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1. Synthesis of the spacer-arms described in the Scheme 2, Part A

1.1. Mono-protection of 10
The diamine 10 (1 equiv) in DCM solution (10 mL / mmol) was treated with Boc2O in default (0.15 equiv) for 5 h at 0 °C and 18 h at room temperature. The organic phase was washed with water, until all the unreacted 10 was extracted. The Boc-protected compound 11 was quantitatively recovered after drying (MgSO4) and concentration under vacuum.
11a: 1H NMR (300 MHz, CDCl3): ( 1.45 (s, 9H), 1.80 (br m, 2H, NH2), 3.25 (m, 2H), 3.38 (m, 2H), 3.50-3.70 (m, 8H), 5.10 (br s, 1H, NHCO2).

11b: 1H NMR (300 MHz, CDCl3): ( 1.42 (s, 9H), 1.75 (br m, 2H, NH2), 2.84 (t, 2H, J = 5.3 Hz), 3.29 (m, 2H), 3.51 (m, 4H), 3.58 (sharp m, 8H), 5.30 (br s, 1H, NHCO2).
1.2. Coupling of 11 to thioctic acid

To a solution of amine 11 (1 equiv) and thioctic acid (1 equiv) in DCM (15 mL / mmol), were added DMAP (0.1 equiv) and DCC (1 equiv). After 18 h at room temperature, the mixture was filtered and concentrated under vacuum. The crude product was purified by column-chromatography on silica gel to give 12 as a yellow amorphous solid.
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12a: Yield = 89%; Rf = 0.39 (EtOAc); 1H NMR (300 MHz, CDCl3): ( 1.42 (s + m, 11H, H12, H19), 1.63-1.65 (m, 4H, H11, H13), 1.83-1.94 (m, 1H, H15), 2.18 (t, 2H, J = 7.5 Hz, H10), 2.38-2.49 (m, 1H, H15), 3.08-3.16 (m, 2H, H16), 3.29-3.31 (m, 2H, H2), 3.42-3.46 (m, 2H, H7), 3.50-3.59 (m, 9H, H3, H4, H5, H6, H14), 5.02 (br s, 1H, H1), 6.09 (br s, 1H, H8); 13C NMR (75 MHz, CDCl3): ( 25.0 (C11), 28.4 (C19), 28.9 (C12), 34.6 (C13), 36.3 (C10), 38.4 (C16), 39.1 (C7), 40.2 (C2), 40.3 (C15), 56.4 (C14), 69.9, 70.2, 70.3 (C3, C4, C5, C6), 79.3 (C18), 156.0 (C17), 172.8 (C9).
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12b: Yield = 58%; Rf = 0.27 (EtOAc); 1H NMR (300 MHz, CDCl3): ( 1.43 (s, 10H, H14, H21), 1.64-1.67 (m, 4H, H13, H15), 1.88-1.94 (m, 1H, H17), 2.18 (t, 2H, J = 7.5 Hz, H12), 2.40-2.45 (m, 1H, H17), 3.09-3.17 (m, 2H, H18), 3.29-3.31 (m, 2H, H2), 3.42-3.45 (m, 2H, H9), 3.50-3.62 (m, 13H, H3, H4, H5, H6, H7, H8, H16), 5.08 (br s, 1H, H1), 6.16 (br s, 1H, H10); 13C NMR (75 MHz, CDCl3): ( 25.0 (C13), 28.4 (C21), 28.9 (C14), 34.6 (C15), 36.3 (C12), 38.4 (C18), 39.1 (C9), 40.2 (C2), 40.3 (C17), 56.4 (C16), 69.9, 70.2, 70.3 (C3, C4, C5, C6, C7, C8), 79.3 (C20), 156.0 (C19), 172.8 (C11).
1.3. Boc deprotection

Compound 12 was dissolved in a 1:1 mixture of TFA and DCM (1 mL / mmol) at room temperature. After 1 h, the solution was concentrated under vacuum. The residue (crude 13) was directly used for coupling with an acid derivative. The deprotection was controlled by 1H NMR performed on an aliquot (disappearance of the (Me)3C singlet).

2. Synthesis of the spacer-arms described in the Scheme 2, Part B

2.1. Mono-protection of 14
The amino-alcohol 14 (1 equiv) was dissolved in water (2.5 mL / mmol) containing NaHCO3 (3 equiv). Benzyl chloroformate (1.2 equiv) dissolved in acetonitrile (2.5 mL / mmol) was added dropwise at 0 °C. The mixture was stirred 1 h at 0 °C and 1 h at room temperature. Addition of 0.1 N HCl (to reach pH 4), extraction with EtOAc (3x), drying over MgSO4 and concentration gave crude 15, that was purified by column-chromatography on silica gel (EtOAc / DCM (1:1)).
15a: Yield = 68%; 1H NMR (300 MHz, CDCl3): ( 2.35 (br s, 1H, OH), 3.41 (m, 2H), 3.55-3.62 (m, 8H), 3.73 (m, 2H), 5.12 (s, 2H), 5.45 (br s, 1H, NHCO2), 7.36 (sharp m, 5H); IR (film) ( 3300-3450, 1710 (strong), 1530, 1255, 1126, 1100 cm-1.

15b: Yield = 55%; 1H NMR (300 MHz, CDCl3): ( 3.10 (br s, 1H, OH), 3.40 (m, 2H), 3.58-3.75 (m, 14H), 5.12 (s, 2H), 6.08 (br s, 1H, NHCO2), 7.36 (sharp m, 5H); IR (film) ( 3300-3500, 2920, 2871, 1712 (strong), 1531, 1454, 1253, 1103 cm-1.
2.2. Michael addition of 15 to ethyl vinyl-sulfonate

To a solution of 15 (4.8 mmol) in acetonitrile (20 mL), were added vinyl sulfonate (4.8 mmol) and finely powdered KHCO3 (1.45 mmol). The mixture was heating at 80 °C, under stirring, for 3 days. Filtration, concentration and column-chromatography on silica gel gave 16 as a colourless oil. Modest yields were obtained due to the difficulty to separate the bis-Michael adduct (16’).
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16a: Yield = 25%; 1H NMR (300 MHz, CDCl3): ( 1.38 (t, 3H, J = 7.1 Hz, H14), 3.33-3.41 (m, 4H, H1, H8), 3.54-3.63 (m, 10H, H3, H4, H5, H6, H7), 3.87 (t, 2H, J = 5.3 Hz, H2), 4.28 (q, 2H, J = 7.1 Hz, H13), 5.10 (s, 2H, H11), 5.37 (br s, 1H, H9), 7.32-7.36 (m, 5H, H12); 13C NMR (75 MHz, CDCl3): ( 15.1 (C14), 40.8 (C1), 50.4 (C8), 64.8 (C2), 66.6 (C11), 66.7 (C13), 70.0, 70.2, 70.5, 70.5, 70.7 (5C, C3, C4, C5, C6, C7), 128.1, 128.5 (5C12), 136.6 (C12ipso), 156,5 (C10).
16b: Yield = 20%; 1H NMR (300 MHz, CDCl3): ( 1.40 (t, 3H, J = 7.1 Hz, H16), 3.38-3.41 (m, 4H, H1, H10), 3.57-3.63 (m, 14H, H3, H4, H5, H6, H7, H8, H9), 3.89 (t, 2H, J = 6.3 Hz, H2), 4.31 (q, 2H, J = 7.1 Hz, H15), 5.10 (s, 2H, H13), 5.37 (br s, 1H, H11), 7.32-7.36 (m, 5H, H14); 13C NMR (75 MHz, CDCl3): ( 15.1 (C16), 40.9 (C1), 50.4 (C10), 64.8 (C2), 66.6 (C13), 66.7 (C15), 70.0, 70.3, 70.4, 70.5, 70.6, 70.7 (7C, C3, C4, C5, C6, C7, C8, C9), 128.1, 128.2, 128.5 (5C14), 136.6 (C14ipso), 156,5 (C12).
16’: this product results from the coupling of the CH2CH2SO3Et chain on the carbamate nitrogen and on the alcohol oxygen. The typical 1H NMR signals are: 5.09 (s, 2H, CH2Ph), 4.05-4.20 (m, 2H) and 1.27 (t, 3H).

2.3. Deprotection of ethyl sulfonate group (17) and formation of sulfonyl chloride (18)

To a solution of 16 (0.25 mmol) in acetone (3 mL), was added sodium iodide (0.31 mmol). After 20 h at room temperature, the solvent was evaporated and the oily residue (17) was directly engaged in next step. The disappearance of the ethyl ester (OCH2CH3) was controlled by 1H NMR.
To a solution of 17 (0.25 mmol) in DMC (6 mL), was added at 0 °C, polymer-supported triphenylphosphine (3.2 mmol / g) (160 mg, 0.5 mmol). After 10 min at 0 °C and 1.5 h at room temperature, the solution was cooled at 0 °C and thionyl chloride (42 µL, 0.57 mmol) was added. After 10 min at 0 °C and 4 h at room temperature, the solution was filtered and the solvent was evaporated. The crude 18 was directly engaged in the next step.
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18a: 1H NMR (300 MHz, CDCl3): ( 3.41-3.42 (m, 2H, H8), 3.56-3.67 (m, 10H, H3, H4, H5, H6, H7), 3.93-3.95 (m, 2H, H2), 4.03-4.05 (m, 2H, H1), 5.12 (s, 2H, H11), 7.33-7.38 (m, 5H, H12).
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18b: 1H NMR (300 MHz, CDCl3): ( 3.41-3.42 (m, 2H, H10), 3.55-3.64 (m, 14H, H3, H4, H5, H6, H7, H8, H9), 3.97-3.99 (m, 2H, H2), 4.05-4.07 (m, 2H, H1), 5.11 (s, 2H, H13), 7.33-7.36 (m, 5H, H14); 13C NMR (75 MHz, CDCl3): ( 41.0 (C10), 65.0 (C2), 65.1 (C1), 66.6 (C13), 70.0, 70.3, 70.6, 70.7, 71.1 (7C, C3, C4, C5, C6, C7, C8, C9), 128.1, 128.5 (4C14), 136.7 (C14ipso), 156,5 (C12).

3. Synthesis of the EOM ester series of Scheme 1

3.1. Ethoxymethyl ester of 6-APA (1b)

To a suspension of 6-APA (200 mg, 0.93 mmol) in anhydrous acetonitrile (2 mL) was added triethylamine (130 µL, 0.93 mmol) and, after stirring for 45 min, chloromethoxyethyle (86 µL, 0.93 mmol). After stirring at room temperature for 4 h, the mixture was diluted with EtOAc (10 mL). The precipitate was filtered and the filtrate was washed with brine to remove DMF and unreacted 6-APA. The organic layer was dried over MgSO4 and concentrated under vacuum. The yellow oil was solubilised in acetone (5 mL) and freshly recristallized PTSA was added (160 mg, 0.93 mmol). The precipitate was filtered and washed with cold acetone. The ammonium salt 1b was obtained as a white solid (331 mg, 80%) and was conserved at -20 °C.
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IR (film): ( 3404, 3321, 2976, 1778, 1753, 1294, 1130, 1118 cm-1 (free amine); 1H NMR (300 MHz, CDCl3): ( 1.23 (t, 3H, J = 7.1 Hz, H13), 1.53 (s, 3H, H9), 1.66 (s, 3H, H8), 3.71 (q, 2H, J = 7.1 Hz, H12), 4.39 (s, 1H, H3), 4.59 (d, 1H, J = 4.3 Hz, H6), 5.32 (d, 1H, J = 6.1 Hz, H11), 5.37 (d, 1H, J = 6.1 Hz, H11), 5.51 (d, 1H, J = 4.3 Hz, H5); 13C NMR (75 MHz, CDCl3): ( 15.0 (C13), 27.0 (C9), 31.5 (C8), 62.8 (C6), 63.7 (C2), 66.5 (C12), 69.9 (C5), 70.0 (C3), 90.1 (C11), 166.8 (C7), 177.9 (C10).
3.2. Ethoxymethyl 6-(-(methylsulfonylamino)-penicillinate (2b)

To a solution of 1b (191 mg, 0.69 mmol) in DCM (3 mL) at 0 °C, were added triethylamine (97 µL, 0.69 mmol) and methane sulfonylchloride (54 µL, 0.69 mmol). After 20 min at 0 °C and 5 min at room temperature, water (5 mL) was added. The aqueous phase was extracted with DCM and the organic phases were dried under MgSO4 and concentrated. The crude product was purified by column-chromatography on silica gel (cyclohexane/ EtOAc (1:1), Rf = 0.54) to give 2b as a yellow solid (148 mg, 60%).
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IR (film): ( 3270, 2924, 1782, 1749, 1332, 1153 cm-1; 1H NMR (300 MHz, CDCl3): ( 1.26 (t, 3H, J = 7.1 Hz, H13), 1.58 (s, 3H, H9), 1.68 (s, 3H, H8), 3.16 (s, 3H, H15), 3.74 (q, 2H, J = 7.1 Hz, H12), 4.48 (s, 1H, H3), 5.16 (dd, 1H, J = 4.4, 10.6 Hz, H6), 5.30 (d, 1H, J = 10.6 Hz, H15), 5.39 (sharp qAB, 2H, H11), 5.64 (d, 1H, J = 4.4 Hz, H5); 13C NMR (75 MHz, CDCl3): ( 15.0 (C13), 26.8 (C9), 32.3 (C8), 42.5 (C15), 61.8 (C6), 65.0 (C2), 66.7 (C12), 67.9 (C5), 70.4 (C3), 90.4 (C11), 167.1 (C7), 173.1 (C10); [(]D = +105.1 (c 4.4, CHCl3).

3.3. Ethoxymethyl 1,1-dioxide-6-(-(methylsulfonylamino)-penicillinate (4b)

2b (60 mg, 0.17 mmol) dissolved in a 4:1 mixture of AcOH and H2O (6 mL) was cooled at -15 °C, under vigorous stirring. KMnO4 (56 mg, 0.35 mmol) dissolved in water (5 mL) was added very slowly (30 min). The mixture was further stirred for 1 h at -10 °C, then 10% H2O2 was added to discolour the solution. DCM was added (10 mL) ant the organic phase was washed twice with 5% NaHCO3, dried over MgSO4 and concentrated. The penam sulfone 4b was obtained as a colourless oil (45 mg, 69%).
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IR (film): ( 3310, 1807, 1755 cm-1; 1H NMR (300 MHz, CDCl3): ( 1.26 (t, 3H, J = 7.1 Hz, H13), 1.45 (s, 3H, H9), 1.63 (s, 3H, H8), 3.13 (s, 3H, H15), 3.74 (q, 2H, J = 7.1 Hz, H12), 4.52 (s, 1H, H3), 4.89 (d, 1H, J = 4.6 Hz, H5), 5.33 (d, 1H, J = 6.0 Hz, H11), 5.46 (dd, 1H, J = 4.6, 11.4 Hz, H6), 5.48 (d, 1H, J = 6.0 Hz, H11), 6.23 (d, 1H, J = 11.4 Hz, H14); 13C NMR (75 MHz, CDCl3): ( 15.0 (C13), 17.8 (C9), 20.0 (C8), 42.2 (C15), 60.8 (C6), 63.8 (C2), 64.8 (C12), 65.7 (C5), 67.0 (C3), 91.2 (C11), 166.2 (C7), 173.4 (C10).

3.4. Ethoxymethyl 6-(-[(benzyloxycarbonyl)-methylsulfonylamino]-penicillinate (3b)

To sulfoacetyl dichloride (50 µL, 0.47 mmol) in anhydrous DCM (1 mL) was added at 0 °C benzyl alcohol (48 µL, 0.47 mmol). After 1 h, this mixture was slowly added to a solution of 1b (130 mg, 0.48 mmol) in anhydrous DCM (1.5 mL) previously treated with triethylamine (132 µL, 0.96 mmol). After 15 min at 0 °C and 1 h at room temperature, water (4 mL) was added and the aqueous phase was extracted with DCM. The organic phase was washed with brine, dried over MgSO4 and concentrated under vacuum. The crude product was purified by column-chromatography on silica gel (hexane/EtOAc (3:1), Rf = 0.77 in (1:1)) to give 3b as a colourless oil (110 mg, 48%).
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IR (film): ( 3275, 1783, 1740, 1355, 1163 cm-1; 1H NMR (300 MHz, CDCl3): ( 1.26 (t, 3H, J = 7.1 Hz, H13), 1.56 (s, 3H, H9), 1.63 (s, 3H, H8), 3.74 (q, 2H, J = 7.1 Hz, H12), 4.22 (d, J = 15.8 Hz, 1H, H15), 4.46 (s, 1H, H3), 4.48 (d, J = 15.8 Hz, 1H, H15), 5.17 (dd, 1H, J = 4.5, 11.0 Hz, H6), 5.23 (s, 2H, H17), 5.38 (s, 2H, H11), 5.63 (d, 1H, J = 4.5 Hz, H5), 5.93 (d, 1H, J = 11.0 Hz, H14), 7.36-7.39 (m, 5H, H18); 13C NMR (75 MHz, CDCl3): ( 15.0 (C13), 26.9 (C9), 32.9 (C8), 57.4 (C15), 62.2 (C6), 64.9 (C2), 66.7 (C12), 67.4 (C5), 68.2 (C17), 70.3 (C3), 90.4 (C11), 128.5, 128.7, 218.8 (5C18), 134.4 (C18ipso), 164.0 (C16), 167.0 (C7), 172.6 (C10).
3.5. Ethoxymethyl 1,1-dioxide-6-(-[(benzyloxycarbonyl)-methylsulfonylamino]-penicillinate (5b)

3b (85 mg, 0.16 mmol) dissolved in a 4:1 mixture of AcOH and H2O (10 mL) was cooled at -15 °C, under vigorous stirring. KMnO4 (54 mg, 0.33 mmol) dissolved in water (6 mL) was added very slowly (30 min). The mixture was further stirred for 1 h at -10 °C, then 10% H2O2 was added to discolour the solution. DCM (20 mL) was added. The organic phase was washed twice with 5% NaHCO3, dried over MgSO4 and concentrated. The penam sulfone 5b was obtained as a colourless oil (73 mg, 81%).
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IR (film): ( 3290, 1808, 1742, 1360, 1325, 1163, 1118 cm-1; 1H NMR (300 MHz, CDCl3): ( 1.27 (t, 3H, J = 7.1 Hz, H13), 1.45 (s, 3H, H9), 1.64 (s, 3H, H8), 3.75 (q, 2H, J = 7.1 Hz, H12), 4.25 (sharp qAB, 2H, H15), 4.50 (s, 1H, H3), 4.83 (d, 1H, J = 4.​6 Hz, H5), 5.25 (sharp qAB, 2H, H17), 5.35 (sharp qAB, 2H, H11), 5.46 (dd, 1H, J = 4.6, 10.7 Hz, H6), 6.62 (d, 1H, J = 10.7 Hz, H14), 7.38-7.42 (m, 5H, H18); 13C NMR (75 MHz, CDCl3): ( 15.0 (C13), 17.8 (C9), 20.1 (C8), 26.9 (C12), 57.7 (C15), 61.5 (C6), 63.8 (C3), 64.7 (C2), 66.0 (C5), 67.0 (C17), 91.1 (C11), 128.7, 128.9 (5C18), 134.4 (C18ipso), 163.6 (C16), 166.3 (C7), 173.1 (C10); [(]D = +100.5 (c 2.6, CHCl3).

4. Synthesis of the spacer-arms of Scheme 4

4.1. O-(Penten-4-yl)-tetra ethyleneglycol (27a)

To a solution of tetraethyleneglycol (17 mL, 100 mmol) in THF (10 mL) was added a solution of 50% NaOH (2 mL). The reaction mixture was reflux for 45 min. Then, alkyl bromide or mesylate (20 mmol) was added and the mixture was refluxed further for 16 h. A solution of 10% HCl was added to the mixture and the aqueous layer was extracted with EtOAc (3x). The organic layer was dried over MgSO4, concentrated in vacuum and purified by flash chromatography on silica gel (DCM / MeOH (18:2)) to furnish 27a (75% yield) as a translucent oil.
1H NMR (200 MHz, CDCl3): ( 1.58 (quint, 2H, J = 6.6 Hz, CH2), 2.02 (q, 2H, J = 6.6 Hz, CH2=C), 3.19 (s, 1H, OH), 3.38 (t, 2H, J = 6.6 Hz, CH2), 3.46-3.64 (m, 16H, CH2O), 4.86 (d, 1H, J = 10.3 Hz, CH2=), 4.90 (d, 1H, J = 16.9 Hz, CH2=), 5.71 (ddt, 1H, J = 16.9, 10.3, 6.6 Hz, CH=); 13C NMR (50 MHz, CDCl3): ( 29.5, 30.8, 62.3, 70.7, 71.0, 71.2, 73.2, 115.2, 138.9.
4.2. O-(Undecen-10-yl)-tetra ethyleneglycol (27b)

The same procedure was used to obtain 27b (74% yield) as a translucent oil.
1H NMR (200 MHz, CDCl3): ( 1.24-1.38 (m, 12H, CH2), 1.52 (quint, 2H, J = 6.6 Hz, CH2), 2.02 (q, 2H, J = 6.6 Hz, CH2=C), 3.08 (s, 1H, OH), 3.43 (t, 2H, J = 6.6 Hz, CH2), 3.53-3.72 (m, 16H, CH2O), 4.86 (d, 1H, J = 10.3 Hz, CH2=), 4.92 (d, 1H, J = 16.9 Hz, CH2=), 5.77 (ddt, 1H, J = 16.9, 10.3, 6.6 Hz, CH=); 13C NMR (50 MHz, CDCl3): ( 25.9, 28.8, 29.0, 29.3, 29.4, 33.7, 61.5, 69.9, 70.2, 71.4, 72.6, 114.0, 139.0.
5. Deprotection of the penam esters

5.1. Deprotection of the EOM ester

The stability of the penam-sulfone framework under EOM hydrolysis conditions was verified.
The MOE ester (4b) was dissolved in aqueous methanol (40:60, v/v) and left overnight at 20 °C. Concentration and lyophilisation gave the free acid.
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1H NMR (300 MHz, CDCl3): ( 1.49 (s, 3H, H9), 1.60 (s, 3H, H8), 3.16 (s, 3H, H15), 4.48 (s, 1H, H3), 5.29 (d, 1H, J = 4.6 Hz, H5), 5.64 (dd, 1H, J = 4.6, 11.1 Hz, H6), 6.76 (d, 1H, J = 11.1 Hz, H14).

5.2. Deprotection of the photo-cleavable ester

A solution of 34 or 35 in methanol (1 mL / mmol) was irradiated at 420 nm at room temperature. The formation of 2-nitroso-4,5-dimethoxy-1-benzaldehyde was followed by TLC and 1H NMR. The formed acid 36 or 37 was identified by comparison with an authentically sample prepared by coupling 30a or 30b with 6-APA (see next section).
6. Synthesis of reference compounds

6.1. Coupling of 30a,b to 6-APA (Scheme S1)
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Scheme S1.
The acid 30a or 30b (0.505 mmol) dissolved in DCM (5 mL) was treated with DCC (114 mg, 0.505 mmol) for 30 min at 0 °C. The solution was filtered on celite and 6-APA (218 mg, 1.01 mmol) was added to the filtrate. After stirring overnight at room temperature, the mixture was concentrated under vacuum and purified by preparative TLC (DCM / EtOAc (1:1)) to furnish 36 or 37 (55-60% yield) as a pale yellow oil.
36: IR (NaCl) ( 3312 (NH), 1785 (CO(-lactam), 1705, (COacid), 1665 (COamide) cm-1; 1H NMR (500 MHz, CDCl3): ( 1.35 (s, 3H, Me), 1.52 (s, 3H, Me), 1.65 (m, 2H, CH2), 2.08 (q, 2H, J = 6.6 HZ, CH2C=C), 3.44 (t, 2H, J = 6.8 Hz, CH2), 3.51-3.71 (m, 14H, CH2O), 3.83 (t, 2H, J = 4.7 Hz, CH2O), 4.09 (t, 2H, J = 4.7 Hz, CH2O), 4.38 (s, 1H, H-3), 4.92 (d, 1H, J = 9.0 Hz, CH2=), 4.98 (d, 1H, J = 16.9 Hz, CH2=), 5.54 (dd, 1H, J = 8.9, 4.3 Hz, H-6), 5.59 (d, 1H, J = 4.3 Hz, H-5), 5.78 (ddt, 1H, J = 16.9, 9.0, 4.2 Hz, CH=), 6.19 (d, 1H, J = 8.9 Hz, NH), 6.86 (d, 2H, J = 8.6 Hz, Ph), 7.11 (d, 2H, J = 8.6 Hz, Ph); 13C NMR (125 MHz, CDCl3): ( 26.1, 28.7, 28.9, 29.3, 29.4, 33.6, 33.8, 42.3, 59.1, 65.7, 67.3, 68.4, 68.9, 69.5, 69.8, 70.4, 70.6, 71.3, 113.9, 114.9, 125.7, 130.5, 139.0, 158.0, 165.3, 170.3, 173.1; HRMS (ESI) m/z: calcd for C29H42N2O9SNa: 617.2509 [M + Na]+. Found: 617.2510.
37: IR (NaCl) ( 3312 (NH), 1785 (CO(-lactam), 1705, (COacid), 1665 (COamide) cm-1; 1H NMR (500 MHz, CDCl3): ( 1.24-1.38 (m, 12H, CH2), 1.32 (s, 3H, Me), 1.53 (s, 3H, Me), 1.54 (quint, 2H, J = 6.6 Hz, CH2), 2.00 (q, 2H, J = 6.6 HZ, CH2C=C), 3.41 (t, 2H, J = 6.8 Hz, CH2), 3.51-3.70 (m, 14H, CH2O), 3.83 (t, 2H, J = 4.7 Hz, CH2O), 4.09 (t, 2H, J = 4.7 Hz, CH2O), 4.55 (s, 1H, H-3), 4.89 (d, 1H, J = 9.0 Hz, CH2=), 4.96 (d, 1H, J = 16.9 Hz, CH2=), 5.54 (dd, 1H, J = 8.9, 4.3 Hz, H-6), 5.59 (d, 1H, J = 4.3 Hz, H-5), 5.78 (ddt, 1H, J = 16.9, 9.0, 4.2 Hz, CH=), 6.19 (d, 1H, J = 8.9 Hz, NH), 6.86 (d, 2H, J = 8.6 Hz, Ph), 7.11 (d, 2H, J = 8.6 Hz, Ph); HRMS (ESI) m/z: calcd for C35H54N2O9SNa: 701.3448 [M + Na]+. Found: 701.3440.
6.2. 2-Nitro-4,5-dimethoxy-benzyl-6-(-(2-phenylacetamido)-penicillinate (Scheme S2)
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Scheme S2.

Sodium penicillinate (1 equiv) and 2-nitro-4,5-dimethoxy-benzyl bromide (1 equiv) in DMF solution (10 mL / mmol) were reacted at room temperature, under stirring for 17 h. The mixture was poured into cold brine (50 mL / mmol) and extracted with EtOAc (3x). The organic phase was dried (MgSO4), concentrated and chromatographied on silica gel (cyclohexane / EtOAc (1:1)) to afford the PenG ester 38 (81% yield) as a pale yellow solid. Mp = 137 °C; IR (NaCl) ( 3362 (NH), 1784 (CO(-lactam), 1747, (COester), 1670 (COamide), 1524 (NO2) cm-1; 1H NMR (500 MHz, CDCl3): ( 1.46 (br s, 6H, Me), 3.65 (s, 2H, CH2Ph), 3.98 (s, 3H, OMe), 3.99 (s, 3H, OMe), 4.44 (s, 1H, H-3), 5.51 (d, 1H, J = 4.2 Hz, H-5), 5.57 (s, 2H, CH2Ph), 5.67 (dd, 1H, J = 4.2, 9.0 Hz, H-6), 6.12 (d, 1H, J = 9.0 Hz, NH), 6.99 (s, 1H, Ph), 7.28-7.40 (m, 5H, Ph), 7.73 (s, 1H, Ph); 13C NMR (125 MHz, CDCl3): ( 26.6, 31.5, 43.3, 56.4, 56.6, 58.7, 64.4, 68.0, 70.5, 108.3, 111.3, 125.1, 127.6, 129.1, 129.5, 133.7, 140.3, 148.7, 153.5, 167.0, 170.3, 173.6; HRMS (ESI) m/z: calcd for C25H27N3O8SNa: 552.1417 [M + Na]+. Found: 552.1409.
7. Tables of NMR data

7.1. 1H NMR data: Table S1

Table S1. 1H NMR data (recorded in CDCl3 otherwise mentioned)
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	Cmpd
	H3 (s)
	H5
	H6
	H8 (s)
	H9 (s)
	H11
	H12

	1a
	4.42
	4.60 (d, 4.3)
	5.51 (d, 4.3)
	1.65
	1.53
	5.79 / 5.88 (2d, 5.5)
	

	1b
	4.39
	4.59 (d, 4.3)
	5.51 (d, 43)
	1.66
	1.53
	5.32 / 5.37 (2d, 6.1)
	

	2a
	4.49
	4.88 (d, 4.5)
	5.17 (dd, 4.5, 10.5)
	1.65
	1.54
	5.79 / 5.88 (2d, 5.5)
	5.35 (d, 10.5)

	2b
	4.48
	5.64 (d, 4.4)
	5.16 (dd, 4.4, 10.6)
	1.68
	1.58
	5.39 (qAB)
	5.30 (d, 10.6)

	3a
	4.47
	5.61 (d, 4.6)
	5.17 (dd, 4.6, 11.0)
	1.61
	1.53
	5.81 / 5.87 (2d, 5.5)
	5.93 (d, 11.0)

	3b
	4.46
	5.63 (d, 4.5)
	5.17 (dd, 4.5, 11.0)
	1.63
	1.56
	5.38 (s)
	5.93 (d, 11.0)

	4a
	4.54
	4.88 (d, 4.7)
	5.46 (dd, 4.7, 11.5)
	1.61
	1.45
	5.75 / 5.98 (2d, 5.5)
	6.18 (d, 11.5)

	4b
	4.52
	4.89 (d, 4.6)
	5.46 (dd, 4.6, 11.4)
	1.63
	1.45
	5.33 / 5.48 (2d, 6.0)
	6.23 (d, 11.4)

	5a
	4.50
	4.82 (d, 4.6)
	5.48 (dd, 4.6, 11.1)
	1.60
	1.43
	5.74 / 5.77 (2d, 5.5)
	6.55 (d, 11.1)

	5b
	4.50
	4.84 (d, 4.5)
	5.17 (dd, 4.5, 11.0)
	1.64
	1.45
	5.38 (s)
	5.93 (d, 11.0)

	6(a)
	4.53
	4.35 (d, 4.7)
	5.66 (d, 4.7)
	1.56
	1.45
	5.82 / 6.01 (2d, 5.7)
	

	6’(a)
	4.57
	5.32 (d, 4.7)
	5.73 (m)
	1.57
	1.45
	5.82 / 6.01 (2d, 5.7)
	7.02 (d, 10.2)

	7
	4.52
	4.90 (d, 4.6)
	5.64 (dd, 4.9, 10.9)
	1.41
	1.29
	5.71 / 5.95 (2d, 5.5)
	6.76 (d, 10.9)

	8
	4.52
	4.99 (d, 4.5)
	5.55 (dd, 4.5, 10.8)
	1.59
	1.44
	5.73 / 5.96 (2d, 5.5)
	6.75 (d, 10.8)

	8bis(b)
	4.42
	4.93 (s)
	5.15 (d, 8.1)
	1.59
	1.43
	5.74 / 5.96 (2d, 5.5)
	7.39 (d, 8.1)

	9
	4.52
	5.03 (d, 4.5)
	5.54 (dd, 4.5, 10.7)
	1.60
	1.44
	5.74 / 5.97 (2d, 5.5)
	6.75 (d, 10.7)

	19
	4.43
	5.52 (d, 3.6)
	5.20 (dd, 3.6, 10.0)
	1.63
	1.50
	5.75 / 5.86 (2d, 5.3)
	5.95 (d, 10.0)

	20
	4.44
	5.55 (d, 4.4)
	5.22 (dd, 4.4, 10.0)
	1.64
	1.52
	5.77 / 5.87 (2d, 5.5)
	5.92 (d, 10.0)

	21
	4.47
	4.88 (d, 4.6)
	5.56 (dd, 4.6, 11.2)
	1.55
	1.39
	5.69 / 5.94 (2d, 5.4)
	6.36 (d, 11.2)

	22
	4.47
	4.96 (d, 4.6)
	5.58 (dd, 4.6, 11.1)
	1.55
	1.39
	5.70 / 5.94 (2d, 5.4)
	6.33 (d, 11.1)

	25(b)
	4.43
	5.14 (d, 1.3)
	5.12 (dd, 1.3, 10.1)
	1.59
	1.43
	5.73 / 5.98 (2d, 5.4)
	7.02 (d, 10.1)

	26(b)
	4.39
	5.29 (d, 1.5)
	5.07 (dd, 1.5, 10.1)
	1.58
	1.40
	5.70 / 5.96 (2d, 5.4)
	7.04 (d, 10.1)

	33’
	4.41
	4.54 (d, 5.7)
	5.47 (d, 5.7)
	1.61
	1.47
	5.53 (s)
	

	34
	4.38
	5.47 (d, 4.2)
	5.62 (dd, 4.2, 9.0)
	1.55
	1.40
	5.53 (s)
	6.11 (d, 9.0)

	35
	4.38
	5.47 (d, 4.2)
	5.62 (dd, 4.2, 9.0)
	1.53
	1.32
	5.53 (s)
	6.14 (d, 9.0)

	36
	4.38
	5.59 (d, 4.3)
	5.54 (dd, 4.3, 8.9)
	1.52
	1.36
	
	6.19 (d, 8.9)

	37
	4.55
	5.59 (d, 4.3)
	5.54 (dd, 4.3, 8.9)
	1.53
	1.32
	
	6.19 (d, 8.9)

	38
	4.44
	5.51 (d, 4.2)
	5.67 (dd, 4.2, 9.0)
	1.46
	1.46
	5.57 (s)
	6.12 (d, 9.0)

	(a) spectrum recorded in acetone-d6; (b) 6-(-epimer, i.e. 5,6-trans-isomer


7.2. 13C NMR data: Table S2

Table S2. 13C NMR data (recorded in CDCl3 otherwise mentioned)
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	Cmpd
	C2
	C3
	C5
	C6
	C7
	C8
	C9
	C10
	C11

	1a
	63.5
	70.0
	69.5
	62.8
	166.7
	31.2
	26.8
	176.5
	79.6

	1b
	63.8
	70.0
	69.9
	62.8
	166.8
	31.5
	27.0
	177.9
	90.2

	2a
	64.2
	71.2
	66.2
	52.6
	166.6
	29.4
	28.1
	167.0
	80.0

	2b
	65.0
	70.4
	67.9
	61.8
	167.1
	32.3
	26.8
	173.1
	90.4

	3a
	64.8
	69.9
	67.5
	62.3
	166.2
	32.5
	26.7
	172.7
	79.8

	3b
	64.9
	70.3
	67.4
	62.2
	167.0
	32.9
	26.9
	172.6
	90.4

	4a
	65.5
	63.6
	64.6
	60.3
	165.2
	19.9
	17.7
	173.2
	80.5

	4b
	63.8
	67.0
	65.7
	60.8
	166.2
	20.0
	17.8
	173.4
	91.7

	5a
	63.6
	68.4
	64.6
	61.5
	165.7
	20.0
	17.6
	173.1
	80.6

	5b
	64.9
	70.3
	67.4
	62.2
	167.0
	20.1
	17.8
	172.6
	90.4

	6(a)
	61.0
	66.2
	63.3
	59.6
	167.6
	19.3
	16.8
	174.5
	80.5

	6’(a)
	63.9
	66.7
	65.2
	61.0
	166.1
	20.3
	17.9
	174.3
	81.2

	7(a)
	64.4
	67.0
	65.3
	61.6
	166.4
	20.2
	17.7
	174.1
	81.5

	8
	64.6
	63.6
	66.3
	61.5
	168.0
	20.1
	17.6
	173.4
	80.5

	8bis(b)
	
	62.4
	69.7
	61.3
	
	19.9
	18.3
	
	

	9
	64.5
	63.5
	66.3
	61.6
	168.0
	20.0
	17.6
	173.3
	80.6

	19
	64.6
	69.7
	67.9
	62.0
	166.4
	31.5
	26.9
	173.4
	79.8

	20
	64.6
	69.7
	68.0
	62.1
	166.4
	31.6
	26.9
	173.4
	79.8

	21
	64.4
	63.5
	66.1
	60.9
	165.5
	20.0
	17.5
	173.9
	80.5

	22
	64.4
	63.5
	66.1
	60.9
	165.5
	20.0
	17.5
	174.0
	80.5

	25
	63.2
	62.5
	68.1
	61.6
	165.3
	20.0
	18.2
	173.5
	80.4

	26
	63.2
	62.5
	68.3
	61.7
	165.5
	20.0
	18.3
	173.2
	80.5

	33’
	63.1
	70.5
	70.2
	56.8
	167.8
	31.6
	27.3
	178.1
	

	34
	64.2
	69.9
	69.5
	58.5
	166.9
	31.2
	28.6
	173.6
	

	35
	64.2
	69.8
	69.5
	58.5
	167.0
	31.2
	28.6
	173.5
	

	36
	65.7
	69.8
	69.5
	59.1
	165.3
	29.4
	28.7
	173.1
	

	38
	64.4
	68.0
	70.5
	58.7
	167.0
	31.5
	26.6
	173.6
	65.1

	(a) and (b): see Table S1




















PAGE  
16

_1374046543.cdx

_1374049054.cdx

_1374060142.cdx

_1374064779.cdx

_1374302267.cdx

_1374062676.cdx

_1374056834.cdx

_1374047780.cdx

_1374048536.cdx

_1374047123.cdx

_1374045560.cdx

_1374045593.cdx

_1374045494.cdx

_1374045540.cdx

_1374045443.cdx

