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1. Materials and methods

All the cyclization reactions were performed under N2 conditions. All the amino acids, Boc
anhydride, Benzyl chloroformate, N-hydroxysuccinimide, NaBHs, Oxone, HBTU, HOB,
Ethyl bromoacetate, Triphenyl Phosphine (PPhs), Trifluoroacetic acid (TFA), N,N-
Diisopropylethylamine (DIPEA), DMF, EtOAc, Hexane, were purchased from different
commercial sources. Ethyl acetate, Hexane, and THF (over sodium) were distilled before use.
Column chromatography was performed on silica gel (60-120). Reactions were monitored by
analytical thin layer chromatography (TLC) and confirmed by UV light chamber and KMnQO4
or ninhydrin staining. *H NMR, 3C NMR, and *°F NMR spectra were recorded in deuterated
solvents on 400 MHz, 101 MHz, and 377 MHz NMR machines respectively using the residual
solvent signal as the internal standard (CDClz). Chemical shifts are reported in parts per million
(ppm, J) relative to tetramethyl silane (& 0.00). *H NMR splitting patterns are assigned as
singlet (s), doublet (d), broad singlet (bs), triplet (t), doublet of doublets (dd), and quintet (gn).
Coupling constants (J) are reported in Hertz (Hz). Mass spectra were recorded using HRMS
Electron Spray lonization (ESI). IR spectra were recorded on an IR spectrometer. HPLC was
done using a Chiralpak®-1C column (4.6 mmd x 250 mmL) of particle size 5 um. The X-ray data
were collected at low temperatures (100, 120 K and 150 K) on a Bruker APEX (11) DUO CCD
diffractometer using Mo K, (A = 0.71073 A) and Cu K, radiation (A = 1.54178 A) graphite

monochromated radiation.

2. Synthetic procedures for OPfp/ONp esters of (E)-vinylogous amino acids.

The N-protected a,-unsaturated y-amino esters (Boc/ChzHN-(S,E)d?3yXxx-OEt) were prepared by
the previously reported procedures.! Boc/Chz and ethyl ester protecting groups were used to protect
the N- terminus and C- terminus of the (E)-vinylogous amino acids, respectively and the ethyl ester
was deprotected by base hydrolysis using 1N NaOH, to obtain 1a-1g.! The synthetic details of OPfp
esters synthesis is given below. The purification of final OPfp esters was carried out through silica
gel column chromatography using ethyl acetate and hexane solvent gradient as eluent.
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A) General procedure for the synthesis of OPfp esters of (E)-vinylogous amino acids (2a-
29).
F F
5\/\( DCC, EtOAc R
= OH + HO F > WOpr
XHN 0°C—>rt, 4 h XHN

(0] (0]
F F X = Boc, Cbz

Scheme S1: Synthesis of active esters Boc/CbzHN-(S,E)-d*3yXxx-OPfp (2a-29).

Boc/CbhzHN-d?3yXxx-OH (2 mmol) was dissolved in 50 mL of EtOAc, to this solution DCC
(459 mg, 2.2 mmol) was added under ice-cold conditions, after stirring the reaction mixture for
about 5 min, pentafluorophenol (368 mg, 2 mmol) was added.? The reaction mixture was
allowed to be stirred for 4 h at room temperature. After completion of the reaction (progress of
the reaction monitored by TLC), filtration was done by using a sintered funnel for removing urea
(DCU) from the reaction mixture in form of residue. The filtrate part containing the product was
concentrated under reduced pressure. The obtained crude product was purified through a silica

gel (60-120 mesh) column by ethyl acetate and hexane mixture as eluent.

Boc-(S,E)-d23yPhe-OPfp (2a) A mixture of Boc-(S,E)-d*®yPhe-OH (1a, 582 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then,
pentafluorophenol (368 mg, 2 mmol) was added to the above reaction mixture. The progress
of the reaction is monitored by TLC, after the completion of the reaction, filtration was done
by using a sintered funnel for removing urea (DCU) from the reaction mixture in form of
residue. The filtrate part containing the product was concentrated under reduced pressure. The
reaction mixture was purified by column chromatography (1-10% EtOAc in hexane) to provide

an active ester as a white solid in 94% vyield.

R¢ = 0.85 (20% EtOAC in hexane). M.p. 102-104 °C. [o]p? = +6 (¢ 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) & 7.36 — 7.31 (m, 2H), 7.31 — 7.26 (m, 1H), 7.26 — 7.21 (m, 1H), 7.19
(dd, J=8.3, 1.5 Hz, 2H), 6.10 (dd, J = 15.7, 1.7 Hz, 1H), 4.73 (s, 1H), 4.61

(s, 1H), 2.96 (d, J = 6.9 Hz, 2H), 1.42 (s, 9H). *C NMR (101 MHz, o A 0P
Chloroform-d) & 161.82, 155.09, 153.40, 142.56, 140.87, 140.11, 139.28, o
138.34, 136.74, 135.98, 129.48, 128.89, 127.30, 117.83, 80.44, 52.74, 40.70, 28.40. *°F NMR
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(377 MHz, Chloroform-d) &6 -152.50, -158.07, -162.40. HRMS (ESI) calculated for
Ca2H20FsNOsNa [M+Na]* m/z 480.1209 found 480.1206. IR: 1765 cm™,

Boc-(S,E)-d23yLeu-OPfp (2b) A mixture of Boc-(S,E)-d?>*yLeu-OH (1b, 514 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N> atmosphere. Then,
pentafluorophenol (368 mg, 2 mmol) was added to the above reaction mixture. The progress
of the reaction is monitored by TLC, after the completion of the reaction, filtration was done
by using a sintered funnel for removing urea (DCU) from the reaction mixture in form of
residue. The filtrate part containing the product was concentrated under reduced pressure. The
reaction mixture was purified by column chromatography (1-10% EtOAc in hexane) to provide

an active ester as a white solid in 90% yield.

R¢ = 0.85 (20% EtOAcC in hexane). M.p. 97-99 °C. [a]p® = -22 (¢ 0.1, MeOH). 'H NMR (400
MHz, Chloroform-d) & 7.16 (dd, J = 15.6, 5.1 Hz, 1H), 6.16 (dd, J = 15.6, 1.6 Hz, 1H), 4.53
(d, J=8.4 Hz, 1H), 4.46 (s, 1H), 1.77 — 1.72 (m, 1H), 1.46 (s, 9H), 1.44

(d, J=7.1 Hz, 2H), 0.97 (dd, J = 6.6, 0.9 Hz, 6H). 3C NMR (101 MHz, BN~ -OPTP
Chloroform-d) 6 162.06, 155.24, 154.80, 142.60, 140.86, 140.06, 139.29, ©
138.34, 136.75, 117.07, 80.24, 50.28, 43.61, 28.47, 24.94, 22.95, 22.12. °F NMR (377 MHz,
Chloroform-d) 6 -152.40, -158.20, -162.42. HRMS (ESI) calculated for CioH22FsNOsNa

[M+Na]* m/z 446.1366 found 446.1361. IR: 1765 cm™.

Boc-(S,E)-d23yVal-OPfp (2c) A mixture of Boc-(S,E)-d?3yVal-OH (1c, 482 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then,
pentafluorophenol (368 mg, 2 mmol) was added to the above reaction mixture. The progress
of the reaction is monitored by TLC, after the completion of the reaction, filtration was done
by using a sintered funnel for removing urea (DCU) from the reaction mixture in form of
residue. The filtrate part containing the product was concentrated under reduced pressure. The
reaction mixture was purified by column chromatography (1-10% EtOAc in hexane) to provide
an active ester as a white solid in 91% yield.
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Rr = 0.86 (20% EtOAc in hexane). M.p. 129-131 °C. [a]o®® = -25 (¢ 0.1, MeOH). 'H NMR
(400 MHz, Chloroform-d) & 7.19 (dd, J = 15.6, 5.1 Hz, 1H), 6.17 (dd, J = 15.6, 1.8 Hz, 1H),
4.64 (d, J=9.2 Hz, 1H), 4.30 (s, 1H), 1.99 — 1.89 (m, 1H), 1.47 (s, 9H),

0.98 (dd, J = 12.5, 6.8 Hz, 6H). 3C NMR (101 MHz, Chloroform-d) & BocHN\/(/q(OPfD
161.92, 155.48, 153.38, 142.71, 141.09, 140.11, 139.33, 138.36, ©
136.77, 118.23, 80.27, 57.15, 32.37, 28.49, 19.14, 18.19. °F NMR (377 MHz, Chloroform-d)

d -152.46, -158.15, -162.44. HRMS (ESI) calculated for CisH20FsNOsNa [M+Na]* m/z
432.1209 found 432.1215. IR: 1759 cm™.

Boc-(S,E)-d23yAla-OPfp (2d) A mixture of Boc-(S,E)-d?3yAla-OH (1d, 430 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then,
pentafluorophenol (368, 2 mmol) was added to the above reaction mixture. The progress of the
reaction is monitored by TLC, after the completion of the reaction, filtration was done by using
a sintered funnel for removing urea (DCU) from the reaction mixture in form of residue. The filtrate
part containing the product was concentrated under reduced pressure. The reaction mixture was
purified by column chromatography (1-10% hexane in EtOAC) to provide an active ester as a
white solid in 92% yield.

R¢ = 0.80 (20% EtOAc in hexane). M.p. 91-93 °C. [a]o® = -29 (c 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) 8 7.19 (dd, J = 15.7, 4.8 Hz, 1H), 6.14 (dd, J = 15.7,

1.7 Hz, 1H), 4.63 (s, 1H), 4.51 (s, 1H), 1.46 (s, 9H), 1.34 (d, J = 7.0 Hz, BocHN "\"/’ﬁfo"fp
3H). °C NMR (101 MHz, Chloroform-d) & 162.04, 155.11, 155.04, °
142.59, 140.86, 140.17, 139.28, 138.35, 136.75, 116.91, 80.30, 28.45, 20.12. *°F NMR (377
MHz, Chloroform-d) 6 -152.50, -158.16, -162.46. HRMS (ESI) calculated for C16H1sFsNOsNa
[M+Na]* m/z 404.0896 found 404.0889. IR: 1764 cm™.

Boc-(S,E)-d?3yIle-OPfp (2e) A mixture of Boc-(S,E)-d®3ylle-OH (1e, 514 mg, 2 mmol), DCC
(454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic stirring bar
was stirred vigorously for 5 min. at 0 °C under N» atmosphere. Then, pentafluorophenol (368
mg, 2 mmol) was added to the above reaction mixture. The progress of the reaction is monitored
by TLC, after the completion of the reaction, filtration was done by using a sintered funnel for
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removing urea (DCU) from the reaction mixture in form of residue. The filtrate part containing
the product was concentrated under reduced pressure. The reaction mixture was purified by
column chromatography (1-10% EtOAc in hexane) to provide an active ester as a white solid
in 90% vyield.

R = 0.85 (20% EtOAc in hexane). M.p. 100-102 °C. [a]p® = -18.5 (¢ 0.1, MeOH). *H NMR
(400 MHz, Chloroform-d) & 7.18 (dd, J = 15.7, 5.2 Hz, 1H), 6.17 (dd, J = 15.7, 1.8 Hz, 1H),
4.66 (d, J = 9.1 Hz, 1H), 4.39 (s, 1H), 1.73 — 1.66 (m, 1H), 1.54 — 1.48 (m, \

1H), 1.47 (s, 9H), 1.19 (ddd, J = 11.8, 8.3, 6.2 Hz, 1H), 0.98 — 0.93 (m, Boch:/\(opfp
6H). 3C NMR (101 MHz, Chloroform-d) & 161.90, 155.41, 153.20, °
140.09, 118.29, 80.24, 56.24, 39.14, 28.48, 25.49, 15.59, 11.75. °F NMR (377 MHz,

Chloroform-d) 6 -152.44, -158.17, -162.46. HRMS (ESI) calculated for CioH22FsNOsNa
[M+Na]* m/z 446.1366 found 446.1375. IR: 1764 cm™.

Boc-(S,E)-d?yPhg-OPfp (2f) A mixture of Boc-(S,E)-d*3yPhg-OH (1f, 554 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then,
pentafluorophenol (368 mg, 2 mmol) was added to the above reaction mixture. The progress
of the reaction is monitored by TLC, after the completion of the reaction, filtration was done
by using a sintered funnel for removing urea (DCU) from the reaction mixture in form of
residue. The filtrate part containing the product was concentrated under reduced pressure. The
reaction mixture was purified by column chromatography (1-10% EtOAc in hexane) to provide
an active ester as a white solid in 88% yield.

Rf = 0.88 (20% EtOAc in hexane). M.p. 136-138 °C. [a]p? = +9 (¢ 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) & 7.44 — 7.33 (m, 4H), 7.32 — 7.28 (m, 2H), 6.24 (dd,

J=15.6, 1.9 Hz, 1H), 5.54 (s, 1H), 4.95 (s, 1H), 1.47 (s, 9H). °C NMR o _orho
(101 MHz, Chloroform-d) & 161.87, 154.91, 152.76, 140.07, 139.32, o 0
138.42, 136.73, 129.44, 128.75, 127.46, 125.13, 118.15, 80.76, 55.99, 28.47. 1°F NMR (377
MHz, Chloroform-d) 6 -152.34, -157.99, -162.34. HRMS (ESI) calculated for C21H1sFsNOsNa
[M+Na]* m/z 466.1053 found 466.1053. IR: 1764 cm™,
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Cbz-(S,E)-d?3yLeu-OPfp (2g) A mixture of Cbz-(S,E)-d?>3yLeu-OH (1g, 582 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N> atmosphere. Then,
pentafluorophenol (368 mg, 2 mmol) was added to the above reaction mixture. The progress
of the reaction is monitored by TLC, after the completion of the reaction, filtration was done
by using a sintered funnel for removing urea (DCU) from the reaction mixture in form of
residue. The filtrate part containing the product was concentrated under reduced pressure. The
reaction mixture was purified by column chromatography (1-15% EtOAc in hexane) to provide

an active ester as a white solid in 91% yield.

Rf = 0.82 (20% EtOAc in hexane). [a]p® = -42 (c 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) 6 7.39 — 7.31 (m, 5H), 7.16 (dd, J = 15.6, 5.3 Hz, 1H),

6.17 (d, J = 15.6 Hz, 1H), 5.14 (s, 2H), 4.83 (d, J = 8.4 Hz, 1H), 4.53 (p, o _oPm
J=7.2Hz, 1H), 1.74 (m, 1H), 1.48 (t, J = 7.3 Hz, 2H), 0.97 (d, J = 6.6 I

Hz, 6H). *C NMR (101 MHz, Chloroform-d) & 161.95, 155.84, 154.04, 142.69, 140.87,
140.06, 139.28, 138.36, 136.75, 136.20, 128.74, 128.48, 128.32, 117.38, 67.35, 50.80, 43.46,
24.89, 22.91, 22.08. °F NMR (377 MHz, Chloroform-d) § -152.39, -158.08, -162.40. HRMS
(ESI) calculated for Ca2H20FsNO4Na [M+Na]* m/z 480.1210 found 480.1209. IR: 1765 cm™.

B) General procedure for the synthesis of ONp esters of (E)-vinylogous amino acids (4a-
4c).

R R

)\/W DCC, EtOAc
~__OH & Ho%;y,\lo2 > /'\/\WONp
BocHN 0°C>rt, 4 h BocHN

o O

Scheme S2: Synthesis of active esters (4a-4c).

BocHN-d?*yXxx-OH (2 mmol) was dissolved in 50 mL of EtOAc, to this solution DCC (454
mg, 2.2 mmol) was added under ice-cold conditions, after stirring the reaction mixture for about
5 min, p-nitrophenol (278 mg, 2 mmol) was added.® The reaction mixture was allowed to be
stirred for 4 h at room temperature. After completion of the reaction (progress of the reaction
monitored by TLC), filtration was done by using a sintered funnel for removing urea (DCU) from the

reaction mixture in form of residue. The filtrate part containing the product was concentrated
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under reduced pressure. The obtained crude product was purified through a silica gel (60-120

mesh) column by ethyl acetate and petroleum ethers mixture as eluent.

Boc-(S,E)-d23yPhe-ONp (4a) A mixture of Boc-(S,E)-d?>*yPhe-OH (1a, 582 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then, p-nitrophenol
(278 mg, 2 mmol) was added to the above reaction mixture. The progress of the reaction is
monitored by TLC, after the completion of the reaction, filtration was done by using a sintered
funnel for removing urea (DCU) from the reaction mixture in form of residue. The filtrate part
containing the product was concentrated under reduced pressure. The reaction mixture was
purified by column chromatography (1-15% EtOAc in hexane) to provide an active ester as a
white solid in 93% yield.

R¢ = 0.86 (20% EtOAc in hexane). M.p. 143-146 °C. [a]o® = -2 (¢ 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) 6 8.30 —8.25 (m, 2H), 7.36 — 7.27 (m, 5H), 7.22 - 7.14

(m, 3H), 6.07 (dd, J = 15.6, 1.7 Hz, 1H), 4.70 (bs, 1H), 4.61 (s, 1H), 2.96 _ ow
(d, J = 6.8 Hz, 2H), 1.42 (s, 9H). 13C NMR (101 MHz, Chloroform-d) 5 [
163.59, 155.51, 155.11, 151.78, 145.45, 136.13, 129.47, 128.89, 127.27, 125.34, 122.56,
119.66, 80.35, 52.75, 40.75, 28.44. HRMS (ESI) calculated for C22H24N20sNa [M+Na]* m/z
435.1531 found 435.1522. IR: 1743 cm™.

Boc-(S,E)-d23yLeu-ONp (4b) A mixture of Boc-(S,E)-d?3yLeu-OH (1b, 514 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then, p-nitrophenol
(278 mg, 2 mmol) was added to the above reaction mixture. The progress of the reaction is
monitored by TLC, after the completion of the reaction, filtration was done by using a sintered
funnel for removing urea (DCU) from the reaction mixture in form of residue. The filtrate part
containing the product was concentrated under reduced pressure. The reaction mixture was
purified by column chromatography (1-15% EtOAc in hexane) to provide an active ester as a
white solid in 91% vyield.

R¢ = 0.81 (20% EtOAc in hexane). M.p. 67-69 °C. [a]o? = -40 (c 0.1, MeOH). 'H NMR (400
MHz, Chloroform-d) & 8.28 (d, J = 9.2 Hz, 2H), 7.31 (d, J = 9.1 Hz, 2H),
7.09 (dd, J = 15.6, 5.4 Hz, 1H), 6.13 (dd, J = 15.6, 1.5 Hz, 1H), 4.55 (d, J é\N

= 8.2 Hz, 1H), 4.44 (t, J = 6.5, 1H), 1.73 (dg, J = 13.5, 6.8 Hz, 1H), 1.47 (s, ™ o
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9H), 1.45 — 1.42 (m, 2H), 0.97 (dd, J = 6.6, 1.3 Hz, 6H). 3C NMR (101 MHz, Chloroform-d)
0 163.83,155.34, 153.04, 145.45, 126.32, 125.35, 122.59, 118.96, 115.77, 80.31, 50.30, 43.67,
28.51, 24.94, 22.89, 22.22. HRMS (ESI) calculated for C1gH26N20¢Na [M+Na]*" m/z 401.1688
found 401.1682. IR: 1740 cm™,

Boc-(S,E)-d23yVal-ONp (4c) A mixture of Boc-(S,E)-d*3yVal-OH (1c, 482 mg, 2 mmol),
DCC (454 mg, 2.2 mmol), EtOAc (50 mL) in 100 ml round bottom flask with a magnetic
stirring bar was stirred vigorously for 5 min. at 0 °C under N2 atmosphere. Then, p-nitrophenol
(278 mg, 2 mmol) was added to the above reaction mixture. The progress of the reaction is
monitored by TLC, after the completion of the reaction, filtration was done by using a sintered
funnel for removing urea (DCU) from the reaction mixture in form of residue. The filtrate part
containing the product was concentrated under reduced pressure. The reaction mixture was
purified by column chromatography (1-15% EtOAc in hexane) to provide an active ester as a
white solid in 90% vyield.

R = 0.80 (20% EtOAc in hexane). M.p. 102-104 °C. [a]p®® = -44 (c 0.1, MeOH). 'H NMR
(400 MHz, Chloroform-d) & 8.28 (d, J = 9.2 Hz, 2H), 7.32 (d, J = 9.2 Hz, 2H), 7.12 (dd, J =
15.6, 5.4 Hz, 1H), 6.14 (dd, J = 15.7, 1.7 Hz, 1H), 4.65 (d, J = 9.0 Hz,

1H), 4.27 (s, 1H), 1.93 (dt, J = 12.8, 6.3 Hz, 1H), 1.47 (s, 9H), 0.98 BocHNI%\WONP
(dd, J = 11.2, 6.8 Hz, 6H). *C NMR (101 MHz, Chloroform-d) & >
163.68, 155.53, 151.64, 145.45, 126.36, 125.34, 122.59, 120.06, 115.92, 80.21, 57.16, 32.32,
28.50, 19.11, 18.23. HRMS (ESI) calculated for C1sH24N20sNa [M+Na]* m/z 387.1531 found
387.1531. IR: 1740 cm™.
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3. Reaction condition optimization

DIPEA 1) X=Pfp, Temp. =rt
OX >  BocN | _ Cno
BocHN = 2) X=Np, Temp. = 50 °C
o Solvent, Temp.
(R) 2h o (P)

Scheme S3: Transformation of OPfp/ONp ester of «,B-unsaturated amino acid into o,p-

unsaturated y-lactam under various reaction conditions.

Table S1: List of solvents and reaction conditions used for lactamization.

Entry Solvent Base (eq.) Yield? (%)

1 DMF DIPEA (1) 35

2 Dry DMF | DIPEA (5) 88

3 EtOAC DIiPEA (5) 27

- TLC in 20% EtOACc in Pet Ether.

4 THF DIiPEA (5) 56
1. Ninhydrin 2. KMnO4 staining.

5 DCM DIPEA (5) 42 Fig. S1. TLC analysis of lacta-
mization reaction.

4solated yield.
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4. Transformation of active esters into a,B-unsaturated y-lactam.

A) Synthesis of a,p-unsaturated y-lactam from OPfp esters.

R R O@
DIPEA F F
o DMF, rt, 2 h E E
X =Boc, Cbz F
BocNg;\ BOCN% 8015;\ BocNi,:\
880A) 850/0 9‘%) 7%
Ph
BocN_ | CbzN |
0] O 0]
3e (82%) 3f (87%) 39 (81%)

Scheme S4: Synthesis of N-protected-(Z)-a.,-unsaturated y-lactam from OPfp esters of (E)-

vinylogous amino acids.

Boc-d?%yXxx-OPfp (1 mmol) was dissolved in 10 mL of DMF, to this solution DIPEA (0.87
mL, 5 mmol) was added. The reaction mixture was stirred for 2 h at room temperature. After
completion of the reaction (monitored by TLC), workup was done by diluting the reaction
mixture with ethyl acetate (2 X 50 mL), followed by successive washings with 10% HCI (3 x
40 mL), 10% Na,COg3 (3 x 40 mL) and brine solution (3 x 25 mL). The organic layer was dried
over anhydrous Na,SO, and concentrated under reduced pressure. The obtained crude product
was purified through a silica gel (60-120 mesh) column by ethyl acetate and petroleum ethers

mixture as eluent.

tert-butyl-2-benzyl-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (3a) Boc-d?3yPhe-OPfp
(457 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of a round bottom flask with
a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution, the
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resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for 2 h.
The progress of the reaction is monitored by TLC, after completion of the reaction workup was
done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na>COs (3x 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na>SO4 and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOAc in

hexane) to provide a 3a as a white solid in 88% yield.

Rf = 0.55 (20% EtOAc in hexane). M.p. 99-102 °C. [a]p? = +6 (¢ 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) 6 7.34 — 7.27 (m, 3H), 7.17 - 7.13 (m, 2H), 7.02 (dd, J = 6.1, Ph
2.0 Hz, 1H), 6.02 (dd, J = 6.1, 1.6 Hz, 1H), 4.75 (ddt, J = 9.5, 3.8, 1.8 Hz, 1H),

3.55 (dd, J = 13.1, 3.9 Hz, 1H), 2.74 (dd, J = 13.1, 9.5 Hz, 1H), 1.63 (s, 9H). 13C BooN_ |
NMR (101 MHz, Chloroform-d) 6 169.20, 150.05, 149.64, 135.76, 129.51, 128.84, ©
127.30, 126.79, 83.34, 63.51, 38.74, 28.37. HRMS (ESI) calculated for CisH1sNO3Na
[M+Na]" m/z 296.1262, found 296.1262.

tert-butyl-2-isobutyl-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (3b) Boc-d?*yLeu-OPfp
(423 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask with
a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution, the
resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for 2 h.
The progress of the reaction is monitored by TLC, after completion of the reaction workup was
done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na>COsz (3% 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na>SOs and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOAc in

hexane) to provide a 3b as an oily liquid with an 85% yield.

Rt = 0.60 (20% EtOAc in hexane). [a]p?®® = +2 (¢ 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) & 7.22 (dd, J = 6.1, 2.0 Hz, 1H), 6.08 (dd, J = 6.1, 1.6 Hz, 1H),

4.60 (ddt, J = 9.9, 3.7, 1.8 Hz, 1H), 1.67 (td, J = 4.5, 2.3 Hz, 1H), 1.56 (s, 9H),

1.47 — 1.41 (m, 2H), 0.99 (d, J = 6.6 Hz, 3H), 0.94 (d, J = 6.6 Hz, 3H). 3CNMR BocN |
(101 MHz, Chloroform-d) & 169.43, 150.69, 149.45, 126.46, 83.01, 61.54, L
41.27, 28.28, 25.29, 24.05, 22.29. HRMS (ESI) calculated for CisH21NOsNa [M+Na]* m/z

262.1418, found 262.1418.
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tert-butyl-2-isopropyl-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate  (3c) Boc-d?>®yVal-
OPfp (409 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask
with a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution,
the resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for
2 h. The progress of the reaction is monitored by TLC, after completion of the reaction workup
was done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na>COs (3x 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOACc in
hexane) to provide a 3c as an oily liquid in 79% yield.

Rf = 0.58 (20% EtOAc in hexane). [a]p® = +4 (c 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) 6 7.12 (dd, J = 6.2, 2.0 Hz, 1H), 6.14 (dd, J = 6.2, 1.7 Hz, 1H), 4.55
(dt,J=3.9, 1.8 Hz, 1H), 2.59 (qt, J = 6.9, 3.5 Hz, 1H), 1.54 (s, 9H), 1.09 (d, J = 7.1 N |
Hz, 3H), 0.66 (d, J = 6.9 Hz, 3H). 1*C NMR (101 MHz, Chloroform-d) & 169.70, d
149.73, 147.94, 127.92, 83.00, 67.41, 28.99, 28.23, 19.63, 14.98. HRMS (ESI) calculated for
C12H19NOsNa [M+Na]* m/z 248.1262, found 248.1261.

tert-butyl-2-methyl-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (3d) Boc-d?*yAla-OPfp
(381 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask with
a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution, the
resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for 2 h.
The progress of the reaction is monitored by TLC, after completion of the reaction workup was
done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na,CO3 (3% 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na,;SO4 and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOAc in

hexane) to provide a 3d as an oily liquid in 87% yield.

Rt = 0.52 (20% EtOAc in hexane). [a]p®® = +6 (c 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) & 7.09 (dd, J = 6.1, 2.0 Hz, 1H), 6.06 (dd, J = 6.1, 1.7 Hz, 1H), 4.61
(dt,J=6.7, 1.8 Hz, 1H), 1.56 (s, 9H), 1.43 (d, J = 6.7 Hz, 3H). **C NMR (101 MHz, B°°N:J
Chloroform-d) § 169.30, 151.90, 149.53, 126.07, 83.04, 58.53, 28.28, 18.30. HRMS ©
(ESI) calculated for C11H1sNO3zNa [M+Na]" m/z 220.0949, found 220.0955.
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tert-butyl-2-((S)-sec-butyl)-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (3e) Boc-d>3ylle-
OPfp (423 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask
with a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution,
the resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for
2 h. The progress of the reaction is monitored by TLC, after completion of the reaction workup
was done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na>COs (3x 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na,SO4 and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOACc in

hexane) to provide a 3e as an oily liquid in 82% yield.

R¢=0.60 (20% EtOAc in hexane). [a]o?® = -6 (¢ 0.1, MeOH). *H NMR (400 MHz, Chloroform-
d, mixture of two isomers in ratio of 1:1) 6 7.12 (dd, J = 6.2, 2.0 Hz, 1H), 7.07 (dd, J=6.1, 2.1
Hz, 1H), 6.12 (dd, J = 6.2, 1.7 Hz, 1H), 6.09 (dd, J = 6.2, 1.8 Hz, 1H), 4.64 (dt, J =
4.0, 1.9 Hz, 1H), 4.55 (dt, J = 3.9, 1.9 Hz, 1H), 2.30 (dddt, J = 20.7, 10.5, 7.0, 3.2
Hz, 2H), 1.53 (s, 18H), 1.44 — 1.23 (m, 4H), 1.06 (d, J = 7.1 Hz, 3H), 1.02 (t, J =
7.4 Hz, 3H),0.82 (t, J = 7.4 Hz, 3H), 0.61 (d, J = 6.9 Hz, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 169.79, 169.77, 149.66, 149.57, 148.31, 148.12, 127.86, 127.40, 82.94, 67.60,
66.10, 35.87, 35.81, 28.22, 28.20, 27.31, 22.59, 16.59, 12.66, 12.37, 12.26. HRMS (ESI)
calculated for C13H21NO3Na [M+Na]" m/z 262.1418, found 262.1418.

BocN

(8]

tert-butyl-2-oxo0-5-phenyl-2,5-dihydro-1H-pyrrole-1-carboxylate (3f) Boc-d*3yPhg-OPfp
(443 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask with
a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution, the
resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for 2 h.
The progress of the reaction is monitored by TLC, after completion of the reaction workup was
done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na>COsz (3% 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na>SOs and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOAc in

hexane) to provide a 3f as a white solid with an 87% yield.
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Rt = 0.59 (20% EtOAc in hexane). M.p. 102-104 °C. [0]o®® =0 (c 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) & 7.38 — 7.31 (m, 3H), 7.21 — 7.18 (m, 2H), 7.06 (dd, J=6.0,  Pn

2.2 Hz, 1H), 6.16 (dd, J = 6.0, 1.7 Hz, 1H), 5.53 (t, J = 2.0 Hz, 1H), 1.27 (s, 9H). BocNij
13C NMR (101 MHz, Chloroform-d) & 170.00, 150.31, 148.78, 135.85, 129.00, K
128.62, 126.62, 125.44, 83.09, 66.39, 27.89. HRMS (ESI) calculated for CisH17NOsNa
[M+Na]* m/z 282.1105, found 282.1103.

benzyl 2-isobutyl-5-oxo0-2,5-dihydro-1H-pyrrole-1-carboxylate (3g) Cbz-d?3yLeu-OPfp
(457 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask with
a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution, the
resulting mixture was stirred vigorously at room temperature under an N2 atmosphere for 2 h.
The progress of the reaction is monitored by TLC, after completion of the reaction workup was
done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% NaCOs (3x 40 mL) and brine solution (2 x 30
mL). The organic layer was dried over anhydrous Na>SO4 and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOAc in

hexane) to provide a 3g as an oily liquid with an 81% yield.

Rt = 0.55 (30% EtOAc in hexane). [a]p® = +4 (c 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) & 7.46 — 7.42 (m, 2H), 7.39 — 7.32 (m, 3H), 7.27 (dd, J = 6.1, 2.0 Hz

1H), 6.10 (dd, J = 6.1, 1.7 Hz, 1H), 5.36 (d, J = 12.3 Hz, 1H), 5.27 (d, J = 12.3 Hz,

1H), 4.66 (ddd, J = 7.5, 3.8, 1.9 Hz, 1H), 2.0 — 1.94 (m, 1H), 1.69 — 1.62 (m, 1H), C€b=N, |
1.45 — 1.38 (m, 1H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H). *C NMR o
(101 MHz, Chloroform-d) § 168.92, 151.42, 150.93, 135.42, 128.71, 128.52, 128.34, 126.17,
68.07, 61.60, 40.96, 25.24, 23.85, 22.14. HRMS (ESI) calculated for C1sH20NO3 [M+H]* m/z
274.1443, found 274.1439.
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B) Synthesis of a,B-unsaturated gamma lactam from ONp esters.

©
@)
R on DIPEA
p — > BocN
BocHN)\/\g DME. 50°C
2h NO,
Ph
BocN | BocN BocN |
(@)
3a (82%) 3b (81 %) 3¢ (76%

Scheme S5: Synthesis of N-Boc-(Z)-o,p-unsaturated y-lactam from ONp esters of (E)-

vinylogous amino acids.

BocHN-d?3yXxx-ONp (1 mmol) was dissolved in 10 mL of DMF, to this solution DIPEA (0.87
mL, 5 mmol) was added. The reaction mixture was stirred 2 h at 50 °C. After completion of the
reaction (monitored by TLC), workup was done by diluting the reaction mixture with ethyl
acetate (50 mL), followed by successive washings with 10% HCI (3 x 40 mL), 10% Na,COs
(3x 40 mL) and brine solution (2 x 30 mL). The organic layer was dried over anhydrous
Na,SO,4 and concentrated under reduced pressure. The obtained crude product was purified
through a silica gel (60-120 mesh) column by ethyl acetate and petroleum ethers mixture as

eluent.

tert-butyl-2-benzyl-5-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate (3a) Boc-d**yPhe-ONp
(428 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of a round bottom flask with
a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution, the
resulting mixture was stirred vigorously at 50 °C under an N2 atmosphere for 2 h. The progress
of the reaction is monitored by TLC, after completion of the reaction workup was done by
diluting the reaction mixture with ethyl acetate (100 mL), followed by successive washings
with 10% HCI (3 x 40 mL), 10% Na>COsz (3x 40 mL) and brine solution (2 x 30 mL). The
organic layer was dried over anhydrous Na>SO4 and concentrated under reduced pressure. The
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reaction mixture was purified by column chromatography (5-25% EtOAc in hexane) to provide

a 3a as an oily liquid in 82% yield.

Rr = 0.59 (20% EtOAC in hexane). M.p. 99-102 °C. [a]o® = +6 (¢ 0.1, MeOH). *H NMR (400
MHz, Chloroform-d) § 7.34 — 7.27 (m, 3H), 7.17 — 7.13 (m, 2H), 7.02 (dd, J = 6.1, Ph
2.0 Hz, 1H), 6.02 (dd, J = 6.1, 1.6 Hz, 1H), 4.75 (ddt, J = 9.5, 3.8, 1.8 Hz, 1H),
3.55 (dd, J = 13.1, 3.9 Hz, 1H), 2.74 (dd, J = 13.1, 9.5 Hz, 1H), 1.63 (s, 9H). 1°C
NMR (101 MHz, Chloroform-d) § 169.20, 150.05, 149.64, 135.76, 129.51, 128.84, o
127.30, 126.79, 83.34, 63.51, 38.74, 28.37. HRMS (ESI) calculated for CisHisNOsNa
[M+Na]* m/z 296.1262, found 296.1262.

BocN ]

tert-butyl-2-isobutyl-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (3b) Boc-0?3yLeu-ONp
(394 mg, 2 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask with
a magnetic stirring bar. Then DIPEA (1.74 mL, 5 mmol) was added to the above solution, the
resulting mixture was stirred vigorously at 50 °C under an N2 atmosphere for 2 h. The progress
of the reaction is monitored by TLC, after completion of the reaction workup was done by
diluting the reaction mixture with ethyl acetate (100 mL), followed by successive washings with
10% HCI (3 x 40 mL), 10% Na,COj3 (3% 40 mL) and brine solution (2 x 30 mL). The organic
layer was dried over anhydrous Na,SO,4 and concentrated under reduced pressure. The reaction
mixture was purified by column chromatography (5-25% EtOAc in hexane) to provide a 3b

as an oily liquid in 81% yield.

Rt = 0.60 (20% EtOAc in hexane). [a]p® = +2 (c 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) § 7.22 (dd, J = 6.1, 2.0 Hz, 1H), 6.08 (dd, J = 6.1, 1.6 Hz, 1H), 4.59

(ddt, J = 9.9, 3.7, 1.8 Hz, 1H), 1.69 (ddd, J = 9.3, 4.7, 2.5 Hz, 1H), 1.55 (s, 9H),

1.47 — 1.40 (m, 2H), 0.99 (d, J = 6.6 Hz, 3H), 0.94 (d, J = 6.6 Hz, 3H). °C NMR BoeN_ |
(101 MHz, Chloroform-d) § 169.43, 150.69, 149.45, 126.46, 83.01, 61.54, 41.27, o
28.28, 25.29, 24.05, 22.29. HRMS (ESI) calculated for C13H2:NOsNa [M+Na]* m/z 262.1418,
found 262.1418.
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tert-butyl-2-isopropyl-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate  (3c) Boc-d**yVal-
ONp (380 mg, 1 mmol) was dissolved in 10 mL of dry DMF, in a 25 ml of round bottom flask
with a magnetic stirring bar. Then DIPEA (0.87 mL, 5 mmol) was added to the above solution,
the resulting mixture was stirred vigorously at 50 °C under an N2 atmosphere for 2 h. The
progress of the reaction is monitored by TLC, after completion of the reaction workup was
done by diluting the reaction mixture with ethyl acetate (100 mL), followed by successive
washings with 10% HCI (3 x 40 mL), 10% Na,CO3 (3% 40 mL) and brine solution (2 x 30

mL). The organic layer was dried over anhydrous Na;SO4 and concentrated under reduced
pressure. The reaction mixture was purified by column chromatography (5-25% EtOAc in
hexane) to provide a 3c as an oily liquid with a 76% yield.

Rf = 0.58 (20% EtOAc in hexane). [0]p?® = +4 (¢ 0.1, MeOH). 'H NMR (400 MHz,
Chloroform-d) § 7.12 (dd, J = 6.2, 2.0 Hz, 1H), 6.14 (dd, J = 6.2, 1.7 Hz, 1H), 4.55

(dt, J=3.9, 1.8 Hz, 1H), 2.59 (qt, = 6.9, 3.5 Hz, 1H), 1.54 (5, 9H), 1.09 (d, J=7.1 goeN’ |
Hz, 3H), 0.66 (d, J = 6.9 Hz, 3H). 3*C NMR (101 MHz, Chloroform-d) & 169.70, d
149.73, 147.94, 127.92, 83.00, 67.41, 28.99, 28.23, 19.63, 14.98. HRMS (ESI) calculated for
C12H19NOsNa [M+Na]* m/z 248.1262, found 248.1261.
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5. Determining the Kkinetic parameters of lactamization reaction by UV

experiment.

The samples of various concentrations are prepared by dissolving (4a-4c) in DMF solvent. All
spectra were recorded in presence of 5 eq. of DIPEA. The molar extinction coefficient (g) for
the 4-nitrophenolate ion was obtained 4110 M* cm™ by plotting the absorbance against
concentration, under the reaction condition. As shown in Fig. S2, the 4-nitrophenolate ion
uniquely absorbs at 431 nm, which was used to spectrophotometrically monitor the formation
of the product, as the 4-nitrophenolate ion releases from the substrate as the reaction proceeds
shown in Scheme 5. To measure the kinetic parameter of the lactamization reaction, we use
(29.42 uM solutions of 4a/4b/4c and 5 eq. of DIPEA), where the first-order equation reduces
to In[A]:= In[A]o — kt ([A]:: concentration of a reactant at time t; [Alo: initial concentration of
reactant; k: rate constant). The standard curve was first generated to determine the product
concentration at a given time from the observed absorbance at 431 nm. The observed
absorbance was used to determine the value of [A]:. Plotting In[A]: against time yielded the

rate constant, using linear fit method. All the Kinetic experiments were performed at 50 °C.

a) 0.7 4 b) 0.36 Equati y=a+p
—2942 M 1 Weight No Weighting
——35.30 M 0.34 it | 1750 ot
0.6 A= 431 nm ——41.18uM T n:q“:;.:u:a oststs
—46.72 uM 0.32 Valus | Standard Error
: Intercept 008595 0.00965
— 0.5 —5256 uM 1 2 Slope | 000411 20008354
3 ——s5840uM| 0304
L .
= —6424 M| @ 1 °
8 04 o 028+
£ o ]
g c
2 ] 0.26
8 034 a ]
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< 2 0244
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0.22
0.1 0.20 PY
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Fig. S2: @) Amax 431 nm of 4-nitrophenolate ion under reaction conditions. b) Plot of absorbance

against concentration.
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Fig. S3: Kinetic analysis for the transformation of ONp esters into the corresponding o, 3-

unsaturated y-lactams (a) 4b to 3b and (b) 4c to 3c.
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6. Determination of the extent of activation by *H NMR and IR Experiment
The comparison of H NMR spectra of Boc-dg-Leu-OPfp (2b), Boc-dg-Leu-ONp (4b), and
Boc-dg-Leu-OH (1b) shows that a significant increase in chemical shift of protons H1 and H2
in active esters due to the strong electron-withdrawing nature of -ONp and -OPfp groups shown
in Fig. S4. The difference in chemical shifts shown in Table S2 is more for H2 protons

compared to H1 protons for both the active esters, this is because H2 is present near the
electron-withdrawing groups.

cocl,

72 71 70 69 68 67 66 65 64 63 62 61 60 59
1 (ppm)

Fig. S4: Combined Partial *H NMR spectra of OPfp, ONp esters of o,B-unsaturated y-amino

acid and «o,B-unsaturated y-amino acid.

Table S2: Comparison of chemical shifts of active esters with a,-unsaturated y-amino acid.

. As = (Sactive ester - 8acid) in ppm
Active H2
Ester o
Hi H2 BocHN X
H1 O
4b 0.15 0.21 (Structure of Active Ester)
2b 0.22 0.25
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The active esters can be arranged for their activating properties in approximately the order:
ONp < OPfp. One of the pieces of evidence of this reactivity order was obtained from the
comparison IR stretching frequency of the active ester Boc-dg-Phe-OPfp (2a) 1766 cm™ and
Boc-dg-Phe-ONp (4a) 1743 cm™ with their parent molecule Boc-dg-Phe-OH (1a) 1699 cm™
shown in Fig. S5. It has been observed that Boc-dg-Phe-OPfp (2a) undergoes lactamization
reaction at room temperature due to the more activating nature of the -OPfp group confirmed
by the IR stretching frequency. However, Boc-dg-Phe-ONp (4a) undergoes the same reaction
at elevated temperature (50 °C) due to the less activating nature of the -ONp group confirmed
by the IR stretching frequency.

4 (1a)
1.00 (42)

0.95
0.90 <

0.85 - /
1 1766 (cm™)

0.80

Transmittance (%)

0.75 - .
1743 (cm™)

0.70 1699 (cm™)

0.65 S S——
1900 1850 1800 1750 1700 1650

Wavenumber (cm_])

Fig. S5: Combined Partial IR spectra of active esters and a,[3-unsaturated y-amino acid.
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7. ORTEP Diagrams

Fig. S6: ORTEP diagram of compound 2a. H-atoms are omitted for clarity. Ellipsoids are
drawn at 50% probability (CCDC no 2212219).
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Fig. S7: ORTEP diagram of compound 2d. H-atoms are omitted for clarity. Ellipsoids are
drawn at 50% probability (CCDC no 2212205).
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C3

Fig. S8: ORTEP diagram of compound 4a. H-atoms are omitted for clarity. Ellipsoids are
drawn at 50% probability (CCDC no 2212221).

g2

Fig. S9: ORTEP diagram of compound 4c. H-atoms are omitted for clarity. Ellipsoids are
drawn at 50% probability (CCDC no 2212220).
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Fig. S10: ORTEP diagram of compound 3a. H-atoms are omitted for clarity. Ellipsoids are
drawn at 50% probability (CCDC no 2225785).

Fig. S11: ORTEP diagram of compound 3f. H-atoms are omitted for clarity. Ellipsoids are
drawn at 50% probability (CCDC no 2212223).
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Crystallographic Information:

Boc-dg-Phe-OPfp 2a: Crystals of 2a were grown by slow evaporation from a solution of
aqueous methanol at room temperature. A single crystal (0.16 x 0.05 x 0.12 mm) was mounted
on a loop with a small amount of paraffin oil. The X-ray data were collected at 120K
temperature on a Bruker APEX(Il) DUO CCD diffractometer using Mo K, radiation (A =
0.71073 A), w-scans (26 = 56.896), for a total of 15970 independent reflections. Space group
P 21, a = 10.469 (6), b = 9.455 (6), ¢ = 11.567 (6), & = 90, p = 110.556 (14), y =90, V =
1072.1(10) A3, Monoclinic, Z = 2 for chemical formula C22 H20 F5 N 04, with one molecule
in asymmetric unit; p calcd = 1.417 gcm, 1 = 0.125 mm™, F (000) = 472, Rint= 0.1422. The
structure was obtained by direct methods using SHELXS-97. The final R value was 0.0687
(WR2 = 0.1476) 4988 observed reflections (Fo> 4o (|Fo|)) and 293 variables, S = 0.893.

Boc-dg-Ala-OPfp 2d: Crystals of 2d were grown by slow evaporation from a solution of
aqueous methanol at room temperature. A single crystal (0.14 x 0.1 x 0.06 mm) was mounted
on a loop with a small amount of paraffin oil. The X-ray data were collected at 150K
temperature on a Bruker APEX(I) DUO CCD diffractometer using Mo K, radiation (A =
0.71073 A), w-scans (260 = 49.654), for a total of 16604 independent reflections. Space group
P1,a=6.2002 (9), b =9.3687 (12),c =15.799 (2), o = 101.093 (4), # = 99.079 (4), y = 105.428
(4), V = 846.7 (2) A3, Triclinic, Z = 2 for chemical formula C16 H16 F5 N O4, with two
molecules in asymmetric unit; p calcd = 1.496 gcm=, x = 0.142 mm™, F (000) = 392, Rint=
0.0407. The structure was obtained by direct methods using SHELXS-97. The final R value
was 0.0326 (WR2 = 0.0631) 5740 observed reflections (Fo> 4o (|Fo|)) and 478 variables, S =
1.023.

Boc-dg-Phe-ONp 4a: Crystals of 4a were grown by slow evaporation from a solution of
aqueous methanol at room temperature. A single crystal (0.15 x 0.07 x 0.06 mm) was mounted
on a loop with a small amount of paraffin oil. The X-ray data were collected at 150K
temperature on a Bruker APEX(Il) DUO CCD diffractometer using Cu K, radiation (A =
1.54178 /3'\), w-scans (26 = 66.768), for a total of 26912 independent reflections. Space group
P212121,a=6.1910 (7), b = 14.7184 (16), ¢ = 22.774 (3), & = 90, B = 90, y = 90, V = 2075.2

4 A3, Orthorhombic, Z = 4 for chemical formula C22 H24 N2 06, with one molecule in
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asymmetric unit; p calcd = 1.32 gem™, 4 = 0.803 mm™, F (000) = 872, Rint= 0.1486. The
structure was obtained by direct methods using SHELXS-97. The final R value was 0.0408
(WR2 = 0.0922) 3681 observed reflections (Fo> 4o (|Fo|)) and 275 variables, S = 1.037.

Boc-dg-Val-ONp 4c: Crystals of 4c were grown by slow evaporation from a solution of
aqueous methanol at room temperature. A single crystal (0.12 x 0.07 x 0.05 mm) was mounted
on a loop with a small amount of paraffin oil. The X-ray data were collected at 150K
temperature on a Bruker APEX(Il) DUO CCD diffractometer using Mo K, radiation (A =
0.71073 A), w-scans (260 = 57.602), for a total of 26912 independent reflections. Space group
P21,a=6.216 (3),b=5.362 (3), c = 28.415 (13), & = 90, # = 95.424(12), y = 90, V = 942.8(8)
A3, Monoclinic, Z = 2 for chemical formula C18 H24 N2 O6, with one molecule in asymmetric
unit; p caled = 1.284 gcm3, x = 0.097 mm™, F (000) = 388, Rint= 0.1842. The structure was
obtained by direct methods using SHELXS-97. The final R value was 0.0899 (wR2 = 0.2110)
4704 observed reflections (Fo> 4o (|[Fo|)) and 241 variables, S = 1.085.

tert-butyl 2-benzyl-5-oxo0-2,5-dihydro-1H-pyrrole-1-carboxylate 3a: Crystals of 3a were
grown by slow evaporation from a solution of ethyl acetate-pet ether at room temperature. A
single crystal (0.11 x 0.6 x 0.08 mm) was mounted on a loop with a small amount of paraffin
oil. The X-ray data were collected at 100K temperature on a Bruker APEX(Il) DUO CCD
diffractometer using Mo K, radiation (A = 0.71073 Z\), w-scans (20 = 56.76), for a total of
20509 independent reflections. Space group P 21/n, a = 6.146 (3), b = 14.129 (7), c = 16.674
(8), @ = 90, f = 99.499 (14), y = 90, V = 1427.9 (12) A3, Monoclinic, Z = 4 for chemical
formula C16 H19 N O3, with one molecule in the asymmetric unit; p calecd = 1.271 gcm, u =
0.088 mm™, F (000) = 5, Rin= 0.0525. The structure was obtained by direct methods using
SHELXS-97. The final R value was 0.0723 (WwR2 = 0.1772) 3576 observed reflections (Fo>
46 (|Fol)) and 185 variables, S = 0.790.

tert-butyl-2-oxo-5-phenyl-2,5-dihydro-1H-pyrrole-1-carboxylate 3f: Crystals of 3f were

grown by slow evaporation from a solution of ethyl acetate-pet ether at room temperature. A

single crystal (0.13 x 0.8 x 0.05 mm) was mounted on a loop with a small amount of paraffin

oil. The X-ray data were collected at 150K temperature on a Bruker APEX(II) DUO CCD
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diffractometer using Mo K, radiation (A = 0.71073 A), w-scans (20 = 56.76), for a total of
20800 independent reflections. Space group P 21/c, a=6.2063 (11), b = 13.323 (3), c = 16.945
(3), a =90, p=91.668 (6), y =90, V = 1400.6 (4) A3, Monoclinic, Z = 4 for chemical formula
C15 H17 N 03, with one molecule in the asymmetric unit; p calcd = 1.23 gcm3, = 0.086 mm’
! F (000) = 552, Rin= 0.0525. The structure was obtained by direct methods using SHELXS-
97. The final R value was 0.0416 (WR2 = 0.0915) 3509 observed reflections (Fo > 46 (|Fol))
and 176 variables, S = 1.022.
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8. H, BC, and ®F NMR of all compounds
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9.1. Mass Spectra of compounds

MSP 2 R1 IISER PUNE
MSP 2 R1 1 (0.052) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
by 480.1206 2.12e4
[CALCULATED MASS
(M+Na)+ 480.1209
2a  BocHN
=
508.2802
481.1230
5072721
5203140
509.2787
4713702 4821277 ! 521.3185 , 5380828
4573476 4633449 ‘478»2‘37 488.2334 5013715 210 529.4406531.4454 | 540.0813
Ll i I L P " L PO ke A S OO P B planats 1(. i it
455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 545
LEC2C1 IISER PUNE
LEC2C1 1 (0.052) AM2 (Ar,10000.0,556.28,0.00, LS 3); Sm (SG, 3x1.00) 1- TOF MS ES+
100 5774675 9.17e4
CALCULATED MASS)
M+Na)+ 446.1366
446.1361
= OP
?2b BocHN P
(e}
7025520
4313739
|
578.4715
6971274 |02 cor
3900730
l447 1389
207.1856 2603220
632.5092
306.2915 545 4410 6573933
293.220 518.1221
\ % 401085 I j \ { (448.1405
530312 f e “. ul “ L L AT 7456335 ?9?47542
50 100 150 200 400 450 500 550 600 650 700 750 800
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VALPF IISER PUNE
VALPF 143 (2.614) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00)

100+ 4321215

1: TOF MS ES+

5.33e3
[CALCULATED MAS
M+Na)+ 432.1209

2cC BocHN
=
4232128
4331239
416.1526
4252969  427.3036
; . 4212446 14242163 . | . |
sisoi7s | 4171490 el 4223121 4262911 4293069 430,089 4381370 430 5e5p 4373611
o

415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438

1apf IISER PUNE
1apf 1 (0.052) AM2 (Ar,10000.0,556.28,0.00 LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
100+ 404 0899 1.60e5
CALCULATED MASS]|
M+Na)+ 404 0896
2d BocHN
391.1808
=
381.2072
405.0936
3323008 392.1840
3981357 L a4152100 00647
4132661 .
376.3094 383.3059 1 397.2720 | 4001388 406.0970 4162141
1.409.3303 4210676
< VN VO 10 A0 PO v WA | !;39?12733|.‘ L ] (. o (o ez
375 380 385 390 395 400 405 410 415 420
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ILEAE IISER PUNE
ILEAE 149 (2.736) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00); Cm (148:150-(1:147+152:272))
100+ 4461375

1: TOF MS ES+
4.34e4

ALCULATED MAS
(M+Na)+ 446 1366
2e BocHN
=
4471420
4210496 430 1652
403.0749 4230515 165.0359
) 4476104 - \468'13223 4910219
0 T T T T L T 1 T T T T T T T T T T T |I T T miz
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500
PGPT IISER PUNE
PGP 3 (0.086) AM2 (Ar,10000.0,556 28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
4661053 8.5504
100
ALCULATED MAS
(M+Na)+ 466.1053
2f  BocHN
.
4531680 471.3658
4671087
4641720 4723705
4553331 |
| 1 4681130
4413015
4432723 4493787 4503474 ‘ 4573527 4611726 4653654 PH%EE;ZE 4792699520821 4o 103
ol L N A |\l‘|||‘|w\|n|l ﬁ. ‘I\I‘Iu“..m‘!z

T 40 442 434 426 418 450 452 454 456 458 460 462 464 466 468 470 AT2 474 476 478 480 482 | 4B4 | 486 |
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CBZPFP IISER PUNE

CBZPFP 1 (0.052) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
1004 4801213 2.56e5
512.1473 ALCULATED MAS
(M+Na)+ 480.1209
- OPf
29  CbzHN P
o
ol
513.1504
437.1939
58.1382
5941902
338.3427 360.3222
91,0518 1520675 1960938 230.1525 303378 l L { { 2 F%'E‘EW 663 45136854355 795.4743
I WUt S A P TR A v
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
PN4B IISER PUNE
PN4B 13 (0.257) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
442 2692 1.60e5
100+
4983318
CALCULATED MASS
4 M+Na)+ 435 1531
] BocHN
4351522 )
=
| 4432724
4713659
4493852
436.1547
4313748
1 4503892 472.3697
! 430.1958 4511271
4002789411714 415 2092 421 2418 A ‘ ‘ 464 2465 1339 481.1896 497 1097
o ] i , L Ly 1 I/ e . L miz

400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495
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LPN 11 IISER PUNE
LPN 11 53 (0.979) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
100 401.1682 4.88e5
ALCULATED MAS:
M+Na)+ 401.1688
4b  BocHN
-
225.1961
1402.1719
360.3237
346212 433.1941
279.1342
140.1081 338.3410
2471778 486.3301 545 2050
460.3141
661.5377
140,032 311.1600 p07-2714 005475, 6385064 725.4828 779.3505
95.0831 1% 2131951 | \ \ L ‘ L | 726.4869
o ! L 1| I T S A L .unll'.-wl‘uml‘ul 1— L |. JL\Jl;l\ miz
T T T T T T T T T T L T T L T T T T T T T 1
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
VPN 11 IISER PUNE
VPN 11 1 (0.052) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
100 387.1531 6.81e4
ALCULATED MAS
(M+Na)+ 387.1531
4c BocHN 467.1610
<
423.1694
265.1182
2462117 388.1552 4723130
225.1969
360.3232
338.3404
27 6148 424.1707
4733113
266.1224 09.1073) 361 3287/ 4031284
126.0901 2471769 - 449.3852
140.0324 171.1389 225.108! : 297144 | ( ‘ ‘ H 488.2880
. .54‘03?5 Uit o O N W \L| ‘ N ) |‘JL‘||‘ :n“l."'." e iz
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LPHEL IISER PUNE
LPHEL 101 (1.857) AM2 (Ar,20000.0,556.28,0.00,LS 3), Sm (SG, 3x1.00) 1: TOF MS ES+
1005 296.1262 4.64e4
ALCULATED MAS:
(M+Na)+ 296.1262
3a BocN |
<
2530648
1
297.1293
280.1525
2540676 1 | | 1 298.!1318 ! !
\o6800as 2200 2710360274 0417 | 2911526 294.0826 3041929 3121019 3220740 326.1720 4389389 |
ot e N L T e,
250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350
LLEUL IISER PUNE
LLEUL 100 (1.840) AM2 (Ar,20000.0,556.28,0.00, LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
2621418 1.16e4
100+
[CALCULATED MASS
M+Na)+ 262.1418
3b BocN |
<
237.0908 263 1467
246.1660 260.1070 275 6866
! 247 !Beue 750856 ! 219 5952
2309316235 ¢ 242 0743 - 256.9203 ! L 1
235,040, J L 266.7753  271.932 | { 2822250 457 1852 2952027
[N I WA TP P 1 PP PR LI.LJi.\.I‘lm ilh‘lul J‘J( bpob e s PN B P i bk ' miz
230 235 240 245 250 255 260 265 270 275 280 285 290 295
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UALL IISER PUNE
UALL 1 (0.052) AM2 (Ar,10000.0,556 28,0 00.LS 3): Sm (SG, 3x1.00) 1: TOF MS ES+
100 248.1261 2.52e6
CALCULATED MASS
(M+Na)+ 248 1262
3c BocN |
ES
1920629
4732628
148.0724 [249.1294
1474 2663
109.0630.127.0743
280 1157 382.2109 505 2535 !
0 81ﬁ%gllt\l ?[ .JI.L o l et I.duﬁ'fm‘ N - ISBQ'STS? G18477 6634514 “393_4144 T84
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
ALALAC IISER PUNE
ALALAC 1 (0.052) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
100- 220.0955 1.04e5
CALCULATED MASS
(M+Na)+ 220.0949
BocN |
164.0323 3d
Ea
120.0413
142 0498
417.2011
[221.0985
415.1930
165.0361 433 1963
96,0423 193.0989 2742747 3353394(355,3599 J/ 5125000, 5405371 5965055 6246346 gy qisp 7406671
0 - J‘ | l‘\ . ' .L‘\l -t |||J lllleL # ‘I . |. |u - I?\l . |LI ll I Iﬁ i . . . miz
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
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LILEL IISER PUNE
LILEL 100 (1.840) AM2 (Ar.20000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00); Cm (99:106) 1: TOF MS ES+
2621418 4.49e5
1004
ALCULATED MASY
(M+Na)+ 262.1418
&
3¢ BocN |
(o]
<
1
242 2117 264.1936
2482198
1 265.1969
237.0909 261.1848 2781151
228.0814235.0389. ] N ‘ 2492230 53 pgar 270.1709 i O 74 294"1575 297.0964
Ot \Ill T PR A I PRI S ||\ Lol I |"‘||J"-| . |'/ miz
225 230 235 240 245 250 255 260 265 270 275 280 285 200 295
PGL 18 IISER PUNE
PGL 18 1 (0.052) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
100 2821103 181e6
ALCULATED MASS)
(M+H)+ 282 1105
3f BocN |
1820572
b 186.0644
5412316
2040654
158.0591
283.1134
6 072 542 2346
298.0840
5822957
115.0524 482 2040 s 2050
105.0322 { 770508 11128 4642331 | 5082231 6373332 5729257293379
N s N I Mo di R A AP ST BRI 198348
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CBZ LAC ISER PUNE
CBZ LAC 51 (0.945) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1. TOF MS ES+
o 280.1673._ 4.16e3
ALCULATED WMAS
(M+H)+ 274.1443
CbzN |
o
2741439 2
==
274.2684
279.1801
270.1794
275.1458
. | 2752765
271.1891 2721188 1 . 277.1985 \
| 2732432 76, 17185277.1408 !
ol | zoerz| . Ier2bis A . ot S eEEE AP,
270 27 272 273 274 275 276 277 278 279 280
PHEA IISER PUNE
PHEA 53 (0.979) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
1004 314.1375 2.64e6
CALCULATED MASS
(M+Na)+ 314.1368
la BocHN
=]
192.1025
315.1408
346.1635
174.0919
256.0744
157.0649
224 1288
910522 129.069 2621234 171668 4832514 005284 627 2659 712.2862
PN A \ " , L‘Jl . 4211458 < S0T2754 g3 401 [ 6615339 '~ 7953183
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2bl IISER PUNE

2bl 3 (0.086) AM2 (Ar,10000.0,556.28,0.00,LS 3); Sm (SG, 3x1.00) 1: TOF MS ES+
100 280.1523 1.61e6
CALCULATED MASS
M+Na)+ 280.1524
= OH
1b BocHN
(0]
=]
2240894
140.1062
1170 281.1554
338.3416
123.0794
7 1aag  ATT.2943
95.0837 1901435 | 66 1153 381.2972 782967 5592980 596 5978 7564355
, . | T R N I \ R U VT OO s = - - :
G T T T T T T T 1 T T T T T T T T T T T T T T T T T T T T Il-nfZ
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10. HPLC Peaks (using chiral column)
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Fig. 12: HPLC traces of 3d using chiral column.
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