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General methods: All reactions were carried out under an atmosphere of nitrogen or 
argon using flame dried glassware. Solvents were dried by filtration, under an argon 
atmosphere, though a purification system similar to the one proposed by Grubbs and co-
workers.1 Thin layer chromatography (TLC) analyses were done using aluminium sheets 
coated with silica gel 60 F254. Flash column chromatography (FC) was carried out using 
Brunschwig silica gel 60 Å (32-63 mesh). Commercially available products were used 
without further purification. 

1H- and 13C-NMR spectra were recorded with a Fourier transform Bruker-DRX-500 (500 
MHz) or Bruker-DPX-360 (360 MHz) spectrometer with solvent residual signals used as 
a reference. Chemical shifts are given in ppm, coupling constants “J” are expressed in 
Hertz (multiplicity: s = singulet, d = doublet, dd = double doublet, t = triplet, dt = double 
tiplet, q = quadruplet, quint = quintuplet, sext = sextuplet, sept = septuplet, m = 
multiplet). IR spectra were recorded with a Fourier transform Mattson 5000 FTIR 
spectrometer, neat, in CHCl3 (NaCl cell) or in KBr; absorption bands are in cm–1. UV 
spectra were recorded with a Perkin Elmer Lambda 40 spectrometer; absorption bands 
are in nm. EI mass spectra were recorded with an HP 5988A Quadrupol spectrometer, 
with electron impact (70 eV) and ESI mass spectra with a Bruker FT/MS 4.7 T BioApex 
II spectrometer. Photochemical irradiations were carried out in a LUMOS 43 
photoreactor (Atlas Photonics Inc.), in a quartz vessel, with 1 diode at 365, 375, 385, 405 
or 430 nm, or in a Srinivasan-Griffin (Rayonet-RPR-100) photoreactor, in a quartz 
vessel, with 16 lamps at 254, 300, 350 or 420 nm. 

1 Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. 
Organometallics 1996, 15, 1518–1520. 
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Experimental procedures for the synthesis of the substrates 3, 5 and 6

2-(3,5-dimethoxyphenyl)propan-2-yl (S)-1-(phenethylcarbamoyl)-3-methylbutyl-
carbamate (3): A mixture of N-protected- -amino acyl-5,7-dinitroindolines (1) (0.10 
mmol) and phenethylamine (0.10 mmol, 1 equiv.) in anhydrous MeCN (2 mL) was 
irradiated at 385 nm in a quartz tube for 16 hours, under an argon atmosphere, with 
vigorous stirring. The mixture was filtered, concentrated to dryness and purified by flash 
column chromatography [SiO2, hexane/EtOAc (1:1)] to furnish the desired product as a 
yellow solid (42.0 mg, 92 %); 1H NMR (360 MHz, CDCl3)  = 7.28 (m, 2H), 7.21 (m, 
1H), 7.14 (d, J = 7.3 Hz, 2H), 6.49 (m, 2H), 6.32 (m, 1H), 6.01 (m, 1H), 5.06 (d, J = 8.7 
Hz, 1H), 3.95 (m, 1H), 3.75 (s, 6H), 3.45 (m, 2H), 2.73 (m, 2H), 1.71 (s, 3H), 1.70 (s, 
3H), 1.62-1.56 (2H), 1.43 (m, 1H), 0.87 (m, 6H); 13C NMR (125 MHz, CDCl3)  = 
172.3, 160.8 (2xC), 155.1, 149.0, 138.8, 128.9 (2xC), 128.7 (2xC), 126.6, 102.9 (2xC), 
98.5, 81.4, 55.3 (2xC), 53.3, 41.2, 40.8, 35.7, 29.2, 29.1, 24.9, 23.0, 22.2. IR (neat): 
3308, 2956, 1702, 1658, 1601, 1530, 1460, 1427, 1203, 1155, 1062, 699. HR-MS
479.2522 (C26H36N2O5 + Na+ calcd 479.2516). 

Ddz-Leu-Phe-OtBu (5): A mixture of N-Ddz- -amino acyl-5,7-dinitroindoline (1) (0.10 
mmol), amino acids tert-butyl ester hydrochloride (4) (0.10 mmol, 1 equiv.) and Et3N (14 

L, 0.1 mmol) in anhydrous MeCN (2 mL) was irradiated at 375 nm in a quartz tube for 
17 hours, under an argon, with stirring. The mixture was concentrated to dryness and 
purified by flash column chromatography [SiO2, hexane/EtOAc (2:1)] to provide the 
desired product as a yellow solid (45.1 mg, 81 %); 1H NMR (360 MHz, CDCl3)  = 7.23-
7.21 (3H), 7.09-7.07 (2H), 6.50 (br s, 2H), 6.35 (d, J = 7.7 Hz, 1H), 6.29 (br s, 1H), 5.07 
(d, J = 8.2 Hz, 1H), 4.67 (q, J = 6.4 Hz, 1H), 4.07-4.01 (1H), 3.74 (s, 6H), 3.02 (m, 2H), 
1.73 (br s, 6H), 1.67-1.54 (2H), 1.49-1.42 (1H), 1.36 (s, 9H), 0.91 (d, J = 6.3 Hz, 3H), 
0.87 (d, J = 5.9 Hz, 3H); 13C NMR (125 MHz, CDCl3)  = 171.9, 170.3, 160.8 (2xC), 
154.9, 149.0, 136.1, 129.7 (2xC), 128.4 (2xC), 127.0, 103.0 (2xC), 98.5, 82.4, 81.3, 55.3 
(2xC), 53.7, 53.3, 41.5, 38.1, 29.3, 28.9, 28.0 (3xC), 24.8, 23.0, 22.1. IR (neat): 3328, 
2977, 2957, 2936, 1729, 1661, 1599, 1523, 1458, 1426, 1368, 1256, 1227, 1206, 1156. 
HR-MS 579.3043 (C31H44N2O7 + Na+ calcd 579.3041). 

Leu-Phe-OtBu (6): Ddz-L-Leu-L-Phe-OtBu (5) (27.8 mg, 0.050 mmol) was dissolved in 
deuterated MeCN (2.5 mL). The solution was then irradiated at 300 nm (Rayonnet®) in a 
quartz NMR tube for 8 hours. The mixture was concentrated to dryness and purified by 
flash column chromatography [SiO2, CH2Cl2/MeOHsat.NH3 (95:5)] to provide the desired 
product as an orange solid (13.9 mg, 83 %). 1H NMR (360 MHz, CDCl3)  = 7.79 (d, J =
8.2 Hz, 1H), 7.29-7.15 (5H), 4.73 (q, J = 6.8 Hz, 1H), 3.39 (dd, J = 9.8, 3.9 Hz, 1H), 
3.09 (m, 2H), 1.82 (br s, 2H), 1.71-1.56 (2H), 1.41 (s, 9H), 1.25 (m, 1H), 0.93 (d, J = 5.9 
Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H); 13C NMR (125 MHz, CDCl3)  = 175.0, 171.0, 136.6, 
129.7 (2xC), 128.4 (2xC), 127.0, 82.3, 53.6, 53.2, 44.1, 38.4, 28.1 (3xC), 25.0, 23.5, 21.5. 
IR (neat): 3323, 2960, 1731, 1663, 1512, 1462, 1367, 1242, 1158, 701. HR-MS
357.2151 (C19H30N2O3 + Na+ calcd 357.2149). 
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The all-photochemical synthesis of the OGP (10-14) precursor 20.

Ddz-Gly-Gly-OtBu (12): A mixture of Ddz-Gly-Dni (10) (48.9 mg, 0.1 mmol), glycine 
tert-butyl ester hydrochloride (11) (16.9 mg, 0.1 mmol) and Et3N (14 L, 0.1 mmol) in 
anhydrous MeCN (2 mL) was irradiated at 385 nm in a quartz tube for 16 hours, under 
argon, with stirring. The mixture was filtered, concentrated to dryness and purified by 
flash column chromatography [SiO2, Hexane/EtOAc (1:1)] to provide the desired product 
as a yellow solid (38.3 mg, 93 %). 1H NMR (360 MHz, CDCl3)  = 6.51 (s, 2H), 6.41 (br 
s, 1H), 6.34 (s, 1H), 5.35 (br s, 1H), 3.91 (d, J = 4.6 Hz, 2H), 3.82 (d, J = 5.4 Hz, 2H), 
3.78 (s, 6H), 1.74 (s, 6H), 1.46 (s, 9H). HR-MS 433.1947 (C20H30N2O7 + Na+ calcd 
433.1945).

Gly-Gly-OtBu (13): Ddz-Gly-Gly-OtBu (12) (30.8 mg, 0.075 mmol) was dissolved in 
anhydrous MeCN (3 mL). The solution was then irradiated at 300 nm (Rayonnet) in a 
quartz tube for 5 hours. The mixture was concentrated to dryness and purified by flash 
column chromatography [SiO2, CH2Cl2/MeOHsat.NH3 (95:5)] to provide the desired 
product as an orange solid (10.4 mg, 74 %). 1H NMR (360 MHz, CDCl3)  = 7.73 (br s, 
1H), 3.98 (d, J = 5.0 Hz, 2H), 3.46 (s, 2H), 2.12 (br s, 2H), 1.47 (s, 9H). 

Ddz-Phe-Gly-Gly-OtBu (15): A mixture of Ddz-Phe-Dni (14) (28.9 mg, 0.018 mmol) 
and Gly-Gly-OtBu (13) (9.4 mg, 0.050 mmol) in anhydrous MeCN (1 mL) was irradiated 
at 385 nm in a quartz tube for 5 hours, under argon, with stirring. The mixture was 
filtered and concentrated to dryness and purified by flash column chromatography [SiO2,
Hexane/EtOAc (1:3)] to provide the desired product as a yellow solid (25.1 mg, 90 %). 
1H NMR (360 MHz, CDCl3)  = 7.33-7.18 (5H), 6.53 (br s, 1H), 6.43 (s, 3H), 6.32 (s, 
1H), 5.25 (d, J = 6.3 Hz, 1H), 4.26 (q, J = 6.8 Hz, 1H), 3.95-3.81 (3H), 3.76 (s, 6H), 3.55 
(m, 1H), 3.06 (m, 2H), 1.69 (s, 3H), 1.65 (s, 3H), 1.45 (s, 9H). HR-MS 580.2623
(C29H39N3O8 + Na+ calcd 580.2629). 

Phe-Gly-Gly-OtBu (16): Ddz-Phe-Gly-Gly-OtBu (15) (27.9 mg, 0.050 mmol) was 
dissolved in anhydrous MeCN (3 mL). The solution was then irradiated at 300 nm 
(Rayonnet®) in a quartz tube for 6 hours. The mixture was concentrated to dryness and 
purified by flash column chromatography [SiO2, CH2Cl2/MeOHsat.NH3 (95:5)] to provide 
the desired product as a yellowish solid (13.5 mg, 80 %). 1H NMR (360 MHz, CDCl3)
= 7.94 (br s, 1H), 7.34-7.21 (5H), 6.57 (br s, 1H), 3.99 (d, J = 5.9 Hz, 2H), 3.92 (d, J =
5.0 Hz, 2H), 3.68 (dd, J = 9.1, 3.6 Hz, 1H), 3.28 (dd, J = 13.9, 3.6 Hz, 1H), 2.74 (dd, J =
13.6, 9.5 Hz, 1H), 1.58 (br s, 2H), 1.46 (s, 9H). 

Ddz-Gly-Phe-Gly-Gly-OtBu (17): A mixture of Ddz-Gly-Dni (10) (12.2 mg, 0.025 
mmol), and Phe-Gly-Gly-OtBu (16) (8.4 mg, 0.025 mmol) in anhydrous MeCN (1 mL) 
was irradiated at 385 nm in a quartz tube for 5 hours, under argon, with stirring. The 
mixture was filtered and concentrated to dryness and purified by microscale flash column 
chromatography in a Pasteur pipette [SiO2, EtOAc then CH2Cl2 and CH2Cl2/MeOHsat.NH3
(95:5)] to provide the desired product as a yellow solid (13.4 mg, 87 %). 1H NMR (360
MHz, CDCl3)  = 7.28-7.07 (6H), 6.85-6.80 (2H), 6.48 (s, 2H), 6.32 (s, 1H), 5.65 (d, J =
4.1 Hz, 1H), 4.63 (dd, J = 7.1, 13.9 Hz, 1H), 3.85-3.70 (12H), 3.07 (dd, J = 7.1, 13.9 Hz, 

S5



1H), 2.92 (dd, J = 7.3, 13.2 Hz, 1H), 1.70 (s, 6H), 1.46 (s, 9H). HR-MS 637.2828
(C31H42N4O9 + Na+ calcd 637.2844). 

Gly-Phe-Gly-Gly-OtBu (18): Ddz-Gly-Phe-Gly-Gly-OtBu (17) (16.6 mg, 0.027 mmol) 
was dissolved in anhydrous MeCN (2 mL). The solution was then irradiated at 300 nm 
(Rayonnet®) in a quartz tube for 3 hours. The mixture was concentrated to dryness and 
purified by microscale flash column chromatography in a Pasteur pipette [SiO2, EtOAc 
then CH2Cl2 and CH2Cl2/MeOHsat.NH3 (95:5)] to provide the desired product as a 
yellowish solid (4.8 mg, 45 %). 1H NMR (360 MHz, CDCl3)  = 7.85 (d, J = 6.8 Hz, 
1H), 7.32-7.17 (5H), 6.92 (t, J = 5.5 Hz, 1H), 6.67 (t, J = 4.5 Hz, 1H), 4.59 (q, J = 7.3 
Hz, 1H), 4.02-3.80 (6H), 3.20 (dd, J = 6.8, 14.1 Hz, 1H), 3.07 (dd, J = 8.0, 14.4 Hz, 1H), 
1.73 (br s, 2H), 1.45 (s, 9H). 

Ddz-Tyr(tBu)-Gly-Phe-Gly-Gly-OtBu (20): A mixture of A mixture of Ddz-Tyr(tBu)-
Dni (19) (1.3 mg, 2 mol), and Gly-Phe-Gly-Gly-OtBu (18) (0.8 mg, 2 mol) in 
anhydrous MeCN (0.5 mL) was irradiated at 385 nm in a quartz tube for 2.5 hours, under 
argon, with stirring. The mixture was filtered and concentrated to dryness and purified by 
microscale flash column chromatography in a Pasteur pipette [SiO2, EtOAc then CH2Cl2
and CH2Cl2/MeOHsat.NH3 (95:5)] to provide the desired product as a yellow solid (1.2 mg, 
75 %). 1H NMR (360 MHz, CDCl3)  = 7.34-7.22 (3H), 7.16 (d, J = 6.8, 3H), 7.07 (d, J
= 8.5, 3H), 6.98 (d, J = 5.9, 1H), 6.92 (d, J = 8.2, 2H), 6.82 (br s, 1H), 6.43 (s, 2H), 6.23 
(s, 1H), 5.33 (d, J = 5.0 Hz, 1H), 4.24 (m, 1H), 4.16-4.00 (4H), 3.70-3.59 (8H), 3.30 (dd, 
J = 15.2, 4.3 Hz, 1H), 3.06 (dd, J = 13.2, 5.5 Hz, 2H), 2.89 (dd, J = 14.1, 8.7 Hz, 1H), 
2.53 (dd, J = 13.4, 10.2 Hz, 1H), 1.70 (s, 3H), 1.61 (s, 3H), 1.44 (s, 9H), 1.33 (s, 9H). 13C
NMR (125 MHz, CDCl3)  = 173.2, 171.4, 170.6, 170.3, 169.6, 160.9 (2xC), 155.5, 
154.8, 148.5, 136.8, 130.6, 129.7 (2xC), 129.2 (2xC), 128.9 (2xC), 127.2, 124.6 (2xC), 
103.1 (2xC), 98.2, 82.5, 81.9, 76.6, 56.8, 56.5, 55.4 (2xC), 44.0, 42.7, 41.6, 36.9, 36.8, 
30.4, 29.0 (3xC), 28.22 (3xC), 28.15. ESI-MS: 856.4 [M+Na]+.
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