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Dipeptide Analogs Containing 
4-Ethoxy-3-pyrrolin-2-ones 
Masood Hosseini, Henriette Kringelum, Anthony Murray and Janne E. Tønder* 

 
Experimental 
 
General 
Except from THF, which was distilled under N2 from Na-benzophenone, all solvents and chemicals were of reagent 
grade and were used without further purification. n-Butyl lithium was titrated according to a literature procedure.1 
Melting points are uncorrected. Specific rotations were measured on a Perkin Elmer 241 polarimeter using a 10 cm 
cell. IR spectra were recorded on a Perkin Elmer 1600 series. NMR spectra were recorded on 400 MHz, 300 MHz or 
200 MHz Bruker and Varian instruments. Chemical shifts are referenced to the residual solvent peak. Septuplet = 
sept, double septuplets = dsept. TLC was performed on Merck TLC aluminum sheets, silicagel 60, F254 and 
visualizing was effected with UV-light and/or ninhydrin in n-BuOH/AcOH. Flash chromatography was performed 
with silica gel 60, 0.035–0.070 mm, Amicon 85040. Elemental analysis were provided by the Department of 
Chemistry, University of Copenhagen, Denmark and by the Department of Physical Chemistry, University of 
Vienna, Austria. High resolution mass spectra were provided by the Department of Chemistry, University of 
Copenhagen and the Department of Bioorganic Chemistry, Royal Veterinary and Agricultural University, Denmark. 
 
 
(S)-5-Isopropylpyrrolidine-2,4-dione (H-pyVal-OH, 2b)2 
To a solution of Meldrum’s acid (1.46 g, 10.12 mmol) and DMAP (1.57 g, 12.9 mmol) in DCM (60 mL) at 0 ºC was 
added Boc-Val-OH (2.00 g, 9.21 mmol) and then EDC•HCl (2.11 g, 11.1 mmol). The yellow mixture was stirred 
over night at room temperature and poured into EtOAc (200 mL), washed with brine (2 × 100 mL), 5% citric acid (3 
× 300 mL) and again brine (1 × 300 mL). The organic phase was refluxed for 30 min until completion of reaction by 
TLC (EtOAc). The mixture was evaporated to a green oil and treated with 1:1 TFA/DCM for 10 min and evaporated. 
Residual TFA was evaporated with toluene (3 × 50 mL) to furnish an oil. By adding a few mL diethyl ether or 
methanol the pure product precipitates. Yield (1.21 g, 92%). 
1H NMR (CDCl3, 400 MHz, only keto form is observed): � 7.33 (bs, 1H), 3.88 (d, J = 4.7 Hz, 1H), 3.00 (dd, J = 0.9, 
22.2 Hz, 1H), 2.96 (dd, J = 1.5, 22.2 Hz, 1H), 2.17 (dsept, J = 4.7, 6.7 Hz, 1H), 1.04 (d, J = 6.7 Hz, 3H), 0.92 (d, J = 
6.7, 3H). 13C NMR (CDCl3, 100 MHz): � 16.8, 19.1, 31.2, 41.7, 69.7, 172.1, 207.7. IR (KBr): 3178 (s), 1769 (m), 
1688 (s), 1387 (m), 1314 (s), 1037 (m). Mp = 143−145 ºC. [�]20

D −46.4 (c 1.00, EtOH). Anal. Calcd. for  C7H11NO2: 
C, 59.56; H, 7.85; N, 9.92. Found: C, 59.43; H, 7.72; N, 9.85. 
 
(S)-5-Methylpyrrolidine-2,4-dione (H-pyAla-OH, 2a)2 
Following the procedure for 2b, yield (92%). 
NMR data obtained in DMSO-�6 are in accordance with previously published data.2 

1H NMR (CDCl3, 300 MHz, only keto form is observed): � 8.05 (bs, 1H), 4.81 (q, J = 7.03 Hz, 1H), 3.17 (s, 2H), 
1.43 (d, J = 7.03 Hz, 3H). 
13C NMR (CDCl3, 50 MHz): 17.0, 39.9, 60.2, 173.1, 206.9. IR (KBr): 3292 (s), 1654 (s), 1362 (s), 1170 (s), 815 (m). 
Mp = 104−105 ºC. [�]20

D +29.0 (c 1.00, EtOH) 
 
(S)-5-Isobutylpyrrolidine-2,4-dione (H-pyLeu-OH, 2c)2 
Following the procedure for 2b, yield (93%). 
1H NMR (CDCl3, 400 MHz, only keto form is observed): � 7.69 (bs, 1H), 4.03 (dd, J = 4.6, 5.6 Hz, 1H), 3.04 (s, 
2H), 1.85−1.73 (m, 1H), 1.67 (ddd, J = 13.6, 4.0, 5.1 Hz, 1H), 1.50 (ddd, J = 13.6, 4.0, 5.6 Hz, 1H), 0.97 (t, J = 6.5 
Hz, 6H). 13C NMR (CDCl3, 100 MHz): � 19.5, 21.3, 23.1, 38.6, 39.4, 61.0, 169.7, 206.0. IR (KBr): 3200 (m), 2957 
(m), 1766 (m), 1700 (s), 1364 (w), 1292 (m). Mp = 89−92 ºC. [�]20

D −29.3 (c 1.00, EtOH). Anal. Calcd. for 
C8H13NO2: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.90; H, 8.40; N, 8.87. 
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(S)-5-Benzylpyrrolidine-2,4-dione (H-pyPhe-OH, 2d) 
Following the procedure for 2b, yield (91%). 
1H NMR (CD3OD, 300 MHz): Keto form: � 7.13−7.37 (m, 5H), 4.30 (t, J = 6.2 Hz, 1H), 3.05 (dd, J = 4.9, 14.1 Hz, 
1H), 2.99 (dd, J = 5.6, 11.1 Hz, 1H). Enol form: � 7.13−7.37 (m, 5H), 4.31 (t, J = 5.3 Hz, 1H), 3.14 (dd, J = 4.1, 13.8 
Hz, 1H), 2.86 (dd, J = 6.2, 13.8 Hz, 1H). 13C NMR ((CD3)2SO, 100 MHz): � (ppm) 36.8, 37.2, 40.9, 57.4, 64.1, 94.7, 
126.3, 126.6, 127.8, 128.2, 129.7 129.8, 136.1, 136.3, 170.3, 173.8, 175.1, 209.4. IR (KBr): 3214 (s), 1767 (s), 
1689 (s), 1657 (s), 1354 (m), 1279 (s), 786 (m). Mp = 155−157 ºC. [�]20

D −23.0 (c 1.00, EtOH). Anal. Calcd. for 
C13H15NO2: C, 69.83; H, 5.86. N, 7.40. Found: C, 69.54; H, 5.81; N, 7.25. 
 
(S)-4-Ethoxy-5-isobutyl-1H-pyrrol-2(5H)-one (H-pyLeu-OEt, 3c) 
To a solution pyLeu (2c) (1.00g, 7,08 mmol) in THF (30 mL) at 0 oC was added dropwise KHMDS (0.50 M in 
toluene, 14.5 mL, 7.3 mmol) and the suspension was stirred for 10 min at 0 oC. To this suspension was added EtOTs 
(1.70 g, 8.49 mmol) and 18-crown-6 (2.00 g, 7.58 mmol) and the mixture was slowly heated to room temperature. 
Upon completion of the reaction by TLC (EtOAc), the mixture was evaporated with 50 mL silica and purified by 
flash chromatography (EtOAc). Yield (822 mg, 4.86 mmol, 69%). 
1H NMR (CDCl3, 300 MHz): � 6.53 (bs, 1H ), 4.96 (s, 1H), 4.10−3.92 (m, 3H), 1.88−1.71  (m, 1H), 1.71−1.55 (m, 
1H), 1.44−1.30 (m, 4H), 1.03−0.87 (m, 6H). 13C NMR (CDCl3, 100 MHz): � 12.7, 21.7, 23.9, 25.8, 41.6, 56.5, 67.1, 
175.2, 178.4. IR (KBr): 3195 (m), 2955 (m), 1691 (s), 1617 (s), 1373 (m), 1336 (s), 1206 (s), 1022 (m). Mp = 
106−107 ºC. [�]20

D −10.1 (c 1.00, EtOH). Anal. Calcd. for C10H17NO2: C, 65.54; H, 9.35; N, 7.64. Found: C, 65.52; 
H, 9.42; N, 7.72. 
 
(S)-4-Ethoxy-5-methyl-1H-pyrrol-2(5H)-one (H-pyAla-OEt, 3a) 
Following the procedure for 3c, yield (87%). 
1H NMR (CDCl3, 300 MHz): � 7.01 (bs, 1H), 4.89 (s, 1H), 4.12−4.83 (m, 3H), 1.34 (t, J = 7.36 Hz, 3H), 1.28 (d, J = 
6.90, 3H). 13C NMR (CDCl3, 75 MHz): � 14.3, 18.1, 53.7, 67.3, 70.8, 93.1, 175.0, 178.7. IR (KBr): 3163 (m), 1696 
(s), 1617 (m), 1374 (m), 887 (w). Mp = 130−131 ºC. [�]20

D +3.0 (c 1.00, EtOH). Anal. Calcd. for C7H11NO2: C, 
59.56; H, 7.85; N, 9.92. Found: C, 59.42; H, 7.83; N, 9.53. 
 
(S)-4-Ethoxy-5-isopropyl-1H-pyrrol-2(5H)-one (H-pyVal-OEt, 3b) 
Following the procedure for 3c, yield (84%). 
1H NMR (CDCl3, 400 MHz): � 6.21 (bs, 1H), 4.99 (s, 1H), 4.08−3.90 (m, 3H), 2.10 (dsept, J = 3.0, 7.1 Hz, 1H), 1.39 
(t, J = 7.1 Hz, 3H), 1.02 (d, J = 7.1 Hz, 3H). 13C NMR (CDCl3, 100 MHz): � 15.5, 16.5, 20.8, 30.7, 64.0, 68.4, 95.6, 
176.5, 177.9. IR (KBr): 3254 (m), 2969 (m), 1691 (s), 1646 (s), 1618 (s), 1373 (s), 1339 (m), 1227 (s), 1040 (m), 813 
(m). Mp = 106−107 ºC. [�]20

D +7.8 (c 1.00, EtOH). Anal. Calcd. for C9H15NO2: C, 63.88; H, 8.93; N, 8.28. Found: C, 
63.70; H, 8.91; N, 8.28. 
 
(S)-5-Benzyl-4-ethoxy-1H-pyrrol-2(5H)-one (H-pyPhe-OEt, 3d) 
Following the procedure for 3c, yield (84%). 
1H NMR ((CD3)2SO, 300 MHz): � 7.57 (bs, 1H), 7.34−7.12 (m, 5H), 4.87 (s, 1H), 4.37 (t, 1H), 4.03 (dq, J = 7.1, 
10.1, 1H), 3.93 (dq, J = 7.1, 10.1, 1H), 2.99 (dd, J = 4.6, 13.5 Hz, 1H), 2.87 (dd, J = 4.6, 13.5 Hz, 1H). 1.38 (t, J = 
7.1 Hz, 3H). 13C NMR ((CD3)2SO, 100 MHz): � 14.1, 36.8, 56.9, 66.7, 94.7,126.4, 127.8, 129.7, 135.8, 172.7, 175.3. 
IR (KBr): 3226 (m), 1676 (s), 1635 (s), 1379 (w), 1224 (w). Mp = 65−66 ºC. [�]20

D +15.6 (c 1.00, EtOH). Anal. 
Calcd. for C13H15NO2: C, 71.87; H, 6.96; N, 6.45. Found: C, 71.63; H, 7.00; N, 6.35. 
 
Fmoc-Phe-pyGly-OMe (4a) 
To a solution of 4-methoxy-1H-pyrrol-2(5H)-one (H-pyGly-OMe, 3e) (48 mg, 0.42 mmol) in THF (3 mL) at −55 ºC 
was added n-BuLi (1.56 M, 0.27 mL, 0.42 mmol) dropwise and the mixture was stirred for 10 min. To this yellow 
solution was added Fmoc-Phe-OPfp (256 mg, 0.46 mmol) dissolved in THF (2 mL) by syringe pump over 15 min. 
The mixture was allowed to stir for a further 5 min. The temperature was allowed to raise to −45 ºC over the 30 min 
period. The mixture was quenched with AcOH (0.1 mL) at −45 ºC and evaporated with 5 mL silica. Column 
chromatography (30�50% EtOAc in heptane) yields the pure product as a white solid. Yield (185 mg, 91%). 
1H NMR (CDCl3, 400 MHz): � 7.75 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.3, 2H), 7.39 (t, J = 7.3 Hz, 2H), 7.34−7.19 (m, 
7H), 5.78 (dt, J = 4.2, 8.2 Hz, 1H), 5.48 (bd, J = 8.8 Hz, 1H), 5.30 (s, 0.2H), 5.16 (s, 0.8H), 4.41−4.09 (m, 5H), 3.9 
(s, 3H), 3.31 (dd, J = 3.8, 13.7 Hz, 0.8H), 3.21 (bd, J = 13.7 Hz, 0.2H), 2.86 (dd, J = 8.1, 13.7 Hz, 0.8H), 2.79−2.63 
(m, 0.2H). 13C NMR (CDCl3, 100 MHz): � 38.6, 47.3, 48.6, 55.9, 59.2, 67.2, 94.7, 120.1, 125.4, 127.2, 127.3, 127.9, 
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128.7, 129.7, 136.4, 141.5, 144.1, 155.9, 169.6, 171.6, 176.7. IR (KBr): 3348 (m), 1718 (s), 1692 (s), 1635 (s), 1440 
(m), 1387 (m), 1315 (m), 1247 (m), 983 (w). Mp = 203−204 ºC. Anal. Calcd. for C29H26N2O5: C, 72.18; H, 5.43; N, 
5.81. Found: C, 71.81; H, 5.43; N, 5.67. 
 
Fmoc-Val-pyAla-OEt (4b) 
Following the procedure for 4a, yield (92%). 
1H NMR (CDCl3, 400 MHz): � 7.77 (d, J = 7.1 Hz, 2H), 7.64 (d, J = 7.1 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.33 (t, J 
= 7.6 Hz, 2H), 5.76−5.32 (m, 2H), 5.03 (s, 1H), 4.52 (q, J = 6.6 Hz, 1H), 4.47−4.34 (m, 2H), 4.27 (t, J = 7.1 Hz, 1H), 
4.15−3.96 (m, 2H), 1.54 (d, J = 6.6 Hz, 3H), 1.42 (t, J = 7.1 Hz, 3H), 1.08 (d, J = 6.6 Hz, 3H), 0.90 (d, J = 7.1 Hz, 
3H). 13C NMR (CDCl3, 100 MHz): � 13.8, 16.1, 17.3, 19.9, 30.4, 47.1, 56.0, 58.5, 66.8, 67.8, 92.8, 119.8, 125.1, 
126.9, 127.5, 141.1, 143.9, 156.2, 169.4, 171.4, 179.9. IR (KBr): 3555 (m), 2965 (m), 1726 (s), 1684 (s), 1622 (s), 
1507 (m), 1450 (m), 1319 (s), 1290 (s), 1241 (s), 1182 (s), 1023 (s). Mp = 54−56 ºC. HRMS (EI+): Calcd. for 
C27H31N2O5 [M+H]+ 463.2233. Found 463.2245. 
 
Fmoc-Leu-pyAla-OEt (4c) 
Following the procedure for 4a, yield (88%). 
1H NMR (CDCl3, 400 MHz): � 7.77 (d, J = 7.6 Hz, 2H), 7.63 (d, J = 6.6 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.32 (t, J 
= 7.1 Hz, 2H), 5.52 (bs, 0.15H), 5.02 (s, 1H), 4.52 (q, J = 13.1 Hz, 1H), 5.60 (t, J = 6.6 Hz, 2H), 5.67−5.47 (m, 
1.85H), 4.25 (t, J = 7.1 Hz, 1H), 4.16−3.99 (m, 2H), 1.90−1.38 (m, 6H), 1.12 (d, J = 6.6 Hz, 3H), 0.95 (d, J = 6.6 Hz, 
3H). 13C NMR (CDCl3, 50 MHz): � 13.9, 17.1, 21.0, 23.6, 24.8, 41.5, 47.2, 53.2, 56.1, 66.8, 67.9, 92.7, 119.9, 125.1, 
127.0, 127.6, 141.2, 143.8, 144.0, 156.0, 169.3, 172.9, 179.9. IR (KBr): 3334 (w), 2955 (w), 1726 (s), 1623 (s), 1319 
(m), 1242 (m), 1183 (m), 1242 (m), 1183 (w), 1025 (w). Mp = 54−56 ºC. Anal. Calcd. for C28H32N2O5: C, 70.57; H, 
6.77; N, 5.88. Found: C, 70.56; H, 6.95; N, 5.68. 
 
Fmoc-Phe-pyAla-OEt (4d) 
Following the procedure for 4a, yield (85%). 
1H NMR (CDCl3, 400 MHz): � 7.63−7.55 (m, 2H), 7.44−7.34 (m, 2H), 7.26−7.18 (m, 2H), 7.17−7.02 (m, 7H), 5.62 
(bs, 1H), 5.41 (d, J = 7.5 Hz, 0.75H), 5.21 (bs, 0.25H), 4.88 (s, 1H), 4.42−4.31 (m, 1H), 4.21−4.11 (m, 1H), 
4.09−3.85 (m, 4H), 4.22−3.93 (m, 1H), 2.65 (t, J = 10.1 Hz, 0.75H), 2.58−2.46 (m, 0.25H), 1.39−1.22 (m, 6H). 13C 
NMR (CDCl3, 100 MHz): � 13.9, 17.1, 38.1, 47.0, 55.6, 56.1, 66.8, 68.0, 92.8, 119.8, 125.2, 126.8, 127.0, 127.5, 
128.3, 129.5, 136.4, 141.2, 143.9, 155.5, 169.5, 171.2, 180.0. IR (KBr): 3310 (s), 3030 (w), 1733 (s), 1701 (s), 1681 
(s), 1629 (s), 1545 (m), 1325 (m), 1262 (m). Mp = 190−193 ºC. Anal. Calcd. for C31H30N2O5: C, 72.92; H, 5.92; N, 
5.49. Found: C, 72.70; H, 5.85; N, 5.26. 
 
Fmoc-Ala-pyVal-OEt (4e) 
Following the procedure for 4a, yield (89%). 
1H NMR (CDCl3, 400 MHz): � 7.78 (d, J = 7.7 Hz, 2H), 7.42 (bs, J = 7.1 Hz, 2H), 7.32 (t, J = 8.6 Hz, 2H), 5.59 (d, J 
= 8.1 Hz, 1H), 5.35 (t, J = 7.1 Hz, 1H), 4.98 (s, 1H), 4.44 (d, J = 2.5 Hz, 1H), 4.35−4.17 (m, 2H), 4.13 (t, J = 7.1 Hz, 
1H), 4.01−3.88 (m, 2H), 2.52 (dsept, J = 3.0, 7.1 Hz, 1H), 1.38−1.27 (m, 6H), 1.03 (d, J = 7.1 Hz, 3H), 0.67 (d, J = 
6.6 Hz, 2.5H), 0.61 (bs, 0.5H). 13C NMR (CDCl3, 50 MHz): � 14.0, 15.0, 18.1, 18.7, 28.3, 47.0, 50.5, 64.1, 66.7, 
67.7, 94.3, 119.8, 125.1, 126.9, 127.5, 141.1, 144.0, 155.5, 170.1, 172.9, 178.9. IR (KBr): 3329 (m), 2961 (m), 1726 
(s), 1617 (s), 1521 (m), 1450 (m). 1313 (s), 1242 (s), 1026 (m), 740 (m). Mp = 64−65 ºC. Anal. Calcd. for 
C27H30N2O5: C, 70.11; H, 6.54; N, 6.06.  Found: C, 70.02; H, 6.91; N, 6.03. 
 
Fmoc-Leu-pyVal-OEt (4f). 
Following the procedure for 4a, yield (78%). 
1H NMR (CDCl3, 400 MHz): � 7.77 (d, J = 7.6 Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.31 (t, J 
= 7.6 Hz, 2H), 5.50 (bs, 2H), 5.05 (s, 1H), 4.51 (d, J = 2.5 Hz, 1H), 4.37 (d, J = 6.6 Hz, 2H), 4.24 (t, J = 4.1 Hz, 1H), 
4.14−3.99 (m, 1H), 2.68−2.53 (m, 1H), 1.90−1.54 (m, 3H), 1.44 (t, J = 7.1 Hz, 3H), 1.12 (d, J = 7.1 Hz, 3H), 1.06 (d, 
J = 6.6 Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H), 0.75 (d, J = 6.6 Hz, 3H).  13C NMR (CDCl3, 50 MHz): � 176.2, 170.4, 
167.5, 153.4, 141.5, 141.4, 138.7, 125.1, 124.5, 122.7, 117.4, 91.9, 65.2, 64.3, 61.7, 50.9, 44.7, 38.7, 29.3, 25.9, 22.3, 
21.1, 20.1, 18.6, 16.3, 12.6, 11.6. IR (KBr): 3344 (w), 2959 (m), 1727 (s), 1617 (s), 1313 (s), 1241 (m), 1177 (w), 
1110 (w), 740 (m). Mp = 61−62 ºC. Anal. Calcd. for C30H36N2O5: C, 71.40; H, 7.19; N, 5.55. Found: C, 71.13; H, 
7.40; N, 5.32. 
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Fmoc-Phe-pyVal-OEt (4g) 
Following the procedure for 4a, yield (78%). 
1H NMR (CDCl3, 400 MHz): � 7.67 (d, J = 7.6 Hz, 2H), 7.45 (bs, 2H), 7.31 (t, J = 7.1 Hz, 2H), 7.27−7.08 (m, 7H), 
5.82 (bs, 0.2H), 5.62 (bs, 0.8H), 5.45 (d, J = 8.6 Hz, 0.8H), 5.28 (bs, 0.2H), 4.98 (s, 1H), 4.44 (s, 1H), 4.27−3.88 (m, 
5H), 3.19 (dd, J = 3.5, 13.6 Hz, 0.8H), 3.09 (bs, 0.2H), 2.74 (dd, J = 8.6, 13.6 Hz, 0.8H), 2.62 (bs, 0.2H), 2.64−2.44 
(m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 1.03 (d, J = 7.1 Hz, 3H), 0.75−0.55 (m, 3H). 13C NMR (CDCl3, 50 MHz): � 14.0, 
15.1, 18.8, 28.4, 37.7, 47.0, 55.7, 64.2, 66.8, 67.8, 94.4, 119.8, 125.1, 126.7, 126.9, 127.5, 128.3, 129.5, 136.6, 141.1, 
143.8, 155.4, 170.1, 171.3, 178.8. IR (KBr): 3337 (m), 1725 (s), 1617 (s), 1517 (s), 1314 (s), 1242 (s), 1028 (m), 740 
(m). Mp = 66−67 ºC. Anal. Calcd. for C33H34N2O5: C, 73.58; H, 6.36; N, 5.20. Found: C, 73.55; H, 6.74; N, 4.95. 
 
Fmoc-Ala-pyLeu-OEt (4h) 
Following the procedure for 4a, yield (84%). 
1H NMR (CDCl3, 400 MHz): � 7.79−7.72 (m, 2H), 7.66−7.57 (m, 2H), 7.45−7.28 (m, 4H), 5.27−5.40 (m, 2H), 5.03 
(bs, 1H), 4.68−3.99 (m, 6H), 1.96−0.80 (m, 14H). 13C NMR (CDCl3, 50 MHz): � 13.9, 18.4, 22.5, 23.6, 24.0, 39.0, 
47.0, 50.4, 58.8, 66.8, 67.8, 93.2, 119.8, 125.1, 126.9, 127.5, 141.1, 143.8, 155.3, 169.7, 172.7, 179.9. 
IR (KBr): 3329 (w), 2956 (w), 1725 (s), 1617 (s), 1302 (m), 1243 (m), 1022 (w). Mp = 55−56 ºC. Anal. Calcd. for 
C28H32N2O5: 70.57; H, 6.77; N, 5.88. Found: C, 70.17; H, 7.11; N, 5.79. 
 
Fmoc-Val-pyLeu-OEt (4i) 
Following the procedure for 4a, yield (81%). 
1H NMR (CDCl3, 400 MHz): � 7.77 (d, J = 7.6 Hz, 3H), 6.72 (d, J = 7.3 Hz, 2H), 7.41 (t, J = 7.3 Hz, 2H), 7.33 (t, J 
= 7.3 Hz, 2H), 5.57 (s, 1.8H), 5.31 (bs, 0.2H), 5.03 (s, 1H), 4.57 (dd, J = 3.5, 6.2 Hz, 1H), 4.41−4.32 (m, 2H), 
4.29−4.20 (m, 1H), 4.13−4.01 (m, 2H), 2.22−2.08 (m, 1H), 1.92−1.72 (m, 3H), 1.44 (t, J = 7.0 Hz, 3H), 1.06 (d, J = 
6.7 Hz, 3H), 0.92 (d, J = 6.2 Hz, 3H), 0.910−0.83 (m, 6H). 13C NMR (CDCl3, 50 MHz): � 14.0, 16.2, 19.9, 22.6, 
23.7, 24.1, 30.5, 39.3, 47.2, 58.5, 58.9, 66.9, 67.9, 93.4, 119.9, 125.2, 127.0, 127.6, 141.2, 143.9, 156.2, 169.9, 171.6, 
179.9. IR (KBr): 2998 (m), 1738 (s), 1617 (s), 1507 (m), 1379 (m), 1301 (m), 1242 (m), 1028 (m), 802 (w). Mp = 
51−52 ºC. Anal. Calcd. for C30H36N2O5: C, 71.40; H, 7.19; N, 5.55. Found: C, 71.25; H, 7.28; N, 5.37. 
 
Fmoc-Phe-pyLeu-OEt (4j) 
Following the procedure for 4a, yield (80%). 
1H NMR (CDCl3, 400 MHz): � 7.70−7.59 (m, 2H), 7.49−7.39 (m, 2H), 7.34−7.25 (m, 2H), 7.25−7.14 (m, 7H), 5.79 
(bs, 0.2H), 5.67 (bs, 0.8H), 5.46 (bs, 0.8H), 5.27 (bs, 0.2H), 4.96 (s, 1H), 4.49 (s, 1H), 4.21−3.83 (m, 5H), 3.24−3.05 
(m, 1H), 2.75 (t, J = 9.6 Hz, 0.8H), 2.58 (bs, 0.2H), 1.77−1.63 (m, 3H), 1.35 (bs, 3H), 0.80 (d, J = 18.2 Hz, 6H). 13C 
NMR (CDCl3, 50 MHz): � 14.0, 22.6, 23.6, 24.1, 38.1, 39.0, 47.0, 55.6, 58.9, 66.8, 67.9, 93.3, 119.8, 125.2, 126.8, 
127.0, 127.5, 128.3, 129.5, 136.5, 141.2, 143.9, 155.4, 169.9, 171.3, 180.0. IR (KBr): 3554 (m), 1734 (s), 1617 (s), 
1319 (m), 1243 (m), 1031 (w). Mp = 52−53 ºC. Anal. Calcd. for C34H36N2O5: C, 73.89; H, 6.57; N, 5.07. Found: C, 
73.52; H, 6.53; N, 4.99. 
 
Fmoc-Ala-pyPhe-OEt (4k) 
Following the procedure for 4a, yield (84%). 
1H NMR (CDCl3, 400 MHz): � 7.81−7.72 (m, 2H), 7.69−7.58 (m, 2H), 7.45−7.37 (m, 2H), 7.37−7.28 (m, 2H), 
7.25−7.14 (m, 2H), 7.26−6.88 (m, 7H), 5.66 (bs, 1H), 5.45 (bs, 1H), 4.85−4.78 (m, 2H), 4.43−4.38 (m, 2H), 
4.32−4.26 (m, 1H), 4.05−3.89 (m, 2H), 3.54 (d, J = 13.6 Hz, 1H), 3.14 (d, J = 14.1 Hz, 1H), 1.52−1.36 (m, 6H). 
13C NMR (CDCl3, 50 MHz): � 14.5, 18.9, 23.1, 25.3, 26.0, 29.4, 32.3, 34.3, 35.1, 47.6, 51.0, 60.4, 67.3, 68.2, 95.1, 
120.4, 125.6, 127.5, 127.5, 128.1, 128.6, 130.1, 134.4, 141.7, 144.4, 144.5, 155.9, 169.8, 173.6, 177.7. IR (KBr): 
3421 (m), 1718 (s), 1623 (s), 1507 (s), 1305 (m), 1242 (m), 1031 (w). Mp = 70−71 ºC. HRMS (EI+): Calcd. for 
C31H31N2O5 [M+H]+ 511.2233. Found 511.2222. 
 
Fmoc-Val-pyPhe-OEt (4l) 
Following the procedure for 4a, yield (88%). 
1H NMR (CDCl3, 400 MHz): � 7.78 (bs, 2H), 7.66 (bs, 2H), 7.41 (bs, 2H), 7.34 (bs, 2H), 7.20 (bs, 2.6H), 7.00 (bs, 
2.4H), 5.74 (bs, 0.16H), 5.52 (bs, 1.7H), 5.41 (bs, 0.14H), 4.90−4.75 (m, 2H), 4.46 (bs, 2H), 4.30 (bs, 1H), 4.08−3.85 
(m, 2H), 3.61−3.42 (m, 1H), 3.14 (d, J = 3.3 Hz, 1H), 1.52−1.37 (m, 3H), 1.10−1.00 (m, 3H), 0.99−0.92 (m, 3H). 13C 
NMR (CDCl3, 50 MHz): � 14.1, 20.9, 23.6, 24.9, 34.6, 41.1, 47.2, 53.4, 59.9, 66.8, 67.7, 94.6, 119.9, 125.1, 127.0, 
127.6, 128.2, 129.6, 133.9, 141.2 , 143.9, 144.0, 155.9, 169.3, 173.4, 177.2. IR (KBr): 3356 (w), 1729 (s), 1623 (s), 
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1380 (m), 1303 (m), 1240 (m), 1031 (w). Mp = 54−55 ºC. Anal. Calcd. for C33H34N2O5: C, 73.58; H, 6.36; N, 5.20. 
Found C, 73.66; H, 6.72; N, 4.84. 
 
Fmoc-Leu-pyPhe-OEt (4m) 
Following the procedure for 4a, yield (85%). 
1H NMR (CDCl3, 400 MHz): � 7.79 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 7.1 Hz, 2H), 7.47−7.29 (m, 4H), 7.25−6.93 (m, 
5H), 5.77−5.44 (m, 2H), 4.81 (s, 2H), 4.47 (d, J = 7.1 Hz, 2H), 4.38−4.17(m, 1H), 4.11−3.87 (m, 2H), 3.60 (dd, J = 
5.1, 14.2 Hz, 1H), 3.17 (d, J = 16.2 Hz, 1H), 2.18 (bs, 1H), 1.42 (t, J = 7.1 Hz, 3H), 1.29 (bs, 2H), 1.08 (d, J = 7.1 
Hz, 3H), 0.92 (d, J = 6.1 Hz, 3H). 13C NMR (CDCl3, 50 MHz): � 14.1, 16.0, 20.0, 30.2, 34.7, 47.2, 58.5, 60.0, 66.9, 
67.7, 94.7, 119.9, 125.1, 127.0, 127.6, 128.2, 129.5, 133.8, 141.2, 143.9, 144.0, 156.2, 169.4, 172.1, 177.1. IR (KBr): 
3421 (w), 2964 (w), 1734 (s), 1684 (s), 1623 (s), 1303 (m), 1240 (w). Mp = 67−68 ºC. Anal. Calcd. for C34H36N2O5: 
C, 73.89; H, 6.57; N, 5.07. Found: C, 73.55; H, 6.75; N, 4.90. 
 
Boc-Phe-pyPhe-OEt (4n) 
Following the procedure for 4a using Boc-Phe-ONp as electrophile, yield (92%). 
1H NMR (CDCl3, 300 MHz): � 7.29−7.18 (m, 8H), 7.04 (d, J = 6.6 Hz, 2H), 5.68 (dt, J = 8.8, 4.1 Hz, 1H), 5.19 (d, J 
= 9.1 Hz, 1H), 4.82−4.78 (m, 2H), 4.20−3.86 (m, 2H), 3.55 (dd, J = 13.9, 5.1 Hz, 1H), 3.21 (dd, J = 13.8, 3.9 Hz, 
1H), 3.13 (dd, J = 13.8, 2.5 Hz, 1H), 2.72 (dd, J = 13.7, 4.7 Hz, 1H), 1.46 (t, J = 7.1 Hz, 3H), 1.40 (s, 9H). 13C NMR 
(CDCl3, 50 MHz): � 14.1, 28.2, 29.0, 34.6, 37.9, 55.2, 60.0, 67.7, 79.4, 94.6, 126.6, 127.0, 128.16, 128.22, 129.4, 
129.7, 133.9, 136.6, 155.2, 169.4, 172.4, 177.2. IR (KBr):�3353 (w), 2974 (w), 1723 (s), 1620 (s), 1497 (m), 1379 
(m), 1307 (m), 1245 (m), 1168 (m), 1029 (w). Mp = 50−51 ºC. HRMS (EI+): Calcd. for C27H33N2O5 [M+H]+: 
465.2389. Found 465.2406. 
 
H-Phe-pyAla-OEt (5d) 
To a solution of Fmoc-Phe-pyAla-OEt (4d) (100 mg, 0.196 mmol) in DCM (3 mL) at room temperature was added 
DBU (0.030 mL, 0.20 mmol) and the mixture was stirred for 5 min, whereafter 3 mL silica was added and the 
mixture evaporated at reduced pressure. Column chromatography (0−5% MeOH in EtOAc) affords the pure product 
as a low melting solid. Yield (54 mg, 96%).  
1H NMR (C6D6, 300 MHz): 7.51−7.02 (m, 5H), 5.11−4.98 (m, 1H), 4.57 (s, 1H), 4.25 (q, J = 6.5 Hz, 1H), 3.38 (dd, J 
= 4.7, 13.2 Hz, 1H), 3.15−2.93 (m, 2H), 2.71 (dd, J = 8.5, 12.9 Hz, 1H), 1.34 (d, J = 6.5 Hz, 3H), 0.73 (t, J = 7.0 Hz, 
3H). 13C NMR (C6D6, 75 MHz): 14.0, 17.6, 42.2, 56.2, 57.2, 67.5, 93.5, 126.9, 128.9, 130.6, 139.7, 169.7, 175.1, 
179.7. IR (KBr): 3116 (w), 1734 (s), 1662 (s), 1664 (s) 1319 (m), 1025 (m). [�]20

D +12.1 (c 1.00, C6D6). HRMS 
(EI+): Calcd. for C16H21N2O5 [M+H]+ 289.1552. Found 289.1564. 
 
 
Computational methods 
 
All calculations were performed with MacroModel / BatchMin v. 8.13 using the OPLS-AA force field4  with water 
solvent simulated by the GB/SA model.5 Conformational searches were carried out using the SUMM method (10,000 
search steps) with a 20 kJ/mol energy cut-off. Minimization was done using the TNCG6 method with the maximum 
number of iterations set to 500 and a convergence threshold of 0.0500. 
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RMSD values have been calculated using the superimposition functionality in Maestro overlaying the atoms shown 
in the above figure (only first C-atom in R1 and R2 respectively, e.g. C4). 
 
Definition of torsional angles. � (C1-N-C2-C3), � (N-C2-C3-O), and � (N-C2-C4-C5). 
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compound � (º) � (º) � (º) number of conformations  with 

∆E < 12kJ/mol 
RMSD of low energy comformations 

5b −173.1 � −170.7 173.3 � 177.2 − 22 0.0000; 0.0468; 0.1214; 0.1212; 0.0408; 0.1357; 0.1307; 0.1215; 0.0017; 
0.0019; 0.1213; 0.1210; 0.0153; 0.0430; 0.1308; 0.1355; 0.1321; 0.1349; 

0.1297; 0.1512; 0.1446; 0.0384 
5c −173.2 � −170.0 173.1 � 177.2 − 27 0.0000; 0.0471; 0.0132; 0.0498; 0.1516; 0.1680; 0.0434; 0.1772; 0.1974; 

0.0017; 0.0473; 0.0026; 0.1733; 0.0133; 0.1927; 0.1644; 0.0128; 0.1973; 
0.1516; 0.1518; 0.1654; 0.1812; 0.0191; 0.1773; 0.0443; 0.1809; 0.1914 

5d −172.3 � −168.7 173.0 � 176.6 − 11 0.0000; 0.0449; 0.0228; 0.0431; 0.0483; 0.1484; 0.1474; 0.0155; 0.0520; 
0.0240; 0.1483 

5e −171.3 � −166.5 172.3 � 175.3 −86.0; 60.0 8 0.0000; 0.0022; 0.0361; 0.0022; 0.0388; 0.0483; 0.0629; 0.0175 
5f −171.2 � −165.9 171.3 � 175.2 −87.2; 60.0 24 0.0000; 0.0125; 0.1505; 0.0022; 0.1771; 0.0370; 0.0125; 0.0035; 0.1729; 

0.1510; 0.0402; 0.0131; 0.0483; 0.1777; 0.1644; 0.1609; 0.0516; 0.1511; 
0.0199; 0.1917; 0.1814; 0.1736; 0.0499; 0.0631 

5g −170.1 � −163.9 171.0 � 174.6 −87.0; 60.0 9 0.0000; 0.0020; 0.0407; 0.0424; 0.0376; 0.1437; 0.0160; 0.0626; 0.0523 
5h −173.0 � −165.6 172.3 � 177.3 −174.5; −143.0; 62.1 15 0.0000; 0.0032; 0.0338; 0.0019; 0.0045; 0.0164; 0.0445; 0.0467; 0.0373; 

0.0693; 0.0365; 0.0509; 0.0385; 0.0097; 0.0424 
5i −173.0 � −164.4 171.5 � 177.1 −174.3; −143.3; 56.8 36 0.0000; 0.1205; 0.1350; 0.0031; 0.0339; 0.1199; 0.1199; 0.0020; 0.0046; 

0.0169; 0.0159; 0.1200; 0.0454; 0.1282; 0.0482; 0.1213; 0.0379; 0.1340; 
0.1432; 0.1208; 0.1312; 0.1446; 0.0366; 0.1316; 0.0696; 0.0507; 0.0390 
 0.1342; 0.0101; 0.1323; 0.0433; 0.1429; 0.1511; 0.1359; 0.1334; 0.1124 

5j −170.7 � −161.8 171.1 � 176.2 −174.1; −140.5; 60.5 18 0.0000; 0.0412; 0.0392; 0.0043; 0.0367; 0.0184; 0.0037; 0.0493; 0.1425; 
0.0529; 0.0167; 0.0377; 0.0718; 0.0413; 0.0102; 0.0434; 0.0487; 0.0347 

5k −173.2 � −170.6 173.1 � 177.2 −178.0; 56.4 8 0.0000; 0.0482; 0.0083; 0.0420; 0.0028; 0.0238; 0.0605; 0.0214 
5l −173.0 � −169.5 172.4 � 177.0 −174.5; 53.5 25 0.0000; 0.1219; 0.0481; 0.1226; 0.1352; 0.0085; 0.1210; 0.0423; 0.0029; 

0.1311; 0.0203; 0.1230; 0.1216; 0.0247; 0.1325; 0.0443; 0.1343; 0.1160; 
0.0614; 0.1312; 0.1342; 0.1545; 0.1211; 0.0166; 0.1320 

5m −172.9 � −166.0 171.9 � 177.1 −174.5; −84.7; 54.0 34 0.0000; 0.0136; 0.0486; 0.1519; 0.0509; 0.0087; 0.1762; 0.1679; 0.0445; 
0.0035; 0.0146; 0.1957; 0.0238; 0.1729; 0.0484; 0.1535; 0.0133; 0.0602; 
0.1787; 0.0290; 0.1917; 0.1662; 0.1645; 0.0272; 0.1524; 0.1955; 0.1601; 

0.0637; 0.1799; 0.1754; 0.1816; 0.0319; 0.1871; 0.0453 
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compound potential energies of the low energy conformations relative energies of the low energy conformations (kJ/mol) 
5b 20.89; 21.17; 22.23; 22.39; 25.06; 25.08; 25.35; 26.20; 26.20; 26.69; 27.52; 

27.96; 28.01; 28.33; 29.14; 30.38; 30.68; 30.82; 30.85; 31.86; 32.16; 32.20 
 

0.00; 0.29; 1.35; 1.50; 4.17; 4.19; 4.46; 5.31; 5.32; 5.81; 6.64;  
7.08; 7.12; 7.44; 8.25; 9.50; 9.79; 9.94; 9.97; 10.97; 11.27; 11.31 

5c 27.97; 28.23; 30.17; 30.33; 31.36; 31.77; 31.90; 32.96; 33.11; 33.12; 33.31; 33.60; 
35.24; 35.33; 35.47; 35.57; 35.59; 36.13; 36.54; 37.09; 37.26; 37.68; 37.92; 38.12; 

38.20; 38.54; 39.11 

0.00; 0.26; 2.20; 2.36; 3.40; 3.81; 3.93; 4.99; 5.14; 5.15; 5.34; 5.63; 
7.27; 7.36; 7.50; 7.60; 7.62; 8.16; 8.58; 9.12; 9.29; 9.71; 9.95; 10.15; 

10.23; 10.58; 11.14 
5d 28.18; 28.31; 30.32; 32.51; 33.66; 36.72; 36.72; 37.48; 37.62; 39.61; 39.68 0.00; 0.13; 2.13; 4.32; 5.48; 8.54; 8.54; 9.30; 9.44; 11.42; 11.49 
5e 22.14; 26.58; 27.96; 28.62; 31.18; 32.94; 33.25; 33.83 0.00; 4.44; 5.82; 6.48; 9.04; 10.80; 11.12; 11.69 
5f 45.54; 47.54; 48.76; 49.73; 50.22; 51.28; 51.75; 51.84; 52.63; 52.99; 53.07; 53.60; 

54.06; 54.44; 54.64; 54.66; 55.03; 55.17; 55.37; 55.77; 56.45; 56.84; 57.00; 57.15 
0.00; 2.00; 3.22; 4.19; 4.68; 5.73; 6.21; 6.30; 7.09; 7.44; 7.53; 8.06; 

8.52; 8.90; 9.10; 9.12; 9.49; 9.63; 9.82; 10.23; 10.91; 11.30; 11.46; 11.61 
5g 45.14; 49.61; 49.70; 50.00; 51.20; 53.85; 54.36; 56.34; 56.51 0.00; 4.47; 4.55; 4.86; 6.06; 8.71; 9.22; 11.20; 11.37 
5h 14.57; 19.51; 19.98; 21.05; 21.75; 21.86; 22.64; 23.12; 23.37; 24.56; 24.77; 25.13; 

25.16; 25.64; 26.18 
0.00; 4.94; 5.41; 6.48; 7.18; 7.29; 8.07; 8.55; 8.81; 9.99; 10.20; 10.56; 

10.59; 11.08; 11.61 
5i 31.16; 32.40; 35.48; 36.07; 36.49; 37.27; 37.58; 37.59; 38.36; 38.36; 38.67; 38.77; 

39.00; 39.42; 39.61; 39.63; 39.79; 40.38; 40.44; 40.60; 40.77; 40.95; 41.10; 41.18; 
41.33; 41.57; 41.61; 41.85; 42.11; 42.45; 42.52; 42.62; 42.67; 42.69; 42.88; 43.13 

0.00; 1.25; 4.32; 4.91; 5.33; 6.11; 6.42; 6.43; 7.20; 7.20; 7.51; 7.61; 7.84; 
8.26; 8.45; 8.47; 8.63; 9.22; 9.28; 9.44; 9.61; 9.79; 9.94; 10.02; 10.17; 10.41; 

10.45; 10.70; 10.95; 11.29; 11.36; 11.46; 11.51; 11.53; 11.72; 11.97 
5j 36.04; 40.35; 40.58; 41.01; 41.72; 43.18; 43.36; 44.24; 44.71; 44.79; 45.54; 45.90; 

46.35; 46.39; 46.77; 47.43; 47.75; 47.99 
0.00; 4.31; 4.54; 4.97; 5.68; 7.14; 7.32; 8.20; 8.67; 8.74; 9.50; 9.86; 10.30; 

10.35; 10.73; 11.38; 11.71; 11.94 
5k −7.16; −4.78; −2.60; −0.85; −0.79; 0.99; 2.50; 4.30 0.00; 2.39; 4.56; 6.31; 6.37; 8.15; 9.66; 11.46 
5l 8.46; 9.70; 10.80; 11.94; 12.73; 13.00; 14.20; 14.65; 14.79; 15.06; 15.24; 15.68; 

15.94; 16.92; 17.26; 17.58; 17.74; 18.18; 18.36; 18.80; 19.00; 19.03; 19.46; 19.75; 
19.98 

0.00; 1.23; 2.33; 3.48; 4.27; 4.53; 5.74; 6.19; 6.33; 6.60; 6.78; 7.21; 7.47; 
8.46; 8.80; 9.12; 9.28; 9.71; 9.89; 10.34; 10.53; 10.56; 10.99; 11.29; 11.51 

5m 14.24; 16.28; 16.50; 17.48; 18.43; 18.48; 18.73; 19.86; 20.15 ;20.42 ;20.50; 20.87; 
21.01; 21.11; 21.36; 21.75; 22.28; 22.63; 22.95; 23.17; 23.33; 23.37; 23.67; 23.68; 

23.78; 23.86; 24.48; 24.61; 24.89; 25.35; 25.75; 25.91; 25.92; 25.94 

0.00; 2.05; 2.26; 3.25; 4.19; 4.24; 4.50; 5.63; 5.91; 6.19; 6.26; 6.63; 
6.77; 6.87; 7.12; 7.51; 8.04; 8.39; 8.72; 8.94; 9.09; 9.13; 9.43; 9.45; 
9.54; 9.63; 10.24; 10.37; 10.65; 11.11; 11.52; 11.68; 11.68; 11.71; 
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For a comparison of flexibility a conformational search according to the above mentioned method was conducted on 
the dipeptide esters shown above (corresponding to 5j and 5k, respectively). 
 
 

compound number of conformations  with 
∆E < 13kJ/mol 

H-Phe-pyLeu-OEt (5j) 18 
H-Phe-Leu-OEt 84 
H-Ala-pyPhe-OEt (5k) 8 
H-Ala-Phe-OEt 23 
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H-Ala-Phe-OEtH-Phe-Leu-OEt



H-pyAla-OH, 2a)
Acquisition Time (sec) 1.9980 Comment jetmh-pyAla Date Jan 20 2006
File Name C:\3501 Frequency (MHz) 300.06 Nucleus 1H Number of Transients 8 Original Points Count 9592
Points Count 16384 Pulse Sequence s2pul Receiver Gain 10.00 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 1804.1274 Sweep Width (Hz) 4800.77 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

2.781.830.911.00

N
H

O

O





(H-pyVal-OH, 2b)
Acquisition Time (sec) 1.9980 Comment jetmh-pyval Date Dec 29 2005
File Name C:\0301 Frequency (MHz) 300.06 Nucleus 1H Number of Transients 8 Original Points Count 9592
Points Count 16384 Pulse Sequence s2pul Receiver Gain 26.00 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 1804.1274 Sweep Width (Hz) 4800.77 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.091.002.060.920.82

N
H

O

O





(H-pyLeu-OH, 2c)
Acquisition Time (sec) 1.9792 Comment PyLeu Date 28 Nov 2005 12:40:24
File Name C:\DATA\MHOS\NMR\NOV28-2005MHOS_010001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.5647 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5 -1.0
Chemical Shift (ppm)

6.003.071.900.940.96

N
H

O

O



(H-pyLeu-OH, 2c)
Acquisition Time (sec) 1.3664 Comment PyLeu Date 28 Nov 2005 20:02:42
File Name C:\DATA\MHOS\NMR\NOV28-2005MHOS_014001r Frequency (MHz) 100.61 Nucleus 13C Number of Transients 2000
Original Points Count 32768 Points Count 32768 Pulse Sequence zgpg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10049.2588 Sweep Width (Hz) 23980.81 Temperature (degree C) 27.000

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)
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(H-pyPhe-OH, 2d)
Acquisition Time (sec) 1.9980 Comment jetmh-pyPhe Date Oct  4 2005
File Name C:\Documents and Settings\mhos\Desktop\compounds\pyPhe\2401 Frequency (MHz) 300.06 Nucleus 1H
Number of Transients 8 Original Points Count 9592 Points Count 16384 Pulse Sequence s2pul Receiver Gain 20.00
Solvent METHANOL-d4 Spectrum Offset (Hz) 1802.1086 Sweep Width (Hz) 4800.77 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

2.390.810.965.00

N
H

O
Ph

OH



(H-pyPhe-OH, 2d)
Acquisition Time (sec) 1.3664 Comment pyPhe Date 18 Oct 2005 01:46:06
File Name C:\DATA\MHOS\NMR\OCT17-2005MHOS_020001r Frequency (MHz) 100.61 Nucleus 13C Number of Transients 6144
Original Points Count 32768 Points Count 32768 Pulse Sequence zgpg30 Solvent DMSO-d6 Spectrum Offset (Hz) 9977.5518
Sweep Width (Hz) 23980.81 Temperature (degree C) 27.000

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)
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 (H-pyAla-OEt, 3a)
Acquisition Time (sec) 1.9979 Comment jetmh-pyala-eee Date Dec 28 2005
File Name C:\1202 Frequency (MHz) 300.06 Nucleus 1H Number of Transients 8 Original Points Count 7528
Points Count 8192 Pulse Sequence s2pul Receiver Gain 10.00 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 1721.1731 Sweep Width (Hz) 3767.90 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.610.813.331.001.11

N
H

O

O





(H-pyVal-OEt, 3b)
Acquisition Time (sec) 1.9792 Comment PyVal-OEt Date 28 Nov 2005 12:45:10
File Name C:\DATA\MHOS\NMR\NOV28-2005MHOS_020001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.5647 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5 -1.0
Chemical Shift (ppm)

3.233.161.053.151.011.00
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(H-pyVal-OEt, 3b)
Acquisition Time (sec) 1.3664 Comment PyVal-OEt Date 28 Nov 2005 22:33:18
File Name C:\DATA\MHOS\NMR\NOV28-2005MHOS_024001r Frequency (MHz) 100.61 Nucleus 13C Number of Transients 2000
Original Points Count 32768 Points Count 32768 Pulse Sequence zgpg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10017.7646 Sweep Width (Hz) 23980.81 Temperature (degree C) 27.000

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)
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(H-pyLeu-OEt, 3c)
Acquisition Time (sec) 2.6542 Comment pyLeu-eee Date 21 Dec 2005 19:27:54
File Name C:\BRUKER\XWIN-NMR\DATA\MHOS\NMR\DEC16-2005MHOS_044001r Frequency (MHz) 300.13
Nucleus 1H Number of Transients 16 Original Points Count 16384 Points Count 16384
Pulse Sequence zg30 Solvent CHLOROFORM-d Spectrum Offset (Hz) 1850.1874
Sweep Width (Hz) 6172.84 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.624.222.173.141.000.97

N
H

O

O





(H-pyPhe-OEt, 3d)
Acquisition Time (sec) 1.9792 Comment 13935-022 Date 15 Oct 2005 18:16:28
File Name C:\DATA\MHOS\NMR\OCT14-2005MHOS_080001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent DMSO-d6 Spectrum Offset (Hz) 2468.9468
Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

3.0512.812.0713.682.151.020.965.000.98

N
H
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(H-pyPhe-OEt, 3d)
Acquisition Time (sec) 1.3664 Comment 13935-022 Date 15 Oct 2005 22:20:26
File Name C:\DATA\MHOS\NMR\OCT14-2005MHOS_081001r Frequency (MHz) 100.61 Nucleus 13C Number of Transients 6144
Original Points Count 32768 Points Count 32768 Pulse Sequence zgpg30 Solvent DMSO-d6 Spectrum Offset (Hz) 9976.8184
Sweep Width (Hz) 23980.81 Temperature (degree C) 27.000

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)
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Fmoc-Phe-pyGly-OMe (4a)
Acquisition Time (sec) 1.9792 Comment Fmoc-Phe-GlyOMe Date 28 Nov 2005 12:49:50
File Name C:\DATA\MHOS\NMR\NOV28-2005MHOS_030001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.5647 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

0.991.003.174.752.9512.26

N
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O
NHFmoc

Ph





Fmoc-Val-pyAla-OEt (4b)
Acquisition Time (sec) 1.9792 Comment Fmoc-Val-pyAla-OEt Date 18 Dec 2005 08:14:48
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_030001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2467.0701 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.346.121.195.181.012.032.032.06

N

O

O

O
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Fmoc-Leu-pyAla-OEt (4c)
Acquisition Time (sec) 1.9792 Comment Fmoc-Leu-pyAla-OEt Date 18 Dec 2005 08:10:02
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_020001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2467.5754 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

9.763.901.004.45

N
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O

O
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Fmoc-Phe-pyAla-OEt (4d)
Acquisition Time (sec) 1.9792 Comment Fmoc-Phe-pyAla-OEt Date 18 Dec 2005 08:04:40
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_010001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2457.9753 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.140.971.135.381.011.031.061.0014.15
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O

O

O
NHFmoc
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Fmoc-Phe-pyAla-OEt (4d)
Acquisition Time (sec) 1.3664 Comment Fmoc-Phe-pyAla-OEt Date 18 Dec 2005 02:24:30
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_011001r Frequency (MHz) 100.61 Nucleus 13C
Number of Transients 1000 Original Points Count 32768 Points Count 32768 Pulse Sequence zgpg30
Solvent CHLOROFORM-d Spectrum Offset (Hz) 10011.1855 Sweep Width (Hz) 23980.81
Temperature (degree C) 27.000

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)
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Fmoc-Ala-pyVal-OEt (4e)
Acquisition Time (sec) 1.9792 Comment Fmoc-Ala-pyVal-OEt Date 19 Dec 2005 17:39:04
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_120001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.5649 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

16.051.016.750.961.008.09
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O

O
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Fmoc-Leu-pyVal-OEt (4f)
Acquisition Time (sec) 1.9792 Comment Fmoc-Leu-pyVal-OEt Date 18 Dec 2005 23:02:52
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_100001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.5647 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5 -1.0
Chemical Shift (ppm)

21.300.991.961.061.031.171.864.072.01
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O

O
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Fmoc-Phe-pyVal-OEt (4g)
Acquisition Time (sec) 1.9792 Comment Fmoc-Phe-pyVal-OEt Date 19 Dec 2005 17:44:22
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_110001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.0598 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

3.133.113.041.210.801.005.111.011.011.011.0014.17
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Fmoc-Ala-pyLeu-OEt (4h)
Acquisition Time (sec) 1.9792 Comment Fmoc-Ala-pyLeu-OEt Date 23 Dec 2005 17:36:10
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_072001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.0601 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.377.174.199.078.17
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O
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Fmoc-Val-pyLeu-OEt (4i)
Acquisition Time (sec) 1.9980 Comment jetmh-Fmoc-Val-pyLeu-OEt Date Jan  2 2006
File Name C:\0701 Frequency (MHz) 300.06 Nucleus 1H Number of Transients 8 Original Points Count 9592
Points Count 16384 Pulse Sequence s2pul Receiver Gain 20.00 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 1804.1276 Sweep Width (Hz) 4800.77 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

21.090.176.491.001.918.120.01
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O

O

O
NHFmoc





Fmoc-Phe-pyLeu-OEt (4j)
Acquisition Time (sec) 1.9792 Comment Fmoc-Phe-pyLeu-OEt Date 19 Dec 2005 06:40:42
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_090001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2425.5049 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

6.343.323.392.056.201.001.040.9713.61
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O
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Fmoc-Ala-pyPhe-OEt (4k)
Acquisition Time (sec) 1.9792 Comment Fmoc-Ala-pyPhe-OEt Date 19 Dec 2005 06:30:44
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_050001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.0596 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

9.417.411.992.0013.31
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O
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Fmoc-Val-pyPhe-OEt (4l)
Acquisition Time (sec) 1.9792 Comment Fmoc-Val-pyPhe-OEt Date 19 Dec 2005 06:25:54
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_060001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2466.0596 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

14.007.181.951.9713.09
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O
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Fmoc-Leu-pyPhe-OEt (4m)
Acquisition Time (sec) 1.9792 Comment Fmoc-Leu-pyPhe-OEt Date 18 Dec 2005 08:19:36
File Name C:\DATA\MHOS\NMR\DEC16-2005MHOS_040001r Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Original Points Count 16384 Points Count 16384 Pulse Sequence zg30 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2467.0703 Sweep Width (Hz) 8278.15 Temperature (degree C) 27.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

14.475.032.102.022.0013.48
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O
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Boc-Phe-pyPhe-OEt (4n)
Acquisition Time (sec) 1.9980 Comment jetmh-Boc-Phe-pyPhe-OEt Date Mar 23 2006
File Name C:\1601 Frequency (MHz) 300.06 Nucleus 1H Number of Transients 8 Original Points Count 9592
Points Count 16384 Pulse Sequence s2pul Receiver Gain 30.00 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 1803.5415 Sweep Width (Hz) 4800.77 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

12.001.032.071.002.041.781.041.011.608.78
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H-Phe-pyAla-OEt (5)
Acquisition Time (sec) 1.9980 Comment jeymh-depro Date Jan 26 2006
File Name C:\2101 Frequency (MHz) 300.06 Nucleus 1H Number of Transients 8 Original Points Count 9592
Points Count 16384 Pulse Sequence s2pul Receiver Gain 16.00 Solvent BENZENE-d6
Spectrum Offset (Hz) 1814.7833 Sweep Width (Hz) 4800.77 Temperature (degree C) 29.000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

2.953.342.401.232.241.080.970.941.004.842.06
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