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1. General Information
'H-,13C- spectra were recorded on a Bruker Avance III 300 MHz spectrometer with a broad band
observe probe. All NMR spectra were referenced on the solvent residual peak (CDCl3: & 7.26 ppm for
"H NMR and & 77.16 ppm for *C NMR). NMR data are reported as follows: chemical shift (8§ ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet),

coupling constants (Hz).

High resolution mass spectra were obtained using a Thermo Fisher Scientific LTQ Orbitrap XL with an

Ion Max API Source and analyses were made in the positive ionization mode if not otherwise stated.

HPLC was performed using a Shimadzu Prominence system with a diode array detector with a
CHIRALPAK AD-H, CHIRAL ART Amylose-SA, (250 % 4.6 mm, 5 um) chiral stationary phase.
Optical rotations were recorded on a Schmidt + Haensch Polarimeter Model UniPol L1000 at 589 nm

([a]D values are listed in deg/(dm(g/cm?)); concentration ¢ is given in g/100 mL).

Unless otherwise stated, all chemicals were purchased from commercial suppliers and used without

further purification.
Azlactones' and allenoates® were synthesized according to known procedures.

Dry solvents were obtained from an MBraun-SPS-800 solvent purification system. All reactions were

carried out under argon atmosphere unless stated otherwise.

1) @) Macovei, C.; Vicennati, P.; Quinton, J.; Nevers, M.-C.; Volland, H.; Créminon, C.; Taran, F. Chem. Commun. 2012,
48, 4411-4413; b) de Mello, A. C.; Momo, P. B.; Burtoloso, A. C. B.; Amarante, G. W. J. Org. Chem. 2018, 83, 11399-
11406; c) Zabka, M.; Kocian, A.; Bilka, S.; Andrejéak, S.; Sebesta, R. Eur. J. Org. Chem. 2019, 6077-6087.

2) Zebrowski, P.; Roser, K.; Chrenko, D.; Pospisil, J.; Waser, M. Synthesis 2023, 55, 1706-1713.
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2. Asymmetric Protocol

General Procedure

RO,C R P ?
j| w//< B2 (10 mol%) ROZCMO
-+ O
N= Cs,CO3 (3 eq.) %\
H \< toluene RN R
3 1 R T,24h 5

An oven-dried Schlenk tube equipped with a stirring bar was charged with the azlactone 1 (0.05 —
0.1 mmol), catalyst B2 (10 mol% related to 1), and Cs2CO;3 (3 eq.). Then the respective allenoate 3
(2 eq.) and toluene (0.05 M with respect to 1) were added and the mixture was stirred at room
temperature for 24 h (Ar atmosphere). The crude product was passed through a short column of silicagel
(rinsed with DCM and EtOAc), concentrated under reduced pressure, and subsequently purified by
preparative TLC (silica gel, heptanes/EtOAc = 4/1) to obtain the products 2 in the given yields and

enantiopurities.

Characterization of the Products
o}

N~ >pp

Ph
5a

Compound Sa: Obtained as a colorless oil in 61% yield with e.r. = 81:19.
[a]p? (¢ = 1.1, CHCl3) = - 11.4°.

'H NMR (300 MHz, 8, CDCls, 298 K): 7.85 (2H, dd, J=8.6, 1.4 Hz), 7.54 (1H, t, J=7.4 Hz), 7.43 (2H,
t, J=7.53 Hz), 7.11-7.24 (5H, m), 5.79 (1H, ), 5.37 (1H, s), 3.90-4.14 (2H, m), 3.16-3.52 (4H, m), 1.15
(3H, t, J=7.1 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.4, 171.0, 160.3, 139.1, 133.8, 132.6, 130.5, 128.6, 128.0,
127.8,127.3,125.6, 118.1, 75.9, 60.9, 44.9, 39.3, 13.9.

HRMS for C22H21NO4 [M+H]+: m/z calcd: 364.1543, found: 364.1554.

HPLC (Chiralpak SA, eluent: n-hexane:i-PrOH = 100/2, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 16.15 1’1’111’1 5 tmin()r = 17.00 1’1’111’1.
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Compound Sb: Obtained as a colorless oil in 67% yield with e.r =80:20
[a]p* (¢ = 0.93 CHCI3) -13.8°.

'"H NMR (300 MHz, 8, CDCl3, 298 K): 7.81-7.88 (2H, m), 7.49-7.58 (1H, m), 7.38-7.48 (2H, m), 7.13-
7.23 (5H, m), 5.78 (1H, s), 5.36 (1H, s), 3.56 (3H, s), 3.20-3.48 (4H, m).

3C NMR (75 MHz, 8, CDCl3, 298 K): 177.4, 171.4, 160.3 138.9, 133.7, 132.6, 130.4, 128.6, 128.0,
127.8,127.3,125.5,118.2,75.9, 51.9, 44.8, 39.1.

HRMS for C21Hi9NO4[M+H]+: m/z caled: 350.1387, found: 350.1377.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/1, 0.5 mL- min’!, 20 °C, A = 254 nm)

retention times: tmajor = 52.66 min, tminor—= 56.59 min.

Compound Sc: Obtained as a colorless oil in 47% yield with e.r =82:18
[a]p?* (¢ = 1.05 CHCl3) -21.4°.

'H NMR (300 MHz, 3, CDCls, 298 K): 7.76-7.83 (2H, m), 7.49-7.57 (1H, m), 7.35-7.45 (2H, m), 7.23-
7.35 (5H, m), 7.12-7.21(5H, m), 5.79 (1H, s), 5.37 (1H, s), 5.01 (1H, d, J=0.57 Hz), 3.26-3.51 (4H, m).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.4, 170.9, 160.3, 138.9, 135.5, 133.7, 132.6, 130.4, 128.6,
128.5,128.5,128.3, 128.0, 127.8, 127.3, 125.5, 118.3, 75.9, 66.6, 44.9, 39.2.

HRMS for C27H23NO4 [M+H]+: m/z calcd: 426.1700, found: 426.1690.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min’!, 20 °C, A =254 nm) retention

tlmeS. tmajor = 37.04 1’1’111’1, tminor = 41 .42 l’l’lln.
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Compound 5d: Obtained as a colorless oil in 56% yield with e.r. = 67:33.
[a]p* (¢ = 1.1, CHCl3) + 7.9°.

'"H NMR (300 MHz, 3, CDCl3, 298 K): 7.82-7.88 (2H, m), 7.49-7.56 (1H, m), 7.38-7.46 (2H), 7.10-
7.24 (5H, m), 5.76 (1H, s), 5.34 (1H, s), 3.14-3.42 (4H, m), 1.35 (9H, s).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.5, 170.3, 160.1, 139.5, 132.5, 130.4, 128.5, 128.0, 127.2,
125.7,117.8, 81.0, 76.0, 44.9, 40.3, 27.8.

HRMS for C24H2sNO4 [M+H]+: m/z calced: 392.1856, found: 392.1860.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 13.73 1’1’111’1, tminor = 14.74 l’l’lln.

EtO,C 0

5e
Cl

Compound Se: Obtained as a yellow oil in 65% yield with e.r = 77:23
[a]p?? (¢ = 0.97 CHCIl3) -20.1°.

'H NMR (300 MHz, 3, CDCls, 298 K): 8.06 (2H, d, J=8.76 Hz), 7.82-7.90 (1H, m), 7.52-7.60 (2H, m),
7.35-7.50 (4H, m), 5.79 (1H, s), 5.37 (1H, s), 5.01 (1H, d, J=0.57 Hz), 3.98-4.22 (2H, m), 3.26-3.51
(4H, m), 1.15 (3H, t, J=7.14 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.2, 170.9, 160.5, 138.9, 133.3, 132.8, 132.3, 131.7, 128.7,
128.2,127.8,125.4, 118.3,75.6, 61.0, 44.1, 39.3, 13.9.

HRMS for C22H20CINO4 [M+H]+: m/z calcd: 398.1154, found: 398.1149.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 150/1, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

times: tminor= 39.63 min, tmajor = 41.52 min.
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EtO,C o)

5
NO,

Compound 5f: Obtained as a yellow oil in 49% yield with e.r = 79:21
[a]p?? (¢ = 0.98 CHCl3) -13.7°.

'"H NMR (300 MHz, 8, CDCl3, 298 K): 8.06 (2H, d, J=8.76 Hz), 7.82-7.90 (2H, m), 7.53-7.61 (1H, m),
7.35-7.50 (4H, m), 5.78 (1H, s), 5.39 (1H, s), 3.93-4.09 (2H, m), 3.18-3.56 (4H, m), 1.15 (3H, t, J=7.14
Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 176.9, 170.8, 160.8, 147.3, 141.5, 138.6, 133.1, 131.4, 128.8,
127.8,125.0, 123.2, 118.7,75.2, 61.0, 44.3, 39.2, 13.9.

HRMS for C22H20N20s[M+H]+: m/z calcd: 409.1394, found: 409.1398.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tminorz 52‘67 mln, tmaj()r = 55. 12 1’1’111’1.

EtO,C o)

59
Compound 5g: Obtained as a colorless oil in 51% yield with e.r. = 82:18.
[a]p?? (¢ = 1.00 CHCl3) = - 36.9°.

'H NMR (300 MHz, 5, CDCls, 298 K): 7.79 (2H, d, J=8.9 Hz), 7.13-7.22 (5H, m), 6.92 (2H, d, J=8.9
Hz), 5.77 (1H, ), 5.35 (1H, s), 4.01 (2H, m), 3.86 (3H, s), 3.18-3.45 (4H, m), 1.15 (3H, t, J=7.1 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.6, 171.0, 163.0, 159.9, 139.3, 133.9, 130.4, 129.7, 128.0,
127.2,117.9,117.9, 114.0, 75.8, 60.8, 55.4, 44.9, 39.4, 13.9.

HRMS for C23H23NOs [M+H]+: m/z calcd: 394.1649, found: 394.1665.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention
tlmeS. tmajor = 38.93 min,tminor = 48. 14 min.
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EtO,C o)

Cl
Compound Sh: Obtained as a colorless oil in 80% yield with e.r. = 81:19.
[a]p* (¢ = 0.90, CHCl3) = - 73°.

'"H NMR (300 MHz, 3, CDCl3, 298 K): 7.81 (2H, d, J=8.9 Hz), 7.09-7.19 (4H, m), 6.94 (2H, d, J=8.9
Hz), 5.35 (1H, s), 5.75 (1H, s), 3.91-4.10 (2H, m), 3.87 (3H, s), 3.15-3.44 (4H, m), 1.16 (3H, t, J=7.1
Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.4, 170.9, 163.2, 160.2, 139.2, 133.2, 132.5, 131.8, 129.7,
128.2,118.1,117.7, 114.1, 75.5, 60.9, 55.4, 44.1, 39.3, 13.9.

HRMS for C23H22CINOs [M+H]+: m/z caled: 428.1259, found: 428.1275.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 40.07 1’1’111’1, tminor = 42.30 l’l’lln.

EtO,C o)

5i
NO,

Compound 5i: obtained as a pale-yellow oil in 80% yield with e.r. = 78:22.
[a]p?? (¢ = 1.1, CHCl3) = -22°.

'H NMR (300 MHz, 3, CDCls, 298 K): 8.06 (2H, d, J=8.76 Hz), 7.80 (2H, d, J=8.97 Hz), 7.39 (2H, d,
J=8.76 Hz), 6.93 (2H, d, J=8.97 Hz), 5.77 (1H, s), 5.38 (1H, s), 3.95-4.07 (2H, m), 3.88 (3H, s), 3.18-
3.52 (4H, m), 1.16 (3H, t, J=7.1 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.1, 170.8, 163.4, 160.5, 147.2, 141.7, 138.9, 131.4, 129.7,
123.1, 118.5,117.3, 114.2,75.1, 61.0, 55.4, 44.3, 39.3, 13.9.

HRMS for C23H22N207 [M+H]+: m/z calcd: 439.1500., found: 439.1496.
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HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.8 mL- min'!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 55.99 l’l’lil’l, tminorz 59.93 min.

Compound 5j: Obtained as a colorless oil in 67% yield with e.r. = 78:22.
[a]p?? (¢ = 0.97, CHCI3) +19.7°.

'H NMR (300 MHz, 3, CDCls, 298 K): 7.96 (2H, d, J=8.9 Hz), 7.01 (2H, d, J=9.0 Hz), 5.60 (1H, s),
5.29 (1H, s), 3.97-4.10 (2H, m), 3.90 (3H, s), 3.37 (1H, dd, J=16.2, 0.9 Hz), 3.17 (1H, dd, J=16.2, 0.8
Hz), 1.17 (3H, t, J=7.14 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 178.7, 170.9, 163.3, 160.3, 139.9, 129.9, 118.0, 117.5, 114.2,
71.0, 60.9, 55.5, 38.8, 25.2, 13.9.

HRMS for C17H19NOs [M+H]+: m/z calcd: 288.1230, found: 288.1238.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 3 1 .90 1’1’111’1, tminorz 45.37 1’1’111’1.

EtO,C o)
N/
5k
OMe
Compound Sk: Obtained as a colorless oil in 46% yield with e.r = 83:17

[a]p? (c = 0.91 CHCls) +5.4°.

'H NMR (300 MHz, 8, CDCL, 298 K): 7.95 (2H, d, J=8.9 Hz), 6.97 (2H, d, J=8.9 Hz), 5.57 (1H, s),
5.21 (1H, s), 3.90-4.09 (2H, m), 3.87 (3H, s), 3.35 (1H, d, J= 16.4 Hz), 3.16 (1H, d, J= 16.2 Hz), 2.08
(1H, dd, J= 13.8, 5.1 Hz), 1.83 (1H, dd, J= 13.8, 7.4 Hz), 1.58-1.73 (1H, m), 1.13 (3H, t, /=7.1 Hz),
0.82-0.91 (6H, m).

3C NMR (75 MHz, 8, CDCls, 298 K): 178.9, 171.0, 163.2, 159.8, 140.1, 129.8, 118.2, 117.1, 114.1,
74.4, 60.8, 55.5, 47.3,39.0, 24.9, 24.2, 23.0, 13.9.
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HRMS for C20H25NOs [M+H]+: m/z calcd: 360.1805, found: 360.1806.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min'!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 23.55 1’1’111’1, tminorz 31.88 1’1’111’1.

Et0,C o)

Compound 51: Obtained as a colorless oil 65% yield with e.r = 81:19
[a]p* (¢ = 0.94 CHCI3) +6.9°.

'H NMR (300 MHz, 5, CDCls, 298 K): 7.89-7.98 (2H, m), 7.47-7.54 (1H, m), 7.37-7.46 (2H, m), 5.51
(1H, s), 5.16 (1H, s), 3.81-4.01 (2H, m), 2.96-3.35 (2H, m), 1.99 (1H, dd, J=14.2, 4.8 Hz), 1.76 (1H,
dd, J=7.0, 14 Hz), 1.38-1.71 (13H, m), 1.05 (1H, t, J= 7.1 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 178.7, 171.0, 160.1, 139.7, 132.7, 128.7, 127.9, 125.9, 117.3,
74.4, 60.8, 46.0, 39.0, 34.6, 34.1, 33.6, 26.1, 26.1, 26.0, 13.9.

HRMS for C23H27NO4 [M+H]+: m/z calcd: 370.2013, found: 370.2014.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A =254 nm) retention

tlmeS. tminor = 13.73 1’1’111’1, tmajor = 15.60 mln.

EtO,C o}

-

5m

Ph

Compound Sm: Obtained as a colorless oil in 70% yield with e.r. =79:21.
[a]p? (¢ = 0.95, CHCl3) + 19.7°.

'H NMR (300 MHz, 3, CDCls, 298 K): (2H, m), 7.56-764 (1H, m), 7.46-7.55 (2H, m), 5.62 (1H, s),
5.26 (1H, ), 3.90-4.06 (2H, m), 3.38 (1H, dd, J=16.4, 0.9 Hz), 3.20 (1H, d, J=16.3 ), 2.13 (1H, dd, J=
13.9, 5.0 Hz), 1.87 (1H, dd, J=13.9, 7.4 Hz), 1.61-1.77 (1H, m), 1.15 (3H, t, /=7.14 Hz), 0.81-0.94 (6H,

m).
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3C NMR (75 MHz, 8, CDCls, 298 K): 178.7, 170.9, 160.1, 139.8, 132.7, 128.7, 128.4, 127.9, 117.3,
74.5, 60.8,47.3, 38.9,24.9,24.2, 22.5.

HRMS for C19H23NO4 [M+H]+: m/z calcd: 330.1700, found: 330.1707.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min'!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 12.38 1’1’111’1, tminor = 14.14 l’l’lln.

o)

EtOZCMo
=L

N~ >pp
5n

Compound Sn: Obtained as a colorless oil in 71% yield with e.r. = 75:25.
[a]p?* (¢ = 0.98, CHCl3) +19.7°.

'H NMR (300 MHz, §, CDCls, 298 K): 7.93 (2H, dd, J= 8.6, 1.4 Hz), 7.51 (1H, t, J=7.5 Hz), 7.42 (2H,
t,J=7.4 Hz), 5.52 (1H, s), 5.21 (1H, s), 3.86-4.04 (2H, m), 3.09 (1H, d, J=16.3 Hz), 3.29 (1H, d, J= 16.3
Hz), 1.61 (3H, s), 1.07 (3H, t, J=7.14 Hz).

BCNMR (75 MHz, 3, CDCl3, 298 K): 178.55, 170.90, 160.62, 139.65, 132.86, 129.20, 128.78, 128.50,
127.99, 119.06, 117.67, 71.17, 60.94, 38.84, 25.18, 13.95.

HRMS for Ci6H17NO4 [M+H]+: m/z calcd: 288.1230, found: 288.1238.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL-min-1, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 16.47 1’1’111’1, tminor = 19.96 l’l’lln.

)

EtOZC\)%O
e

iPr' N
50

Ph

Compound So: Obtained as a colorless oil in 81% yield with e.r = 75:25
[a]p? (¢ = 0.97 CHCl3) +25.7.

'H NMR (300 MHz, 8, CDCl3, 298 K): 7.99-8.08 (2H, m), 7.55-7.63 (1H, m), 7.45-7.50 (2H, m), 5.64
(1H, s), 5.31 (1H, s), 3.87-4.03 (2H, m), 3.38 (1H, dd, J=16.3, 1.0 Hz), 3.22 (1H, dd, J=16.3, 0.6 Hz),

2.50-2.45 (1H, m), 1.14 (3H, t, J=7.1 Hz), 1.07 (3H, d, J=6.7 Hz), 0.89 (3H, d, J=6.7 Hz).
S10



3C NMR (75 MHz, 8, CDCls, 298 K): 178.3, 171.0, 160.5, 138.9, 132.7, 128.7, 128.0, 125.8, 117.7,
78.3, 60.8, 39.3, 36.5, 16.7, 16.7, 13.9.

HRMS for CisH21NO4 [M+H]+: m/z calcd: 316.1543, found: 316.1558.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 12.21 1’1’111’1, tminorz 16.53 1’1’111’1.

Compound Sp: Obtained as a colorless oil 91% yield with e.r = 73:27
[a]p?? (¢ = 1.00 CHC]l3) -35.2°.

'H NMR (300 MHz, 8, CDCls, 298 K): 8.19 (1H, s), 7.89 (1H, dd, J=8.6, 1.6 Hz), 7.75-7.83 (3H, m),
7.40-7.51 (2H, m), 7.00-7.16 (SH, m), 5.73 (1H, s), 5.30 (1H, s), 3.81-4.00 (2H, m), 3.11-3.43 (4H, m),
1.05 (3H, t, J=7.14 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 177.4, 171.0, 160.4, 139.2, 135.3, 133.8, 132.4, 130.4, 129.2,
129.1, 128.6, 128.3, 128.1, 127.9, 127.3, 126.9, 123.4, 122.8, 118.1, 76.1, 60.9, 45.0, 39.4, 13.9.

HRMS for C2sH23NO4 [M+H]+: m/z caled: 414.1700, found: 414.1712.

HPLC (Chiralpak AD-H, eluent: n-hexane:i-PrOH = 100/3, 0.5 mL- min™!, 20 °C, A = 254 nm) retention

tlmeS. tmajor = 30.22 1’1’111’1, tminorz 33.44 1’1’111’1.
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3. Ring Opening Reactions

BnNH, (@) Bn
(1.1 eq.) NH

{BUOH /—> ﬁ
reflux
0 6a (65%)
B /A

n
N
5a Ph
tBuOH o) CO,tBu
reflux /o
sah DMAP (2eq) >_2—NH
H3N®VC02tBu E10,C 1>nHcoph
C|® (1.1 eq.) 6b (72%)

Compound 6a:

In a flame-dried Schlenk tube under Ar atmosphere at room temperature, 0.08 mmol of compound Sa
in 0.5 mL tert-butyl alcohol and 0.09 mmol of benzylamine (1.1 equivalent), were added. This mixture
was refluxed for 24 hours in a preheated oil bath. After cooling to room temperature and evaporation of
solvent under vacuum, the crude reaction mixture was purified through PTLC silica gel

chromatography, using 33% ethyl acetate in heptane as eluent, yielding 65 % of the pure product (0.024
g

'H NMR (300 MHz, 8, CDCls, 298 K): 7.96 (1H, s), 7.66-7.78 (3H, m), 7.46-7.54 (1H, m), 7.30-7.45
(7H, m), 7.06-7.22 (3H, m), 6.87-6.94 (2H, m), 5.54 (1H, s), 5.43 (1H, s), 4.42-4.60 (2H, m), 4.16 (2H,
q. /=7.1 Hz), 4.03 (1H, d, /=12.9 Hz), 3.71 (1H, d, J= 17.3 Hz), 3.27 (1H, d, J=17.4 Hz), 3.13 (1H, d,
J=12.9 Hz), 1.27 3H, t, J=7.14 Hz).

3C NMR (75 MHz, 8, CDCls, 298 K): 173.4, 171.3, 165.9, 143.5, 137.7, 135.3, 134.6, 131.5, 130.0,
128.7,128.5, 128.1, 128.0, 127.6, 127.0, 126.9, 119.6, 65.9, 61.3, 44.3, 39.1, 38.4, 14.1.

HRMS for C29H30N204 [M+H]+: m/z calcd. 471.2278, found: 471.2283.

Compound 6b:

In a flame-dried Schlenk tube under argon atmosphere 0.08 mmol of compound 5a in 0.5 mL tert-butyl
alcohol were combined with 0.16 mmol DMAP (2 eq) and 0.09 mmol of glycine t-butyl ester
hydrochloride (1.1 equivalent). This mixture was refluxed for 24 hours in a preheated oil bath. After

cooling to room temperature and evaporation of solvent under vacuum, the crude reaction mixture was
S12



purified through PTLC silica gel chromatography using 33% ethyl acetate in heptane as eluent, yielding
72 % of the pure product (0.028 g).

1H NMR (300 MHz, 5, CDCI3, 298 K): 7.80 (1H, s), 7.65-7.74 (2H, m), 7.45-7.57 (2H, m), 7.36-7.45
(2H), 7.12-7.23 (3H, m), 7.03-7.11 (2H, m), 5.66 (1H, s), 5.52 (1H, s), 3.88-4.20 (SH, m), 3.60 (1H, d,
J=17.0 Hz), 3.20-3.31 (2H, m), 1.53 (9H, s), 1.25 (3H, t, J=7.1 Hz).

13C NMR (75 MHz, 3, CDCI3, 298 K): 172.9, 171.2, 168.3, 166.0, 143.0, 135.4, 134.6, 131.5, 130.1,
128.5, 128.0, 127.0, 119.6, 82.4, 66.2, 61.2, 42.5, 39.1, 38.6, 28.0, 14.0. HRMS for CisH34N20¢
[M+H]+: m/z calcd. 495.2489, found: 495.248.
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4. NMR Spectra

NMR spectra of compound 5a

H NMR (300 MHz, CDCls, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 5b
"H NMR (300 MHz, CDCl3, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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N/J\Ph
5¢

Ph

BnO,C

NMR spectra of compound 5S¢
'H NMR (300 MHz, CDCls, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 5d

TH NMR (300 MHz, CDCl, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound Se

TH NMR (300 MHz, CDCl, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NAPh

5f

NO,

EtO,C

NMR spectra of compound 5f
"H NMR (300 MHz, CDCl3, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 5¢

TH NMR (300 MHz, CDCl, 298 K)

(0]
EtO,C (0]
—
N
OMe
59
O~~~ N W LW N (28] WO A~ 0 MO~ N O <
O~ N0~ mM o o~ L M MOy W N WO OO QO 1 ™M
W™~ — — OO ™~ o NN NN NNANN — —
O O L L (SN NN O NN RN RNCONNCONNCO NN O NN O RN D) o

é
\

J mﬂh N

T T T | | T T | | | T | |
85 8.0 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 ppm

[{=] o |« (=]
5 &l 8| |8 Wr 2
N wllN - | o

S26



13C NMR (75 MHz, CDCl3, 298 K)
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OMe

Cl

NMR spectra of compound 5h
"H NMR (300 MHz, CDCl3, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 5i

TH NMR (300 MHz, CDCl, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 5j (containing traces of ring-opened product)

TH NMR (300 MHz, CDCl, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 5k (containing traces of ring-opened product)

H NMR (300 MHz, CDCls, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 51
"H NMR (300 MHz, CDCl3, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)

EtO,C

6T —

7092
@O.@NW.
ST 97

89" €€ ~_
1156 =7
ow.wm“
86°8¢

$0°9% ——
98709 —

PPl —

160 140 120 100 80 60 40 20 ppm

180

S37



NMR spectra of compound 5n

TH NMR (300 MHz, CDCl, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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NMR spectra of compound 50 (containing traces of ring-opened product)

TH NMR (300 MHz, CDCl, 298 K)

o)
iPr N/J\Ph

Et0,C

50

788”
L06"
€90°
S80°
LTT
TPT"
¥oT"
TLE”
43
9T1%F"
6el”
9% "
6L0°
Lel”
661"
152
€6¢C”
£6e”
96¢g”
LO% "
a7
€le”
qZ6”
LEG”
676"
196"
€Le’
786"
L66"
800"
020"
ete”
47N
PLE"
8L%"
€8F "
906"
€zs”
Lzs:
896"
LS’
LLG”
686"
L6S"
S09°
LT9°
129"
929"
720"
620"
8v0"
€50°
LGO"

owowowowrrrEEN DD ST MN NN NN MO MMM NNNNNAAAAAD O

TN/ | T = |

oL

Qo
Qo
o

| | | | | | | | | | | |
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

ppm

1.5

é(uj
Qi
o|es

g W )

|

fo
=]
-

-
ﬂq
N

|

rm
(=]
N

S40



13C NMR (75 MHz, CDCl3, 298 K)
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Et0,C

NMR spectra of compound 5p
"H NMR (300 MHz, CDCl3, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)

Et0,C

86" ¢l —

v 6 —

Z0°97r —

76709 —

IT°9L —

160 140 120 100 80 60 40 20 ppm

180

S43



NMR spectra of compound 6a

TH NMR (300 MHz, CDCl, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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(0] /—CO,tBu
NH
NHCOPhH
Bn

EtO,C

NMR spectra of compound 6b
'HNMR (300 MHz, CDCls, 298 K)
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13C NMR (75 MHz, CDCl3, 298 K)
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5. HPLC Chromatograms

HPLC traces of compound 5a
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1 17.12 7090681 48.98
2 18.13 7387342 51.02
Total 14478023 100.00
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2 17.00 5689961 | 18.59
Tota 30605572 100.00

S48



HPLC traces of compound 5b

(0]
MeOZC (@]
N’k
Ph
Ph
5b
mAU
] < PDA Multi 2 254nm.4nm)|
1 3
1 8
750+
] /
] / \ /
i / /
500 /' /
] / /
4 /I /‘
4 | /’
4 /
250 / /
1 /
51 52 53 54 55 56 57 58
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 52.40 61451526 49.72
2 55.84 62152914 50.28
Total 123604440 100.00
mAU
500 PDA Multi 2 254nm,dnm
1 8
1 ]
400;
300-] /
] //
200; /
] / .
| o
hae / /m\
T / I — —
s1  s2 s " s "T85 T Tse T Ts7 7 ss
min
Peak Table
PDA Ch2 254nm
Peak# & Ret. Time Area Area%o |
1 52.66 28371001 80.41
2 56.59 6913381 19.59
Total 35284382 100.00
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HPLC traces of compound 5¢

(0]
BnO,C (0]
N/*Ph
Ph
5c
mAU
3507 PDA Multi 2 254nm,4nm
300 §
250
/ \
200 | \\ \
] / \ |
150 | \ /
1 / /
] /
100
50
o I — | -
32 33 34 35 36 37 3’8
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 33.23 13050646 51.61
2 37.18 12234954 48.39
Total 25285600 100.00
mAU
] p:s PDA Multi 2 254nm,4nm|
7004 5
600 A
: [
] | \
500 | \
1 | \
] | |
400 '
L] \\
i |
300 | \
1 ]
] |
200 | \ ¢
] <
100
0_1| T ]
36 37 38 39 40 41 42 43
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 37.04 31666267 81.58
2 41.42 7149212 18.42
Total 38815479 100.00

S50



HPLC traces of compound 5d

O
tBuO,C (@)
N/J\
Ph
Ph
5d
mAU
= = PDA Multi 2 254nm,4nm
] ] ¥
1500
1 /
] /
] /'/v\ /\
1250 / \ / \
] / \ [ \
] \ / \
] \ / \
1000+ [ \ | \\
/ \x / \
750+ | | / \
: \ | \
1 | / \
500 / / \
i i / \
1 / /
] / /
250 /
] / //
7““\‘_'/'I""\““I""\#‘“'I""I""\"";I\i'"‘
13.00 1325 1350 1375 1400 1425 1450 1475 1500 1525 15.50
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time | Area Area% |
1 13.71 36239310 49.23
2 14.71 37369328 50.77
Total 73608638 | 100.00

PDA Multi 2 254nm,4nm

mAU
1250—_ ?.’
] /
1000+ i
] /
/
/
750-] / \\
1 | \ <
/ \ g
] [ \ N
500 / \
4 / \\
250__ / \ /
-'---|-‘/w'-"|-'--|---'\|-|'-w---w----w-"?‘ﬁ--
13.00 13.25 13.50 13.75 14.00 14.25 14.50 14.75 15.00 15.25 15.50
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 13.73 26022533 66.86
2 14.74 12898901 33.14
Total 38921434 100.00
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HPLC traces of compound 5e

(@)
EtO,C (0]
N/J\
Ph
5e
Cl
mAU
| 2 PDA Multi 1 254nm,4nm|
150 §
4 e
] /ﬂ /
100 / \ /
] / /
/
/ /
] / /
50| f /
] /
i //
o /
-50“.74._y'|;1.i|7.vy“,“|‘i‘...|...y|y.y.|....| ..|...7;‘
38.0 38.5 39.0 39.5 40.0 40.5 41.0 41.5 42.0 425 43.0 435
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area% |
1 39.48 11003087 49.96
2 42.02 11022192 50.04
Total 22025279 100.00
mAU
] N PDA Multi 1 254nm,4nm)|
700 / 3
i [
600 |
] |<"
500-] | \
] |
] | \
a00- .
| o
300 2 |
] =] |
] |
200 |
z |
100 / |
] / ,"
0= U U L \1\4 1 U T
37 38 39 40 41 42 43 44 45
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area% |
1 39.63 12888472 23.05
2 41.52 43032898 76.95
Total 55921370 100.00
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HPLC traces of compound 5f

58
min

(0]
EtO,C j)\
—
N~ >pp
5f
NO,
mAU
0] PDA Multi 1 254nm,4nn]
60-
50+
40
30
20
10
0: T I
-10- T T T T L S S A
51 52 53 54 55 56 57
Peak Table
PDA Chl 254nm__
Peak# Ret. Time Area Area%
1 53.00 4512895 49.85
2 55.59 4539681 50.15
Total 9052576 100.00
mAU
3507 S PDA Multi 1 254nm 4nm
300
250
200
150
1003
50
o] | -
51 N = T "85 ' ‘5‘7
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%
1 52.67 5420086 20.54
2 55.12 20967253 79.46
Total 26387339 100.00
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HPLC traces of compound 5g

(@)
EtO,C (0]
N/
OMe
59
mAU
1250+ PDA Multi 2 254nm, 4nm|
7 ©
1 I
1000+ 3
] \
4 | %
] [ 2
[ <
750 [ A
i | \
|
i [ /
| | :'
500-] | [\
p || l'. [ \
| \ |
] | | \
] |' [
250-] | ;’
4 |I \ /
- f j
G|'|/"|""I|""|""||""|'
375 40.0 425 450 475 50.0
min
Peak Table
PDA Ch2 254nm
Peak# Ret. Time Area Area%
1 39.26 47885898 50.13 |
2 48.59 47646696 49.87
Total 95532594 100.00
mAU
i ) PDA Multi 2 254nm 4nm)|
1500+ ©
12504 }'\.
] |' l'.
] [
1000 Il '.l
] " |
750__ ‘I ‘ll
T \
R |
] ‘|' \'.
500—_ ' i\l
] || \ 3
] | \ kS
<
250 |
B |
i |
] / A
0- / II 1 '|'|""|I'
375 40.0 425 450 475 50.0 )
min
Peak Table
PDA Ch2 254nm
Peak# Ret. Time Area Area%
1 38.93 73851534 81.96
2 48.14 16253845 18.04
Total 90105379 100.00
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HPLC traces of compound 5h

(0]
EtO,C (0]
—
N
OMe
5h
Cl
mAU
1 3 E3 PDA Multi 1 254nm 4nm|
400; N
§ : \
300< / \
] / |
| | [
200_ / ’
] |
100-] /
_*. —— v 7 7 T v v v v '/ v v 7 v v
37 ' 3|8 3|9 4|0 I 4I1 4|2 4_3
min
Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
1 38.65 21021081 49.93
2 41.19 21081792 50.07
Total 42102873 100.00
mAU
1000 PDA Mul 2 254nm 4nm]
1 S
. o
<
750
] r/
I
500 |
- |
|
T [
i [
| /
o
250 j @
o
- <
""|""|'"'|'"'|""l|""1""|""|"'_7—|""
39.0 395 40.0 405 41.0 415 420 425 430 435 440
min
Peak Table
PDA Ch2 254nm __
~ Peak# = Ret. Time Area Area% |
1 40.07 45563752 81.18
2 42.30 10559991 18.82
Total l 56123743 | 100.00
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HPLC traces of compound 5i

PDA Multi 8 254nm,4nm

mAU
600
500 %
j © 2
/\ &
400-] /
| [ N\
\ /
, I \
3004 f \\ / \
2004 [ \\ /
| / /
100*- // //
0 i .J T T T - |‘4|*". T T T T
55.0 57.5 60.0 62.5
min
Peak Table
PDA ChS8 254nm
Peak# Ret. Tume Area Area%
1 55.47 36122440 | 49.97
2 59.38 36164191 50.03
Total 72286631 | 100.00
mAU
PDA Multi 8 254nm,4nm)|
N
/ \
[
[
[
-
I \
I \ o
// m
T 55|.0 T 57|.5 T 60|,0 T I I65.0
Peak Table
PDA Ch8 254nm
Peak# Ret. Time Area Area%
1 55.99 78354208 | 78.33
2 59.93 21670718 21.67
Total 100024926 100.00




HPLC traces of compound 5j

(@)
—
N
5j
OMe
mAU
] PDA Multi 2 254nm,4nm)|
800
700 AFJ
] i
600 1
z i g
o || g
] | | V/\\
] | |
wof | A
] | [
300 ,‘ '\l 4" ‘\
1 | | \
] | | \
200_: : l‘. ;l g\l
] l’ \ | \
100+ ‘I) \ ‘; \‘
1 / \ / \\
ol—= '\'| — P T T ——— =
30.0 32.5 35.0 37.5 40.0 2. 45.0
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Tune Area Area%
1 31.01 25809245 49.95
2 43.45 25859036 50.05
Total 51668281 100.00
mAU
1500 PDA Multi 2 254nm 4nm
1250;
] &
o
il i
1000+ [
1 |
M
. I‘ ‘I
750+ ||
j |
1]
500+ P
] ' 1|
‘ ‘I ~
b | \ «
250 [ A
4 | I\
A\ /
/
- |
30.0 32[.5 35.0 37|.5 40l.0 42|.5 I 45|.0 47|.5
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 31.90 43027961 78.00
2 45.37 12135252 22.00
Total 55163214 100.00
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HPLC traces of compound 5k

(@)
EtO,C (0]
—
N
5k
OMe
mAU
PDA Multi 2 254nm,4nm|
2500-]
S
1 Q
2000+ A 2
[
] 1 N
1500 [ [\
] I |
o [
] [ [
1000 | ;' |
] o o
| \ \ \
] - | \
500 | \ |
| \ )
0 - / —_————— | | : T
22.5 25.0 275 30.0 325
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area%
1 23.47 74530914 49.30
2 31.59 76659495 50.70
Total 151190409 100.00
mAU
i PDA Multi 2 254nm.4nm|
2000 2
1 Q
N\
I
| " ‘.‘
1500 [
4 ' v’
[
[
] [
1000 [
1 :
|
4 ’ v\
500 | ’-\ 3
1 » \ s
,' \
: \
J [ o |
22|.5 25;.0 27|.5 30|.0 32|.5 .
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Tune Area Area% |
1 23.53 63048120 83.36
2 31.88 12583478 16.64
Total 75631598 100.00

S59




HPLC traces of compound 51

0]
EtO,C o)
/J\
N™ >pp
51
mAU
1 PDA Multi 2 254nm,4nm
400
] -
300 2 o
| N A
200 / | / \
‘ o [
i | \ /
] " /
100] f \ f \
i / /
] / /
cr- . / S — —/ -
12.5 13.0 13|.5 14|.O 14.5 15.0 15|.5 16|.0 16.5
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area%
1 13.46 6258547 49.59
2 15.32 6362149 50.41
Total 12620696 100.00
mAU
1250 PDA Multi 2 254nm.4nm
- 3
1000 ©
] /
750+ [
500 ’
] | \
] o | \
250 Y |
] /
o S ___ —
f T T A B T T
13.0 13.5 14.0 14.5 15.0 15.5 16.0 16:5
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area%
1 13.73 5681974 19.09
2 15.60 24075662 80.91
Total 29757636 100.00
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HPLC traces of compound 5m

0]
EtO,C j)\
N™ >pp
5m
mAU
1000 ] S PDA Multi 2 254nm,4nm|
N E
[
[
] a A
750+ [ [
fo fo
' ‘. [
] ," '\' '; ‘s}'
500 | | | \\
_ | \ | \
F | \
:‘ x \
, ; \ “\
250-| | | \
| f \ | ‘
| \ I \
T / \ — T 1 " ] ———— e
1.5 12.0 125 13.0 135 14.0 14.5 15:0
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 12.12 16858574 49.63
2 13.85 17106534 50.37
Total 33965107 100.00
mAU
20007 2 PDA Multi 2 254nm 4nm
] o
17501 /\
] [\
4 | \
15001 [
1 4" I"i
1250 ;’ \
] |‘ "‘.
1000 | "‘.
] | “a
750 f |
: | ‘l <
] I‘I 4“‘ ;
500 | » N
] ," \
] /‘ \
2501 | \
:—-Ti_ T T T T "v_lﬁI R T T T T T T |I L
1.5 12.0 125 13.0 13.5 14.0 14.5 15.0 15:5
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Tiume Area Area% |
1 12.38 42338909 79.09
2 14.14 11193623 20.91
Total 53532533 100.00
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HPLC traces of compound 5n

PDA Multi 1 254nm,4nm

19.94

PDA Multi 1 254nm,4nm

0]
EtO,C o)
N/J\
Ph
5n
mAU
] ©
750 3
] A
i [\
] [
] ‘i
500 [
\
1 | \
| [
4 " \
] ;» '\‘
| \
250+ | \
] | \
] / \
J / \
15.5 16|0 I 16|5 '17]OI 17.5 1é0 18|5
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area
1 16.46 14552051
2 19.94 14698394
Total 29250445
mAU
1000 —
, <
©
_ "/\‘;
1 [
_ :‘ ‘v‘l
750 [
] ', ‘,‘
4 | I‘
1 [
_ [
500 | |
| | \
, | |
] ;' |
] |‘ '»y‘
250 | \
i | \
| \
i | '\
4 [ "\'
_ / \_
0..\.,./... — T = ——

T T T T T T T
15.5 16.0 16.5 17.0 17.5 18.0 18.

_ |

— T

20.0 205 21.0
min

Peak Table
PDA Chl 254nm
Peak# @ Ret. Time Area
1 16.47 19567857
2 19.96 6678516
Total 26246373
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HPLC traces of compound 50

(@)
EtO,C j)\
iPr' N Ph
50
mAU
1250+ PDA Multi 2 254nm,4nm|
1000;
&
750+ . o
] f/\‘\ ©
1 ! "*, //\
500+ |\ |
4 I‘ “ ‘,‘
[ [
] [ [
250-| [ [
- [ \ /
VAN N
S |
I T T T T T T T T
12 13 14 15 16 17
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area% |
1 12.24 14733960 51.77
2 16.53 13726796 48.23
Total 28460757 100.00
mAU
2000: b PDA Multi 2 254nm,4nm|
1750 /\'—
i | |
1500- I
] ,' ’n‘
1250 |
] | |
] [
1000+ |\ n
! L
750 | 2
i ‘ | ©
] [
500 1; \
] [ /
250 ," \ /
) N AN
1" 1|2 1"3; 1|4 1|5 1‘6 1I7
min
Peak Table
PDA Ch2 254nm
Peak# | Ret. Time Area Area%
1 12.21 38245981 74.18
2 16.53 13315363 25.82
Total 51561344 100.00
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HPLC traces of compound 5p

0]
EtO,C (0]
N/J\
aN
Ph P
5p
mAL)
| PDA Multi 1 254nm, dnimy
2000 = -
] / N
1500 I."f \ .";/\
. II ] I \'\
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] | \ \
. |I I|| |I Il‘-
1000+ [ / \
] II III I\|
] \ \
500 \ / 5\
] / \ I
] / K /
0——%, e ﬁ./,/........l....,'.“*..—
27.0 27.5 28.0 28.5 29.0 29.5 30.0 30.5 31.0 31.5 32.0 325
min
Peak Table
PDA Chl 254nm
Peals# Ret. Time Area Areao
1 28.13 ToT00929 46.66
2 31.04 | 91121437 53.34
Total 170822360 100.00
mAU
2500 PDA Multi 2 254nm.4nm
1 &
i 3
2000 /\
. "" \
B | \.
| | \
1500 |
_ f \
] ' \
i | \.‘
_ ! \ 3
1000+ | =
_ ' \
i | \
] . \ / \
\ /
b || \ /
500__ ||" I\'\ /
: / \ /
0 T J = | / =
— T i — — R T T T T
28 29 30 31 32 33 34 35 36
min
Peak Table
PDA Ch2 254nm__
Peak# | Ret. Time Area Area% |
1 30.22 105150834 73.15
2 33.44 38586996 26.85
Total 143737830 100.00
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