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1. General

Inorganics, organic reagents, and solvents were commercial pure compounds and used without further
purification. TLC analyses were performed using silica gel plates (silica gel 60 F-254) visualized by
UV light, iodine, and ninhydrin spray. Column chromatography was carried out on silica gel (70-230
mesh). 'H and *C NMR spectra were recorded on 500, 400, and 200 MHz spectrometers: chemical
shifts in ppm (J) and J coupling constants in Hz, solvent CDCIl; unless otherwise specified. The
following abbreviations are used to indicate the multiplicity: s, singlet; d, doublet; m, multiplet; b,
broad signal. Chiral HPLC analysis were performed by Daicel ChiralPak IC column (250 x 4.6 mm)
and DAD UV detector. Optical rotations were measured at A = 589 nm (1.0 dm cell) solvent CHCl;
unless otherwise specified. All compounds for which analytical and spectroscopic data are quoted were
homogeneous by TLC and HPLC. All new compounds were characterized on the basis of one- and
two-dimensional NMR experiments including COSY and HSQC. Abbreviations. Boc: tert-
butyloxycarbonyl; DCC: N,N-dicyclohexylcarbodiimide; HOBt: N-hydroxybenzotriazole.

The notation (#/S) indicates intermediates not mentioned in the manuscript.

2. Starting B’-amino acid methyl esters

B*-HPhg-OMe
B’-HPhe-OMe
[S. Capone, A. Guaragna, G. Palumbo, S. Pedatella, Tetrahedron 2005, 61, 6675-6579]

B’-HLeu-OMe
B’-HTyr(Bn)-OMe
[R. Caputo, E. Cassano, L. Longobardo, G. Palumbo, Tetrahedron 1995, 51, 12337-12350.]

B*-HCys(Bn)-OMe

[K. Mang’era, H. Vanbilloen, B. Cleynhens, T. de Groot, G. Bormans, A. Verbruggen, K. Verbeke,
Nucl. Med .Biol. 2000, 27, 781-789.]

B*-HTrp-OMe (9/S)

Prepared according to R. Caputo, E. Cassano, L. Longobardo, G. Palumbo, Tetrahedron 1995, 51,
12337-12350: glassy oil, [a]o”> = 1.6 (¢ = 3.0). '"H NMR (500 MHz): J 2.64-2.72 (m, 2H, H-2), 3.00
(dd, J=14.4,J=6.9, 1H, Ha-4), 3.07 (dd, J = 14.4, J= 7.4, 1H, Hb-4), 3.56 (s, 3H, OMe), 3.70-3.78
(m, 1H, H-3), 6.97-7.42 (m, 5H, H-Ar), 8.28 (bs, 1H, NH). °C NMR (125 MHz): 6 28.3, 35.1, 49.5,
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524,111.5,118.7,119.9, 122.6, 124.0, 126.5, 128.3, 136.3, 172.1. Calculated for C;3H;sN,O,
(232.28): C, 67.22%; H, 6.94%; N, 12.06%; found: C, 67.25%; H, 6.90%; N, 12.01%.

3. Experimental procedures
3.1. Coupling reactions of Boc-proline and B3-HAaa methyl esters.

8,
A(C\_)LH _

(3R)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-pyrrolyl]carboxamido-3-phenylpropanoic
acid methyl ester (10/S).

To a solution of fert-butyloxycarbonyl-L-proline (0.46 mmol) in dry CH,Cl, (3 mL), HOBt (0.92
mmol) was added at 0° C. The mixture was stirred for 30 min. Then DCC (0.50 mmol) in dry CH,Cl,
(1 mL) and protected f-amino acids (0.42 mmol) in the same solvent (2 mL) were added. The reaction
mixture was stirred at 0° C for 12 h, then concentrated under reduced pressure. The resulting mixture
was diluted with EtOAc (20 mL). The organic layer was washed with saturated aqg NaHCO; (10 mL)
and brine (10 mL), dried (NaySOs), and after removal of solvent under reduced pressure, the residue
was purified by silica gel chromatography to give the title protected dipeptide. Yield 85%. Oil, [a],> =
—54.1 (¢ = 1.1). "H NMR (400 MHz, CD;0D): ¢ 1.43 (bs, 9H, Boc), 1.79-1.99 (m, 3H, H-4" and Ha-
3%), 2.09-2.18 (m, 1H, Hb-3"), 2.79-2.90 (m, 2H, H-2), 3.35-3.52 (m, 2H, H-5"), 3.65 (s, 3H, OMe),
4.05-4.09 (m, 1H, H-2"), 5.25-5.35 (m, 1H, H-3), 7.18-7.32 (m, 5H, H-Ar), 8.25 (bd, /= 5.7, 1H, NH).
BC NMR (125 MHz, CD;0D): § 26.6, 26.8, 32.2, 41.5, 47.9, 50.5, 50.9, 61.6, 79.7, 128.0, 128.6,
129.2, 142.5, 149.9, 172.7, 176.0. Calculated for C,0H,sN,Os (376.45): C, 63.81%; H, 7.50%; N,
7.44%; found: C, 63.78%; H, 7.46%; N, 7.46%.
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Under the same conditions the following compounds were prepared:

o\(o q 0
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(35)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-pyrrolyl]carboxamido-4-phenylbutanoic
acid methyl ester (11/S).

hn

Yield 87%. Oil, [a]p> = —48.2 (¢ = 1.2, acetone). 'H NMR (400 MHz): 6 1.44 (bs, 9H, Boc), 1.55-1.98
(m, 4H, H-4> and H-3"), 2.45-2.60 (m, 2H, H-2), 2.88-2.92 (m, 2H, CH,-Ph), 3.24-3.44 (m, 2H, H-5"),
3.69 (s, 3H, OMe), 4.08-4.27 (m, 1H, H-2"), 4.45-4.55 (m, 1H, H-3), 7.14-7.34 (m, 5H, H-Ar). °C
NMR (125 MHz): 8 23.1, 23.8, 26.5, 35.6, 38.0, 45.1, 47.3, 49.8, 59.4, 78.5, 124.9, 126.7, 127.3, 135.9,
155.0, 169.6, 170.0. Calculated for C,;H3N,Os (390.47): C, 64.59%; H, 7.74%; N, 7.17%; found: C,
64.56%; H, 7.71%:; N, 7.21%.

YL

-

(35)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-pyrrolyl]carboxamido-5-methylhexanoic
acid methyl ester (12/S).

Yield 83%. Oil, [o],> = —66.4 (c = 0.4, acetone). 'H NMR (400 MHz): 6 0.90 (d, J = 6.3, 6H, H-6 and
CHs), 1.08-1.38 (m, 2H, H-4), 1.45 (s, 9H, Boc), 1.50-1.58 (m, 1H, H-5), 1.69-1.92 (m, 3H, H-4’ and
Ha-3"), 2.03-2.15 (m, 1H, Hb-3"), 2.42-2.58 (m, 2H, H-2), 3.22-3.57 (m, 2H, H-5"), 3.66 (s, 3H, OMe),
4.19-4.39 (m, 2H, H-2 and H-3). 3C NMR (50 MHz): 5 21.9, 23.0, 25.1, 28.3, 39.1, 43.1, 44.1, 47.0,
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60.1, 51.6, 80.3, 156.1, 172.0, 186.4. Calculated for C;sH3,N>Os (356.46): C, 60.65%; H, 9.05%; N,
7.86%; found: C, 60.68%; H, 9.00%; N, 7.90%.

i
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(3R)-4-(benzylsulfanyl)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-
pyrrolyljcarboxamidobutanoic acid methyl ester (13/S).

Yield 86%. Oil, [a]p> =-29.3 (¢ = 1.1, acetone). 'H NMR (400 MHz): 6 1.40 (bs, 9H, Boc), 1.78-2.18
(m, 4H, H-4> and H-3"), 2.49-2.76 (m, 4H, H-4 and H-2), 3.29-3.51 (m, 2H, H-5"), 3.63 (s, 3H, OMe),
3.73 (s, 2H, SCH,-Ph), 4.11-4.40 (m, 2H, H-2’ and H-3), 7.18-7.35 (m, 5H, H-Ar). >C NMR (50
MHz): § 24.4, 28.3, 34.8, 36.0, 36.8, 44.8, 47.0, 51.7, 60.4, 80.4, 127.0, 128.5, 129.0, 138.1, 155.8,
171.6, 175.4. Calculated for CH3N,0sS (436.46): C, 60.53%; H, 7.39%; N, 6.42%; found: C,
60.49%; H, 7.41%:; N, 6.44%.

W"@U
APE RS

(3S)-4-[4-(benzyloxy)phenyl]-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-
pyrrolyljcarboxamidobutanoic acid methyl ester (14/S).

lin

Yield 85%. Oil, [a],” =—44.5 (¢ = 0.1, acetone). 'H NMR (500 MHz): J 1.44 (bs, 9H, Boc), 1.65-1.75
(m, 2H, H-4"), 1.82-198 (m, 2H, H-3"), 2.44-2.57 (m, 2H, H-2), 2.76-2.86 (m, 2H, CH,-Ph), 3.22-3.44
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(m, 2H, H-5"), 3.68 (s, 3H, OMe), 4.10-4.27 (m, 1H, H-2"), 4.40-4.51 (m, 1H, H-3), 5.00-5.07 (m, 2H,
OCH,-Ph), 6.85-7.45 (m, 9H, H-Ar). >C NMR (125 MHz): § 24.8, 25.5, 28.2, 33.8, 37.2, 46.9, 49.0,
51.6, 60.3, 69.8, 80.1, 113.1, 114.7, 127.3, 127.8, 128.4, 130.0, 136.9, 157.4, 157.8, 171.8, 175.1.
Calculated for CysH36N2Og (496.60): C, 67.72%; H, 7.31%; N, 5.64%; found: C, 67.76%; H, 7.35%; N,
5.62%.

[/
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(35)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-pyrrolyl]carboxamido-4-(1H-3-
indolyl)butanoic acid methyl ester (15/S).

Yield 90%. Oil, [a]> = —48.7(c = 1.3, acetone). 'H NMR (400 MHz): J 1.39 (s, 9H, Boc), 160-1.67
(m, 3H, H-4> and Ha-3"), 1.90-1.95 (m, 1H, Hb-3"), 2.49-2.54 (m, 2H, H-2), 2.98-3.15 (m, 2H, H-4),
3.20-3.25 (m, 2H, H-5"), 3.67 (s, 3H, OMe), 4.09-4.22 (m, 1H, H-2"), 4.56-4.69 (m, 1H, H-3), 6.62 (bs,
1H, NH), 7.05-7.64 (m, 5H, H-Ar), 8.19 (bs, 1H, NH). °C NMR (50 MHz): & 25.6, 28.3, 29.7, 30.4,
31.9, 37.4, 46.6, 46.9, 51.6, 61.3, 80.2, 111.1, 111.6, 118.7, 119.6, 122.1, 122.7, 127.7, 136.2, 159.6,
172.0, 176.0. Calculated for Co3H3N3Os (429.51): C, 64.32%; H, 7.27%:; N, 9.78%; found: C, 64.28%;
H, 7.22%; N, 9.76%.

S6



3.2. Boc removal from N-terminal proline

(0]
P
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(3R)-3-phenyl-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]propanoate (2S,3S)-methyl 3-amino-
2-(tert-butoxycarbonylamino)-3-phenylpropanoic acid methyl ester (1a).

e

Formic acid (0.7 mL) was slowly added to the N-proline protected dipeptide (0.1 mmol), at 0° C under
magnetic stirring. The mixture was left to raise to room temperature and stirred for 12 h. Formic acid
was then evaporated and the reaction mixture was neutralized with aq ammonia at 0° C. The product
was extracted with CH,Cl, and the organic layer, after washing with brine and drying (Na,SOj), was
concentrated under reduced pressure to get an oil residue. The residue was purified by flash column
chromatography on silica gel. Yield 89%. Oil, [a],”> = —23.2 (¢ = 0.9, acetone). 'H NMR (500 MHz,
CD;0D): 6 1.64-1.83 (m, 3H, H-4’ and Ha-3"), 2.03-2.19 (m, 1H, Hb-3"), 2.79-3.05 (m, 4H, H-2 and
H-5’), 3.61 (s, 3H, OMe), 3.65-3.74 (m, 1H, H-2’), 5.31-5.36 (m, 1H, H-3), 7.21-7.42 (m, 5H, H-Ar).
BC NMR (50 MHz, CD;0D): § 26.8, 32.1, 41.5, 48.1, 51.2, 52.2, 61.6, 127.8, 128.2, 129.2, 142.4,
172.9, 176.2. Calculated for C;sHyN,Os3 (276.33): C, 65.20%; H, 7.30%; N, 10.14%; found: C,
65.24%; H, 7.27%; N, 10.16%.

Under the same conditions the following compounds were prepared:

S7



“\/ﬁ\ 7~
N O
CE N

(3S)-4-phenyl-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]butanoic acid methyl ester (1b).

nhn

Yield 90%. Oil, [a]p> = —48.7 (¢ = 1.0, acetone). "H NMR (500 MHz): ¢ 1.87-2.11 (m, 3H, H-4’ and
Ha-3’), 2.26-2.44 (m, 1H, Hb-3"), 2.48-2.56 (m, 2H, H-4), 2.79 (dd, J = 13.6, J = 7.4, 1H, Ha-2), 2.93
(dd, J=13.6,J = 7.5, 1H, Hb-2), 3.30-3.43 (m, 2H, H-5"), 3.63 (s, 3H, OMe), 4.39-4.49 (m, 1H, H-3),
4.50-4.58 (m, 1H, H-2"), 7.11-7.31 (m, 5H, H-Ar), 8.05 (bs, 1H, NH). °C NMR (125 MHz): ¢ 24.0,
29.5, 37.2, 39.8, 46.3, 48.8, 51.7, 59.4, 126.7, 128.5, 129.1, 137.1, 167.7, 171.6. Calculated for
C16H2N,03 (290.36): C, 66.18%; H, 7.64%:; N, 9.65%; found: C, 66.23%; H, 7.61%; N, 9.69%.

(3S)-5-methyl-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]hexanoic acid methyl ester (1c).

Yield 86%. Oil, [a]o> =—-50.6 (c = 0.9, acetone). '"H NMR (400 MHz): § 0.87 (d, J = 6.5, 6H, H-6 and
CHs), 1.31-1.46 (m, 1H, Ha-4), 1.48-1.75 (m, 2H, Hb-4 and H-5), 1.97-2.21 (m, 3H, H-4" and Ha-3"),
2.32-2.57 (m, 3H, Hb-3’ and H-2), 3.39-3.50 (m, 2H, H-5"), 3.64 (s, 3H, OMe), 4.25-4.29 (m, 1H, H-
3), 4.57-4.61 (m, 1H, H-2"), 7.91 (bs, 1H, NH). *C NMR (100 MHz): § 21.8, 22.7, 24.3, 24.7, 29.6,
39.1, 42.9, 45.7, 46.4, 51.7, 59.4, 167.9, 171.8. Calculated for C;3H24N,O;3 (256.34): C, 60.91%; H,
9.44%; N, 10.93%; found: C, 60.88%; H, 9.41%; N, 10.96%.
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(3R)-4-(benzylsulfanyl)-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]butanoic acid methyl ester
(1d).

LI

Yield 90%. Oil, [a]o> = —41.1 (¢ = 0.7, acetone). 'H NMR (400 MHz, CD;0D): J 1.98-2.10 (m, 3H,
H-4’ and Ha-3), 2.36-2.43 (m, 1H, Hb-3"), 2.56 (dd, J = 15.6, J = 8.6, 1H, Ha-2), 2.65 (d, J = 7.0, 2H,
H-4), 2.73 (dd, J = 15.6, J = 4.9, 1H, Hb-2), 3.29-3.43 (m, 2H, H-5"), 3.64 (s, 3H, OMe), 3.76 (s, 2H,
CH,Ph), 4.17-4.22 (m, 1H, H6), 4.35-4.61 (m, 1H, H-3), 7.18-7.38 (m, 5H, H-Ar). >C NMR (100
MHz, CD;0D): 6 25.0, 31.2, 36.1, 36.9, 38.9, 47.4, 47.8, 52.3, 61.1, 128.1, 129.5, 130.0, 139.6, 169.3,
172.9. Calculated for C;7H,4N,03S (336.45): C, 60.69%; H, 7.19%; N, 8.33%; found: C, 60.71%; H,

7.16%; N, 8.38%.

»

(35)-4-|4-(benzyloxy)phenyl]-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]butanoic acid methyl
ester (1e).

Yield 90%. Oil, [a],>> = -29.3 (¢ = 1.1, acetone). 'H NMR (500 MHz): 1.89-2.07 (m, 3H, H-4’ and Ha-
3%), 2.26-2.41 (m, 2H, Hb-3"), 2.44-2.57 (m, 2H, H-4), 2.72 (d, J = 14.1, J = 8.0, 1H, Ha-2), 2.86 (d, J
=14.1,J=5.8, 1H, Hb-2), 3.29-3.41 (m, 2H, H-5"), 3.61 (s, 3H, OMe), 4.32-4.43 (m, 1H, H-2), 4.48-
4.59 (m, 1H, H-3), 4.97-5.04 (d, J = 7.3, 2H, OCH,-Ph), 6.80-7.40 (m, 9H, H-Ar), 7.97 (bd, J = 7.3,
NH). *C NMR (50 MHz): 6 24.4, 30.0, 37.3, 39.0, 46.3, 49.0, 51.7, 59.5, 69.9, 114.9, 127.5, 127.9,

S9



128.5, 129.5, 130.2, 137.0, 157.7, 168.7, 171.8. Calculated for C»3H2N>O4 (396.48): C, 69.67%; H,
7.12%; N, 7.07%; found: C, 69.67%; H, 7.08%; N, 7.11%.

(35)-4-(1H-3-indolyl)-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]butanoic acid methyl ester
(11).

Yield 90%. Oil, [a]o>> = —36.7 (¢ = 0.4, Acetone). "H NMR (500 MHz): 6 1.80-1.99 (m, 3H, H-4" and
Ha-3’), 2.24-2.37 (m, 1H, Hb-3’), 2.55-2.66 (m, 2H, H-4), 2.94-3.06 (m, 1H, Ha-2), 3.16-3.33 (m, 3H,
Hb-2 and H-5’), 3.65 (s, 3H, OMe), 4.35-4.45 (m, 1H, H-2’), 4.55-4.65 (m, 1H, H-3), 6.96-7.68 (m,
5H, H-Ar), 7.80-7.92 (m, 1H, NH), 8.33-8.44 (m, 1H, NH). >C NMR (50 MHz): 6 24.3, 29.7, 30.1,
384, 46.5, 47.9, 51.8, 59.5, 111.0, 111.5, 118.5, 119.5, 122.1, 123.1, 127.3, 136.0, 168.1, 171.8.
Calculated for C;sH»3N303 (329.39): C, 65.63%; H, 7.04%; N, 12.76%; found: C, 65.66%; H, 7.02%;
N, 12.71%.
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3.3. Synthesis of C-2-substituted B’-HPhg-OMe

(2S,35)-2-(tert-butoxycarbonylamino)-3-(dibenzylamino)-3-phenylpropanoic acid methyl ester
3).

To a stirred solution of (25,35)-2-amino-3-(dibenzylamino)-3-phenylpropanoic acid methyl ester [S.
Capone, A. Guaragna, G. Palumbo, S. Pedatella, Tetrahedron 2005, 61, 6675-6579] (1.2 mmol) in IM
NaOH (2.6 mL) at 0° C, (Boc),O (1.6 mmol) in dioxane (1.2 mL) was added slowly. The reaction
mixture was left overnight, then was quenched with a solution NaHSO4 (2 mL) and extracted with
EtOAc. The organic layer was washed with brine until neutral, dried (Na,SO4), and the solvents
evaporated under reduced pressure. Chromatography on silica gel (hexane/EtOAc, 8:2) afforded the
oily pure title compound (Yield 92%), [a]o>> = 50.7 (¢ = 1.5). '"H NMR (500 MHz): § 1.23 (s, 9H,
Boc), 3.02 (d, J=13.0, 2H, CH,-Ph), 3.82 (s, 3H, OMe), 3.90-4.03 (m, 3H, CH,-Ph and H-3), 4.55 (bd,
J=17.9, 1H, NH), 5.06-5.18 (m, 1H, H-2), 7.18-7.49 (m, 15H, H-Ar). *C NMR (50 MHz): § 28.0, 45.3,
52.1, 53.8, 64.7, 73.1, 127.1, 128.2, 128.9, 129.8, 138.8, 139.4, 140.1, 169.8, 171.2. Calculated for
C29H34N»04 (474.59): C, 73.39%; H, 7.22%; N, 5.90%; found: C, 73.43%; H, 7.25%; N, 5.86%.
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(2S,3S)-methyl 3-amino-2-(tert-butoxycarbonylamino)-3-phenylpropanoic acid methyl ester (4).

A magnetically stirred solution of N,N-dibenzylated p*-amino acid (0.6 mmol) in glacial AcOH (15
mL) was treated with hydrogen over 30% Pd/C catalyst (69 mg) for 2 h at 50° C, under a slightly
positive pressure (~3 bar). The mixture was then filtered through Celite” and washed with MeOH (20
mL). After removal of the solvents under reduced pressure, the residue was purified by silica gel
chromatography. Yield 95%. Oil, [a],> = 29.0 (¢ = 0.9). '"H NMR (500 MHz): § 1.41 (s, 9H, Boc),
3.65 (s, 3H, OMe), 4.45-4.53 (m, 1H, H-3), 4.61-4.70 (m, 1H, H-2), 5.18-5.26 (m, 1H, NH), 7.11-7.46
(m, 5H, H-Ar). >C NMR (125 MHz): § 28.9, 52.3, 54.3, 55.0, 79.9, 128.3, 128.5, 130.0, 137.7, 139.8,
169.4, 172.1. Calculated for C;sH2,N204 (294.35): C, 61.21%; H, 7.53%; N, 9.52%; found: C, 61.26%;
H, 7.49%; N, 9.50%.

o)
0 o)
A9 SSE P
N o)
</ HNYO
O\I/
(2S,3S)-2-(tert-butyloxycarbonylamino)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-
pyrrolyljcarboxamido-3-phenylpropanoic acid methyl ester (5).

Yield 85%. Oil, [a],”> = 12.2 (¢ = 0.9, MeOH). 'H NMR (500 MHz): & 1.45 (s, 9H, Boc), 1.49 (s, 9H,
Boc), 1.64-2.10 (m, 4H, H-4’ and H-3"), 3.32-3.53 (m, 2H, H-5"), 3.64 (s, 3H, OMe), 4.32-4.40 (m, 1H,
H-2’), 4.69-4.80 (m, 1H, H-3), 5.43-5.55 (m, 1H, H-2), 7.04-7.35 (m, 5H, H-Ar), 8.18-8.30 (m, 1H,
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NH), 8.30-8.39 (m, 1H, NH). ?C NMR (125 MHz): § 24.4, 28.0, 28.3, 29.5, 46.8, 52.1, 55.0, 57.1,
60.1, 80.0, 114.7, 126.4, 127.5, 128.1, 156.7, 158.3, 172.1, 175.7. Calculated for C,sH37N307 (491.58):
C, 61.08%; H, 7.59%; N, 8.55%; found: C, 61.21%; H, 7.32%; N, 8.60%.

(2S,3S)-2-amino-3-phenyl-3-[(2S)tetrahydro-1H-2-pyrrolylcarboxamido]propanoic acid methyl
ester (1g).

Yield 82%. Oil, [o]p> = 9.7 (¢ = 0.9, MeOH). 'H NMR (500 MHz, CD;0OD): 6 2.01-2.17 (m, 3H, H-4’
and Ha-3"), 2.41-2.52 (m, 1H, Hb-3"), 3.37-3.46 (m, 2H, H-5"), 3.81 (s, 3H, OMe), 4.27-4.41 (m, 2H,
H-2 and H-2"), 5.44 (bd, J = 7.63, H-3), 7.37-7.50 (m, 5H, H-Ar). °C NMR (125 MHz, CD;0D): §
25.2, 31.5, 47.8, 54.0, 56.1, 58.1, 61.4, 129.1, 131.4, 136.9, 169.9, 170.1. Calculated for C;sH, N303
(291.35): C, 61.84%; H, 7.27%; N, 14.42%; found: C, 61.88%; H, 7.26%; N, 14.40%.

@/\N o
HN, 20

Z
o)

(2S,3S)-3-(dibenzylamino)-2-[(4-methylphenyl)sulfonamido]-3-phenylpropan ic acid methyl ester
(6).

S13



To a solution of (25,3S)-2-amino-3-(dibenzylamino)-3-phenylpropanoic acid methyl ester [S. Capone,
A. Guaragna, G. Palumbo, S. Pedatella, Tetrahedron 2005, 61, 6675-6579] (0.7 mmol) dissolved in
H,O/THF (3:1) cesium carbonate (2.2 mmol) and 4-toluenesulfonyl chloride (2.2 mmol) were added at
r.t.. The reaction mixture, stirred for 2 h, was extracted with EtOAc. The organic layer was washed
with brine until neutral, dried (Nay;SOs), and the solvents evaporated under reduced pressure. Flash
chromatography on silica gel (hexane/EtOAc, 85:15) afforded the oily pure title compound (Yield
81%). [a]o> = 31.5 (c = 4.5, acetone). 'H NMR (400 MHz): § 2.42 (s, 3H, CH3), 2.93 (d, J = 13.5, 2H,
CH,-Ph), 3.49 (s, 3H, OMe), 3.85 (d, J = 13.5, 2H, CH»-Ph), 3.91 (d, J = 10.6, 1H, H-3), 4.56-4.68 (m,
2H, H-2 and NH), 6.98-7.55 (m, 19H, H-Ar). *C NMR (125 MHz): § 21.4,49.8, 51.9, 53.7, 56.9, 64 2,
127.0, 127.3, 128.0, 128.1, 128.7, 129.3, 129.5, 131.2, 136.0, 138.3, 143.5, 170.7. Calculated for
C31H3N>04S (528.66): C, 70.43%; H, 6.10%; N, 5.30%; found: C, 70.46%; H, 6.09%; N, 5.33%.

o]

SN
\

(2S,3S)-3-amino-2-[(4-methylphenyl)sulfonamido]-3-phenylpropanoic acid methyl ester (7).

The title compound was obtained by the corresponding N,N-dibenzylated p*-amino acid under the
conditions reported. Yield 80%. Oil, [a]> = 3.6 (¢ = 1.4, acetone). 'H NMR (500 MHz): & 2.39 (s, 3H,
CHj3), 3.37 (s, 3H, OMe), 4.19 (d, J = 4.6, 1H, H-3), 433 (d, J = 4.6, 1H, H-2), 7.12-7.72 (m, 9H, H-
Ar). °C NMR (125 MHz): 6 19.7, 50.4, 55.5, 59.6, 124.6, 125.5, 126.3, 126.6, 126.8, 127.8, 134.6,
138.0, 141.9, 168.0. Calculated for C;7H29N204S (348.42): C, 58.60%; H, 5.79%; N, 8.04%; found: C,
58.57%; H, 5.81%; N, 8.07%.

S14
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(2S,3S5)-2-(4-methylphenylsulfonamido)-3-[(2S)-1-(tert-butyloxycarbonyl)tetrahydro-1H-2-
pyrrolyljcarboxamido-3-phenylpropanoic acid methyl ester (8).

Yield 83%. Oil, [a]o>> = —40.3 (¢ = 2.1, acetone). "H NMR (500 MHz): & 1.48 (s, 9H, Boc), 1.82-2.15
(m, 4H, H-4’ and H-3"), 2.41 (s, 3H, CH3), 3.32-3.60 (m, 5SH, OMe and H-5"), 4.20-4.59 (m, 2H, H-2’
and H-2), 5.23-5.36 (m, 1H, H-3), 5.76-5.96 (bs, 1H, NH), 7.15-7.78 (m, 9H, H-Ar), 8.40 (bs, 1H, NH).
BC NMR (125 MHz): § 21.4, 25.6, 28.4, 29.6, 47.2, 52.3, 54.4, 58.8, 60.6, 80.7, 126.7, 127.3, 128.6,
129.6, 136.1, 143.6, 156.1, 169.9, 171.8. Calculated for C,7H35N307S (545.65): C, 59.43%; H, 6.47%;
N, 7.70%; found: C, 59.40%; H, 6.49%; N, 7.66%.

(ml\zz
b
\

N

(2S,3S)-2-(4-methylphenylsulfonamido)-3-phenyl-3-((S)-pyrrolidine-2-carboxamido)propanoic
acid methyl ester (1h).

Yield 80%. Oil, [a]o> =—-3.8 (¢ = 0.1, acetone). 'H NMR (400 MHz): § 1.65-1.76 (m, 2H, H-4"), 1.80-
1.93 (m, 1H, Ha-3"), 2.10-2.20 (m, 1H, Hb-3"), 2.38 (s, 3H, CHj3), 2.90-3.10 (m, 2H, H-5"), 3.46 (s, 3H,
OMe), 3.83 (dd, J=9.1,J=5.6, 1H, H-2"),4.37 (d,/=3.9, 1H, H-2), 5.37 (dd, /= 8.8, J=3.9, 1H, H-
3), 7.16-7.69 (m, 9H, H-Ar), 8.72 (d, J = 8.8, 1H, NH). °C NMR (100 MHz): § 21.4, 25.9, 30.2, 47.1,

S156



52.5,53.7, 58.6, 60.5, 126.9, 127.3, 128.4, 128.7, 129.6, 135.6, 135.7, 143.8, 169.0, 175.0. Calculated
for C2oH27N30sS (445.53): C, 59.31%; H, 6.11%; N, 9.43%; found: C, 59.34%; H, 6.13%; N, 9.42%.
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'"H NMR (400 MHz, CD;0D) spectrum of 10/S
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'"H NMR (400 MHz, CDCl;) spectrum of 15/S
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'"H NMR (400 MHz, CD;0D) spectrum of 1d
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'"H NMR (400 MHz, CDCl;) spectrum of 6
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'"H NMR (400 MHz, CDCl;) spectrum of 1h
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Catalyst

ZT
Iz

O/

10 mol % in THF, 25° C, 48h

Column DAICEL CHIRRLFRE IC: flow 1.2 ml/min hexans/ethancl/dichloromethans

Z2:4:11 Signsal:

Data File

LADL B Wavelength=2¢4.10 nm

: WCHEM32Y1%DATA\HS\HS.D HELC1100 03/04/2008

danisle

med
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Width Are Height
min] naU*z nal
.4032 135%&.58801 £7.734
0.3%02 104.,37838 4.458

1300.%883%9 gZ.l%

Racemic Mixture
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ZT

N O//
H

Catalyst 10 mol % in brine, 25° C, 48h

Column DAICEL CHIBRLFLZE IC: f£low 1.2 ml/min hexans/ethancl/dichloromethans
g5:4:11 S5ignal: DAD]1 B Wawelengcth=Z2¢4.10 nm

Data File <:“WCHEM3IZ“W1W\DATRAWHI1OYWHI1O0.D HPLC1100 31/03/Z00% 15:58:05 daniele

mal S
=
— _‘_C"
Bl =&
£
x.
= F
1" = “;..@_-'
J__/EF‘-\\-\__\_
T T T T ——T T T T
7 7 i d 13 mn
Peak BetTime Type Width Area Height Area
3 min [min [mMAU* =3 mal %
1 18.731 MM 0.4008 1383.1%33¢ 57.5144% 53,8530
2 18.066 MM 0.3561 90.55321 4.239%38 £.1470
Totals 1473.78657 61.75447

Racemic Mixture
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ZT
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Catalyst 10 mol % in water, 25° C, 48h

Zolumn DAICEL CHIBRALERE IC; flow 1.2 mlL/min hexans/echancl/dichlcromechans
85:4:11 Signal: DRED]1 B Wawvelength=Zc4.1l0 nm

Iz

Data File C:%\CHEM3Z%1%\DATAEYH15%H15.D HELCL1100 15/05/Z00% 17:07:43 danisle

m~
= -‘E'h
=
- =
£
x -
T
in 4 = ) W'
5 =
T T T T T
1 13 i
Peak RBetTime Tvpe Width Area Height Area
F [min [min [mAT* 3 mAU %
1 1&.730 MM 0.4001 12%3,80408 CB.27502 G1.74&0
2 18.0&8& MM 0.4267 125.84443 4.%151¢ 8.2540
Totals 1524, 04851 63.1%8018

Racemic Mixture
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ZT

O/

Catalyst 10 mol % in water, 25° C, 48h

Column DRICEL CHIBRALFPZE IC; flow 1.2 ml/min hexane/ethancl/dichloromsthans
E§5:4:11 Signal: DAD]1 B Wavelength=Ze4.10 nm

Iz

Data File C:\CHEM32\1\DATR“WHZ3%.HZ3.D HPLC1100 09/04/20058 12:13:29 daniesle

Norm

=

e

=

Peak BetTime Type Width Area Height Area
# [min] [min] [mal*3] mald] %

Racemic Mixture
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Catalyst

Column DAICEL CHIBALFRE IC;
B3:4:11 Zignal:

BnO

ZT

Ve

10 mol % in water, 25° C, 48h
flow

1.2 mlL/min hexans/ecthancl/dichloromethans
DED]1 B Wavelengih—264 .10 un

Data File C:\CHEM3IZ‘\1“DARTRA“HZ4“HZ4.D HFLC1100 17/04/200% (O%:44:15 daniele
m~d
LU g {‘\_-:\_-
=&
‘{ 4
g
)
| E _\‘\.g_“
=5
T 1 T T T T 1 7T T T T
i i i 1 115
Feak Width Are Height Area
# [min 3] mall] %
1 1395 04785 85.1 8408
2 o4 4102 .2 1552
Totals 45387 ©1.41725

Racemic Mixture
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ZT

O/

Iz

Catalyst

Column DAICEL CHIBRLEPRE IC:
Eo:a:1]l Zignal:

10 mol % in brine, 25° C, 48h
flow
DED]1 B Wavelength=Ze4.1l0 nm

1.2 mL/min hexans/ethancl/dichloromethans

Data File C:“\CHEM3Z2%1\DLTZ“HZ5“HZ5.D HPLCL100 1770472005 15:48:55 danisle
mall ] -
= &
B &
2_' o
A = ;ﬁF
o
T — — T T — T T T
18 7 13 mn
Peak ERetTime Tvpe Width Area Height Area
: 3 (min (min [MAU*3 mall] %
1 16.453 MM 0.383%2 1%17.37134 £2.10417 44,7514
2 17,7383 MM 0.31%4 105.35524 S5.4857T20 2.2086
Totals =2022.72c58 £7.80137
Racemic Mixture
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Catalyst

B5:4211 Signal:

ZT

O/

Iz

NH, 10 mol % in brine, -16° C, 48h

Column DAICEL CHIRRLFRE IC; flow

1.2 mL/min hexans/ethancl/dichloromethans
DED1 B Wavelength=Zeg4.10 nm

Data File C:\CHEM3IZYW1“DATAYWHZO0YWH3O0.D HPLC1100 Z&/0&/200% 17:44:12 daniele

mad

EE

e

1=

1122
£,

Bt

o=
-
3

[

JI-'F

mn

1742.52414 T1.1558%

Racemic Mixture
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ZT

O/

Catalyst NHTs 3 mol % in brine, -16° C, 48h
Column DRICEL CHIBRALPRE IC: flow 1.2 ml/min hexanes/ethancl/dichloromsthans
E§5:4:11 Signal: DAD]1 B Wavelength=Ze4.10 nm

Iz

Data File C:%“WCHEM3ZWI1WDATAYWH41%“H41.D HELCL100 0770772008 15:1Z:06 daniesle

me
z &
§ 2
o
2-'_
= =
a = 5
- 'i'\\
A,Jffﬁiiﬂx:}__
T T T T T — T — T — T — T — T T T T
T T 13 i
Feak BEetTims Iypese Width Are Height Area
: 3 nin nin [mAT*3 man S
1 16.463 MM 0.3%03 2349.42%5%3 100.31&687
zZ 17.75% MM 2.3787 17%.355732 T.53548
Totals 2528.7856¢€ 108.2523¢

Racemic Mixture
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