz, 1H), 2.59 — 2.49 (m, 1H), 2.12 (dd, J = 12.7, 7.2 Hz, 1H), 1.88 (d, J
=12.8 Hz, 1H), 1.83 — 1.68 (m, 1H), 1.66 — 1.53 (m, 3H), 1.41 — 1.01 (m, 7H), 0.95 (t, J
=7.4,3H, H-7).

12 11
MeO
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13C NMR (100 MHz, CDCl3) § = 157.4 (C-2), 157.3 (C-11), 131.7 (C-8), 125.4 (C-9),
119.1 (CN), 114.0 (C-10), 76.5 (C-1), 60.7, 55.5, 55.3, 44.1, 37.4, 35.2, 33.6, 28.0, 26.0,
25.1,24.9,11.9 (C-7).

HRMS (ESI-Q-TOF) m/z: 340.2308 [M+H]", calcd. for C21H30N30: 340.2383.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, isocratic

CO2/MeOH = 90:10, flow rate = 1 mL/min, 35 °C, A = 286 nm, t; = 3.44 min (minor)

and tg = 3.78 min (major), > 99% ee.

(BR,5R)-3-(cyclohexylamino)-5-ethyl-2-(((tetrahydrofuran-2-yl)methyl)amino)
cyclopent-1-ene-1-carbonitrile (2an)

Prepared according the general procedure using hemiacetal 1a (34

—

mg, 0.15 mmol), cyclohexylamine (17 uL, 0.15 mmol) and 2-

6" NH (isocyanomethyl)tetrahydrofuran (17 L, 0.15 mmol). Obtained after
NC' 'NHs flash chromatography purification (n-hexane/EtOAc 4:1) as a brown

o oil (41 mg, 0.13 mmol, 86% yield, >99:1 dr, > 99% ee). [a]3’ — 48.0
o) (c 0.5, acetone, 20°C). Ry= 0.17 (n-hex/EtOAc 4:1).

TH NMR (400 MHz, CDCl3) 6 = 5.54 (d, J = 18.5 Hz, 1H), 4.11 (qd, J = 7.4, 3.0 Hz,

1H), 3.91 —3.82 (m, 1H), 3.82 — 3.66 (m, 3H), 3.48 —3.32 (m, 1H), 2.70 — 2.60 (m,

1H), 2.49 (tt, J=10.3, 3.7 Hz, 1H), 2.13 — 2.00 (m, 2H), 1.95 — 1.80 (m, 3H), 1.77 —

1.65 (m, 3H), 1.63 — 1.45 (m, 4H), 1.35-0.97 (m, 7H), 0.92 (t, /= 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) 8 = 160.9 (C-2), 121.6 (CN), 77.7 (C-1), 68.5, 60.2, 55.1,

47.7,43.6,37.7,35.1, 33.5, 28.8, 28.7, 28.1, 26.1, 26.0, 25.1, 24.9, 11.9 (C-7).

HRMS (ESI-Q-TOF) m/z: 318.2538 [M+H]", calcd. for C19H3,N30: 318.2540.

The enantiomeric ratio was determined by UPC? analysis using Trefoil AMY 1, isocratic

CO»/iPrOH = 70:30, flow rate = 1 mL/min, 35 °C, A = 267 nm, t; = 1.41 min (major)

and tg = 1.62 min (minor), > 99% ee.
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(28,35,45,58,65)-2-(acetoxymethyl)-6-(((3R,5R)-2-cyano-3-ethyl-5-(((S)-1-methoxy-
1-oxopropan-2-yl)amino)cyclopent-1-en-1-yl)amino)tetrahydro-2 H-pyran-3,4,5-
triyl triacetate (2a0)
7\ 4 10\9/(:02'\/'6 Prepared according the general procedure using hemiacetal 1a
A NH (34 mg, 0.15 mmol), HCL.NH>-Ala-OMe (21 mg, 0.15 mmol),
5@’ triethylamine (23 pL, 0.16 mmol), and B-D-glucosyl isocyanide

NG NH®
2P SAC (54 mg, 0.15 mmol). Obtained after flash column
AcO
AcOAO chromatography purification (n-hexane/EtOAc 2:1) as a pale

yellow oil (53 mg, 0.09 mmol, 63% yield, 99:1 dr).[«]3° —14.4 (c 0.6, acetone, 20°C). R¢
= 0.40 (n-hexane/ EtOAc 1:1).

IH NMR (400 MHz, CDCL:) 8 = 6.62 (brs, 1H, H-8), 5.30 (t, /= 9.3 Hz, 1H), 5.23 (t, J
= 9.0 Hz, 1H), 5.15 (t, /= 9.7 Hz, 1H), 5.05 (t, J = 9.3 Hz, 1H), 430 (dd, J = 12.4, 42
Hz, 1H, H-12b), 4.19 (d, J = 12.0 Hz, 1H, H-12a), 4.03 — 3.87 (m, 2H), 3.76 (s, 3H,
OMe), 3.55 (q,J = 7.1 Hz, 1H, H-9), 2.73 (brs, 1H), 2.08 (d, J = 5.6 Hz, 6H), 2.02 (d, J
— 5.5 Hz, 6H), 1.94 — 1.86 (m, 1H), 1.80 (d, J = 6.7 Hz, 1H), 1.74 — 1.60 (m, 1H), 1.43
(d, J=7.0 Hz, 3H, H-10), 1.36 — 1.20 (m, 1H), 1.13 — 0.97 (m, 1H), 0.91 (t, J = 7.3 Hz,
3H, H-7).

13C NMR (100 MHz, CDCls) 8 = 170.8 (C=0), 170.8 (C=0), 170.3 (C=0), 170.0
(C=0). 169.7 (C=0). 158.6 (C-2), 118.0 (CN), 81.9 (C-11), 73.5, 72.0, 71.0, 68.3, 68.2,
62.0,61.8, 53.2,45.1, 33.3, 28.1, 20.9, 20.8, 20.7, 18.1, 11.4 (C-7).

HRMS (ESI-Q-TOF) m/z: 568.2509 [M-+H]"; caled. for CagHssN;O11: 568.2506.

Methyl ((1R.4R)-3-cyano-4-ethyl-2-((2-(((S)-1-methoxy-1-0x0-3-phenylpropan-2-
yl)amino)-2-oxoethyl)amino)cyclopent-2-en-1-yl)-L-leucinate (2ap)
Prepared according the general procedure using hemiacetal 1a

- ) CO,Me (34 mg, 0.15 mmol), HCI.NH>-Leu-OMe (27 mg, 0.15 mmol),

6\,,,,. @‘NH triethylamine (23 pL, 0.16 mmol) and CN-Gly-Phe-OMe (37
5
NG NH mg, 0.15 mmol). Obtained after flash column chromatography
8
9 % purification (n-hexane/EtOAc 1:1) as a yellow oil (55 mg, 0.11
O

oHN mmol, 73% yield, >99:1 dr).[a]Z’ — 19.8 (c 0.6, acetone, 20°C).

11
}’002'\"9 Re=0.33 (n-hexane/ EtOAc 1:1).
Q IH NMR (400 MHz, CDCls) & = 7.32 — 7.26 (m, 3H, Ph), 7.11

(d, J=17.0 Hz, 2H, Ph), 6.57 (d, /= 7.9 Hz, 1H, H-10), 6.12 (brs, 1H, H-8), 4.95 (dt, J =
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8.1, 5.9 Hz, 1H, H-11), 4.20 (t, J = 6.0 Hz, 2H, H-9), 3.73 (s, 3H, OMe), 3.71 (s, 3H,
OMe), 3.64 (t, J = 7.2 Hz, 1H), 3.35 (dd, J = 8.8, 5.4 Hz, 1H), 3.14 (t, J = 5.6 Hz, 2H),
2.72 (hept, J = 4.0 Hz, 1H), 1.89 (brs, 1H), 1.83 (ddd, J = 12.9, 7.5, 3.4 Hz, 1H), 1.74 —
1.57 (m, 2H), 1.52 — 1.44 (m, 1H), 1.43 — 1.35 (m, 1H), 1.31 — 1.19 (m, 2H), 0.92 — 0.86
(m, 9H).

13C NMR (100 MHz, CDCL) & = 176.4 (C=0), 171.8 (C=0), 168.3 (C=0), 159.1 (C-
2), 135.8, 129.4, 128.8, 127.3, 120.3 (CN), 77.4 (C-1), 62.0, 57.6, 53.4, 52.5, 52.4, 46.6,
43.9,42.3,38.0, 35.8, 27.8, 24.9, 23.0, 21.8, 11.6 (C-7).

HRMS (ESI-Q-TOF) m/z: 499.2925 [M+H]*; calcd. for C27H3oN4Os: 499.2920.

Methyl ((1R.4R)-3-cyano-4-ethyl-2-((2-(((S)-1-methoxy-1-0x0-3-phenylpropan-2-
yl)amino)-2-oxoethyl)amino)cyclopent-2-en-1-yl)-L-phenylalanyl-L-isoleucinate
(2aq)

Prepared according the general procedure using hemiacetal

HN“'K/\ la (34 mg, 0.15 mmol), HCI Phe-Ile- OMe (33 mg, 0.15

7\ ) E mmol), triethylamine (23 pL, 0.16 mmol) and CN-Gly-
o -

6 ”'EQ‘NH Phe-OMe (37 mg, 0.15 mmol). Obtained after flash

NG Hs column chromatography purification (DCM/MeOH 15:1)

9 S:O as a light yellow oil (64 mg, 0.10 mmol, 68% yield, 96:4

HN dr). [a]3’ — 7.7 (¢ 0.7, acetone, 20°C). Rf = 0.40
\—CO,Me

Q,\ (DCM/MeOH 10:1).
'H NMR (400 MHz, CDCl3) 6 = 7.91 (d, J = 9.1 Hz, 1H,

NH), 7.36 — 7.27 (m, 5H, Ph), 7.26 — 7.17 (m, 3H, Ph), 7.13 (d, J = 7.1 Hz, 2H, Ph),
6.64 (d, J= 7.9 Hz, 1H, NH), 6.28 (brs, 1H, H-8), 4.93 (dt, J = 8.2, 5.9 Hz, 1H), 4.58
(dd, J=9.2, 4.6 Hz, 1H), 4.24 (dd, J = 17.2, 6.2 Hz, 1H), 4.09 (dd, J = 17.3, 5.8, 1H),
3.70 (s, 3H, OMe), 3.69 (s, 3H, OMe), 3.27 (dd, J = 13.7, 4.3 Hz, 1H), 3.20 — 3.06 (m,
3H), 2.73 (s, 1H), 2.33 (s, 1H), 2.00 — 1.88 (m, 1H), 1.65 — 1.48 (m, 2H), 1.47 — 1.36
(m, 1H), 1.38 — 1.26 (m, 1H), 1.27 — 1.19 (m, 1H), 1.17 — 1.04 (m, 1H), 0.96 — 0.88 (m,
6H), 0.87 — 0.80 (m, 1H), 0.76 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, CDCls) § =
173.3 (C=0), 173.2 (C=0), 171.9 (C=0), 168.7 (C=0), 162.8 (C-2), 136.3, 135.8,
129.4, 129.3, 129.1, 128.8, 127.6, 127.3, 119.3 (CN), 77.4 (C-1), 62.7, 62.6, 56.5, 53.5,
52.6,52.5,46.8,43.6,39.4,38.1, 37.9, 34.2, 27.5,25.2,15.8, 11.7, 11.1,

HRMS (ESI-Q-TOF) m/z: 646.3609 [M+H]"; caled. for C3sHasNsOs: 646.3605.
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Methyl ((1R,4R)-3-cyano-4-ethyl-2-((2-(((:S)-1-methoxy-1-0x0-3-phenylpropan-2-
yl)amino)-2-oxoethyl)amino)cyclopent-2-en-1-yl)-L-phenylalanyl-L-leucyl-L-

valinate (2ar)

/g/COZMe
| f y

\—CO,Me

Prepared according the general procedure using
hemiacetal 1a (34 mg, 0.15 mmol), HCI.NH2-Phe-
Leu-Val-OMe (64 mg, 0.15 mmol), triethylamine (23
pL, 0.16 mmol), and CN-Gly-Phe-OMe (37 mg, 0.15
mmol). Obtained after flash column chromatography
purification (DCM/MeOH 10:1) as a pale yellow oil
(56 mg, 0.08 mmol, 50% yield, 97:3 dr). [a]&’ — 5.2
(c 0.5, acetone, 20°C). Rs=0.17 (DCM/MeOH 99:1).
'TH NMR (600 MHz, CDCl3) 4 = 7.33 — 7.30 (m, 2H),
7.26 — 7.20 (m, 6H), 7.15 — 7.13 (m, 2H), 6.92 (s,

1H), 6.54 (d, J = 8.8 Hz, 1H), 4.92 (dt, J=7.9, 6.0, 1H), 4.57 (q, J = 8.4 Hz, 1H), 4.50
(dd, J= 8.8, 4.9 Hz, 1H), 4.17 (dd, J = 19.1, 5.2, 1H), 4.05 (dd, J = 17.1, 5.9 Hz, 1H),
3.74 (s, 3H, OMe), 3.70 (s, 3H, OMe), 3.23 (dd, J = 13.7, 3.8 Hz, 1H), 3.14 (d, J = 6.0
Hz, 2H), 2.95 (s, 1H), 2.88 (s, 1H), 2.65 — 2.47 (m, 1H), 2.25 — 2.08 (m, 3H), 1.75 —
1.54 (m, 6H), 0.97 (d, J = 6.5 Hz, 6H), 0.95 — 0.91 (m, 3H), 0.88 (d, J = 6.9 Hz, 7H),

0.71 (t,J= 7.4 Hz, 3H, H-7).

13C NMR (150 MHz, CDCls) § = 173.1 (C=0), 172.2 (C=0), 172.0 (C=0), 168.8
(C=0), 162.7 (C-1), 136.9, 136.1, 129.4, 129.2, 129.1, 128.7, 127.5, 127.2, 119.3 (CN),
63.2 (C-2), 62.9, 57.4, 53.5, 52.4, 52.4, 51.5, 46.9, 43.3, 41.7, 39.6, 38.2, 34.8, 31.4,
27.4,25.0,23.1,22.0, 19.0, 17.8, 11.1 (C-7).

HRMS (ESI-Q-TOF) m/z: 745.4286 [M+H]'"; caled. for C1Hs7NsO7: 745.4289.
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Methyl  ((1R,4R)-3-cyano-2-((2-(((S)-1-(((S)-1-methoxy-1-0x0-3-phenylpropan-2-
yl)amino)-4-methyl-1-oxopentan-2-yl)amino)-2-oxoethyl)amino)-4-((prop-2-yn-1-
yloxy)methyl)cyclopent-2-en-1-yl)-L-phenylalanyl-L-leucyl-L-valinate (2as)

o~ Prepared according the general procedure using
/g/&o hemiacetal 1a (34 mg, 0.15 mmol), TFA.NH>-
j/NH Phe-Leu-Val-OMe (76 mg, 0.15 mmol) and CN-

Ph N /Q Gly-Leu-Phe-OMe (54 mg, 0.15 mmol).
4 %O Obtained after flash chromatography purification

6
7 I, NH . )
///\o/ 5@‘ as a brown oil (70 mg, 0.08 mmol, 52% yield,

2

NC' NHg 99:1 dr). [a]3’ — 5.0 (c 0.5, acetone, 20°C). R¢=
° S:o 0.47 (DCM/MeOH 9:1).

HN 'H NMR (600 MHz, CDCL;) & = 7.80 (d, J =

0:2’>’ 9.0, 1H, NH), 7.33 (t, J = 7.4, 2H, Ph), 7.31 —

N 7.21 (m, 6H, Ph), 7.13 (d, J= 7.2, 2H, Ph), 6.88

r{ OS:O (brs, 1H, NH), 6.59 (d, J = 7.8, 1H, NH), 6.51

\ (d, J = 8.8, 1H, NH), 6.22 (brs, 1H, NH), 4.82

(dt,J=7.9, 6.1, 1H), 4.58 (q, J = 8.4, 1H), 4.49 (dd, J = 8.8, 4.9 Hz, 2H, H-9), 4.16 (dd,
J=17.0, 6.1, 1H), 4.06 (d, J = 2.3, 1.6, 2H, H-7), 4.00 (dd, J = 17.2, 5.9, 1H), 3.73 (s,
3H, OMe), 3.70 (s, 3H, OMe), 3.47 — 3.40 (m, 2H), 3.38 (dd, J = 10.4, 3.8, 1H), 3.27
(dd, J=19.3, 6.7, 1H), 3.21 (dd, J = 13.7, 3.7, 1H), 3.12 (dd, J = 6.2, 4.3, 2H), 2.62 (s,
3H), 2.39 (t, J = 2.3, 1H, H-10), 2.17 (pd, J = 6.9, 4.8, 1H), 1.86 — 1.79 (m, 2H), 1.69 —
1.59 (m, 6H), 1.56 — 1.48 (m, 2H), 0.97 (d, J = 3.8, 3H), 0.96 (d, J = 3.9, 3H), 0.92 —
0.88 (m, 12H).

13C NMR (150 MHz, CDCls) § = 173.9 (C=0), 173.0 (C=0), 172.1 (C=0), 171.8
(C=0), 171.6 (C=0), 169.0 (C=0), 160.2 (C-2), 137.0, 135.9, 129.4, 129.3, 129.1,
128.8, 127.5, 127.3, 119.0 (CN), 79.7 (C-1), 74.7, 71.7, 63.3, 62.8, 58.5, 57.4, 53.5,
52.5,52.4, 51.8, 51.4, 46.9, 42.1, 41.7, 41.4, 41.1, 39.9, 37.8, 33.3, 31.4, 25.0, 24.8,
23.1,23.0,22.3,22.1,19.1, 17.8.

HRMS (ESI-Q-TOF) m/z: 898.5079 [M+H]", calcd. for CaoHesN7Oo: 898.5073.
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General reaction procedure for the synthesis of cyclopentenols 3a-d

The hemiacetal 1 (0.15 mmol, 1 equiv.) was dissolved in trifluoroethanol (0.3 mL), the
isocyanide (0.15 mmol, 1.0 equiv.) was introduced into this solution and the glass tube
was sealed. The flask was irradiated for 20 min (300 W) under high-speed magnetic
stirring in the microwave reactor, while the temperature was raised up to 70 °C. The
volatiles was concentrated under reduced pressure and the resulting crude product was
purified by flash column chromatography.
(BR,5R)-2-(cyclohexylamino)-5-ethyl-3-hydroxycyclopent-1-ene-1-carbonitrile (3a)

4 Prepared according the general procedure using hemiacetal 1a (34

. OH

;S 5
NC ' 2NH s Obtained after flash column chromatography purification (n-

hexane/EtOAc 4:1) as a pale brown oil (29 mg, 0.12 mmol, 83%
yield, 99:1 dr, 98% ee). [a]3’ — 1.1 (c 0.5, acetone, 20°C). Re= 0.32

(n-hexane/ EtOAc 7:3).

'H NMR (400 MHz, CDCl3) 6 = 4.62 (t,J = 7.2 Hz, 1H, H-3), 4.56 (d, J = 8.6 Hz, 1H,

H-6), 3.83 — 3.64 (m, 1H), 2.86 — 2.69 (m, 1H), 2.13 — 1.95 (m, 2H), 1.89 — 1.67 (m,

4H), 1.68 — 1.58 (m, 2H), 1.48 — 1.36 (m, 2H), 1.34 — 1.22 (m, 1H), 1.22 — 1.09 (m,

3H), 0.91 (t,J = 7.4 Hz, 3H, H-7).

13C NMR (100 MHz, CDCl3) § = 157.9 (C-2), 120.5 (CN), 75.9 (C-1), 75.4 (C-3), 52.0,

43.4,38.3,33.8,33.8, 28.3,25.7,24.5,24.4, 11.5 (C-7).

HRMS (ESI-Q-TOF) m/z: 235.1799 [M+H]"; calcd. for Ci14H23N20: 235.1805.

mg, 0.15 mmol) and cyclohexyl isocyanide (19 pL, 0.15 mmol).

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
CO2/iPrOH = 100:0 to 85:15 until 2 min then isocratic 85:15, flow rate = 1 mL/min,
25 °C, A=290 nm, tp = 5.21 min (minor) and tg = 5.82 min (major), 98% ee.

(BR,55)-2-(cyclohexylamino)-3-hydroxy-5-phenylcyclopent-1-ene-1-carbonitrile
(3b)

Prepared according the general procedure using hemiacetal 1i (42
@,h 2 on mg, 0.15 mmol) and cyclohexyl isocyanide (19 pL, 0.15 mmol).
2 Obtained after flash column chromatography purification (n-
hexane/EtOAc 4:1) as a pale brown oil (19 mg, 0.07 mmol, 45%
yield, 99:1 dr, > 99% ee). [a]Z’ — 3.4 (c 0.5, acetone, 20°C). R¢=
0.34 (n-hexane/ EtOAc 7:3).
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'H NMR (400 MHz, CDCl3) 8 = 7.38 — 7.26 (m, 3H), 7.28 — 7.16 (m, 2H), 4.79 (t, J =
7.4 Hz, 1H, H-3), 4.09 (d, J = 8.7 Hz, 1H, H-6), 3.92 — 3.78 (m, 1H, H-7), 2.32 — 2.07
(m, 3H), 1.86 — 1.64 (m, 5H), 1.53 — 1.39 (m, 2H), 1.30 - 1.11 (m, 3H).

13C NMR (100 MHz, CDCls) & = 158.8 (C-2), 143.7, 128.7, 126.8, 126.7, 120.0 (CN),
75.3 (C-3), 74.9 (C-1), 52.0,47.4, 42.2, 33.8, 33.6, 25.5, 24.3, 24.3.

HRMS (ESI-Q-TOF) m/z: 283.1815 [M+H]"; calcd. for C13H22N20: 283.1805.

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
COy/iPrOH = 100:0 to 85:15 until 2 min then isocratic 85:15, flow rate = 1 mL/min,
25 °C, A =290 nm, t; = 7.49 min (minor) and tg = 9.71 min (major), > 99% ee.

(BR,5R)-2-(cyclohexylamino)-5-heptyl-3-hydroxycyclopent-1-ene-1-carbonitrile
(3¢
Prepared according the general procedure using hemiacetal 1¢
I, OH (45 mg, 0.15 mmol) and cyclohexyl isocyanide (19 pL, 0.15
NG 2NH . mmol). Obtained after flash column chromatography purification
(n-hexane/EtOAc 4:1) as a pale brown oil (35 mg, 0.11 mmol,
76% yield, 95:5 dr, 98% ee). [a]3° — 1.8 (c 0.5, acetone, 20°C).
R¢=0.61 (n-hexane/ EtOAc 7:3).
'H NMR (400 MHz, CDCI3) 6 = 4.67 (d, J = 8.5 Hz, 1H, H-6), 4.60 (t, J = 7.2 Hz, 1H,
H-3), 3.78 — 3.64 (m, 1H, H-7), 2.82 — 2.73 (m, 1H), 2.73 — 2.52 (m, 1H), 2.09 — 2.00
(m, 1H), 1.98 (ddd, J = 13.2, 7.4, 2.6 Hz, 1H), 1.84 — 1.75 (m, 1H), 1.77 — 1.66 (m, 2H),
1.66 — 1.51 (m, 2H), 1.46 — 1.32 (m, 2H), 1.33 — 1.08 (m, 14H), 0.86 (t, J = 6.6 Hz,
3H).
13C NMR (100 MHz, CDCl3) & = 158.4 (C-2), 120.8 (CN), 75.5 (C-3), 74.1 (C-1), 52.0,
42.0,38.4, 35.8,33.7,33.7, 32.0, 29.8, 29.4, 27.5, 25.6, 24.4, 24.3, 22.7, 14.2.
HRMS (ESI-Q-TOF) m/z: 305.2581 [M+H]"; calcd. for Ci19H33N20: 305.2587.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
COy/iPrOH = 100:0 to 85:15 until 2 min then isocratic 85:15, flow rate = 1 mL/min,
25 °C, A =254 nm, tp = 5.72 min (minor) and tg = 6.23 min (major), 98% ee.
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(BR,55)-2-(tert-butylamino)-3-hydroxy-5-phenylcyclopent-1-ene-1-carbonitrile (3d)
Prepared according the general procedure using hemiacetal 1i

©' : OH (42 mg, 0.15 mmol) and tert-butyl isocyanide (17 pL, 0.15

mmol). Obtained after flash column chromatography purification

(n-hexane/EtOAc 4:1) as a pale brown solid (22 mg, 0.09 mmol,

58% yield, > 99:1 dr, 94% ee). [a]Z’ — 4.4 (c 0.5, acetone, 20°C).

R¢=0.26 (n-hexane/ EtOAc 7:3).

'H NMR (400 MHz, Acetone-ds) 8 = 7.24 — 7.14 (m, 2H), 7.08 (d, J = 7.6 Hz, 3H),

5.40 (s, 1H, H-6), 4.60 (t, J = 11.7 Hz, 1H, H-3), 3.94 (t, J = 8.4 Hz, 1H, H-5), 2.09 —

1.92 (m, 2H, H-4), 1.36 (s, 9H, H-7).

13C NMR (100 MHz, CDCl3) & = 157.0 (C-2), 143.7, 128.9, 127.0, 126.9, 121.7 (CN),

76.5 (C-3), 74.1 (C-1), 52.4,48.3,41.9, 30.4.

HRMS (ESI-Q-TOF) m/z: 257.1641 [M+H]"; calcd. for C16H21N20: 257.1648.

7

The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
COy/iPrOH = 100:0 to 85:15 until 2 min then isocratic 85:15, flow rate = 1 mL/min,
25 °C, A =254 nm, t; = 5.32 min (minor) and tg = 6.04 min (major), 94% ee.

Continuous-flow one-pot synthesis of (3R,5R)-3-(tert-butylamino)-2-
(cyclohexylamino)-5-ethylcyclopent-1-ene-1-carbonitrile (2d)

Ar
)—eAr
o] H OTMS Et
o ! (10 mol%) NC. A . CyNH,, BuNC
ne DNBA (20 mol%) |O o EtOH

Et DMC, 10 °C, 48h Ph

W,

| QY

75 psi
microchip BPR

‘Bu~NH HN-Cy

. (250 ul) 2d
not isolated 80°C

tr = 10 min 431 mg of the product
72 mg/h
~6h of infusion rate

General material information for continuous-flow setup:

1. The Syringe Pump was a Cole-Palmer apparatus 74900 Series model (East Bunker Ct
Vernon Hills , IL).

2.5 mL Syringe Pack, (10 mm diameter).

3. Fluorinated ethylene propylene (FEP) tubings were purchased from IDEX health &
science (Oak Harbor, WA).

4. Super Flangeless fittings (include nuts and ferrules) were purchased from IDEX
health & science (Oak Harbor, WA).

5. The Asia Heater block was purchased from Syrris (Orchard, Rd).
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6. Microchip (250 pL) was purchased from Syrris (Orchard, Rd).
7. Back pack pressure (75 psi), was purchased from IDEX health & science (Oak
Harbor, WA).

Experimental procedure:

To a solution of Jergensen’s catalyst (0.015 mmol, 0.1 equiv.), 3,5-dinitrobenzoic acid
(0.03 mmol, 0.2 equiv.) and trans-pent-2-enal (0.18 mmol, 1.2 equiv.) in dimethyl
carbonate (1.0 mL) was added benzoylacetonitrile (0.15 mmol, 1.0 equiv.). The
resulting solution was stirred for 48h at 10 °C. After this time, ethanol (1.0 mL), the
cyclohexylamine (0.15 mmol, 1.0 equiv.) and #-butyl isocyanide (0.15 mmol, 1.0 equiv.)
were added to the crude hemiacetal solution. The Syringe Pump, a Cole-Palmer
apparatus, was used to deliver the reaction mixture from a plastic syringe (5 mL), which
was connected to the fluorinated ethylene propylene (FEP; thru hole 0.3”) tubing at a
microchip reactor. The microchip reactor was heated using an Asia Heater block. This
reaction mixture was injected into the microreactor at 80 °C and residence time of 10
min by a syringe pump until the standard condition is reached. The back-pack pressure

of 75 psi was used.

Figure S1. Setup of the continuous-flow system.



Synthesis of the bulky tertiary amine 4
The hemiacetal 1a (34 mg, 0.15 mmol), was

dissolved in trifluoroethanol (0.3 mL) and

7
6 .
z, 16 cyclohexylamine (17 mg, 0.15 mmol) was added
HN . . .

NCJQ 0 CN \/@ to the mixture under magnetic stirring at room
8 9

%’NH N'@W, O temperature. After 10 minutes, tert-butyl

12 14 15

isocyanide (17 pL, 0.15 mmol) was dissolved in
the reaction mixture. The flask was sealed and
irradiated for 20 min under high-speed magnetic stirring in the microwave reactor (300
W), while the temperature was raised up to 70 °C. Then hemiacetal 1f (48 mg, 0.15
mmol) was added to the mixture and stirred at room temperature for 10 min. Benzyl
isocyanide (19 pL, 0.15 mmol) was introduced to this solution and the mixture was
irradiated again under the same conditions above. The product 4 was obtained after
flash chromatography purification as a brown oil (38 mg, 0.06 mmol, 41% yield, 82:18
dr, > 99% ee). [a]3’ — 1.9 (c 0.5, acetone, 20°C). Ry= 0.60 (n-hexane/ EtOAc 7:3).
'H NMR (400 MHz, CDCl3) 8 = 7.38 — 7.28 (m, 12H),4.78 — 4.63 (m, 3H), 4.58 (s,
2H), 3.99 — 3.83 (m, 2H), 3.70 (dd, J = 9.4, 3.7 Hz, 1H), 3.52 (dd, /= 9.4, 6.2 Hz, 1H),
292 —2.82 (m, 1H), 2.64 — 2.51 (m, 1H), 2.48 — 2.23 (m, 1H), 2.16 (dt, J = 12.1, 7.5
Hz, 1H), 2.10 — 1.95 (m, 1H), 1.79 — 1.67 (m, 3H), 1.64 — 1.50 (m, 4H), 1.42 (s, 9H, H-
), 1.33 —1.25 (m, 4H), 1.21 — 1.08 (m, 4H), 0.84 (t, J= 7.2 Hz, 3H, H-7).
13C NMR (100 MHz, CDCl3) § = 159.9 (C-10), 154.9 (C-2), 138.6, 137.7, 129.1, 128.5,
128.2, 127.9, 127.7, 127.6, 122.7 (CN), 119.6 (CN), 73.7 (C-1), 73.5 (C-9) 73.4 (C-15),
72.2 (C-14), 63.5, 62.1, 54.2, 52.0, 48.6 (C-16), 43.6, 40.2, 35.6, 30.3 (C-8), 30.2, 30.0,
28.0,26.3,25.4, 11.9 (C-7).
HRMS (ESI-Q-TOF) m/z: 606.4169 [M+H]*, calcd. for C39Hs2NsO: 606.4166.
The enantiomeric ratio was determined by UPC? analysis using Trefoil CEL1, gradient
CO2/MeCN = 100:0 to 60:40 in 5 min then isocratic 60:40, flow rate = 1 mL/min,
35 °C, A =286 nm, t; = 4.84 min (major) and tg = 5.48 min (minor), >99% ee.
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Synthesis of methyl ((3R,5R)-2-cyano-3-ethyl-5-(tritylamino)cyclopent-1-en-1-

yhglycinate (5)
on Ph Prepared according the general procedure for the synthesis of
1 th cyclopentenyl amines using hemiacetal 1a (133 mg, 0.58 mmol),
6 I5 ! tritylamine (150 mg, 0.58 mmol) and methyl isocyanoacetate (56 uL,
NC' 'NHs 0.58 mmol). Obtained after flash chromatography purification as a
"N o yellow solid (157 mg, 58% yield, 0.34 mmol). m.p.: 76-81 °C. [a]3°
MeO +35.6 (¢ 0.5, acetone, 20°C). Re= 0.27 (n-hex/EtOAc 4:1).

10

TH NMR (400 MHz, CDCl3) 6 = 7.41 (d, J = 8.0 Hz, 5H), 7.24 — 7.09 (m, 10H), 6.15 (t,
J=5.1Hz, 1H, H-8), 4.39 — 4.24 (m, 2H, H-9), 3.77 (s, 3H, H-10), 2.27 — 2.13 (m, 1H),
1.27 — 1.13 (m, 2H), 0.95 — 0.62 (m, 2H), 0.55 (t, J = 7.4 Hz, 3H, H-7), 0.38 (dd, J =
12.7, 6.8 Hz, 1H, H-4a).

13C NMR (100 MHz, CDCl3) & = 170.7 (C=0), 160.6 (C-2), 146.3, 128.8, 128.3, 126.9,
120.7 (CN), 75.2, 70.7, 58.8, 52.8, 45.4, 43.3, 38.0, 27.0, 11.9 (C-7).

HRMS (ESI-Q-TOF) m/z: 488.2756 [M+Na]", calcd. for C30H31N302Na: 488.2308.

Procedure for ester deprotection of compound 5

7

4 6
A 5
NC NG
KOH, Et,0/MeOH 3 L
Ph rt, 2h -

Mo NH HN’Q 8 N2 HN%Ph
HO{ Ph

o 6

The compound 5 (73 mg, 0.15 mmol) was dissolved in Et;,O/MeOH (10:1, 2 mL). Next,
KOH (9 mg, 1.0 equiv.) was added to this mixture under magnetic at room temperature.
After 2 hours, the solvent was removed and the residue suspended in EtOAc (20 mL)
and washed with 0.5 M citric acid solution (2x10 mL). The carboxylic acid 6 was
obtained after flash chromatography purification as a yellow oil (54 mg, 76% yield). Rt
=0.30 (DCM/MeOH 9:1).

IH NMR (400 MHz, CD;OD) & = 7.58 (d, J = 7.9 Hz, 6H), 7.30 (t, J = 7.7 Hz, 6H),
7.20 (t,J = 7.2 Hz, 3H), 4.18 — 4.05 (m, 2H, H-8), 3.76 (dd, J = 10.4, 6.7 Hz, 1H, H-3),
2.22(dd,J = 13.4,8.2 Hz, 1H, H-5 ), 1.97 — 1.55 (m, 1H), 1.30 — 1.14 (m, 1H), 1.08 —
0.85 (m, 3H), 0.67 (dd, J = 12.8, 5.4 Hz, 3H, H-7), 0.40 (dd, J = 12.7, 6.7 Hz, 1H, H-

4a).
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13C NMR (100 MHz, CD;0D) & = 175.9 (C=0), 163.9 (C-2), 148.1, 130.1, 129.0,
127.5, 123.0 (CN), 71.7 (C-9), 71.4 (C-1), 59.6 (C-3), 48.8 (C-8), 44.4 (C-5), 38.2 (C-
4),28.1 (C-6), 12.2 (C-7).

HRMS (ESI-Q-TOF) m/z: 450.2184 [M-HJ, caled. for CooHasN302: 450.2187.

Procedure for the trityl deprotection of compound 5

3 Et
NC NC_
Ph a. TFA, DCM, r.t., 10 min
—NH HN—&Ph b.MeOH, 1h Na NH
/T 2
MeO,C . Ph MeO,C
7

The compound 5 was added to a solution of TFA (60% v/v) in DCM (0.8 mL) under
magnetic stirring at room temperature for 10 min, and methanol (0.5 mL) was added to
the reaction. After 1h, the solvent was removed under reduced pressure and the residue
was dissolved in EtOAc (10 mL) and washed with water (2x20 mL). Aqueous solution
was adjusted until pH = 10 with NaOH 1M, and extracted with EtOAc (3x 20 mL), the
organic solvent was removed under reduced pressure. The amine 7 was obtained after
flash chromatography purification as a yellow solid (29 mg, 83% yield). m.p.: 104-110
°C. Ry=0.37 (DCM/MeOH 9:1).

'H NMR (400 MHz, CD;0D) & = 4.31 — 4.25 (m, 3H), 3.81 (s, 3H), 3.01 (qd, /= 7.3,
3.9 Hz, 1H), 2.08 (ddd, J = 14.5, 7.2, 2.7 Hz, 1H), 1.96 (dt, J = 14.6, 7.5 Hz, 1H), 1.78
(dqd, J=14.8, 7.5, 4.1 Hz, 1H), 1.34 (ddd, J = 15.5, 13.7, 7.6 Hz, 1H), 0.96 (t, J = 7.4
Hz, 3H).

13C NMR (100 MHz, CDsOD) & = 171.9, 155.5, 119.3, 81.7, 57.4, 53.2, 46.2, 45.2,
34.0,28.4, 10.8.

HRMS (ESI-Q-TOF) m/z: 246.1207 [M+Na]", caled. for C11H17N30;Na: 246.1213.
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One-pot procedure for the synthesis of cis-cyclopentenyl amine 8

N

!

a. CyNC, TFE

NC b. DPPA, DBU, PhMe _ NC
| c. PPh3, THF/H,0 .,
<:>_NH NHBoc

Ph™ "O” "OH  then Boc,0, EtzN
1a 8

Step a): the cyclohexyl isocyanide (127 pL, 1 mmol) was added to a solution of the
hemiacetal 1a (229 mg, 1 mmol) in trifluoroethanol (2 mL) at room temperature. The
flask was sealed and irradiated for 20 min (300 W) under high-speed magnetic stirring
in the microwave reactor, while the temperature was raised up to 70 °C. The volatiles
were concentrated under reduced pressure and the resulting crude product was used
without further purification.

Step b): the crude product was dissolved in toluene (4 mL) and 0.43 mL (2.0 equiv.) of
diphenylphosphoryl azide (DPPA) was added to the solution under magnetic stirring at
room temperature. After 5 minutes, 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU, 0.3 mL,
2.0 equiv.) was added to this mixture and allowed to react for 24 hours. The solvent was
evaporated under reduced pressure and product used in the next step.

Step c): the crude product was dissolved in THF (10 mL) and triphenylphosphine (2.0
equiv, 525 mg) was added. After 1 hour under magnetic stirring at room temperature,
water (I mL) was introduced and the mixture was allowed to react. After 24 hours,
triethylamine (3.0 equiv, 0.2 mL) and Boc2O (3.0 equiv, 0.32 mL) were added to the
reaction mixture. After 24 hours, the solvent was removed under reduced pressure and
the residue dissolved in EtOAc (30 mL), washed with water (2x20 mL) and
concentrated. The compound 8 was obtained after flash chromatography purification (#-
hexano/EtOAc) as a yellow oil (90 mg, 59% yield, 96:4 dr). []3° -62.8 (c 0.5, acetone,
20°C). Rr= 0.50 (n-hex/EtOAc 4:1).

'H NMR (400 MHz, CDCl3) & = 5.21 (d, J = 7.0 Hz, 1H), 4.56 (s, 2H), 3.74 (qd, J =
9.4, 4.7 Hz, 1H), 2.69 — 2.59 (m, 1H), 2.48 — 2.39 (m, 1H), 2.06 — 1.90 (m, 2H), 1.88 —
1.76 (m, 1H), 1.71 — 1.53 (m, 4H), 1.48 — 1.38 (m, 11H), 1.30 — 1.01 (m, 5H), 0.90 (t, J
= 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & = 158.0, 156.7, 120.4, 80.7, 74.0, 56.3, 51.6, 43.1, 35.5,
33.6,33.3,28.4,25.7,24.1, 24.0, 11.0.

HRMS (ESI-Q-TOF) m/z: 334.2407 [M+H]", calcd. for C19H32N302: 334.2489.
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GC-MS chromatograms and mass fragmentation analyses
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Figure S3. MS Spectrum of compound 9.
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{x1,000,000)
[Tic
| | \
1o ! |
\ CyNC ‘ 10 /l Product 2a
0.5
W | | | L
‘ ‘40‘ ‘ ‘5!0 6]07_ ‘7‘0‘ ' 8‘0 ‘9‘0‘ ‘ ‘100‘ o 11‘0 t ‘120‘ ‘ ‘1:%0 ‘ ‘1AID
Figure S4. Chromatogram of the crude reaction mixture of compound 2a in DCM.
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Figure S5. MS Spectrum of compound 10.
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Figure S33.'H and *C NMR spectra in CDCl3 of compound 2s.
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Figure S41. 'H and '3C NMR spectra in CDCIl3 of compound 2ab.
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Figure S42. 'H and '3C NMR spectra in CDCl3 of compound 2ac.

S86



NH

n,,

NH

NC

L

I

0'g)
0°0T
90°¢|
(A%

Rty

F LT
}reos

Ferg
F 8670

96°0
0T

F €80

Feog

f1 (ppm)

<o}

™M

™
.

NH

11,

NH

NC

T
110

210

T
220

f1 (ppm)
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Figure S44. 'H and '3C NMR spectra in CDCl3 of compound 2ae.
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Figure S45. 'H and 1*C NMR spectra in CDCl; of compound 2af.
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Figure S60. 'H and '*C NMR spectra in CDCls of compound 3b.
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Figure S64. 'H and '3C NMR spectra in CDCl3 of compound 5.
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Figure S65. 'H and *C NMR spectra in CD3OD of compound 6.
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Figure S71. Chromatograms of compound 1b.
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AU

AU

Time Height  Area Area%
401 12954 64782 37.98
425 _ 425 17155 1057.79  62.02
202 )
E 1058 |
E [
4.01
1.4e-2 o | ‘
E 643 |
1.2e-24 fl | ‘
1 (| [ ]
1.0e-2 ‘ \‘ ‘
E | |1
8.0e-3 | ‘\ ‘ |
] [ \\
6.0e-3 |
1 ‘ \ [
4.0e-3 | ‘ \
2.0e-34 “ |
] \ ‘ \
| [ N
0.0 T T T T T T T T T T T T T T T T T T T T T T T
340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560

Time Height Area  Area%
425 74519 500017 100.00
425
1 203
7.0e-2 5000
6.0e-24
5.0e-24
4.0e-2
3.0e-24
2.0e-24
1.0e-2
0.0 R e s s Lol e L e Sl R e s L s L s Lk L s LA s LA s Al A s s Ll sl s skt sl wiaad st kbt saaa s UL
3.20 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 60
.
Figure S72. Chromatograms of compound 1c.
Time Height  Area Area%
359 350 62987 3180.59 43.10
199 4.31:199:4200 431 62421 419969 56.90

7.0e-24

6.0e-2

5.0e-24

4.0e-24

3.0e-24

2.0e-24

1.0e-24

0.0

350 355 360 365 70 375 380 385 300 305 400 405 410 415 420 425 430 435 440 445

Time  Height
353 183928
431203820330 431 12956863

450
Area
7095.10

820330.13

Figure S73. Chromatograms of compound 1d.
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7.002

6.002]

5.00-2]

4002

3.00-2]

17 Time Height  Area Area%
216 171 88816 607322 54.01
6073 215 72573 517232 4599

216
s172

260 265 270 275 280
s M VR
. i
9.0e-27
8002
7002,
6.0e-:
5062
4002
3.0e-2
2002
1.0e-2]
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 Time
.
Figure S74. Chromatograms of compound 1le.
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Figure S75. Chromatograms of compound 1f.

S116



Area Area%

7.00-25
65023
6002
5.502-
5.00-2]
4.50.2]
40023
3502
3,002
2502}
2.002]
1.50.24
1,002

5.00-

329
263

1494

Qca1452

394
1729

\

Time
329
b

12-Aug-2019 -

Hoignt  Area
25563 149445
59538 172858

27501

2501

22501

2.00-1

1.750-1

1501

1.250-1

1.00-1

7.5023

5.00-23

25023

Time
331
322

27083 16924.90
.

Time Height

34
€0

374 24462 134832 6676

1348

364

1
o71

360 365 370 375 380

Figure S76. Chromatograms of compound 1g.

Area Area%

rr T 1 171 1 1 1 1 1T 1T ©° 1T T T T 17 T T T T T T7T
354 356 358 360 362 364 366 368 370 372 374 376 378 380 382 384
374 Time  Height
210 374 18699 1297.38 100.00
1297

T Time

35 3% 35 360 382 a6 366 368 370 47 37 376 a7 380 3% 3

2,021

1.0e-2
5.0e-31
00
5.0e-3]
40e-3
3.0e-3

Figure S77. Chromatograms of compound 1h.
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Time Height Area  Area%

413 43597 285919 5054
4.13:198:2859 450 32715 279855 49.46
/
5.0e-2 [
4.5€-2
4.0e-2
3562
3.0e-2
2
T 2se2
2.0e-2 \
1.5e-2 '
10e29 — — —_—
5.0e-3
0.0 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
3.70 3.80 3.90 4.00 410 420 430 4.40 450 460 470 480 490 5.00
Time Height  Area Area%
410 875 4746 1.02
4482034622 448 52950 462224 98.98
5.0e-2
4.5-2
4.0e-2
3.5e-2
3.0e-2
2
2
2.5e-2
2.0e-2
1.5e-2
1.0e-2
410
5.0e-3 202
a7
0. T 7 T T T 7 T T T T T T T T T T T T T T T T T T T r— Time
370 380 390 4.00 410 420 430 440 450 460 470 4.80 4.90 0
. .
Figure S78. Chromatograms of compound 1i.
QCA1452 03-Mar-2021 -
YOI02_RAC_C4_iPrOH_Isoc_7m_90_0Z 2: Diode Array
3.34:269,5063 269
Range: 4.828e-2
Area
3502 Time Height  Area Area%
334 37019 506310 5494
364 364 25786 415324 4506
30e-2 269
4153
2.5e-2-
.3 2.0e-2-
1.5e-2-
1.0e-2
5.0e-3-
o T T T T T T T T T T T T T T T T T T T y
260 270 250 280 300 310 320 35 340 850 | a0 | a0 | sB0 | 30 4.00 470 420 430 140
YOI02_ASY_C4_iPrOH_lsoc_7m_90_0Z 2: Diode Array
35926822589 269
Range: 1.433e-1
Area
12e1 Time  Height Area Area%
334 28832 304801 1189
359 133470 22589.13 8811
1.0e-1
8.0e-2-
5
<
6.0e-2-
334
4.0e-2- 269
3048
\
20e2 / N
N
/ / B
260 270 280 290 300 310 320 3.30 340 350 360 370 380 390 400 410 420 430 440

Figure S79. Chromatograms of compound 2a.
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Figure S80. Chromatograms of compound 2b.
QCA1452 24-Sep-2019 -
RB-4 bruto-25 2: Diode Array
362,201 385 267
N 201 Range: 3.883e-2
3 fN /N 41
3.0e-2] fooN FAERN 201 444
J ! N\ N\
3 f i \ A\ 201
S 50eos f \ / N [ ~
=2 / . . ™\
= N\ I L\ A
{ AN / / Y ,/ \
10e2d 351 / S/ AN / ) / \\
1 201 / T ‘ / ~——
|~ S~ S —
00 T 1 1 1 1 T 1 1 T 1 T 1 1 1 1 1 1
3.50 3.60 3.70 3.80 3.90 4.00 410 420 430 4.40 450 460
RB-4 QUIRAL-10 Sm (Mn, 10x4) 2: Diode Array
3.80;201:4832 267
2 0e-24 Range: 2.318e-2
3 Area
Time Height Area Area%
1.5e-24 3.80 22792 483226 96.42
5 3 445 3236 17963 358
< 1.0e-24
; 445
201
5,0e-3: 180
0.0 T T T T T T T T T T T T T T T T T T T Time
3.50 3.60 3.70 3.80 3.90 4.00 4.10 4.20 4.30 4.40 4.50 4

Figure S81. Chromatograms of compound 2c.
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YOI 041 RAC _OZ_ACN_95_5_10min_1mLmin_25C

6.0e-14

5.0e-14

4.0e-14

AU

3.0e-14
2.0e-14

1.0e-14

0.0 r -
0.80

QCA1452

05-Sep-2019 -
2: Diode Array
269

Range: 7.317e-1

rea
Time  Height Area Area%
232 697886 46887.40 51.20
249 682728 44686.67 48.80

1.00 1200 | 140 160 ' 180 | 200 28 | 300 320 340
YOI 041 _OZ_ACN_95_5_10min_1mLmin_25C 2: Diode Array
Range: 4 855¢-1
Area
Time Height ~ Area Area%
233 22222 110573 299
4081 246 454626 3588329 97.01
35e-1
3.0e-1
w257
20e-1
1.5e-1
1.0e-1
50e2
0.0 T T T ; T T T T T T T T T T T T T T T Time
080 1.00 120 1.40 160 180 200 280 3.00 320 340
Figure S82. Chromatograms of compound 2d.
QCA1452 15-Apr-2019 -
RB-28 RAC Sm (Mn, 10x4) 2: Diode Array
1450_ 254
202 [\ Range: 5.853e-3
E 2489 | . hrea
3.5e-3 13.66 } ! Time Height Area Area%
3 202 | \ 10.22 1398 1516.38 18.58
2394 { \ 13.66 4135 239447 2934
3.0e-34 A \ 1450 4933 o4 05
E | \I ]’ 15.84 21
25e-34 / \ ‘
E ! | \‘ 15,84
2 20e-3] / \ . 202
3 [ | | 1760
| | A
1.5e-34 10.22 | \ | / \\
3 265 J \\ | | /)
1.0e-35 1516 | \ | d A
] 7 L ﬂ] fo
5.0e-4 ,ff’ L\\ f \ 5 / |
| |
E [ Iy \
0.0 / L\ J | nﬁ \
- 1 T T T 1 T T T T T T T 1 T
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
RB-28 QUIRAL 2: Diode Al
1435_
] 268 /A
E ‘\
1.2¢-23 f
3 « !
1.0e-24 |
E | ’ﬁ
=2 8.0e3] ‘f |
E | I
6.0e-34 | \
] | I
4.0e-3 ;\‘ \
\
2.0e-34 a0 |
3881
= |
0.0 T T T T T T T T T T T T T T Time
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00

Figure S83. Chromatograms of compound 2e.
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QCA1452 21-May-2019 -
RB-26-RAC-R10 Sm (Mn, 10x4) 2: Diode Array
731 2
E 199 ‘ﬂ’ Range: 6.859e-3
4.5e-3 492/ | 8.49_ Area
E l 199 i Time Height  Area Area%
4.0e-3 ‘ \ 7.83 519{ | 7.05 1182 293.06 18.50
3 # ;g;’ [ 731 5379 49164
3.5-3 \ T ‘\ | 4306 280,57
3 ‘ )
3.0e-3] { \ \H\ ‘l |
3 ‘ \
a2 2563 \ / | \
2 ; [ B |
2.0e-3 \ % r .
K ‘ ‘
1.5e-33 ! \ |
; 7.08 | | [
1.0e-34 199 / |
3 293 | \ ‘l [
5.0e-4- 2t / ‘ \ \
; SN [ . |
00 / \_J | ! h |
- 1 1 1 T T T 1 T 1 T 1 1 1 T T 1 T T T 1 1 1
6.60 6.80 7.00 7.20 7.40 7.60 7.80 8.00 8.20 8.40 8.60 8.80 9.00
RB-26 QUIRAL-R4 Sm (Mn, 10x4) 2: Diode Array
728 _ 254
199 Range: 6.495e-2
6.0e-2 6474 Area
E Time Height Area Area%
7.28 64623 647441 93.86
5.0e-2 8.48 4889 42345 6.14
4.0e-2
- E
< 3.0e-2
2.0e-2
8.48
1.0e-24 198
3 423
0.04 T T T T T T T T T T T T T T T T T T T T T T T rrr Time
6.60 6.80 7.00 7.20 7.40 7.60 7.80 8.00 8.20 8.40 8.60 8.80
Figure S84. Chromatograms of compound 2f.
QCA1452 15-Aug-2019 -

rac-rb-27bruto6 Sm (Mn, 10x4)
1.8e-2
1.6e-2
1.4e-2
1.2e-2

1.0e-2

AU

8.0e-3:

6.0e-3:

4.0e-3:

2.0e-3:

2: Diode Array
260
Range: 1.791e-2

Area
Time Height Area Area%

0.0 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

rb-27¢1 quiral 3
9.0e-2

8.0e-2
7.0e-2
6.0e-2
5.0e-2
4.0e-2
3.0e-2
2.0e-2:

1.0e-2

8.50,203:6481

Time
850
8.65

Height
90844
7268

T T
8.78

2: Diode Array
260

Range: 9.28e-2
Area
Area Area%

6481.21
412.56

0.0

Figure S85. Chromatograms of compound 2g.
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[

4_RAC_C3_iPrOH_GI

1.0e-1

9.0e-2

8.0e-2

7.0e-2:

6.0e-2

5.0e-2

4.0e-2

3.0e-2

2.0e-2

1.0e-2

0.0

QCA1452

02-Mar-2021 -

ra

5.32,210:6256

547 Range: 1

a
c088 Time Height  Area Area%
s 532 96618 625621 50.76

\ / \ 547 83176 6069.17 4924

520
3.0e-14
2 5e41:
20e-1]
1.5e-14

1.0e-14

5.0e-24

0.0

524
YOI04_ASY_C3_iPrOH_Grad_7m_100_60_AD

LI S e e R T T T T T T T T T T T T _T_ T T T T

526 | 528 | 530 | 552 | 534 | 536 | 538 | 540 | 542 | 544 | 546 = 548 | 550 @ 552 | 554 | 556 | 558 | 560
2: Diode Array

5.47,210,22468

Range: 3.076e-1
Area
Time  Height Area Area%
533 27879 144909 6.06
547 298710 2246766 93.94

-
520

Figure S86. Chromatograms of compound 2h.

Peak Results

RT Area Height | % Area

-

3496 | 22742092 | 2656168 | 52.88

3.927 | 20261029 | 2564583 | 47.12

Figure S87. Chromatograms of compound 2i.
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Peak Results

RT Area Height | % Area

3.490 | 14020824 | 2026578 | 85.28

3.930 | 2420566 | 357641 | 14.72

AU

3.930

Figure S88. Chromatograms of compound 2j.

2
E Range: 5.338:ﬂ
E Area
Time  Height Area Area%
3 5.84 529964 23258.82 50.18
4.5e-14 5.99 508511 2308824 49.82
4.0e-14
3.5e-14
3.0e-15
2 E
2.5e-14
2.0e-14
1.5e-14
1.0e-13
5.0e-24
0.0 T T T T T T
5.60 5.70 6.20 6.30 |
265
3 Range: 2.58e-2
ea
E Time Height Area Area%;
E 5.84 21833 74753 99.89
1.8e-23 599 169 084 0.1
1.6e-29
1.4e-23
1.2e-29
.3 E
1.0e-2
8.0e-3
6.0e-3
4.0e-3
2.0e-3 5.99
3 203
1
0.0+ T T T T T T T T T T T T T — Time
5.60 5.70 5.80 5.90 6.00 6.10 6.20 6.30

Figure S89. Chromatograms of compound 2k.
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REP 453 RAC _OD_IPA_100_80_10min_1mLmin_25C

2
<

3.5e-14

3.0e-14

2.5e-14

2.0e-14

1.5e-14

1.0e-1

5.0e-24

QCA1452

5.90;202;16695

6.01;202;19552

05-Sep-2019 -
2: Diode Array
265

Range: 4.111e-1

Area

Time  Height Area Area%
590 394505 1669497  46.06
6.01 394657 1955195 53.94

0.0

555 560 565 570

REP 453 _OD_IPA_100_80_10min_1mLmin_25C

5.89;203:62456
~
\

6.00 605 610 615

2: Diode Array

265

Range: 1413

Area

Time  Height  Area Area%

589 1398147 6245565 9692

601 47539 198253 308

T —= T T Time
5

Figure S90. Chromatograms of compound 21.

mAU(x10)

1254nm,4nm (1.00)

20.0 min

mAU(x100)
40-254nm,4nm (1.00)

3.0+

2.0+
1.0

0.04

Figure S91. Chromatograms of compound 2m.
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Figure S92. Chromatograms of compound 2n.
QCA1452 10-Sep-2019 -
REP 488 RAC _OD_ACN_100_80_10min_1mLmin_25C 2: Diode Array
5.76;197:10013 260.955
Range: 2.131e-1
2.0e-1 Area
565 Time  Height Area Area%
1.8e-1 197 565 163871 744500 4265
7445 576 205539 1001267 57.35
1.6e-1
1.4e-1
1.2-1
2
< 10e41
8.0e-2
6.0e-2
4.0e2
20e-2
0.0 T T T T T T T T
535 5.40 545 550 555 560 565 570 575 5.80 585
REP 488 _OD_ACN_100_80_10min_1mLmin_25C 2: Diode Array
5.65,200,52096 260.955
E N Range: 1.43
\ Area
E A Time  Height Area Area%
Fo 565 1424888 5209570 98.33
1.24 574 33518 88593 167
1.0
8.0e-1
2 1
6.0e-1]
4.0e-1]
20e-1] 574
200
E 886
0.0 r — - Time
535 5.40 545 550 555 5.60 565 5.70 575 5.80 5385

Figure S93. Chromatograms of compound 2o0.
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Figure S94. Chromatograms of compound 2p.
. 290229624 __ 265
8.0e-3 3.07:229:657 Range: 9.019.3
3 Areal
Time Height Area Area%
7.0e-3 290 7389 62387 4869
307 7201 657.34 5131
6.0e-37
5.0e-33
2 4.0e-3]
3.0e-3
2.0e-37
1.0e-3
0.0 T T T T T T T r Time
2.70 3.30 3.40 50
_ 3.14;200;16471 265
Range: 1.917e-1
1.8e-13 Areal
3 Time Height Area Area%
299 6541 374.49 222
1.6e-14 3.14 184333 16471.31 97.7¢
1.4e-1
1.2e-17
2 1.0e-13
8.0e-2
6.0e-2
4.0e-2
3 299
] 199
2082 374
0.0 T T T T T T T T T T T T T T T T T T
2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50

Figure S95. Chromatograms of compound 2q.
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QCA1452 14-Aug-2019 -
rac-rb-quiral Sm (Mn, 10x4) 2: Diode Array

Range: 7.674e-2
7.0e-24 Area

i Time Height Area Area%
6.0e-24
5.0e-24
4.0e-2]

3.0e-2

AU

2.0e-2

1.0e-24

0.0 \

U430 440 450 | 4B0 | 470 480 | 490 5.00 510 520 | 530 540 550 560 570

rac-rb-5 Sm (Mn, 10x4) 2: Diode Array
482 266

/1 208
{ ‘@3894

7.0e-1 “

6.0e-1 i 529 257485 18113.96 24
5.0e-1
4.0e-1 { \
‘\ 1 529
{ | 203
3.0e-1 | | 18114
2.0e-1 | \

1.0e-1 ‘\“ “\‘ 48 203

0.0 T T T g

Figure S96. Chromatograms of compound 2s.

mAU(x100)
1.5-254nm,4nm (1.00)

1.0+
0.5

0.0+

mAU(x100)
20-254nm,4nm (1.00)

1.5

1.0

0.5

0.0

Figure S97. Chromatograms of compound 2t.
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Figure S98. Chromatograms of compound 2u.
QCA1452 17-Sep-2019 -
REP 508 RAC _OD_IPA_100_80_10min_1mLmin_25C 2: Diode Array
507:203:29127 269
E 5.20:203:29214 Range: 7.095e-1
Area
E Time Height  Area Area%
6.0e-1 507 700872 2912691 4993
520 666834 2921395 5007
5.0e-1]
4.0e-1
2
2 E
3.0e-14
2.0e-14
1.0e-1
00 T T T T T T T T T T T T T T T
470 475 480 485 490 495 5.00 505 510 515 520 525 530 535 5.40
REP 508 _OD_IPA_100_80_10min_1mLmin_25C 2: Diode Array
5.07:206:7902493 Range: 1703e+2
E /’ \\ rea
] Time  Height Area Area%
16842 507 168612736 790249300  97.86
3 520 4288719 173037.14 214
1.4e+2 (
1 [
1.2e+2 I
1.0e+24 [
.D E /
< goert] f
6.0e+1 (
3 f
4.0e+1] /
f
E f
/ 520
20e+1] J 201
E / 173037
- Y § A
0.0 T T T T T T T T T T T T T T T Time
470 475 480 485 490 495 5.00 505 510 515 520 525 530 535 5.40

Figure S99. Chromatograms of compound 2w.
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Figure S100. Chromatograms of compound 2x.
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Figure S101. Chromatograms of compound 2y.
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Figure S103. Chromatograms of compound 2aa.
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QCA1452

24-Sep-2019 -
RB-24 MIX RAC 2: Diode Array
439_ .
4.0e-2 202 [ Range: 4.412
3 A 517
3.0e-23 I 202
| 1 £\
3 [ \
o) \
"X 20e-2] fo [
| \ \
3 | . ‘ 560
11062 [ /o 22 202
E /‘ T o // \\,\ // S~ TN
00 1 T T T T T T 1 T T T T 1 T I“ T T T 1
420 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00
RB-24C2 QUIRAL 2: Diode Array
4.42:202 245
Range: 1.578e-2
1.0e-24
5 E
<
5.0e-34
0.0-% T T T T T T T T T T T T T T T T T T Time
420 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00
Figure S104. Chromatograms of compound 2ab.
Compound 2ac
QCA1452 03-May-2019 -
RB-25 RAC-R9 2: Diode Array
15.52_ 16.28
3 201 201 P Range: 6.137e-3
3.5e-34
3.0e-34
2.5e-34
.2 2.0e-34
1.5e-34
1.0e-34
5.0e-44
0.0 L S — — —
13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00
RB-25 QUIRAL 2: Diode Array
1548 _ 254
9.0e-34 269 1\ Range: 1.206e-2
E (4
{3
8 .0e-34 f k
E |
7.0e-34 J‘ N\
6.0e-3 “ ’{H
5.0e-3 | |
2 o P
| |
4.0e-3 | |
3.0e-3 \‘ \iL
3 r ‘5
2.0e-34 \
3 } \
1.0e-34 | \
3 |‘ \h
0.0 T T T T T T T T T T T T T T Time
13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00

Figure S105. Chromatograms of compound 2ac.
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QCA1452 24-Sep-2019 -
RB-11-RAC-R27 Sm (Mn, 10x4) 2: Diode Array
4.62;203;2708 256
3 Range: 1.206e-2
1.0e-2 Area
3 Time Height Area Area%
7 5e-34 462 11697 270818 54.55
TR 5253; 563 5144 225611 4545
5.0e-34 2256
2.5e-3
0'0 T T T 1 T 1 T T 1 1 T T T T T T T 1 T T 1
4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60
RB-11-QUIRAL-10 2: Diode Array
4.55:203 256
!/\\ Range: 1.654e-2
1.0e-2 / \
Y
T
5.0e-3 \
0.0 At T — T T e Time
4.40 6 4.80 5.0 5.20 5.4 .60 5.80 6.00 .40 6.60
Figure S106. Chromatograms of compound 2ad.
QCA1452 05-Mar-2021 -
‘ 3462172152 ‘
Time Height  Area Area%
15 346 17633 215190 4828
1.8e-2 217 486 14165 230516 5172
1662 205
1.4e-2
1262 |
1062 [
803
603
4.0e-3: —_— / 8
20e-3 - L .
S T S S T S S S A el M e e e
RB-34_quiral_C2_ACN_Isoc_6m_68_OD 2 Diode Aray
346217115218 Range 1078
Time  Height oa Aot
346 924673 11521826 96.28
9.0e-1 19 67740 a8 372
8.0e-1
7.0e-1
6.0e-1
"2 50e1 f
4.0e-1
3.0e-1
20e-1 AN
1.0e-1 \f ‘213:’
. uss
e T T L
300 | 370 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 300 | 400 « 410 | 420 | 430 | 440 | 450 | 460 | 470 | 480 490 | 500 ' 510 ' 520 ' 530 @ 540

Figure S107. Chromatograms of compound 2ae.
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Figure S108. Chromatograms of compound 2af.
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Figure S109. Chromatograms of compound 2ag.
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Figure S110. Chromatograms of compound 2ah.
QCA1452 17-Sep-2019 -
YOI-001 RAC DIL _OZ_ACN_95_5_10min_1mLmin_25C 2: Diode Array
5.16:200.5281 a5
Range: 3.452e-:
] 574:201:5296 Area
Time Height  Area Area%
3.0e-29 516 30947 528146 4993
E 574 27499 529617 5007
25e-2
2.0e-2
B ;
<
15e-2]
1.0e-2]
5.0e-3]
00 T T T T T T T T T T T T T T T T T T T T T T T T
400 420 440 460 480 5.00 520 5.40 560 580 6.00 620 640 660 6.80 7.00
YOI-052 DIL _OZ_ACN_95_5_10min_1mLmin_25C 2: Diode Array
573:203.27480 265
1.1e-1 Range: 1.21e-1
Area
1.0e-1 Time  Height Area Area%
573 109413 2748007 100.00
90e2
8.0e-2
7.0e-2
6062
5.0e-2
4.0e-2
3.0e-2
20e2
1.0e-2:
L A R A L A A Al B AAS alns hanns i Ranas LARS s ns els Ranns pusas Rasas nanss nanas IS
400 420 440 460 480 5.00 520 5.40 560 580 6.00 620 6.40 660 6.80 00

Figure S111. Chromatograms of compound 2ai.
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AU

AU

=}
<

Time  Height Aea Area%

5.09 153152 1312152 53.69
509 _ 547 95124 1131791 4631
1 210 |
13122
1.4e-14
1.2e-14
E 547
210
1.0e-14 1318
8.0e-2
6.0e-24
] |
4.0e-24
2.0e-24 1
-0.00 0.50 1.00 1.50 200 250 3.00 3.50 400 450 5.00 550 6.00 6.50 7.00
Time  Height Area Area%
509 612570 5236358 100.00
509 _
6.0e-14 268
52364
5.0e-14
4.0e-14
3.0e-1] \
2.0e-14
] ‘
1.0e-14 \
0.0 " SRS B LA R A R e R e ne RS R eR s AL nan s Lo wert ey nenns nasns enna e sy ) Time
-0.00 0.50 1.00 1.50 200 250 3.00 3.50 400 450 5.00 5.50 6.00 6.50 00
. .
Figure S112. Chromatograms of compound 2aj.
QCA1452 24-Aug-2019 -
YOI 039 RAC _OZ_MeOH_100_80_10min_1mLmin_25C 2: Diode Array
4.23:203:11768 265
E Range: 1.696e-1
1.6e-1 Area
E Time  Height Area Area%
1.4e-1] 403 97407 9606.92 4495
423 134709 11767.86 5505
1.2e-14
1.0e-14
8.0e-24
6.0e-24
4.0e-24
2.0e-24
0.0 T T T T T
3.70 3.75 3.80 3.85 3.90

YOI 039 _OZ_MeOH_100_80_10min_imLmin_25C

=
LEd

7.0e-1

6.0e-14

5.0e-1

4.0e-14

3.0e-1

2.0e-14

1.0e-14

0.0,

4.21:263:77491

2: Diode Array
265

Range: 8.542e-1

Time  Height Area
407 16015 126324
421 820333 7749051

3.70

Figure S113. Chromatograms of compound 2ak.

S135

rea
Area%
1.60
98.40

Time



AU

QCA1452

167 _
270

\
16302/ \

04-Mar-2021 -
Time  Height Area Area%
167 323336 1630188 4597
180 279171 1915713  54.03

8.0e-14

6.0e-14

4.0e-14

2.0e-14

1.80:270:104606

T T T T T
220 230 240

Time  Height Area Area%
169 6174 27030 026
180 1274486 10460564 9974

Figure S114. Chromatograms of compound 2al.

T T T T T T Time
0

Time  Height Area Area%
344 462898 85769.94 50.64
378 443672 83604.80 49.36

55 600 650 7.00
Time Height  Area Area%
378 297002 5837463 100.00

344
285
85770
T T T
250 3.00 3.50
T T T T
250 3.00 3.50

Figure S115. Chromatograms of compound 2am.
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QCA1452

04-Mar-2021 -
Time  Height Area  Area%
141 369347 25590.36 53.98
162 191143 21818.70 46.02
3.5e-14
3.0e-1
2.5e-14
2 20e1]
1.5e-1
1.0e-1
5.0e-24
00 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 T
1.00 1.10 1.90 2.00 210 220 230 240 250 260 270 280 290
Time  Height Area Area%
1.36 428320 32326.67 100.00
136 _
E 267
E 32327
4.0e-14
3.5e-1
3.0e-1
2.5e-1
2
<
2.0e-14
1.5e-14
1.0e-1
5.0e-2:
A R s A A A R A s A A L A WA 0 A A A s A A A VAR R A A A R AR Rl i A wAae s aaia s L
1.00 110 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 210 220 230 240 250 260 270 280 2.
Figure S116. Chromatograms of compound 2an.
QCA1452 03-Jun-2019 -
RB-49 rac-r13 2: Diode Array
523_ 254
193 /‘. Range: 5.394e-2
|
7 |
J |
4.0e-2 | “ 5.86
1 198
E [ i
\ 2
3.0e-2] | | A
| i
=2 ] | }\ \,
1
2.0e-2] “ \ |
| ||
] |
| ‘1 f |
1.0e-24 | | | |
| | \
1 Fo [
/ | / |
M\ ! | / |
OO 1 T T 1 T T T 1 T 1 T 1

480 490 500 510 520 530 540 550 560 570 580 590 600 610

610 620 630 640 6.0
RB-49 quiral12 Sm (Mn, 10x4) 2: Diode Array
582 _ 290
203 ‘v"w,‘ Range: 3.153e-2
E 2425/ | Area
| } Time Height Area A 3
2.5e-2 [ 521 1041 3259
3 ‘\ J[ 582 31418 242530 98.67
|
2.0e-2 “ ‘I
3 I
li ‘
2 1.5e-2 ‘\ \‘
E | l[
1.0e-2 [
| |
E | I‘
5.0e-34 \é ¥
-0~ 521 ] |
E 203 / |
~_ B o A
0.0 | AR LAAR LALLE LAAL ) | RRARS AR LA LA T T T T T T T T T T t Time
480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 X

Figure S117. Chromatograms of compound 3a.
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QCA1452 03-Jun-2019 -
RB-50 quiral12 2: Diode Array
749_
203 Range: 8.437e-3
5.0e-3
4.0e-37
E 9.71
203
=2 30e-3]
2.0e-34
1.0e-34
OO 1 1 T 1 1 1 T 1 T 1 T T T
7.00 725 7.50 7.75 8.00 8.25 8.50 8.75 9.00 9.25 9.50 9.75 10.00
RB-50 rac12 2: Diode Array
971_ 290
E 2037\ Range: 1.483e-2
3 ‘\
\
1.0e-24 j |l
E ‘, \‘
8.0e-3 | I‘
] o
|
2 60e3] ‘J \
3 l\ |
4.0e-3 | ‘|5
E |
2.0e-3 | |
E 8.70 / \‘
203 j \
0.0 T T T T T T T T T T T T t Time
7.00 725 7.50 7.75 8.00 8.25 8.50 8.75 9.00 9.25 9.50 9.75 10.00
Figure S118. Chromatograms of compound 3b.
QCA1452 03-Jun-2019 -
RB-53 rac12
571_
E 203 f‘
1 | 6.22
M 203
1.0e-24 { , f‘f‘,l‘
E i
[ / |
8.0e-3 " \ ! ‘1
_ | B
|
52 60e3] / | | E
] - |
]I 5 | 5‘
4.0e-31 ‘ \ \
] f \ f \‘
) ! | |
2.0e-3 | \ | |
3 | !‘ f 5‘
| f
00 1 T T T 1 T T T T T 1 T T 1 IK T T T T 1 1 T 1 T T T T 1
530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 7.00
RB-53 quiral12 2: Diode Array
623
3 203 Range: 1.773e-1
-1 14231 Area
1.6e-1 Time Height Area Area%
E 572 3444 18105 126
1.4e-14 623 176829 1423053 98.74
1.2e-1]
1.0e-1]
2 =
8.0e-24
6.0e-24
4.0e-2
E 572
2.0e-24 203
: VAN |
00 T T T T T T T T T T 1 T T T 1 T T T T T T T 1 T 1 T T T 1 Tlme
530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690

Figure S119. Chromatograms of compound 3c.
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QCA1452 23-May-2019 -
RB-51 RAC-R2 2: Diode Array
5.08_ 254
E 202 Range: 9.485e-3
7.0e-3
6.0e-3]
5.0e-34 6.05
E 202
2 -3
2 4.0e-3
E 442
3.0e-34 202
3 4.86
2.0e-3 202
1.0e-34 532
E 202
00 o
1 1 1 T 1 T 1 T 1 T T T 1 T 1 1 T T 1 1 1 1
4.40 460 480 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60
RB-51 QUIRAL-1 Sm (Mn, 10x4) 2: Diode Array
6.04 _ 254
E 203 [ Range: 2.093e-1
3 16152/ | Area
| Time  Height Area%
1.75e-14 / 532 8322 315
E 6.04 208826 96.85
1.5e-14 |‘
1.25e-14 “ ‘1
2 ] \
"< 1.0e-14 ][ J
E |
7.5e-2 I[ \‘
E |
5.0e-2 I“ [‘
] 5.32 | !
2.5e-2 203 ‘! ’,‘
E 525 / |
/TN, / .
0.0 T T T T T T T T T T T T T T T T T T T T T T T Time
4.40 460 480 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60
Figure S120. Chromatograms of compound 3d.
QCA1452 16-May-2021 -
o B ok 51
™ ) B
4,02 266
)
35021
3.0e-2-
26021
2 2002
1.50-2]
1002}
500
s o s I s o 5t sTo o 7 B B o w0 ais w5 o 3
r Time e ren ook
Sor s e i e
s
taot
1201
1.0e-1-
8002}
2
6.0e-23
4.0e-2
2.0e-2]
475 480 485 490 495 5.00 505 5.10 5.15 520 525 530 5.35 5.40 545 5.50 555 5.60 Time

Figure S121. Chromatograms of compound 4.
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